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(57) Abstract

Tonene polymer# having biologically-active organic and/or inorganic anions are described. Methods to prepare the ionene polymers,
compositions containing them and their methods of use are also described. . _




Nos. 3,778,476, 3,898,536, and 4, 960, 590 in particular, descri ke
insolubl e tri-halide containing ionene pol ymers. U. S. Patent No.

4,013,507 describes ionene .polymers which sel ectively inhibit the gromﬂh ;

of malignant cells in vitro. - Cationic polyners in general, and
quat ernary ammoni um i onene polymers in particular, have: been shown to
i nt eract strongly with and attach t hensel ves to surfaces, particularly
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- 2- pol ar surfaces. Mst surfaces are ~in general, anionic in
nature. These electrostatic interactions are considered to be a basis
for many uses of cationic polyners. For exanple, <cationic polyners are
very effective floccul ating agents. -~ The bi-ocidal properties of ionene
‘polynmers are also believed to arise from or to,be enhanced by, :

el ectrostatic interactions between the cationic backbone of the ionene
pol ymer and the surface of the biol ogical substrate being treated by the
i onene pol ymner. - A | arge nunber of relatively sinple tow nol ecul ar

- wei ght, nononeric organic and inorgani c conpounds are known and used for
their biologically-active characteristics. The - biologically-active
conpounds include, but are not [imted -to, pesticides, mcrobicides
surfactants, sizing agents, pl ant growth regul ators, fertilizers,
di si nfectants, fluorescence agents, preservatives. and pharnmaceuti cal s.
Such conpounds occur in all classes of conpounds, e.g., as organic or
i norgani c acids, esters, am nes, anhydrides or alcohols. - Though

generally effective for their intended purpose, many bi ol ogi cal | y- actlv‘

conpounds suffer fromone or nore deficiencies which can prevent a
particul ar conpound from
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achieving its full activity. For exanple, in uses calling for
application to 3@ jrate, such as in the case of herbrcrdq&nnkbguou

bi @l ogi cal | y-acTti conpound may not always_ joptimally. adhere to the
surface of the leaf or stemof the treated plant. The applied herbicide,
therefore, may lose a neasure of effectiveness due to run off during '

appl i cation. I n other uses, the conpound may be available only for
i medi ate effect but no reS|duaI act|V|tp sgggpn$on In accordance

with this |nvent|on,I£Q
conpounds can- be i npTOVEd 1 ' i

Into an ionene  polyner. The anions are, therefore, |ntegral conponents of
L‘he i onene pol yNelie38r et tHé. Imkd'@w'rse I ncor porating such

i ol ogi cal l y-active ons, |nt the | gnen | yvoer . can. al | nprqove. .t

I onene pol yner's bloﬁgéfﬁa.n%ﬁ? ?l\ﬁgigsfg 2 Xewvt?@%?%éégﬁymegg) ‘%hJE%
PCT/ US95/ 11012 fogubheiy pfepadwatimmen@ingntheir vynigusmyeesi orMareovi des a

Fgﬁ?{‘50|Ub|e 'OB§9€1EQi¥FF§ e fWMiloheheObollymers contain, as the [€rr]

cationic portion of the molecule, quaternary ammonium groups
in the polymer backbone and, as part of the anionic portien
of the molecule, at least one anion derived from a
biclogically-active compound. The new ionene polymers of the
invention are water soluble and useful, for example, as
herbicides, microbicides, plant growth regulators,
pharmaceuticals, disinfec;aﬁts, algicides, sanitizers, and
'preservatives.' |

'.Backgroung of the Invention

Ionene polymers or polymeric quaternary ammonium
compounds (polyquats), i.e., cationic polymers containing

quaternary nitrogens in the polymer backbone, belong to a
well-known class of biologically-active compounds. See,-
e.g., A. Rembaum, Biological Activi;x' of Ionene Polvmers,
Applled Polymer Symposium No. 22, 299-317 (1973). Ionene
- -polymers have a_varlety of uses in aqueocus systems such as

. microbicides, bactericides, algicides, sanitizers, and
disinfectants. U.S. Patent Nos. 3,778,476, 3,874,870,
3,898,336,.3,931,319, 4,013,507, 4,027,020, 4,089,977,
4,111,679, 4,506,081, 4,581,058, 4,778,813, 4,970,211,
5,051,124, and 5,093,078 give various examples of these
polymers, their preparation, and'their_uses. U.S. Patent
Nos. 3,778;476, 3,898,536, and 4,960,590, in particulér,
describe insoluble tri-halide cbntaining_ionene polymers.
U.S. Patent No. 4,013,507 describes ionene polymers which
selectlvely inhibit the growth of mallgnant cells in vitro.

' Cationic polymers in general, and quaternary ammonium
ionene polymers in partlcular, have been shown to interact
'stronély with and attach themselves to surfaces, particularly



wherein nis an integer from4 to 400 corresponding to the degree of
pol yneri zati on of the polyner; Rlerr], Rerr], Rerr] and Rerr}] '
repr esentwiolvgrnesage or different substituent sel ected frorcrbsssgroazp
consisting of hydrogen, a Cerf] to Cl-err] alkyl-group, a (Jerr] to
Clerr] alkyl group substituted w th one or nore hydroxyl groups, a benzyl
group and a. benzyl group substituted with one or nore (JQerr] to (err]

al kyl groups; ~ B represents a divalent CJerr] to err] aliphatic
hydr ocar bonPola#i Earfageeh MRstheunfiaaes: ared By BFBEERY) , 2BieRiQl Bht

g[[err%_) thkfil[aEﬁfé CyThése Wcﬂnﬂiswtﬂcadméklacﬁlghs(Qférgoniﬂdered to .
err a ene, _et he -substitute enyl en
radi cal , orié % b%l%/%l ‘L'emt’q"aq%w%ﬁ?]e%r err meﬁferrf) al or

11 repr esensgtlenucvmmereoﬁmalvw esttwet iﬁlecculatlng agents
Rlerr] Rlerrihe b{65Eeddl properties of ionene polymers are also believed

)[err]-NRerr]-C(O err (O{err err err where p is an

i nteger frohf22 %i % PE%QWr% ﬁhkfﬁﬁh] Xndeé% F?sg?Elﬁs def i ned
above, and R[meeracanohii[lmetrv}em e:ltel’re:as:a.lmlcr bdckbenenof athle homerse| ect ed
from the gr YﬁQPSéﬁé' LN o dba &EL babEtrifl Budyg of oup.

or the divalre rad |ca err R[err]NB err err ornB het erocyclic
gr oup seIecFEﬁaF?én?X Bhe)oRsie RHMmer .1 3- |n1dazoI|nd|yI :

1, 4- pi per azi ndi yh, 1aprge apytisent icH rr;dLataﬂdlyaampmepebwdmaiewH:el n the

_ Egl'/e [Jggg/c ll'lﬁeg{qﬁt'p Hgﬁoé?grlc orga\gzcg gn%(ﬁ%%rganlﬁ compounc%sj K3Y$ tlfﬂ WR it h

one or noreagdoueedsﬁweCﬁher#rhﬁﬁlpgqqahlw—est@yer¢parao;kyis§g¢ﬂux The ‘
hydroxyl grgggio 16511119&”@1% dHptiridsdifdlude, but &réSndd Bihi¥edlerived
_fronra blolggrc es 1c1 es, microbicides surfactants, sleng agents,

' plant growth regulators, fertlllzers, d1s1nfectants,
fluorescence agents, preservatives and pharmaceutlcals Such
compounds occur in all classes of compounds, e.g., as organic
or inorganic acids, esters, amlnes,_anhydrldes or alcohols

Though generally effective for thelr lntended purpose,
many blologlcally actlve compounds suffer from one or more
deficiencies which' can prevent a partlcular compound from
achlev:.ng its full act:.v:.ty For example, in uses calling
for appllcatlon to a substrate, such as in the case of
herbicides, the blologlcally actlve compound may not always
optimally adhere to the surface of the leaf or stem of the
treated plant. The applled herbicide, therefore, may lose a
measure of effectlveness due to run off durlng appllcatlon
In other uses, the compound may be ava;lable only for
immediate effect but no residual activity remains.

In accordance with this invention, the effectiveness of
such biologically-active:compounds can be improved by
incorporating those compounds, as anions,'into an ionene
polyf-r. The anions are{_therefore) integ.al components of
the ionene polymer structure. L1kew1se, ix zorporating such
biologically-active'anions into the. 1onene polymer can also
improve the ionene;polymer's biological effectiveness. -



coﬁpound having at | east one acid functionality; and X is an anion

derived froma mneral or organic acid. In the i onene pQ

the i nvention, VRSMEBBece of substitution (D.S.) defines the %ﬁn@p

t he active anion "A" present. For ionene p Iyners of fornula I, the
degree of substitution of the polyner may vary from about O. 005 to 0.5
(one half). lonene pol yners of fornula Il can have a D.S. which may vary
from about 0. 005 nen ene iThivedr i This invention al so provides a

met hod to prepare th nqve Qnene ners u i.all,y or fu
protonated - anmoni u%%&ﬁﬁ?t&f)’ﬂt EFEV?\ ! %l‘&?%egﬁgc%i‘fp ﬁo\pgngnpé'}//mer
Pol yneri zi ng suaﬂfdhnmwéﬁslypeldi an i onene pol yner having t he

bi ol ogi cal |l y-active anion as an integral part of the i onene pol yner.
The biol ogical activity of the i Qkene poRynerBs ¢ “formula | and |
results fromthe ionene po th j.0l ogi cal | y-active

ani on. The ionene pol yners not 0 posse s the'activity affduses
known for ionene pol ymer s but al so t acty y and uses of the

bi ol ogi cal | y- active anion. To song,extent, then, only the availability
of bi ol ogi cal | y-acti ve anions |In1tS the preparatlon activity and use
of ionene polyners according to this invention. This I nvention, '

therefore, also provigles various conp03|t|ons and ypods of use for the
novel ionene pol ynersq. f The, etaﬂhed crlptRo “which follows sets
out additional fe n.a-Tge (@dditional
features and advant ades mAII at ast n part be | &pparent fromthe
description or may b | ear ned by RJpractlce of Bk invention. The

obj ectives and ot her advant ages ofrﬁﬂue i nvention will be realized and
attained by the invention as described, .clained, and shown in the
acconpanyi ng f'guﬂé¥%1n WO 96/ 06528

PCT/ US95/ 11012 : -5-
n is an integer from 4 to 400 corresponding to the

degree of polymerlzatlon of the polymer;

R, R ' R3 and R, represent the same or different
substltuent selected from the group consisting of hydrogen, a
C1 to C16 alkyl group, a C1 to C16 alkyl group substituted
with one or more hydroxyl groups, a benzyl group and a benzyl
group substituted with one or more C, to C ¢ alkyl groups;

B represents a divalent C, to C, ¢ aliphatic hydrocarbon
radical which can be substituted by hydroxyl, a divalent C
to C4 cyclic hydrocarbon radical, a di-(C, to C.)-alkylene
ether, a phenylene or alkyl-substituted phenylene radical, or

5

the divalent gfoup R_leNBNR3R4 of formula I or II represents
a divalent radical of the structure:
R;R,N- (CH, ) ,-NRg-C(0) -NRy - (CH,) -NR;R,

where p is an integer from 2 to 6, Ry: Ry, R, and R, are as

.defined above, and Rg and R, are the same or different and
are selected from the group consisting of hydrogen and a C
to Cls_alkyl group, or the divalent radical R,R,NBNR.R
a heterocyclic group selected from 1,2- pyrazolldlnyl .
1,3-imidazolindiyl) 1,4-piperazindiyl,. aminopyrrolidinyl, and
aminopiperidiyl wherein the heterocyclic group may be | |

1

4 forms



Brief Description of the Figures Figures 1 and 2 depict reaction
schenes to prepare the ionene polyners of this invention. .Detailed .
Descr i pt iwo 9gbsstdre | nventi on In a first enbodi nent,; POIus9s/II9ENt i ON
provi des novel, water-soluble ionene pel ¢nmers of formula I or 11

[err] - [err] In each of the above formnul as,
- the variabl es and substituents have the foll ow ng definitions. The
variable "n" is an iqie r. fromabout 4 to 400 corresponding to the degree -

of pol yneri ¥PFLH-Ge SAfePY BPEFePEBIYS Selerted XM dinGbdrt & to

100 and nosalyykfgraipy,a fhydnostydugrbupe 80halide| adhd s nsindayly.groupene
pol ynmers havi'ng {+Hi r . ri i ' ' | equd wei ght's
rangi ng from abo)lgjt ﬁs g%gaﬁgo%d%géégﬁPFg?%r gg??/gf?ﬁgg% nag&t)ﬁ'o yners of
thi s i nvent FORPPIIRG WA INCI13% LRdis§heser ardAnfupsiendbityl, @b to 10, 000 -
and nost pref er abl yishoutaridd0delrd ved0@Pom a mid&LabUbStdtaites FAid.r] .

o hydrogen o S dnd BRIk RHE PhvEhtSh P Und SRS Tt o
' substitution (D.S.) defines the amount of the active anion :
"A " present. For ionene polymers of formula I, the degree
of substitution of the polymer may vary from about 0.005 to
0.5 (one half). Ionene polymers of formula II can have a
D.S. which may vary from about 0.005 to 0.33 (one third).

This invention also provides. a method to prepare the ‘-
novel ionene polymers using partially or fully protonated
ammonium monomers containing a biologically-active anion.
Polymerizing such monomers yields an ionene polymer having
the biologically-active anion as an integral part of the

 ionene polymer. ' - : '
The biological activity of the ionene polymers of
“formula I and II results from the ionene polymer backbone
and/or the biologically-active anion. The ionene polymers
‘may not only possess the activity and uses known for ionene
polymers, but also the activity and uses of the biologically-
active anion. To SQﬁe.extent, then,fonly“the_availability of
biologically-active:anionS'1imits'thé prepération, activity
and use of ionehe polymers according to this invention. This
~ invention, therefore, alsq'provides'VAridﬁs-compositions and
methods of use for the novel ionene polymers.

The detailed description which follows sets out
additional features and advantages of the invention. The
additional features and advantages will, at least in part, be
appareht from the description or may be learned by the
practice of the invention. The objectives and other
advantages of the invention will be realized and attained by
the invention as_deséribed, claimed,'and shown in the
accompanying figures. ' -



groups; Cl to Cl16 al kyl groups substituted with one or nore hydroxyl
groups; a benz . or a benzyl group substituted with on

Car] to 'C[erﬁo%o%% groups. Preferably, Rferr] , Rerr], %err%&dz
Rlerr] are nethyl, ethyl or benzyl and nost preferably nethyl. As used
herei n, anal kyl group may be a straight chain or a branched chain.

WD 96/ 06528 _ PCT/ US95/ 11012

- 6- 1afe] s;s' ig preg to Clerr] aliphatic

hydr ocar bon radi cal | u , I
Clerr]. to C[err] cycliT ydroc %naégéa ?Qaé%%ﬁhfggﬂéa%g °S preg ¥d et
Clerr])-al kyl entorR&MePOlyeFEnPfef8i8r 1BVRYFiqRpst i t Ut ed phe_nyl ene
radical . Preferably, B is nethylene, ethylene, propyl ene, 2-hydroxy .
propyl ene, buty&epe.isp E¥Je Cio gex en dieth | ene et her, or

phenyl ene.
R[err]R[err]NBNR[erﬁ?FFeﬁth@fembPQFNEna,Itb¥8Iinveqnxnnﬂnnpvadesvabeal,
radi cal derivedydydmsolil e Qdpeh@NpBl 9HEsE OF 68 ANG Yt &ri.phatic ni xed
tertiary/primary amne. In this alternative, the divalent group
Rlerr]Rerr]NBNR err] R err] has the structure:

Rlerr]Rlerr]N-(CHerr])[efr]- hE&brr] OR{» NEI

rr] The variable "p" i ].,e.g?'

nost preferably 2 or 3. err] an FB[err] er t he same or di fferent and
are selected fromthe group consistin tﬁ grogen and a Cferr] to Clerr]
al kyl group. Hydrogen, nethyl and;,ethyl are preferred for substituents
Rlerr] and Rlerr]. U S. Patent hb. 4,506, 801, which is incorporated
herein by reference, describes i onene pol yners derivyed fromurea

di am nes. " Thejdiva radnpal ﬁ{er err]mﬁ érerr]R[err] nay al so
forma heterocyclj '|IdInX| :

1, 3-i mdazol i ndiyl, era | y rdinyl , afd (II)

r]-(CH[err])[err]-NR[err]R[e
, QArgterably 2 to (54 and

(II)

In each of the above fbrhulas, the variabies and substituents
have the following definitions.

The variable "n" is an integer from about 4 to 400
corresponding to the degree of polymerlzatlon of the polymer
Preferably, "n" ranges'from about 5 to 100 and most
preferably, frgm about 5 to 50. Generally speaklng, ionene
polymers having this degree of polymerlzatlon can

| have molecular weights ranging from about 1,000 to 20,0000.
Preferably, the ionene polymers of this invention
have molecular weights ranging from about 1,000 to 10, 000 and
most preferably about 3,000 to 5 000.

The substituents Rl, Rz' R3 and R4 represent the same or
different groups selected from hydrogen; C, to C . alkyl
groups; Cl to Cl6 alkyl groups substituted with one or more
hydroxyl groups; a benzyl group; or a benzyl group
substituted with one or more C'1 to'cls alkyl grdups.
Preferably, Rys Ry, R, and R, are methyl, ethyl or benzyl and
most preferably methyl. As used herein, analkyl group may be
a straight chain or albranched chain.



am nopi peridiyl.  These heterocyclic groups may be substituted, for
exanple, with one or nore groups sel ected froma Cl to C6 al kyl group, a
hydr oxyl igéigeés2@ hal i de, and a phenyl group. . " ACEressan1@ni on y
derived froma biologically-active, arganic or inorganic, conpound having
at | east one acid functionality. The biologically-active anion "A" my -
be a nonoval ent, divalent, trivalent, tetravalent, or otherw se

pol yval ent anion. Thus, A synbollzes -an ani on- generally and i s not
limted to monovABENTeRFREARES Thelindest &, &0 Cpgraléphakianion "A

depends on hyareeafseﬁomml vmnﬂﬂmgiaQﬁHeYS@%t\!.Euﬁéﬂpﬁﬂﬂﬂ hydroxyl The

bi ol ogi cal | y-a n| rOVI b rtually y
-b|olog|callé}§%§ Bgunﬂ‘ﬁQV|ngq§§f car ﬁéﬁ§8?365§8 :
PCT/ US95/ 1162~ alkylmmc@thmafl ia yhenydiene ofr aé&vﬂn-agbm:thueedam ne to form
a protonabﬁen?ﬂéﬁe §£&icaﬂT“EPréfer#$¥§ 0@93@'ﬁeﬁﬂ?léﬂ@rgéﬂhflene,

bi ol ogi cal | ve coppou Pr ef er.abl i cal | active
conpound yléFBPK ePfe éﬁ#%#%Gﬁy RTOP y?ﬁ%F%fSPéy ane B28h§F¥ﬁe%%1

The bi ol ogi bekyyenet | Getoloy Lerne rgithenys amehedylénat are  not | m ted to,
pesticides, surfg {;@Pﬁéuééfy ngcr?egmwelewtae,&ouggﬁgﬁ%ﬁgﬁﬁgﬂ' 3Pr s,

fertlllzers di sinfectants reservati ves es3 ﬁlégersants and
t her apeut i c ER5BRLE, s%hl%srel”iﬂméutdllé’&ll?%r ragpradl denive@dpirem
Cheni cal s kﬂhéﬂreabtmd|p’r@cmcﬁﬁi‘dﬁ mxees alimvanaamugnadlw ﬂ@ﬁ@aead use

t hr oughout B agr horticultu tions.
Pesti ci des |ncP %¥9/ AA %hﬁlrn g&?ﬁ?é#ﬁ&% £E#L§iﬁ%;%ég
InseCtICIdegr°§EOR@%Q@EMR3EHKh3ﬁNﬁhQ(ﬁQﬁ§§turePeStICIdeS may al so incl ude ‘

chemi cal s used for oth@rntgqmﬁg(ﬁ -Nggm@(bgahkpuchuyh_ﬁﬁ ﬁertlllzers pl ant
gromﬁh regu&ﬁgoggrlable "p" is an integer from 2.to 6, preferably 2 to
4, and most preferably 2 or 3. R5 ‘and R6 are the same- or
dlfferent and are selected from the group consisting of
-hydrogen and a C to C16 alkyl group. Hydrogen, methyl and
~ethyl are preferred for substituents Rs and R U.S. Patent
No. 4,506,801, which is 1ncorporated herein by reference,
describes 1onene polymers derived from urea dlamlnes
The dlvalent radical RlR NBNR3R4 may also form a
heterocycllc group selected from 1,2- pyrazolldlnyl _
1,3-imidazolindiyl, 1,4- plpera21nd1yl amlnopyrrolldinYI, and
aminopiperidiyl. These heterocyclic groups may be |
‘substituted, for example, with one or more groups selected .
from a C1 to c alkyl group, a hydroxyl group, a halide, and
a phenyl group :

"AT" is an anlon derived from a blologlcally actlve,
organic or inorganic, compound having at least one acid
functionality. The biologically-active anion "AY" may be a

- monovalent, divalent, trivalent, tetravaient, or otherwise
polyvalent anion.- Thus, "A™" symbollzes an anion generally
and is not limited to monovalent anions. The charge of a
particular anion "A " depends on its.correspondlng
biologically-active compound.

The biologioally-ective anion "A™" can be provided by
virtually any biologically-active compound having acid



di§infectants defoliants, and seed protectants. Fertilizers are

Chenicals_mhic applied to foliage, although fertiliz t
| &JE«Z@?& PEfudshinig!

copsidered to i des. Sour ces f the selection onpounds
havi ng the requisite acid functionality include, for exanpl e, such
publ i cations as The Farm Chemical s Handbook, The PhyS|C|an S Desk
Reference or Drugs of the Future, all lncorporated herei n by reference.
Tables 1 and 2 behawdicnaldeyesapabte of ofemg)ivﬁjmgiaeﬁlaininact:bveoemgani C

and | norgani ani Q5 eq MnbEYS; S Shys tpci MRORASHE ana tnorganic.

Bi.ol ogi cal | y- Act ihieloghseddgsactivaceoppeynds. PreferabdynnheNkielogically-

Cheni cal Name dAasitveL icdtpound ﬁeeldlﬁtﬂ%‘%ﬂl&l"‘@ld is, therefore, a -
3, 7-di net hyl - 6- oct ghoi.c aci d r bi ci de 2,4-D

2. 4- di chi or ophend&FREHEE 354 A4 endot hal |
7- oxabi cycl of 2, 2, 1]hapﬂenéubl&gically-active acid compounds include, but are

di carboxylic acid,or 1imited t ticid ghlgﬁ 1
3-ami no- 2, 5- dlchloﬁbbeﬁgbﬁb ofdpes icide 8 hnts, 5121ﬁg gggnts, plant

N- ( phosphono- et AW fagh!éatorsm Erebilizers, disinfiegsants, preservatives,
BronnhydroxyacetQﬂh&ﬁmﬁﬁldes, dispersants, and tK&ﬁdﬁH@hﬁﬁyb@bﬁﬁQ| such as

2- hydroxyblphenyl ceti ci.d
Guani di ne acetic aCIxalaceutlcals or toplcag'ﬂgl%e&:ﬁ: ace ‘pr %pl 8‘&."815 known

| ndol e- 3- pr opi onikraasdly as pesticides have achiewgdi widempaeadgnset hhroughout
G bberellic acidthe world Zc#2mény’ h8¥&hénic lan®iHBrti®ultural applications.

Pesticides include, but are not limited to, herbicides,
fungicides, insecticides, sporacides, and nematicides.
Pesticides may also include chemicals used for other types of
applications such as fertilizers, plant growth regulators,
disinfectants, defoliants, and seed protectants. Fertilizers
are chemicals which may be applied to foliége, although
fertilizers are not considered to be pesticides.

Sources for the selection of compounds having the
requisite acid functionality include, for example, such
publications'as The Farm Chemicals Handbook, The Physician'’s
Desk Reference or Drugs of the Future, all incorporated |
herein by reference. Tables 1 and 2 below provide examples
of some biologically-active organic and inorganic anions -
and their uses. '



Regul at or

met hyl enegi bb- 3- ene- 1, 10- di car b-
oxal i c acwo98/0ésa8 | act one '

7- oxabi cycl of 2, 2, 1] hapt ene- 2- 3-
- di car boxylic aC|d

(2-chl oroet hyl ) phosphoyid

‘endot hal |PCT/US95/11012

“et hephon

| ndol e-3-butyric acid _ NAA ™ 1
- Napht hal eneacetic acid Fl uor escence fl uorescein :
3',6'-dihy spi ro[ i sobeggRétNaRe ' mica '
1 (3H), 9'-[9H] xant hen] - 3- one Scal e Cbntroi L gtric aci d
- 2- Hydr oxy- pesticide Pr opanet r CRandMRXX&HC  3,7-dimethyl-6-octanoic acid
acid Phar maceuti cal Anet hopterin ' . _
N-[4-[[ (2, #eficdd no- 6- pt ez pgh nyl ) - 2,4-dichlorophenoxyackticPRfe"
met hyl ] met hyl - ami no] benz ostidbthalfl - 7-oxabicyclo[2.2, l]ﬁd’p?eﬂ&-ﬁ@m
glutam c acid _ PABA dicarboxylic acid
p- Ami nobenzoi ¢ aci d chloramben ( SlafSder B€Bikhlorobenzoic acid
aspirin glyptiosite/| salicylic Eﬁ(lpﬂosphono-methyl) glycine
p- HBA : ‘par a- hydr oxybenzoi ¢ aci d D si nf ect ant
Phenol Phenol SlZlng Agent Abietic acid
1, 2, 3, 4, 4aMibrobicide 10, 10aBEARahydro- 1, Bromohydroxyacetophenone
4a- di met hyl - 7- ( 1- met hyl edrthgphenyliphenol 2-hydroxybipheny!
phenant hr enecar boxyl i ¢ acGuahnidineSaetfcaaetdant Guanidine ac&fieaid ¢ Aci d
Cct adecanoic acid 3-Indole propionic LaulrdeleAcprébionic acid ‘
Dodecanoi c aci d ‘acid Caprlc ACId Decanoi ¢
acid WO 96/ 06528 T :
"PCT/'US95/ 1PRfQgrowth ~ Gibberellic acid 2 4a,7-9'ﬂhydroxy l-methyl-s-
: Regulator methylenegibb-3-ene-1,10-dicarb- -
. - oxalic acid 1,4a-lactone . -
endothall T-oxabicyclo[2,2 1]haptene-2-3-
' ' _ ~dicarboxylic acid
ethephon (2-chloroethyl)phosphoric acid
IBA . Indole-3-butyric acid
NAA 1-Naphthaleneacetic acid
Fluorescence fluorescein 3',6"-dihydroxyspiro[isobenzofuran-
' - 1(3H),9"-[9H]xanthen]-3-one
Scale Control Citric acid 2—Hydroxy-1 2 3-propanetr|carboxyhc
: acid’
Pharmaceutical Amethopterin’ N-[4-[[(2,4-Diamino-6-pteridinyl)-
(cancer metliylmethyl-amino]benzoyl}-1-
treatment glutamic acid .
PABA p-Aminobenzoic acid
(sunscreen) . _ .
aspirin acetyl salicylic acid
p-HBA para-hydroxybenzoic acid
" Disinfectant Phenol Phenol
Sizing Agent Abietic acid 1,2,3,4,4a,4b,5,6,10,10a-Decahydro-1,
- ' 4a-d1methyl-7-(l-methylethyl)-l-
phenanthrenecarboxylic acid
Surfactant Stearic Acid Octadecanoic acid
Lauric Acid Dodecanoic acid
Capric Acid Decanoic acid
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Tabl e 2: Exanpl es of |norganic ‘Bi ol ogi cal | y-Active Conpounds Activity

Common Nane - Chemical Nane - M crobicides . tri-halj

Brferr], I'TerrWOMO328, (1 Cdl[err], ABr[err], o i’gﬁﬁsss(llolz
Brerr]l, I[err]d, etc. : - 9 - oxyhali.des ocl,
OBr, 01 Termticides/. -~ -~ bor at es HBJ err] Wood

Preservati ves t et r abor alshis [pdess Jof’ fifoegar Acally- ATt )
pol y- hal i des - I[err],l[err] *l]err], etc. In addition to the
actjvity shown in Table 2, inorganic biologically-active anions, such as
trihalide and oxyhalide anions, are also known as disinfectants. Preferred
trihalide ani onsAdtimity ude, for exanpl eCommfreNate | [ er iQhemial Name ],
Cil[err],dBr[err], I[err]d and Br[err]l, with I[err] being particularly
preferred. Pref Miceblicisieyhal i de ani onstrichalifesde OCl, ORr, 1,8, O, C1Br,, The
anion "X" is derived froma mneral (e.g., inorganic)Brdi LEh, ee.gani c acid,
HX. As with "A", the anion "X err]"oxyhalidee a nonov&EnOBrdfal ent,
trivalent, tetravalent, or otherw se polyvalent anion of a mneral acid.
"X err]" synbolTemmigicidest ani on gener abdrgtesand is not HBfsted to nonoval ent:
ani ons. . Sini| arVgod Rasservativept | i ni t edterdporatasnopr ot i c Ba@f'ds. M neral aci ds
include, for exanple, hydrofluoric acid, hydrochloric acid, hydrobronic-
acid sulfuric a@ndizerhitric acid, andPqirBalidesoric aci di» IGrlge?é-c aci ds
include, but are not limted to, formc acid, acetic acid, propionic acid,
butyric acid, valeric acid,..caproic . acid,,h cyclohexanecarboxylic acid and
benzoi c acid. Acetic @ lit§°8r éPeFP%d"."c’?”rd- PV FiTo @B S C Pud dPRARERRES
ani ons and parthinllagicalliy-ectlive anions) nsyeinexsalt rithsd iviet andsokyhhbide

bi ol ogircally- actinfond 0343° aRELY RREIn Ohs | 51 N AML ARG A" ePAr ed DY

any sinple process such as m xing an_ani on o
- trihalide anions include, for example, Br,”, I,”, BrI,,

ClI,”,ClBr,", I,Cl- and Br,I, with I,” being particularly
preferred. Preferred oxyhalide anions include OCl-, OBr-,
and OI". o | | |

The anion "X'" is derived from a mineral (e.g..
inorganic) or an organic acid; HX. As with "A"", the anion

-» DINDO 114

a
(h

"¥-% can be a'monovalént,'divalent,'trivalent, tetravalent,
or otherwise polyvalent anion of a mineral acid. "Xn

- symbolizes the'anion generally and is not limited to
monovalent énions. Similarly, HX is not limited to
monoprotic acids. Mineral acids include, for example,

" hydrofluoric acid, hydrochloric acid, hydrobromic acid
sulfuric acid, nitric acid, and phosphoric acid. Organic
acids include, but are not limited to, formic acid, acetic
acid, propionic acid, butyric acid, valeric acid, caproic
acid, cyclohexanecarboxylic acid and benzoic acid. Acetic
acid is preferred. Preferred, anions include halide anions
and particularly Cl-. ' ' .

In general, the water-soluble,_bidlogically-active
~ionene polymers of the invention cannot be prepared by any
_ ~simple process such as mixing an anion of a
% biologically-active compound with an ekisting'ionene polymer
; which has been formed by known prodesses. Sufficient ion

'SUBSTITUTE SHEET (RULE 26)



bi ol ogi cal | y-active conpound with an existing i onene pol yner

been fornmed by known processes. Sufficient ion - WO 96/ 06528

PCT/ US95/v% @ 0éi6s528

~occur in ionene polynmers. by such a sinmp f
For exanple, an ionene polyner nmade b he reaction of a dl-tertlary

- 10 - . excRERFISIYHOE not
equi libriumshifting process.

am ne, hy%g(%ﬁchgg' § églgota@&- qb'l &%dglo&ﬁaéscﬂyogh £ &ni

order for €

ori e aml ons o I onen
bi ol ogi cal Eﬁnaéﬂbveuansbhf%%gp%epe%uu st PEFﬁins’PrPﬁt aﬁglgae%ess
excess of Hhaymbiromagecoy| Yhactdar: it @F \WOdid thetiasmt éﬁﬂnéﬂd only a small

whi ch has

-

e rep ed by a
a large

fraction wﬁ#ﬁ%??esggggg ;Q Chiﬁﬁ{%?%##¥5%°ﬁxgagp-ﬁa@eﬁﬁ egbodlnent of. thys

i nvention re

Ion O

|onene po ner s

cont ai ni ngIn brdﬁﬁgféﬁlF?ea%¥1Q¥;Qﬁn%ﬂ¥9nﬁh@¢etbﬁﬁséoaﬁnsnscbrﬂern@¢nateIy

associ at ed g E:Qpiaéed' BY'a bsi@pbgmawutvlae ain@BANAs ingOLNITET .

pol ynmers of fq

| as canveni ent | re by a general
net hod shoﬁ‘?uﬁ'ﬁrnEFbHW&gifn%%cprfcesﬁfe agé‘r?é" %F%ﬁdgg g%eds by the
fol |l owi ng $iiepsgically-active aniign quidﬂha<¥equlpadtaad only a small
'nEUtral'Za%&%@t@&nawgh§d1P@pﬂ%éé‘the chlorlde ions.

acidic
di am ne salt;

rotonated

oun :
A second emboéq%%nt 9%ﬂ5ﬁ%ﬁ &ﬂ”@Pt&annFE?ﬁéﬁPﬁ?e by

reacting t relptekonat eHedprapameation of ionene polymegal toittén g

W thad L ESRAPEaT Ak K2GF e apione uhlly WiBet aRAo0CLL] FLIFR AL,

with addltlon I am

i onene pol p@seciated with and distributed throughout the ionene

polymer. Ionene polymers of formulas I or II can be

conveniently prepared by a general method shown in Flgures 1
and 2. The general method proceeds by the followzng steps:
~ complete or partial.

1)

2)

3)

The general method may be, and preferably is, carrled out ‘in

neutralization of a diamine w1th
a biologically-active acidic
compound to form a protonated
dlamlne salt;

;formation of an intermediate by
reacting the protonated diamine.
salt with an epihalohydrin; and

polymerizing the intermediate
with additional diamine or other
amine to form an ionene. polymer
accordlng to this lnventlon

a single reaction vessel or zone using an aqueous medium.

In this general method, .all of the quaternary ammonium

(nitrogen containing) groups in the ionene'polymer result

from the reaction of the tertiary, secondary, or even

primary amines.
from two sources.

The associated anion (the gegenion) comes
In the first part of the process, a

blologlcally -active or other acid reacts with a portlon of

the amine groups.

present to protonate all or a portion of

those amine groups. All of the anions from this initial

neutralization or protonation step end up as anions on the

SUBSTITUTE SHEET (RULE 26)
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accordi ng go this invention. The general nethod may be, and preferably
Is, carried o ' a single reaction vessel "or zone using apcPasssANA2
rredl um wq#}’ﬁﬁss general nethod, all of the quaternary anmmonium

(n| trogen containing) groups in the ionene palymer result . fromthe
reaction of the tertiary, seécondary, or even primary amines. The

associ ated ani ofifisleedjcigmenenpodymes . Thenether stuiens came tixomf thet part

of the pr Ocess’hglldé)'&é qgié@ﬁﬂra%h aglﬁreﬁ%beye&q:d tﬂﬁﬂ(‘ﬁcﬂ.wuéﬂlz&tﬁam i on
a

of t he amne groups esent ‘to protonate a p

ami ne groups. AFFERf tHEFHHGH% Y% 6 SLRPE Fn??ﬁi ar% :ﬂescﬁlg)%?on
protonation st epf etisi sipnetshaghifaid.cws :t he ' WO 96/ 06528

PCT/ US95/ 11012 As shown in Flgure 1, a dlamiﬂe compdir¥ Shed i qrene.
pol ymer. The ot her anions_cone romt e E | ide o the epi hal ohydrin
enpi oyed in thenpetyabtiohMish a SLofogRER in ﬁijt%‘éeFl © upd, o HA,

deéI ai l ed descriglbge or oin tdumbimitiet Wwdkthoamother acids EhowaAt Aekisgure 1,
a di am ne COHDOU I I tr
olx;rAloA of the IRH ?r'nb{:% ?’b&@t@ Q]liﬂ.| anot%aééﬁ'dn?cctdz‘b%’ps of

acidic corrpoundp one -or in er acl
least a  porti theotomprundilife ty FFFEiadart STuERhlY HRYREPRAte driv AMise
t he conpound ng&@uﬁé”éﬁ&'fd&nortl{elﬂda\ltprmt onghe héet:ammau@[ atgasctARt form

the salt IV. Thé neutrali za ctlon can any means
known in the arfaBupe AGTF ’:fgﬁf{e e iy Sﬁ?agadftg *&S)ound tg an
aqueous  sol ut prefefabhe diculs v adﬁlduganrhﬂecompound Mytﬁumnamlaﬂuﬂ he
formula 111 WBY'BngEHﬁf@f'@}%ﬂﬂays téﬁqa@yoh@amﬁﬁuy active acidic conpound

HA. Because the famne |II] is artlnﬂ materi al for the ianene

polynmers  of the inb8¥%ifAmine¢ 2 RIL MRY PR ATYCTEEIESd By g
Rl err] are t he theabBeohsgidebky-deftiived aalidie tompbhadi BAeneBeuaysare theof

‘diamine III is a starting material for the ionene polymers
of the invention, the substituents Ri, R,, R, and R, are the
same as those defined above for the ionene polymers of
formula I and II, including the preferred embodiments. Each
substituent may be the same or different‘from the others.
Particularly preferred diamines of formula III include, for
example: | N
N,N, N Nt - tetramethylethylenedlamlne (TMEDA) ,
N,N,N',N' -tetramethyl -1,3- propylenedlamlne,
N,N,N', N tetramethyl -1,3- butylenedlam;ne,
N,N,N',N'-tetramethyl-1,4-butylenediamine,
N,N,N',N'-tetramethyl-1,6-hexylenediamine,
bis (beta-dimeﬁhylaminoethyl)ether, and
1,3-bis(dimethylamino) -2-propanol.

Alternatively, the diamine of formula III can be a
polyamine derived from the reaction product of urea and an
aliphatic mixed'tertiary/primary amine, a ureadiamine. In '
this alternatlve, the ureadiamine has the structure:

. R,R,N- (CH,) ,-NR;-C(0) -NRG-(CHZ) -NR,R,

The variable "p" is an integer from 2 to 6, preferably 2 to
4, and most preferably 3. R; and R; may be the samé or .
different and are selected from hydrogen and a C; to Cy

SUBSTITUTE SHEET (RULE 26)



formula | and Il, including the preferred enbodi ments. Each substi t uent

"may be the sane or different fromthe others. Particularly preferred

di am nes wbHodmesszsul a 111 include, for exanple: PCT/USISLIARZ N .
-t etramet hyl et hyl enedi am ne ( TMEDA), N, NN, N '
-tetranet hyl -1, 3- propyl enedi anine, - ~ 12 - N, NN ,N

-tetraneth e,
Cetrancs h%*k%l 4g€ut ] e%ﬁ%ﬁ methyl and etﬁ‘lyt: %r k#areferred for
-t et r anet h§¥ qtgtuﬁ;;(:ﬁ é-},eapgrﬁ!ﬂe U.S. Patent Ng, 54 581, 058 describes

(bet a- di mibﬂé@énp?@ﬁhﬁéﬁé Qlé‘iﬁ.ﬁredalid'om urea d:.amlnes and is

1, 3-bi s(di et hé(l a]p;tneoa gV nD%nolr ference %}erna |vel¥ t he. di am ne of
formul a |11 CAHPDE po yam arived rroth Phe- AT %e?)%?ﬂj'é’t of urea
and an  ahaphthe ch'ﬁlasé'd-qgerftqrmu}ﬁprl rrary amne, .a ureadiamne. In this
~alternative, the l(ltﬁ Nam;p&:}gaeRg rd;c.tmqr.@H CH,-CH -N(CH3)2

N-
[orr] LN r ] REATTIST SRR S Qe Ml e

pr ef er abl ybg he;atmg wreh st dpneﬂ:syé.latnyneethﬂemix]xeamd Rlerr] may be the .

t t
3%”86?6652§imé€ﬁﬂ5m%ﬁp°yl%ﬁlﬁ‘é &dehr 9%8}59508@81%%2; r1]1 0 18 Cerr]

- 12 - aPXyPreivRin.  WRRR @@Nerﬁéf’ﬁy FoaRBechR§R @iaMinefapRRRRThsS .
substit uenisoR[ &imtilora:rsd Rldutlion deSseBaindicibing, Sid, fsdctlascrides '
i onene pol y [ e or at d .herein by
ref erence. err&%l g%éﬁg ﬁ%% ?ﬁ@&%% ﬁgng orrrubet= iHed

(CH err]) [@,-rt];]Ng ﬂ@ﬁqque@lwéﬂkylﬁppcﬂ%wlnes where the alkyl
- NH- CH] er r gr&irh e:[é]a @& eert; Naaﬁﬁierpkéfeféﬁly meccgﬁ PIHyYr ed ur ea di anine .

can be corERLn it RPN ghE DR 0a R, 7 "iﬁ“%' SE IR whon

FfHR.  When
~conversi onpreferably €& HPafine approaches 100% anmoni a evoI uti on ceases

indi cating the graetdi diSralent radical R,R,NBNR,R, is a heterocycllc
group, the diamine compound III may be selected from 1,2-
yrazolidine, 1,3- mldazolldlne, 1,4- 1peraz:me, _ _
amlnopyrrclldlne, and amlnoplperldlne ' As discussed above, '
these heterocycl:.c diamines may be substituted with, for
example, one or more groups selected from a C, to C; alkyl
group, a hydroxyl group, .a halide, and a phenyl group.

The neutralization reaction between the diamine II and
the compound HA can be controlled to. form a partially or
fully protonated diamine compound of formula IV. In '
compound V, the protonated amine cation is ionically bound

" to the anionic portion of the bio_lo_gically-.ecti-ve compound,
np-.m

The stozchlometrlc ratio of moles of compound HA

to moles of diamine can vary with the number of moles of
compound HA and/r the number of ac1d1c groups in compound HA
used to neutralize the diamine III. For example, when
rea_ting a compound HA having only one acidic group,

two moles of HA can be added to completeiy'neutralizel

each mole of diamine. 'Alternatively,fto fully react a mole
of diamine with a biologically-active*diacid, only one mole

SUBSTITUTE SHEET (RULE 26)



conplete. Other preferred urea diam nes are those obtained by the reaction
~of dial kyl al kyl ene di am nes where the alkyl group is.a ( e”lrc'b%sﬂﬁlifz]
alkyl, prefer 96688yl , ethyl, or propyl and the alkylene group I's a C2

to C6 al kyl ene group, preferably Clerr] tojglerr]. When t he dival ent
radical R err]Rerr] NBNR[err]|Rerr] is a heterocyclic group, the diam ne
compound 111 neyr bensaliemier ifs e@ghi2ed. yraael st iehidnad:mic aatliod mag,

1, 4-i perazi ne, n1no rr.Ql i 1] i, D ove,
t hese heter ocyc"ll‘fl a[%{ r%élst o%%bgﬁgggggb&gé g&%é]etfomrp%%exarrp §Ll‘agrllgeor
more groups selmerediamomne qcé-tdrl]c g5oupPerhera| YT akk RFddEy |
group, a hali degr&isk aaid ﬁﬂﬂaupor availaibbe ﬂ@utféd¢ﬂwﬂn(w1tmeambion
bet ween t he dla ne, Il a he(\__ ourid Héc rgel% fgﬁf%’toforma
partially or feF#9ins ot FRe - Com Su 7T orrul'a

conpound V, then«pubtanlme;ﬂ mmexpcam onej squwabamt ybaind to the. anionic
portion of the Q é&é&&{?’éﬁéﬂd&?d&&@pouﬁd per. amlne g}ﬁh toichionmetric

rati o of nol es o oun

I i: rEJ; he urrber
of nol es of corrpoun'EIh‘FW%ﬁPtﬂl?l"t"ﬁé‘rﬂﬁrrﬁéFl8f 35?’8?% %F RCHI r]i{f\o
used to neutral 8zemihe ghr&mailely Ideteximineex &ahpl emomemfreactl ng a corrpound

HA having only 89? gi&gfi I %ﬁ%}dﬂ%les aof }$§é§@ﬁtana@ﬂ§deHal ionene
conpl etely neut iam'ne. Al ter ul | y react
a nole of di anPREYMREh é%l%l%lt%qcfl&é’t P%l&?aé? E}x%r@ol%laé:l |

PCT/ US95/ 11012 M§é§6i@6€ﬁ§3neutrallzatlon reaction, then aﬂIBof e tamdons
b1 0l 0gi cal | - acEFUBCLBTRRURET Ko i e a SRAm ARV (R Sl she
not all of the hiblpgically-active ac1d

The ionene polymers accordlng to .the 1nventlon,
however, do not require all anions to be derived from
biologically-active acidié_compounds. In fact, in a
preferred_embodimgnt,_the ionene polymer may have less than
a complete stoichiometric number of biologically-active
anions per quaternary ammonium unit. Ionene polymers having
less than the stoichiometric number of blologlcally active
anions are convenlently prepared by neutralizing a diamine
compound III with less than the stoichiometric amount of
biologically-active acidic compound, ‘HA.

In neutralization reactions not employlng
stoichiometric amounts of biologically-active compound HA to
diamine III, a subsequent acid'may_be employed to completely
neutralize the diamine. The amount of subsequent acid
employed raises the total molar amount of acid employed to
'approximately'equal to, or equal to, the stoichiometric
amount of amine groups present. The subsequent acid may be
a different biologically-active compound HA or a mineral or

" organic acid, HX. 'This is shown in Figure 1 as the reactant
HA/Hx. .Thé complete neutralization reaction employing the
reactant HA/Hx can occur 51multaneously or sequentially in
any order.
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groups are pernitted or available for reaction with the dianine. Thus, the

diamine of formula Il may be neutralized with up to one equivalent of a
bi ol ogi ca&bﬁﬁ&?.ve acid, HA, per am ne group. The pdTarsobieietric
rati o between the conpound HA and a diam ne generally determ nes the

amount of biologically-active aniOns- 140"~ present in the final ionene
polymer. 1f a biologically-active acid:is the only acid _used in the
neutral i zati on WB&RtPSHIALIIRG O (MAFe Fﬁéf&ﬁFéﬁsb18§§SéFa}%H IFEHe he

pr ot onat edcdmpsunés) \éa\dzhlco}@mrfd Ayt e mbwhogbeathg 88hé Ver aci d.

The | onene JRLXMELS SCEATCLNAS LD SN Ie: AINBUEL: 90 nOt reaui e

all ani ons Ved T rom ¢ conmpounds. In
fact, in acompéﬂé@redT%?dﬁRPﬁﬂﬂﬁenqIh§QL9$éﬁéléUr?ﬁ§iVﬁB9°ﬁ99@n¢éﬁ%Ythan ‘a

Corrpl ete sbai ﬁbéan&t;rf@lwr&erpazft:lelqboeﬂe@%&hhaet tne ra‘aagﬂﬁn@e{mne
© quat ernary anﬂnnlyn1gglt Lnene H&: not@é ayi.ng a; than th

st oi chi onePFPEPRUMDeT |o oglca é’ac Ve 8 Sﬁg }% %%% é%lently
pr epar ed byompgunleélhg usefl dim A arewpSuUte aﬂ50mpnhylpestihhhythe

st oi chi onehpheraMPLat £é ré}h&.rﬁgi§3aidﬁrea%trb%§sac hdmeneeaPORELa &HA
In neutrallzatb vé aﬁtlo not_ enpl oyi n t0|ch onetr cC a unts of

bi ol ogi cal B} X%QQQ}ve(ﬁo IFPn SsEHPREYRAt Rci d may be
enpl oyed tdu&hypheuergllzemnheeﬁmamanahe dhaslnmulfhplenoumblmétsmhsequent
aci d e”%?ys%iaﬁsélwﬂaé@f dRlcs VEUBE BreBGl-dacBl il

appr oxi mat € , or equ to, the stoic n
gr oups preé@ﬁ?neTH% YHOBE RERMC %ﬂﬁ(¥Qn£Pebénve&t&PPferent

bi ol ogi cal | y- acTh&e" tegpotih +¥k qirclr ometerial® dbnener gabimessi d, HX. This ‘s

Shoun 1 FLSHEealagoct en 30 o At e g COURLE! 8. pBULLAL 22t on

reaction enp reac can occur Bty or
sequentlalb}olﬁglcah¥Y0$@%ﬁve anions to possess the desired functlon

and/or level of act1v1ty For example, a herbicidal ionene _

t of am ne

polymer according to this embodinent of the'anention
contains suff1c1ent herb1c1dally-act1ve anions to give the
ionene polymer its herbicidal propertles Degrees of
herbicidal act1v1ty such as quick kill or duration of
efficacy may be achieved by employlng more or less
herbicidal anions per ionene polymer, ;*g*, ra1s1ng or
lowering the degree of substitution. '

' As discussed above, any mlneral or organlc acid, HX,
can be used as the subsequent acid when reacting less than
the stoichiometric amount of biologicallyFactive compound
HA. Thus, there can be used halogen'acids such as
hydrochlorlc, hydrobromic or hydrolodlc acid; acids of
phosphorus such as phosphorlc or phosphorous acids; acids of
sulphur such as sulfuric or sulphurous ac1ds or an organic
acid such as acetic acid. _

Use of a subsequent acid yields a’ protonated diamine
' compound IV with mixed anions and permlts variation in the
degree of substltutlon, D.S. With or without adding a
subsequent acid, the reaction between'the'aCid and the
diamine yields a protonated diamine compound IV starting
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- 14 - When using, one or nore different bioIogicaIIy-g&%' &¥
conpounds eadmo @SB und nay be known for the same or differ ac
as’ the other biologically-active conpound. ;5The subsequent _

bi ol ogi cal I y-active conpound may be used to fully or partially
neutralizethe rgopipl iy fdB Nhe FRMRTiIOA bEcafll fohage pdlyiei afcording to
bi ol ogi cal |l y-act]ve, conpound«HA is used in an anmount to also only
partially neutFBRi 3BVeRelRmai ni ng ani ne groups, a mneral acid or

anot her bi ol ogl caI | yTnetmmmmmmommabslenpcweuet:aeadmy yRaRaRldished

the di am ne. cedHhi zg&) GV RS @RS aref. bp%@@f&]@iw @ed i ve anions
can be prepared en 1onene polynmer accordin o the |nvqﬁt|on

The "I ess-t han- §?BFEE?bﬁ%ﬁ+?%ﬂ°?%ﬂﬁhénbépyﬁ8P§°u§c@8$ﬁ?ﬂg 9 (99 i nventi on
contain at |easpregéfablgnin watdmgi Generaddyi vehaai newtral eatass the
desired function, / t e er bi ci da

i onene polynerség ggdgébéfﬁg%?l é%ﬁ%%# n?ﬁocggafhéggﬁégﬁ??%ﬁ cont ai ns

suf ficient herbsppdéﬁn9°9§le%taFRQWu$qu%§aF€the Ipofighe HoFyARTeSts

herg|0|?al pr?pgb%?gﬁg mgpgagfﬁaxmﬁlﬂﬁﬂﬁquuiaa .activity such as quick kill
or duration of efficac e achi ev re
herbi ci dal ani ons pe?‘ éh@‘ﬂ% I%/rree‘wné.j é.@é B ai s?.'ngngnP tﬂé g%]"eéé%natdeegr ee

of substitutiondiamine AY desctssmfatﬂn/eﬁplé\ﬁohiyﬁé‘ﬁal VoFOOf‘gﬁm%nam d, HX
can be used as HB%e%HQﬁ?QH@n&oﬁﬁoﬁdeV¥1Héﬁ%ﬂg d@akegfatPagmmdbifum groups

stoi chionetric anmount _of |oIo I cal I ve _conpoun t here can
be used hal ogen 3R 88l16geR- agn ‘?%I‘ﬁ’ﬁ# i%° Wdf&gﬁgﬁfcogrg‘ﬁﬁgl?m odi ¢
aci d; acids of rphﬂaﬁbnrua*guchpabym&mmqaumano offhehesphoavienact &, andi/@%

of | sul phur sUChyas SULHI | Eoedinaiid e 4EL S 0n Mo glidnaa ¢ such

as acetic acid. guent acid yield ﬁrotonat di am ne
conpound I\/vmtl?ﬂﬁQ%éHmaEFQHESaﬁﬁ Ekﬁrﬁﬁ%??ﬂﬁq¥%ﬁeoﬁ°Wﬁ°P g ViagtRiof
substitution, DﬁandgNth or wi thout adding a subsequent .acid, the reaction

between the acid andhhe . diagi 0g; ¥ phisaA PPt Widlsed cdbagi gg compound 1V

starting.

11012
FVity

unsubstituted, can be used to form the intermediate '
compound VI. Preferred epihalohydrins include
epiohlorohydrin, epibromohydrin, epifluorohydrin and
epiiodohydrin. Thus, the group "2" in compounds V and VI
represents F, Cl, Br or I. Epichlorohydrin is particularly
preferred.

The protonated diamine IV and the eplhalohydrln V react
under relatlvely mild conditions by means known in the art.
The protonated diamine reacts by opening the epoxide rings
of the eplhalohydrln forming an electrophlllc rad1ca1 which

' adds to one of the tertlary amine groups forming a
halogenated intermediate compound of formula VI. The
reaction can readily be accomplished in aqueous medium or
suitable organic solvents (e.g., lower alkyl alcohols) and,
if necessary, upon appllcatlon of moderate heating, for
example, from about 30° to 60°C. Preferably, the reaction
takes place in water or an aqueous medium and, most
preferably, in the water-based reaction medium used to
prepare the protonated diamine compound IV. Most
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-15 - naterial for the formation of an‘ionene polymer according to the:
i nvent i ong, The neutralization reaction can be readipopgaseioni shed
by technl ques ?<nown tothe art. Preferably, the. neutralization occurs in
an aqueous nedi um and nost preferabtylé-water. Cenerally, this
neutralization, a _sinple acid/ base reaction, proceeds essentially

‘spont aneouBFgfarabym EeapelrRturtao StepSondninefantisstervol imdhy

actual | y bprepavatesn of iondise sﬁmwmeae acgeediflgstepthis H gvere fon t he

pr ot onat ed- gl am ng%é%érﬁéacéesac\@ r}}%s«%@lhal ohggrl n Vio forman

i nt er medi aP&° nary ann%nlun1groups and
hal ogen- contalnAﬁgdtﬁmuiﬁQﬁuﬁbQXﬂxﬂﬂhs diolgginelly-aehive oanien g'A™"

pol yneri zathfinpe EP@vﬁdédi W'aﬁﬂs 1/:\.{1@grﬂcaliﬁ}dégf.lve &Bﬁpéﬂmd rgArai n
intimately assomate%%zl\n h‘_r c!l_ater ary . "o rousof t he

int er medi al'@VEBHpRGHY THRC %ﬁﬁﬁ} Y §pac-e o reﬂFﬁﬁQ ep*hal ohydrin V,
substit ut ediemineun¥lbse i formed pxptdnaueﬁedlamlhernompeunthWrmxBrnce

conmpound VkyneP; olpls Wyl o]
epi br onohy anﬁsggﬁéﬁggﬁgé%;rln agﬁﬂﬁrg@&e&ﬂ?ly ?PEE?Q %Rhygé%e group "Z"

in conpoun®$ djjumpqthe b g aetige a§Fd0F°WP°EB¢CﬂF%V%$ i3 is
parti cul ar lgastprebdeonaily stable The aplbarstileateﬁdm‘bﬁmeﬁe | Vimnd the .
epi hal ohydr.i ac %ggf o] wn |n

the art. ?ﬁlylégf o%at e d r#xﬁéefe%eaagbyb%‘ Q@lngQ%S_% gﬁapy&\%?%g% :
t he epi hal enyumﬁ gePwPR Vbl | fxae Gpihale éqnaans\mreﬁent atristh® one of

]Ehe tlertlv ?t’r)éaéﬁlaﬁ ﬂimformm;@e rtaﬂeogegama EBhpouRE 1 dbre LOMMRYINd C‘
ornul a

sui tabl e oﬁﬁéﬁ E“%Sf?‘g%?gr*‘( q‘oue"] ovver %ﬁ-gngghg?ggyaﬂ%g%‘eous medi um or

hydroxyl generated by the reactlon between the epoxlde group

of the eplhalohydrln and the protonated amine salt.
As shown in Figure 2, the 1ntermed1ate compound VI can

then be polymerized with additional diamine III or an

amine VII under conditions suff1c1ent to form the ionene
polymers according to this invention. The reaction on the
left side of Figureo2 depicts the polymerization of
intermediate compound VI with a diamine III to form an
ionene polymer of formula I. The reaction on the right side:
of Figure 2 shows the polymerization of intermediate
compound VI with a secondary amine of formula VII which
yields the ionene polymer of formula II.
| The diamine III used to polymer1ze the 1ntermed1ate
compound VI can be the same or dlfferent as used to prepare
the protonated diamine compound VI. Any amine of

formula VII can be used in the polymerlzatlon reaction.
Preferred amlnes include, for example, dlmethylamlne,
diethylamine, dlpropylamlne methylethylamlne

Dlmethylamlne is most preferred

Either polymerlzatlon can be carried oc.- by means known

in the art. The intermediate compound VI r:adily
polymerizes-with'the diamine III or the secondary amine VII -
requiring no additional reactants or cataiysts. The
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i f necessary, upon application of noderate heating, for exanple, from

~about 30[err] %ﬁ%ﬁgr] C. Preferably, the reaction t akes plpafososnioes er
or, an aqueous nd, nost preferably, in the water-based reaction

medi um used to prepare the pr ot onat ed di-amihe- conpound |V. Mbst - WD
96/ 06528 PCT/ US95/ 11012 '
- 16 - preferabnymerh@aﬁmtrqmmne;t@kQSn@ééGearﬁaétébsupm application

preparation of b@ﬂﬁB&ePQié{ﬂI@é& Acc di Fe-o0 abbug 78vesbi QOSO@PCpEeférdHl%/
sanme reaction vessel or one. . 1o b@s ussed a?

bi ol ogi cal | y- actaPP§°§H“6ﬁe %80% P ;#rjow Hed. By ﬁ%}ﬁrﬁﬁo?'ﬁﬁ?@arf‘ﬂ/t adti%e
compound HA hadiagiaei I uocttlmaddondeayalaiminef Vidadei added t ko thevarm
diamne Il to fseﬁﬁtéoﬂrowfaé%ﬂ@ma%mmﬁ%d | Yoo 8bNESoct hendip! ymer
form ng reaction generall occurs In pgzﬂ t he, bi ol ogi cal

aci d conpound si§ FSqBén’é Y heatsd rr@agfﬁﬂty XB‘FEl?ﬁté%a%?c %‘PR/Jr

In addition, itreabetibad.preferably be relatively inactive toward epOX|de

Or oups whi e free ePuRaLebydoisel S BHeIRynichs fe.lohea% Bedh X

Li kewi se, the organiC cO cont ai ni nghi aci unction %oul d not
readily esteri f;teménalebalw 0% aferfermlddeppnipe [ actar"t% Boamife &%t he
epoxi de group afclaenaayharhmﬂﬂﬁm ngr¥sifbd he TheohanadedagiibAer 2al tremains As

h Fi . th t d h
i Uh addi 11 onal SBERHLAESH L0 Wi SRR goPoRSAr L LaACe Y TarERl

form t he i onene topshgneewlyctormedgruaraniary prawnium JTAEPr ea&liolre on the
left side of Fi %rf&nzt.d;sm SESthder ol Y e 'pﬁily&fer b%aﬁaeslﬁtsn&wpound

on the right s GBoWBH iR BFEED Shote tHEBol Tk FSaEPOrEHHE 11 Abdraiaaes
conpound VI witithe had.dlddaﬂ.ynam‘r\'e offhusr, nihaa\prefercedd embodiment, the
- J anion "X " in the protonated diamine compound IV is the same
as the halogen in the eplhalohydrln used to form the
intermediate compound VI. For example, the anion "X™" may be
Cl- derived from hydrochloric ac1d used as HX and
epichlorohydrin used as the epihalohydrin.

When employing a urea diamine as the diamine III to
effect the polymerlzatlon, one convenient method to control
the molecular weight of the final polymer results from
varying the reaction time of the reaction used to prepare
the urea diamine. If one stops the urea diamine preparation
reaction before achieving 100% conversion, then any final
ionene polymer made from that urea diamine preparation will
have a lower molecular weight than an ionene polymer
prepared from a fully converted urea diamine preparation.
One can obtain the same result by using'léss then the
stoichiometric ratio of reactants to prepare the urea
diamine and u31ng that preparation in the polymerlzatlon
reaction.

Additionally, when epibromohydrin, hydrogen bromlde,

_and bromine are used in the process, the resulting ionene
polymer'may contain up to 100% tri-bromide. It may even be
possible to conduct the polymerization reaction in such a
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yi el ds the ionene polyner of formula II. The diamne 1l used to
polynerize the internediate conmpound VI can be the sane or different as
used-to pwapmres2st he protonated di am ne conpound VI. AnyP@RUSSS/NEN2 for mul a.
VIl can be used in the polynerization rﬁgct ion. Preferred. am nes include,-
for exanple, dinethylam ne, di et hyl am di propyl am ne, nethylethylanine
D et hyl am S e r | Ol A} an be carried
out by near?s%qkneo%m% ERBE—,thQB g TRes tl’fieErﬁ% ate ‘-%:rogerrp(Il)’lung1 ?ﬁ\‘eadl ly

pol yner i zestamen® tPﬁéYH‘ieani“ﬁéeFN-eor %%ef%Je"cﬁ?fﬁjafr%P“hrﬁh?e apove requiring no
addi ti onal gieasisaion, Obnéabﬂ| yelsnaryhekill wodlla %@fp%'éa%te that

PCT/ US95/ 11 paly at | on
reaction tac%Jh vg(r artég 8| ;l/nﬁ]p%%ea:JP catimbr{‘aldfder?dd nﬁééa .e., from
about 75[err] t d‘hsospelen}ecp%meee yeheypfommu e, 61 yan€O[Iar r ]nayoa%{:er r]C

In a preferdedppaadi qeat, haee Q'é‘ﬁéé‘ffié'erﬂi GRS eceq rna mapepy! | s
added to a r.m utlonh )c<> nR %I‘ appr oxi mateeeé g to 65Lerr]C,
t hen subsé%\ﬁ'ﬁ‘ﬁ["leé XalEd o E?V%cf POt TS 2 athi Bn SRR S éPee?‘ﬁés
reaction. of either trsactanSeuseﬂetcpahmrnImtmmmh pollymes the beerni nal
hal ogen " Z'g oayelaaltbdsrepaaa aZIzsﬁlsingaé% a;gr”&.ﬂ% a%li@teﬁwaay anmoni um

groups. The al1.de ani on E el ns socl at e e grow ng
i onene pol ﬁﬁg'rc 15%eta Aupnka Ndo td ‘P‘Pi%c' gl amind@rfdacer ﬁﬁ‘ﬁ-}?eaﬁ‘ﬁonl um
group. In tritmofieidtichatnsabstheutedabr v icuted aukgdubhsieassn! |

shown in Fiqur. h [ | and Incl.udes _the

hal i de ion 5%[:% %t‘ﬁtd %‘T'@H QH 1&8{1& Oiﬁnéf %r% %[ cﬁgpegn%ﬁen?([ err]’,
in the protRsiames -di &Wﬁ@ecEﬁ'bmﬁﬁs | SRR g H@m?e ataoneherhhbtheands. t he
epi hal ohydnj 15 .used ehne sf Gb8.t B9l n:e:es ngpek o aasca)rmmlaéskéhbelzeapﬁéaﬁpl e, the

ani on "Xer ranene Bpoll%egs gﬁ '¥EQ1 1c£‘3’§£c°f a!lorplr%paegtg,egse gs HX and
 disclosures of which are 1ncorporated hereln by reference

The ionene polymers of formulas I and II may also be
cross-linked with prlmary, secondary or other polyfunctional
amines using means known in the art. The ionene polymers
can be cross-linked either through the quaternary nitrogen
atom or through another functional group attached to the '
polymer backbone or to a side chain.

U.S. Patent No. 3,738,945 and Relssue U. S Patent
No 28 808 disclose cross-linked ionene polymers prepared
using various cross-linking coreactants. The disclosures of
which are incorporated herein by.reference. The Reissue
Patent describes the cross-linking of'ionene polymers
prepared by the reaction of dimethylamine and |
epicthrohydrin; The cross-linking coreactants listed are
ammonia, primary amines, alkylenediamines, polyglycolamines,
piperazines,.heteroaromatic diamines and aromatic diamines.

U.S. Patent No. 5,051,124, the disclosure of which is
incorporated herein by reference, describes cross-linked
ionene polymers resulting from the reaction of
dimethylamine, a polyfunctional amine, and epichlorohydrin.
The patent also describes methods of inhibiting the growth
of microorganisﬁs using such cross-linked ionene polymers.
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epi chl or ohydrin used as the epihal ohydrin. When enpl oying a urea

di am ne as thegg %%g Il to effect the polynerization, one rIIVESSSI®IE
-met hod to control e nol ecul ar wei ght of the final polymer results from
‘varying the reaction time of the reaction used to prepare the urea

diam ne. If one stops the urea di am aration I pn bef or

achi evi ng 100% convePEhoh, SRt 4]Wi£1°%Foﬁ§ﬁgsp6F9ﬁ§$ Q§%¥Wﬁﬁ§
urea di am ne preapdrahebn prépardtﬂunzaﬂeowepvndbdcmhaﬁ SE|§mtemman an ionene
polymer  prepar gdgf rg%gﬂ_&ié Y FAYRIAH W 8300630, N2, POEPAA! I DMhes B CAN

obtain the same resu usi 6q ess ’stoichionetric ratio o
reactants to prépafta. ?%e ut 566 4 ﬁe5§ﬁd7ﬂévn§n@hét75?eb%5at|?FF||1 the
pol ymeri zati on digalbbafes of eacHdd tihea@ pprenkenaepi bnosbbythted herein
hydr ogen brom dgy reggg ?5 gmne are used in the process, the resulting

| onene pol ymer*nmay contarn up to 100%tri-bromde. It may even be

possi bl e to conduct The W%ﬁer‘?fzdilict;r?‘?ﬁ&éé#YoﬁCthV?ruéﬂlanSr "AT"WOPYEFeB528
PCT/ US95/ 11012 in a glven ionene polymer accordiBig to BB&NEHvéestid@tid wo or

nore tri-halide ) ionene nol ec ol ows from
the above di sc%?gfLBﬁ B%e&b? a,n%ﬁ lﬁ"l%s)é\%%h‘lt&%gp?éﬁafs %h%kfot ot her
vari ations inclpdéymexed The - ¢Ewm(ﬁﬂﬁgn§q;0ﬂ [ssoskErution” rafers drene

pol yner s - of thea}xgwyiégéolkm Iionéfﬁy pﬂl%er@ewﬁigﬁegyﬁhcﬁll F@a&caam

specific end grou PRI achi eved by neans” known 1n the art, |
For exanple, an®& ¥e§§116? %ut?%?' R &% Tsed BeERRR Mee q%ﬁjré’néflﬁﬂl §ﬁﬁr
can be enpl oyeﬁlbmogioalﬁg-accﬁpqalarg.q;rs)m repllbedngt ore‘sybsmtmairtgjlﬂtxed
quantity of a mapgly gg ap aei;g%én 'aﬂ'gﬁ'or?smé]fearlo FRAg’ yos gpaloyhsaég[fg

or unsubstltut e reacte an I ohene
obtain a cappedOioﬁl;-1 gtipetior!  foy ghsHyaiolipnense pehyBercapp %t one or
both ends. invention refers to the number of anions which are

biologically-active anions, "A"." Thus, a D.S. of 0.5 means
that 50% of the anions are blologlcally active anions, "A™".
The amount of blologlcally-actlve compound HA reacted with a
diamine can be selected accordlng to the degree of
substitution desired in the product ionene polymer.

One of ordinary skill would understand that D.S. will
also depend on the valency of the blologlcally -active anions
AT, Therefore, when using divalent or otherwise polyvalent
biologlcally ~active anions, the D.S. may refer to the number
of anlonlc charges substltuted rather than the number of
actual anions replaced. _

_ The degree of substitution, therefore, defines the
number of biologically-active anions "A"" ionically bound to
the ionene polymer. When the protonated diamine IV contains
one biologically-active anion "A™" per amine group, a maximum
D.S. will be achleved in the product ionene polymer. In
general, the 1onene polymers of formula I have a D.S. less
than or equel to 0.5 (one-half), preferably 0.005 to 0.5.
Similarly, the ionene polymers of formula II have a D.S.

less than or equal to 0.33 (one- third),; preferably 0.005 to
0.33. That is, because protonated dlamlne reacts w1th the
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at leaHﬁ)@ﬁéOﬁ&Qﬂve anion per ionene polymer molecule.

1012 he d £ ool r119 O
0ss- | I nked to?ien%grpeo? yorrerps? Ymeé‘lza iod (n) in t

Ies of

helr ‘preparation are provi ded jgn
§ aizseovaypi as 063, 521,

4,147, 627, i%, 16hePditly, @@ﬁeﬂ&é’;taﬁdtﬁgﬁégﬁa o'fhpolﬂinéﬁiﬁétl:[@ﬁs of each of

these pat e
- bi ol ogi cal

A2 BrEcEfOAPALALE LAY A1 ndd) (HeERIEE for pormifa 2PV

I"y-"aCtIve ani
vary from about 0.005 to 0. 5, although there might be very

"large polymers whlch have a large n. In that’ case D.S.

might be smaller than 0. 005. Slmllarly, for 1onene polymers
of Formula II, preferably D.S. may vary from about 0.005 to

10.33, but with very large polymers D S may be less than

0 005.

One significant advantage gained by'incorporating the
biologically- -active compounds into an ionene polymer in the
manner of this invention is a substantlal 1ncrease in water
SOlubllltY as compared to that of the most _ _
blologlcally-actlve compounds themselves. For example, the
water solubility of the herbicide 2, 4”b is highly dependent
on pH When 1ncorporated 1nto an 1onene polymer according
to this 1nventlon, the 2, 4- D 1onene polymer product is
nearly or even completely water soluble without regard for
pH. Also, for example, an ionene polymer accordlng to the
invention having a tri- -iodide as the anionic portlon of the
polymer is water soluble. Thus, much higher concentrations
of tne effective oompound, that is, the'biologically-active
anion, can be achieved. ' ' '

For the purpose of this lnventlon, an 1onene polymer is
defined as water- -soluble if solutions conta;nlng at least
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in a given ionene polyner according to the invention is defined by the
."deégree of suQ§6? % " (D.S.) of that polynmer. The term "degrasesfion
"substitution” ers' by analogy to known ionene polynmers which typically
contain only halide anions, such as C-. Be¥ause, one could vi ew t he

bi ol ogi cal | y-active anions -as replacin substituting for typi cal
hal i de ani ons ofPHEi BH@ﬂePEJ‘BI%é’I’at?%%T"&é fef 5hegy §?F?u?? ‘%/o?arh

gi ven ionene pobyepared. t hisre | pweeraiol y,eftdres wagerheohubbeityf isnonseast
whi ch are b'0|%g'ﬁ@|k303Cb%Me ol or dﬂﬂ%"dlé£1£BH§onam£%é3beméaé means

that 50% of the anionS are |oIo | call y-active anions, he amount of
bi ol ogi cal | y- acPﬁﬁyeéﬁnﬁbaﬁddﬁﬁé?%%&ﬂ%xPﬁMWﬂ¥%§ saﬂghiﬁeaﬁgnwﬁétse?éE?%RF
according to theydegr eefeétleebsmmﬁ i afedicnetiel pollimepr 6ducad ghvnEmeuse.

| |
flepond on the varRny cBF PRECH BY6 andif S M0 1ehARY bBRmR: Saqibidind &
when using. dlvat@ntlovecth@an%@ @@I%ﬁﬁﬁeﬁhanliqﬁpogpmalIVOEGtFWE°€#ﬁQ#k¥

the D.S. may rehgle efbbeifdnagbun®iandt Qiéﬁérfdbab&e%héubsbl t gt eghé aihredne
than t he nunber of actual anlo s re

substitution, tRSLdFEFe, ldgfrnﬁ uﬁkﬂé%ﬂb%ﬂlQ&lgﬁg&VcgFF§vﬁc??ﬁ%n%n|ons
"A" ionically bpiedent. tﬁheIUﬂEﬁE ﬁmﬂquﬁltYWhémmmherprme@aaseﬂOdthg1ne |V

contains —one DihgliaklyoRCkhy Cefl] A bﬁblc&%.rcaqmymicg'iggpn.oﬁeﬂgx%mer.

D.S. will be achleve In product | onene lynmer. In _general
i onene polynersléﬁeﬂérnuFQ“P hwbdle ?9%51qﬁﬁﬁ? Rofymegs egukhigoinvention
(one-hal f), prehrietblte0d@8inioifnSof v‘&t’eﬂ‘-aafdly;bllel)eal spdneipnl yortsiming

formia Il have#heéect&sasa&éaﬂ 0be SR 1 bl BO1GRAE gl e Preferably

0.005 to 0.33 bécause anine-reac
VO 96/ 06528 necessarlly be tha concentrated. pCT/ US95/ 11012

- 20 - epi.hal ohydriT# aanBght 86§reé &hHewatdnsolupindtho ishaopoliysetable
' for aespecific application, adjustments to the polymer can

be made to affect its hydrophilicity and hydrophobicity and
control solubility. These adjustments are well-known in the

-~ art. One means of control, fof'example, is to select
hydrophoblc anions and/or increase the amount of such anions
in the polymer End capping reactlons, discussed above, can
also be carried out to piace hydrophobic groups on the ends
of the polymer chains.. A number of useful end-capping
techniques are'taught by U.S. Patents Nos. 3,931,319 and
5,093,078. Also, the use of ditertiary amines having long
chain hydrocarbon sequences as the starting mate:ial will_
tend to reduce water solubility. ' :

As discussed above, the utility of the ionene polymers
of this invention may be defined by the blologlcally -active
anion "A"", the ionene polymer and/or both. As such, an
ionene polymer according to this invention may be used in
any manner appropriate for that utility.

For example, if the ionehe_polymer is a_herbicide, the
ionene polymer may be the active ingredient in a herbicide
composition or formulation which would be a dust or powder
or a selution, emulsion or suspension. Whatever its usable
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wi |l be halide anions fromthe epihal ohydrin. The other anions cone from
the biol ogically-active conpound HA used to neutralize the diamne Ill and
produce aworogiogsaet ed diamne |V. . For various reasoPCI/U$9SMEI2 N0t be
desirable or possible to attain degrees:of substitution |less than or equal
to 0.5 for ionene polynmers of Fornula #207 Iess then and equal to 0.33

for those For I e t t_ the_mnimm
degr ee of %l?gmt'l FI 6%11 a8 ¢°i@1(‘)gfxreesaggnb(zje qise east hgﬁe §EP"$‘8‘°3m on per
i onene pol gweh ASI ggyr@ers, stalgi hizexshe Q!ét}rséél@ﬂfspoloyrrénlrﬁactent( n) in
the formul ae vehi8$ QV§ér§oﬁm&§amﬂg§atmbﬂaﬁe MESh ék&ﬁtﬁiéry, as D S

IS inh dent th | t, d
ange of DUEULY SCHBFERD, BV 0 EBIIAE 1° PP e 4BAGD BODESTED 0.5,

al t hough t meteomlyhthgeageiye i@alg%dlfﬁnwmts aMaoclothawematEangksn I n that
case D.S. mggtmtaacémté%uw@{b& Of.&S tﬁ;lraatny % 1fy gmaoeens Batag?rs

Formula I, era . may va bout t with
very |arge 5‘6 m&fs E¥§n‘ﬁ‘ay R ePS é‘é‘é‘q‘{t t@§ o atd:lEesPﬁHY?cant
advant age daigredibnti wtblpnemimgdismoltksd)lmglsmdplepdedt uné fepmppunds i nto

an ionene RAIBHoLY LHE. YQPé‘PeéuP{ %@P}& o iR B ayfigtantial

I ncrease in wat as Cco

bi ol ogi cal IfP%ﬂP§é°E§n‘Bélﬁn‘a%n'%mhﬁ% agqq;,s e‘ﬁﬁlﬁ'ﬁ‘l"éntﬁhe"hmber

solubility mbrbbe BRebwatee/Rerbitide m@ﬁ(?hs.i@?ﬁ&@ﬁﬂtfacﬁmlﬁhite t/!?enh
|ncorporat A n| n r.di to this.inyventign, the 2,4-D
I onene pol %overggodu tgHS glﬁéﬂﬁ)'(‘-m‘alm%leven co lt&rgﬁt \R/&?B solUble wit hou‘
regard for adjMvanp| &8, ano;nm@t addediena Forywdatiovoer digg, ta the

i nvention- It@fbaalaet bi- b@ﬂéﬂea%ﬁoéﬁlﬁnﬁalorﬁcfnmratth% O ot Bﬁangelafrer s
wat er sol ubl e., concentrations .of the effeCtive

conpound, GfF&Est tg?hacbf'gt‘@él ’gl"r‘%F RAARFd P AGE 1Vea ANgEedL AP by e AP
For the pumddswapt taysbenamneibn,swrfaondengicn reducingdegentd as

mater SO'U@b@véhtsOEHti9Q§ofonééﬁEHI¥ké¥ |R3%ker, and a foaming or
anti- foamlng agent The choice of adjuvant depends on the
physical or chemical property to be modlfled Chemically,
surfactants are the most lmportant and w1de1y used -
adjuvants. Surfactants may affect many propertles of the
formulation such as a solublllty, volatlllty, specific
grav1ty, corr051veness, ~efficacy, and free21ng and flash
points. .
The performance (or effectlveness) of a herb1c1de in
any appllcatlon is dependent on the’ quantlty applied, the
method of appllcatlon, and the env1ronmental condltlons
during the application. Generally, the grower or‘person
applying a herbicide wants to achieveha'deSired result with
the least amount of chemical and at the lowest cost. The
ionene polymers of this invention having anions derived from
-a herbicide, therefore, may be used as active ingredients in
new herbicidal compositions which meet or exceed the
bizlogical objective of the herb1c1de whlle us1ng less of
the herbicide itself. Thus, the 1onene polymers accordlng
to the invention'improved performance_whlle reducing cost
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WO 96/ 06528 . PCT/ US95/ 11012

- 21 - about _1000 min water at 25[err]C of the ionene pol peEusssamib
pr epar ed. l\/br-e“fﬂ%foégngl y, the water solubility is at |east about 5000
ppm An inportant distinction nust be nade- B2tween this definition of
wat er - sol ubl e and what is neant: by an effective anmount of an ionene -

pol yner for a giamh atmmicaldf usagehe BheecinyeRtismurthariefars oRERYigspyReEn

according-to the dnyentiQm eavikenhestal hadvd@yawm Mre inportantly,
the effective anount al so depends

nthe D.S. of the ione - pol, d.e.,
the anount of bi ol ogi*SABAL inewgﬁPoFlge b?%%’é?\t?"h“'merwﬁ erth%ollébr‘r’%httl gn
however, refers i® 4 herlsidide,| ithe éhveheient relatr|toyihenbiridadi ve i onene
pol ymer itself. i MU dRPri8PRECaROL¥FRESI W drithuiht BECRIHAQN iokeak
the definition o?gr%kfselr%o sSb_l e, é so?u?i on contléi ning. an effecti \}e anount
of the ionene pdPglasreXmy Masthodseofs ¥giPgythRt t RNk & 2 | f
a high degree of hawmbarideoldde lalisp conbempliasedablitere fiiie dsyees fodlymer,
application, adjustnments tot .pol.y cak b 1@&%@ ffiect
hydrophilicity a%’dt%?/lar%p no_ i".’g'ﬂietlgi/)1 grjggj;"bggg ?’%)Ig% Tu |%Jﬁ1€' %eaggtﬁed to
adj ust nent s are Veg¢tamiown im a herbigidalireefBageivd Mol , for exanpl e,
is to select  hydr opdwhifotHtrORKampdeqr iENEh8asEnéMhe poyir afs sich ani ons

in the polyner. End cappi.ng r.eactions, ,di scussed.above, .c

carried out to pPaTE"H 'dg‘?ﬁ}di ¢ gF"S‘Xp?eoﬁmﬁgygﬁd%ltﬁoqh%acfo t}%?ﬁﬁy

chains. A nunberactepisatfle aanriexspi 19 soluvthanqueas ArROMIRIGHtOYIIUSES,

Patents Nos. 3, 9§&bf’%§ & beher Q,QLQ,J_Q?SDe@L_ggin%h@pgﬁei@g shid erdrearibnamenes
y

havi g | ong charn drocarbon“seqyences .as the starting materjal wll
tend to reduce WAPEYMeH| AR 1S f.dm_l%lsterﬁg HPiBEs3VY %%%’8%?"?%9}}]1% ty of
the ionene pol ynaeseptalblé hicrm reerdeichninayg . beIfietheetomgng lpolymer is a
bi of ogi cal | y- act Lyg, o BLOMLa Y 18 rhARRIRAPGL KEPL PRCLO D Ytlbrnibatitalial

an i onene pol yﬁer accordi ng his invention may be used in any manner
appropriate for €AEPOSitiens comprising,anc@ffsrEiveranpnt Rerdd'Sd s
a herbicide, thepoliméengndheiIds TR hechltmenct airinigterimnito ra dost in

her bi ci de

need thereof an effective amount of the ionene polymer. The
term "host" includes, but is limited to, animals, livestock,
peﬁs, plants or humans. ' )

When an ionene polymer according to the invention
contains a sanitizer or disinfectant such as triiodide, Iy
as the biologically-active anion, that ionene polymer can
thén be used in thé same applications as the sanitizer or
disinfectant. For eXample, a veterinary pharmaceutical use
of an ionene polyﬁer containing triiodide includes the
treatment of udder infections (Mastitis prevention) in dairy
cattle. This use provides an example of benefits from both
the ionene polymer and the biologically-active anion.

Mastitis is generélly considered the most costly
diseése of dairy cows. Mastitis_resulté in economic loss
due to milk discard, early culling, drug costs, veterinary
costé; and increaséd labor. Mastitis reduces the quantity
and quality of milk and manufactured milk products.
Mastitic. infections reduce lactose, fat, solids-to-fat
ratio, and'caéein. Ecbnomic incentives'to control mastitis

SUBSTITUTE SHEET (RULE 26)



conposition or formulation which would be a dust or powder or a solution,

emul si on or suspension. VMatever Its usable WO 96/ 06528
PCT/.US95kid-lodsas .- 22 - forpcTAURSS/IGR2ENE - .
‘pol ymer may be used with other adjuvants such as-carriers, stabilizers,
enul s‘iflers or surfactant. Thus 24a -person appl yi ng a herbicide, for

PPt e AREDAY S SRR RO GheE e e e o AR gReaES "
(fornul atlbrﬂ)eJ s Alglicomgh nl1d thgsedeffeatpovfienastitiich iresidsi gmed to be -
m xed withg erﬁ%lwetco%ﬁu@c&bg@ aaafss!géatmﬂk';rfmaaﬂ §80kyed or

suspended un| hr oughout ‘the water durin I catlon. Herbicide
for mul at | OWsRFES NUFH & &GORPYLEaBPRT AR t%ﬂﬁtﬂ1uqqﬁﬁw§xglﬁﬁ§
wat er / her bigi tlee mr«mme&ﬁéc{tawel meahe tdaecom dgerinfe trlastdpdlsi.cati on

the t
?\éﬂml a'?l O%S;Q%ar@ ai;&&h /é%e g g%a%ﬁhét@gr oc em cﬁglf%@rrgﬂoh on, to
change or a%l%%’?"sﬂtm% He. M’@F‘Fy dyripgemplkieg papPoseti VeinhgraW ent.  An

adj uvant ngyt&gerannﬂmmgs.urface tenS| on reduci ng agent, solvent, .
activator, sta I|zr Stl n - ant.i amn ent. * The
choi ce of adj u%\ % gSﬁyggigly %?c%% %l%ﬁ %Yoﬁe e37%t0 be

modi fi ed. diPMQW(ﬁnI%dderswﬁﬁ@ctaﬁrsaamenthéonmmlatxmnﬁtgﬁnenaiiwm del y used
adj uvants. co&ﬁixactrfmtﬁlmlafgf aet ;BNYnBEEREEREES Ofoddie, fOrmul ation such

as a sol ubi atilit eC|f|c ravit COJ I 0Si veness, efficacy,
and free2|?E#%%hF %ﬁﬂ? SE%?HW? ic quat?%8a5%r¥%w R GIP/ESet | veness)
a herb|C|deodtumehupqqhﬂquxna.oandsdddpeyﬂehenzenekmnxﬁnnuatqpxﬂppl|ed th
met hod of appli @tdflﬁusaééﬁ fa'?:%v%”V'thQ”B'EQBQLtCPﬁ@é éP&? erﬂ#rfd the

application. ner omer person applyi herbi ci de want s
t 0 achi evel@nNeR] | PUYMELS, hcatlonlc backbone. Ionene polymers

do possess anti- germ1c1da1 activity but generally need
longer contact times to achieve the desired kill rates. One
important aspect of ionene polymers, however, is their |
ability to form thin layers/films on anionic eurfaces to
maintain at least some bacteriqsta:ic activity. When an
ionene polymer according to the invention eontains a

triiodide anion, the iodine acts fast to dlSlnfeCt the
surface and as the free 1od1ne is "used up" ‘the ionene
polymer remains to extend the ant1-germ1c1dal protection.
Another practlcal use not already mentloned for
iodinated 1onene polymers according to the 1nventlon {e.g.
those with an I,” anion), is hard surface
sanltlzatlon/d;81nfection. Iodine_basedlsanitizers_
described in this invention are nonfodoroﬁs, non-irritating,
non-corroslve, effective in hard water, effective_et high
pH, low foaming, and somewhat more stable in the presence of
organic matter than are the chlorine based éompouhds_
Iodophors in generallhave a non¥rinee_lebel claim for food
contact surfaces and a broad spectrum of activity against
bacteria and viruses, including tuberculosis. In most
iodine based sanitizers or disinfectants, elemental iodine
is complexed to nonionic surface-active agents such as nonyl
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the | east amount of chemical and at the | owest cost. The ionene polymers
~of this invention having anions derived from a herbicide, theptgissspionry
be used as acﬂyvga?ﬁﬁﬁedients in new herbicidal conpositions which neet or
exceed the -biol ogical objective of the herBbcrde while using less of the
herbicide itself. Thus, the ionene polynmers according to the invention

i nproved per f or pleemel el ahed exiidg gggéensatesmgm(ﬁ;%rier such as
PCT/ US95/ 11012 olyvinylpyrrotidone to form the 28icdophu¥k .chem cal usage.

The invention, therefore,” provides both_ _e o] ' ;c%lm :
advant ages. . ACEH AHFHRP gﬁefﬁeoffoggge%‘g?ﬁr}gorfoydr{%(}Igl%gvenpflgﬁ i S
a herbicide, theithvemtfare ragititves agenher yielding #4 drikeconpri si ng

an effective a”gi'ﬁf:eﬂiéé‘.at TH 8RR enRO b IPhe r ¥EbH Oglsi HF i Asd it drh afaviidgene

pol yner as a herbicide are also ¢ ntenﬂlated .wWhere the ionene %ol-)ﬁrrer, _

ei ther al one or 1PRiBe IR Al °é‘6‘%p8§i §nCFSOURPI PRI PeGetnfon in a -

he{b|C|daIIy-ef§eEféae @misd propertids andt fast exanihe, sanitirationene

polymer is a p i C id .| eqpl b P '
Fgég;&?@yéé @allofal,lr%g tRem Quedryihp {iBgesig i cal ly

acceptabl e carr I sofutl a powder, or"in a_ tabJet or other

pi I 1. Depending uponOnesusg et gweh eedaBerfoltymih E4A 5%°<§d’rﬁc§ﬂsstt.ré'r'ed%§§i ng
any phaL maceut i gakl éls(f ;@cﬁ&ﬁi&-&ﬁ&& dlonetle pelthmegsewill stwin cswmides pelyoer.
is a pharmaceutjcal . the.invention r o.ph | :
conposi tions co%b?‘f"sFﬁ@lIéJhn%fJfr{egcltc%\r}ee%la%gl&ngbg%gﬁﬁ% ?gngél%@& 0 tJS/G'Cr;naaérleaarrlld'ng
met hods of treabmeagquipneént stersurfac®sa host in need thereof an effective

S et one" oA TB e oaat obacbijgodiuted ndiand o Lo
according to thB°?W§E?i%¥l &%o’rﬂvaﬁrﬁsioél SER B8 iBFm{iéll ﬁfoe{é?%g Sl%gLyglser
triiodide, |[ertppicahsahtiséptuiagjiamld precisurgenri sarubhaxr vorikdhe pol yner
can ' cleansing/disinfectant agent. Thus, they can be used to
impregnate gauze in bandages to prevent opportunistic
cutaneous infections. These ionene polymers can also be
employed as textile disinfectants to disinfect hospital
laundry sheets or other medical clothes or clothing,
preferably at'levels'to prevent staining usually associated -
with iodine tinctures,' Thus, the ionene polymer iodophors '
6f this invention can be washea'out'using normal washing
procédﬁres. . ' ‘

In addition, the iodine-based ionene polymers of ﬁhis
invention can be used as algicides in recreational or
industrial waters such as swimming pools and cooling tanks.
With regard to this use, the teachings of the article
n"Effectiveness of Iodine for the Disinfection of Swimming
Pool Water," Am. Jourhal of Public Heélth, V. 49(8) 1959,
pp. 1060-1068, is incorporated herein by reference.

_ Due to their affinity_fbr surfaces, ionene polymers
containing biologically-active anions according to the
invention can also be used in directed-delivery,
timed-release, or sustained—release_applications. The
surface affinity of the cationic. ionene polymer backbone

SUBSTITUTE SHEET (RULE 26)



then be used in the sane applications as the sanitizer or di si nfectant.
For exanple, a veterinary pharnaceutical use of an ionene pol yner

cont ai ni ngo déwesadi de includes the treatment of udder | RCE®SPHNIGIZ( Mastitis,
prevention) in dairy cattte. This use pr ovi des an exarrpl e of benefits
fromboth the ionene poI ymer and the Bi ol ogi cal |l y-acti ve ani on.

Mastitis i ganerald detedablierdoes &0aiidace di saAR Al dal 1y covs.

Mastltlsresutsm omc oss due t y cul ling,
drug cost sleags éfm‘r?&ryhs"é@ﬁtsa Hﬁﬁt?‘ﬁ%‘l‘eased | abor. Masti t i s reduces the

quantity  and mm:lu Jehef bibllbgaodl bpratecvereicn |dampnad @ilsverelhstitic
|nfect|ons d cto fat, s d d.c ei n. Econonic
[ SRy AP S sl SSESgS) o SN

i ncentives
PCT/ US95/ Ia@kymer can bound dlrectly to a plant jgurface munesdnsushec heal t h,

consuner qg@lquﬁruge AR qrigdget taaebiantlfe Al t hough all these effects of
mastitis result onS| ab eg ecreased m. k production
is the single % qn r’rﬁ’orct%g'ﬁte gg‘on n?gn%bﬁgff%raa‘f ot arﬁtfd’erlshygl ene is
the nost chbenieglacthonndrsansheocabiondt boveme pelymiar dackbonenatpeyear s,
“the dairy b%ﬁibﬁ%&%&éﬁb@@l%@?%o Bhd SR RIbd OGN yduri ng

m | ki ng, postm | bet ween™ m n . Masti-tis control is-
general |y Sl adieT ARF 1ye 88d°ngip B#ag‘ﬁ udtiets \papnt aﬂ%’é‘lsﬂﬂnt o
f or mul at i caEl@enaicrd yof chet binlbbgdécéblyeadtnivecdn en it badiagatidabiledi ne,

chl or hexo r‘%;}gﬁg;r n ( is. . '

hypochl orlq'k an eg%sqg%tﬁ?%nghéu %?%ﬂg%ﬁfﬁ?%%%gﬁs&gqé’ugggeg above‘
the preserfOMBRMIi JeMmsvoPe 1P8heRE pReye et hdun s ditisofiad Ivgiekbone

| onene pol yoresind i ARASS Toakhe- garfacédal activity but gener ally need

! °”Qer cont act 'fﬂﬂ?f tQre@c@iﬁt\éetl'xgebggfogfgafl aétaé&e an:.on will
dissociate from the cationic ionene polymer and be replaced
by other anionic moieties at the surface. - This dJ.ssocn.atLon
allows timed-release and/or sustained- release of the

blologlcally-actlve anion to occur. Because the
biologically- -active anion distribution occurs all along the
ionene polymer backbone, the foldlng of the polymer allows
those anions'nearer the surface to dissociate first and
those within the folded polymer to dissociate at a later .
time. This releases the biologically4active anion over a

_ prolonged time period, increasing its. residence time on the
surface and lengthenlng 1ts desired effect. '

The invention will be 111ustrated by the follow1ng

examples, which, it will be understood are not intended to
be llmltlng, but merely 1llustrat1ve

Example 1: Rranarar.mn_oi_LHerb.mdal_Ignsna_P_o.lxmer

A one liter, three neck, round bottom flask was fitted
‘with an agitator, condenser, thermometer and an addition
funnel. The flask was then charged with 67.7g ‘of an 85.7%
solution of tetramethylethylene dlamlne (TMEDA) in water
(0.5 mol TMEDA). To this solution was: added 22.1g (0.1 mol)
of the herbicide 2,4-D. The solid 2,4-D dissolved in the
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[ r’rportant aspect of ionene polyners, however, is their ability to form
thin | aye_rs/fld,ggqﬂgzgam oni c surfapes to maintain at | east spmemsgsmolz .
bacteriostatic activity. Wwen an ionene polymer according to the invention
contains a triiodide anion, the iodine act2%ast to disinfect the surface

and as the free iodine is "used up", the ionene_ polynmer remins tq extend
the anti-gerni cRAVEOPF ARG Fplution aﬁﬁoi‘ﬁéf"‘ﬁ?a@%?%a‘@%s@“ﬁﬂﬁ %A Foxgy 2

{Tﬁnt i on_edhf or Iggﬂtf@l eshirgnefd tnol witer seacthodi agluvidhevas varen adilieed.
ose with an e lond.,. . i ar [of Nk Lk zat | { S Nf jg0n.
| odi ne based sa f'{'fllr‘z_lersg %Qéswc?r _|ebI2‘q c:gr?itgl% gg'?ﬁvéﬁt %"tc:)%\ ]g%iléﬂ)nﬂ'JlJorg\(é gédé;'r%fjgfog

non-irritating, 37hohydoerlskinis astidecolyEirn HAr8 Wt HC1efaddqd ve at high
pH, | ow foam ng;napeneREIhiate STGRA 154 Pt onatkhehsr CREDR ewlpfle Qfe@dling the

matter than are the ch| orine base nmpounds. _lodophars_jn general ve a
non-rinse | abel tET“B?ﬁ‘?"F‘b’Fe% s r?g:gtct %é'ﬁlrf gcggréﬁg %Eb?%%u s%gc rntﬁ%%gf’

activity agai nsp2.bgcterd anahd ofi repsehloreblydaingwaabedded osincrenentaddy
i odi ne based sappihzehsiffadiSidiaed ddmperatarenbatwbedi 8¢ocisnsyadexed to

nont onic surf ok 85T LU ST A 25T W bgehe BECAEChSRE e o de
S;)gggnﬁg'; gs" or to.s taa:IH eﬁasw.rlldas ey oyepy ar pé:rdiodeof cabboutm t he
Wt Surface actfyBIRRESE MG EP pBic Hx] EreTHERPEPACLED BeRegs B and
pol ymers of thi §0Pﬁvenfimlﬁﬁvi¢f§? iTRAGtd ol BOdUtOBoWAR ReRted £ iahaut
DPuomet B sy pibaeg e s e s anéobaatose o see 1o B
ol ymer s 1 s 1 ERESFRORSTIMRHIS (ole JuB Gevaning. pezkh Tt ol 01
will stain soil pojgmevnhadha sweighthianprnags awlesulns wedaht opf AbIHadRAfat e
cl eani ng as determined by aqueous gel permeation chromatography '
(GPC) . The degree of substitution was about 5% 2,4-D and
95% chloride ion. The polymer was used as obtained without
further work up. The concentraticn of the polYmer.in the
resulting solution was about 60% by weight which corresponds

to 5% by weight of 2,4-D in the solution.

Example 2: Preparation of Disinfectant Ionene Polymer
Following a proéess substantially as described for

Example 1, an ionene polymer was prepared in which a
phenolate anion compriséd a fraction of the anionic portion
of the polymer. A 500 ml three necked flask, equipped with
an agitator, condenser, thermometer, and additibn fﬁnnel,
was charged 153.42g of water and 29.01g (0.25 mol) of TMEDA.
The solution was cooled with an ice bath and 4.5g (0.05 mol)
of phenol added to form a partial TMEDA - phenolate salt.
Then 44.52g of 37% hydrochloric acid was slowly added

~ dropwise to fully protonate the TMEDA, while maintaining the
temperature below-30°C. Thé pH was then adjusted to 4.04
with additional HCl. To this solution, 46.31g (0.5 moles)
of epichlorohydrin was added incrementally over a period of
about forty five minutes maintaining the temperature between
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-on equi prent or surfaces. Addi ti onal pharnmaceutical uses of i odinated
i onene polyners of the invention can also include, for exanple, topical

anti sept i & o@gesds Pr €-surgery scrub or wound cl eansi ng/ di sperresvsaIv2 agent .
Thus, they can be used to inpregnate gauze.in bandages to prevent

opportuni stic cutaneous infections. The2® 7onene polymers can al so be

enpl oyed as textile di'sinfectants to .disinfect hospital Iaundggé&heets or

other nedi C8°cPEEhEL°Gr (cTRE NFHP SRS Af Fhet sPdvEion: Wag: t staining :

usual l'y astemmebadsmPChanddG@ECtfonnanwaddltibmal peeibdnefieapoly nam
| odophors gf,,thi ?oi@éﬂggfx?oﬂhﬁ?ﬁ‘ D JASHAd iy ¢S '&go'ioEBBEbééﬁEhMé@chl .

pr ocedur es. ion, - | odl ne- based 1 onene éners 0
“invention @Qha5€18§88355°5?5$%1%%énmﬂ”¥éﬁﬁh&?ﬁﬁnaﬁgoPGBnd s€Pi BPlhat er s
such as SWIomélrng peﬁhsdaoﬂ ssqhimg:émnde&ntwmhnlgeghedtéﬁpébaﬁuﬂée t he

ot v o pascBBacsb ) fna LSC] | VAP il alilrde oL b ol P g S84 01 F
1060- 1068, thenj nadspdr kP chetiesen rBRC raéTder9é’t‘?@e for a peyeogoofhebqautaffu nity

for surfaceso anAcBAePRAYFERSUrs OfY adfidtt pidilaeiraahlkYoact i pcani ons
according to rec ed-d

| b d d-
timed-rel e&&; Ygﬁ'ssﬁﬁfgﬁlﬁﬁr?@#‘%tgs%f%%qus 111’1?25“ a§uwgélgégr¥Fl nity of
t he cati onithei deaepeppbiymer btk orrde to bameb@@moasga The degree

PCT/U395/1%91%ubst1tutlon of the anlonlc portlo%ﬁof thel begmbpeRe!l ymers to
adhere to a surfa

g has | east %h} di-stipct  advant ages.

First, theaGPHFoa CBPF9° EF?V%P Férever £8e aPREEREYAEICH
surface. [edr theapplgmen. hnrthe|rbéulﬁnngusohmﬂrpmeWasaabbaundsda%ebyIy to‘e
plant surfqeq XPRRIBH I‘:Q?regf&?d&'&? i 95 by bglgh% Bkaghenolate in

the solutlon

'Example 3: 2reparation_oﬁ_ah_lonene;zlann_ﬁrgm:h

_ _ Regulator -

'Following substantially the same procedure described-

in Example 1, an ionene polymer was prepared in which 3-
Indole butyrlc acid was the source of the

blologlcally active anions. A 500 ml three necked flask
Iwas equipped with an egitator, condenser, thermometer,
" and addition funhel'and 158.82g of water and 29.00g

(0.25 mol) of TMEDA was added to the flask.. The solution
was then cooled with an ice bath. To the amlne solution
was added 10. 15g (0.05 moles) of 3- 1ndole butyrlc acid to
form a partial amine salt of the TMEDA. Then 44.39g of
37% hydrochlorlc acid was slowly added to fully protonate
the TMEDA, while malntalnlng the temperature below 30eC.
To this solution of the TMEDA amine salt was edded 46 .25g
(0.5 mol) of epichlorthdrin'in increments over a period
of about 108 mlnutes, while maintaining the temperature
between 450C and 50°C The temperature of the solutlon
was slowly increased to 80°C overxr a_perlod of.about

87 minutes, foliowing which it was allowed to cool to
about 60°C. An additional charge of 29g (0.25 mol) of
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Second, because the biologically-active anion is ionically bound to the
_catlonlcnlone OPﬁ&%ﬁﬁ backbone, the binding of the ionene peirkEd1ba the
.surface "hol ds iologically-active anion in place. This

advant ageously allows nore of the biologi22alty-active anion to be

avail abl e under conditions. where the correspondi ng biol ogically-active
conpound, HA, nEYEBR wagimage Qvered eerigdecfositmingteswnikey bind

strongl _yI It0 Eihemﬁilﬂi@ﬁ&fng the tEﬁip’eéatwerbétheﬁhjseobm @:Qﬂh@azld Y- atlel vg ]
ani on w i ssociate from cati,oni;g i gnen Rlace y
ot her anionic ?“é?least% ftqult?r é’%é‘ltl Thi" Sdlgrs1 lgc%[a %ﬂc tﬁ a .
ti med-rel ease an€¥h¢ds®%tQhQRﬁjQWﬂ doyversef €ERE ababY%g$c%ﬁI%hannnodyc&nion to

?ﬁcur BecauseI m&lc@&&h qme:&{dnéc%qtahcvaeaahenoél shé | Pordan ;saawe% f&lhlusal ong
e 1ionene PO

ani ons nearer t%é@%u?? rl?fj"ﬂ:l g%(gf&()laggﬁg assrsﬁagg %’gg%t%“{t?ﬁm% t"r‘fe%?’GI ded

pol yner to di ssanieunnc agao:et:lcat ef thenpolytfbrswas| @aows 3thef the plant
bi ol ogi cal | y-ac @q&qﬂ%\@r aanl%oggaggg%t LHEoPE %é od,pidcreasing its

resi dence tine surface and | engthening 1ts desired effect.
The invention \/\F‘I"PC%%"-‘?EPUr’tE”c St é‘ﬂ‘%?@ﬁ@eFoFPOG\Pﬂg”Jé*w a@s @5 -J%, byt -
wi || be under stweilghtirehiel dorresgpetdsotobs.bénbyiweightitofratel Ylant

illustrative. §§aqpl n of a Herbicidal |onene Polyner
' t hP 8 nec eegu}loau“:ndr bg’t %8%{1?; It'LL)8

A one liter, tomfrask was fitted wth an agitator,
condenser, thernoneter and an addition funnel. The flask was then charged

wWith 67.79 of apxSfpidos sol ut ipepakrat@bhabet B! APy BNecsH it TVEDA) in
water (0.5.mol TMEDA). To thilbnegleutto@emess added 22.1qg (0.1 nol) of the
herbicide 2,4-D. The solid 2,4-D dissolved in the WO 96/ 06528

PCT/ US95/ 11012 The procedure in Example 1-w&s followed to prepare an

ionene polymer in which aspirin (acetyl salicylic acid) was
the biologically-active anion. To a 1000 ml three necked
flask, equipped with an agitatdr, condenser, thermometer,
‘and addition funnel, 180.0g of water, and 58.0g (0.5 mol) of
TMEDA was added.  The solution was cooled with an ice bath

18.19g (0.1 mol) of cetyl salicylic acid (aspirin). Then
56.95g of 37% hydrochloric acid was slowly added to fully
protonate the TMEDA, while maintaining the temperature below
400C. To this solution of the TMEDA amine salt was added
92.5g (1.0 mol) of epichlorohydrin in increments over a
period of about 60 minutes while maintaining the temperature
between 340C and 51°C. The solution was allowed to sit
overnight during which time the temperature decreased to
250C. An additional charge of TMEDA was made, 58.0g

(0.5 mol), over a period of 108 minutes while maintaining
the temperaturé between 380C and 490C. The temperature of
the solution was then raised to 920C for a period of about
two hours. _The degree of substitution, D.S., of the anionic
portion of the polymer was about 5% aspirin and about 95%
chloride. . The coﬁcentration of the polymer in the solution
was 57.9% by weight which corresponds to 4.25% by weight of
aspirin in solution.
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aqueous am ne solution and reacted wwth the TMEDA to forma partial am ne
"salt. The reaction solution was then diluted wth 100g of water, cooled
wi th -an i O¥0®6R28and 86. 3g of a 37% hydrochloric acid soPGEUS#S/A10129 nol
HCl ) added increnentally to fully pr of pnat e t he TMEDA whil e keeping the-
t enperature bel ow 40[err] C. Over a period of about 47 m nutes, 92.5g (1.0
ol ) of epighl@ihydri n was-oad . i
t enper at ure between 50[ er4gh&eal Jr Tal
the 85. 7% solution .(0.5 nol), was added sI oWy over a perl ‘od of about 46
m nut es whil e ndthe girsicegutrkeof eBrampler £ wvﬁemcﬁ&{&rtrd prshar@0[ err]C.
Finally, t I &ddeO R | eqt od r out hour Wmle

i ?’u§L < 993%}’1’1%{}9@ err'}%kt’ 15 eacciuC{)

aIIovungtheterrpera to_ri zatlon The._
resul ting HRABIS ®A Hhenbielogérahby- ﬂ‘a’éll‘éﬁ— v@ﬂgms avédicage SIWIn‘écuI ar wei ght
of about 33Hreeanedded flaeH, bgsqaﬂppeangﬁh e rdepad ahgj} crgoomtngg aphy

(GPO). The ggeqr"%%eq%xsugﬁ Eaaigg }Q/agu oijt uf{%gerl nd _ 95% chI or.| de ion.

-The pol ymer was used &s obtarl ne wirerTRad .
concent r at i%fh B t{Pe 250 mpAer of nNTUERA W@Suﬁddm@ sdrhe |so:1ummlwast 60% by

wei ght whi docied eERANdS: ﬂ:e Bde Ry \Aﬁlaﬂinéﬁex?zé‘rPa{dld heg geution
Exanpl e 2: r%e_gr Eh Di. si nfectant | onene. Po] yrer FoI | owi ng
T3 Soabndes

a process s BiRgeBOtErion Wagmadded.” 4 Thegndde4pal ymer was ..
prepar ed i PiMA76h hydroghdnuliat acadi was calgpwiy ealided mactfuanyof the anionic

portion qucIrJ&al%@ YRRl TMﬁ\Dgoothé Q’Egﬁ‘. = o% fgrpesl%em%%lrl gged wth an

agi tator, denser, ther rmge unnel ar ged
153. 42g of 3986 297815028 ggl%}oncgf TVEDAMEDATjsminel seilonwags cool e

with an i ceaddech 48nd04. 50 .60m65) nof ) epichlgpuialriadded iherbapAta parti al

TMEDA - ph e Lt T %h drochl ori.c ,aci d was sl ow
added 8r(;pm\iuftg §§- ngegg‘?gﬁat ezr?ﬁ%jtlﬁ\% “}aé-"%ﬁ AREBPnFRG t he Y

t enper at uréeaaea\ﬁ/tyoe befwegn 323 %%r#%ﬂﬁustpéd adgdizional whahgaddl ti onal
HO . To t hifs THEDA was, md8e3189 (618 (W] 25 )mol)0fovaidi GhhakeRydpEn wWas added

| nor enent Al ¥Eted RALLQmElnca RPN dIRY WeddetBelrl bR IEL 450 M N0 the

t enperat ure
and 49°C The temperature of the solution was then

raised to about 790C for a period of about 81 mlnutes
The degree of substitution of the anlonlc portlon of the
polymer was about 5% of the sun screen anion and 95%
chloride. The concentration of polymer in the solutlon
was 45.7% by weight which corresponds to 2.42% by weight
of the sunscreen agent

Example 6: Preparation of a Pregervative Ionene
The procedure of Example 1 was followed to prepare

an ionene polymer in ‘which where p- hydroxyben201c acid
was the source of the blologlcally -active anions. To a-
500ml three necked flask, equipped with an agltator, |
condenser, thermometer,'and addition'funnel, 127.62g of
water, and 29.0g (0.25 mol) of TMEDA was added. The

" solution was then cooled with an ice bath and p-
hydroxybenzoic acid, 6.93g (0.05 mol),-was added. Then,
44 .41g of 37% hydrochloric acid was slowiy added while
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WD 96/ 06528 PCT/ US95/ 11012 _

.- 28 - 50[ er hgs,ﬂgg 60[err]C. The tenperature of the sol utigagriesideel d
bet ween 50[err‘iv %O[err]C for an additional period .of about an hour,
following which it was allowed to cool te &Bout 40[err]C An addi ti onal
charge of TMEDA was made, ' 29..06g (0.25 nol over a period of 55 m nutes
mai nt ai ni ng themﬁéﬁﬁéi&%ﬁgeth%e‘im%{r@r o¥nd 085S} er FPhifpesebppamt ur e
of the sol uti onofaghet beeeﬁmsrdrmmb@tmeﬁw s&(iﬁceéphalaaﬁloﬂ?{iﬁiﬁ] Gé s

perod of about ot worgnl g Dahla NS deliecl ROl KTELLERL 9B iRt

anal ysi s of the produc |ca ecul ar mel
pol ymer thus maéé’ tﬂénbéeabﬁh%l?,ﬁwntﬁiéndwgrt@@ t@fﬂPsHQStlr@ubﬁibwﬁ@i IFRC

ani oni ¢ portionaaf ubecpolwnersdmlabws tHephaeatale n@neathORyothe
chloride. The goncent at| of th eaggg{_{r%r‘l or? ghe r suIt| ng_sol uti on was
about 46. 8% by E\?EPSH? e 9§ %Fgﬁf‘ Bt ol at e
in the solutiodn addEkaqpab Gharge dfr &fa0dg of GMEBA wasenmad®! tawerGfow.t h
Regul at or eE-%hOWEnQO %ﬁ%&@é’g Iyl e H&%n%%'lﬁﬁﬂéoﬁﬁgug&rﬂé’%ﬂﬁ - n

Exanple 1, an- |onene ¥ V\@ frepared I n utyric acid
was 't he source Pﬁtl"ﬁﬁn o %Foiﬁ‘ A 13F actihfe tampPsrarugesef ke selet R ked

flask was equi paedthehhraﬁse@mmtahquu:m&eﬁ mblAtannedchetwedtl sakdi tion

f | and 158. t 1) . D t
the Tl ack  The Sof, 20388 Ebx fibdrtdiine hofit B0 huflpdli D riESadies, [0
solution was a®@fegubgtitytion of iheanignis maén@nbgﬁythe pelymen wadsrm a

partial am ne sabbuéf s¥hef T predditratddre32@ioh add¥obydeRtHEDEd C agHgd Was
slowy added toc%%kkﬁtgaggggaég the polymer in solution was 50.01% by
weight which corresponds to 2.71% by weight of the

preservative anion.

Example 7:  Preparation of Ureadiamine

To a one liter flask, equipped with an agitator,
_condenser, and thermometer, 120.1g (2 mol) of urea and
406.7g (4 mol) of dimethylaminopropylamine was added.
The mixture was slowly heated to about 165°C over a
period of 100 minutes. Large quantities of ammonia were
being liberated during this time. The reaction was
maintained at 160-165°C for approximately eight and
one-half hours; with continued liberation of ammonia.
The product was a golden brown liquid and was used
without further work up. The ureadiamine (UDA) used in
subsequent eXamples was prepared according to this
example.

Examplé 8: Preparation of Herb1c1da1 Ureadlamlne

lgne.nLP_lemer

The procedure of Example 1 was followed to prepa?e a

| ureadiamine ionene polymer in which 2,4-D was the source
of the biologically-active anions. To a 500ml three
necked flask, equipped with an agitator, condenser,
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the TMEDA, while maintaining the tenperature below 30[err]C. To this
solution of the TMEDA am ne salt was added 46.25g (0.5 nol) of

epi chl or olwlgé/ossisn i ncrenents over a period of about 108peirwseszEpI20hi | e
mai ntaining the tenperature  between 45[err]C and 50[err]C.  The
tenperature of the solution was slowV increased to 80[err]C over a period

of about 1 f o) c S cool about
60[err] C. %}é?&%ﬁ{eﬁo&ﬁé %ha?’a‘?%?@% ?“‘?‘B bs 183‘} G Wkl b 008
PCT/ US95/ 11848 19 of the product of Example 9(0. ST\PGElDA?ﬁNas made over a
period of Gireddisindnenhi | EhenBbDhBL6hNYad h@oépémehaiwram a@evmehSO[err] C

and 64[err] r e _of ot S r ai o 90[err] C
for a perlog-qﬁe:;gf)ﬁ'?p? i% urg Cg?a%%#yé er{'hgaed;lz@dl? |nd| cated
t he nol eculaidngahdioriss achd weﬁeﬁé%b:rya@dedm fufielde protionazieothe3600. The

degree of Smhﬁiﬂt|WHﬂQB akihBein2AGOLhE B&M dPafe 1A RPIDHeRY. Wag about 5%
of the plant and 95%chl orirde, The concentration

.regul.a ani o
of the pol \94 &8, P t%’gﬁ b\é%aﬁka%ﬁ%ysa%e"@ﬁ afifiech-9205Cesponds to
3.5% by wei @hto @folt) hefpepathlgrobydringin ainerémerso uivneana perfodnpl e 4:

Pr epar atlorbpfab%%tA%pheuesCQHmé%agncalnln the tempdrARTNR BALYLE!
The procedure I n Exa dt repar 5’ |onene pol'ymer in

[ owe
whi ch aspi rqonc(ac@PynggéFF@?Fic ARFOS 9\5511 'I"FES bﬁ%lﬁ)g‘loédl Of-active anion.
To a 1000 nireadiesinecwed madask,yeeqaipeetbdidh 8 migidtaisOkwhigendenser,

e 0TS g 4204 L0 RO 16 Bl VLS L 000k S 101 m&}

of cetyl sdemppratuxe @f(55pi pPhytiqmeras then raised to abOUt
: 100°C and maintained at reflux, about 106°C for a period

- of about 6 hours. The degree of substitution of the
anionic portion of the polymer was about 5% of the |

" herbicide anion and 95% chloride. The concentration of
the polymer in solution was 68.1% by weight which .
corresponds to 3.96% by weight of the_herbicide,anion.

Example 9:. Variation of the Degree of Substitution

_ A series of ionene polymeric herb1c1des was prepared
in whlch the degree of substitution of the herbicide 2,4-
D was varied from about_lz.s% to 37.5%. The ionene
polymers were prepared using the'pfocedure of Example 1.
To a one liter three neck round bottom flaSk, fitted
with an agitator, condenser, thermometer and anladdition
funnel, of watérL 180g and tetramethylethylenediaﬁine;
TMEDA, 58.3g (0.5 mol) were added as shown in Table 3.
To this solution the various amounts of 2,4-ﬁ as listed
in the Table 3 was'added, Slowly With,cooling-by way of
an ice bath, of 37% HCl was ac 2d to Ehe flask in the
amounts listed in Table 3. E chlorchydrin (Epi), 92.5g
(1.0 mol), was added while m: .ataining the temﬁeratufé
below 60°C. Then, additional TMEDA, 58.3g (0.5 mol), was
slowly added over a period of about an hour whilé
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‘ofs the TMEDA am ne salt was added 92.5g (1.0 nol) of epichlorohy

“overni ght duri nBPHHF A

56. 959 of 37% hydrochloric acid was slowy added to fully protonate the
TMEDA, whil e Rph9kgdsed N9 the tenperature below 40[err]C To wrﬁlgﬂlﬁfzi on
rinin

increnents over a period of about 60 minw®s-while maintaining the
tenperature between 34] equEC and 51gerr%c. The solution was allowed to sit

hen& SMERpeFUTEr BEHRPR &R F ¢ o0 Fizsfldyr tbe An
addi ti onal charsgelwfidiEensahemedd, £68. Agout Of SurmidljrHweiile RaNcwdngf 108
m nutes while ngdtalm Lhe.te apyr 8[ enr and 49[err]C
The tenperature o%] I@eé%gldt}]t}‘l 5% \%gggt hgngl?g\?%‘éfd@é%@gf%}% ]%fgfr&‘e gkperi od
of about two hBHEEitHHETediade abPusub3t PEut 2oh, mdb.37 @F% (dfe the emion
portion of the @atiwved fyrs @Hhaub.5%CconRpeht Raeiehahotite 1R5 %Boddieor i de. The
concentration lyer in th Lution .was 57. 9% by wei ght which
corr esponds tooéf%%sg 1\,\3{'16”?:5& *§ ui%é%ﬁr?‘ﬁ&‘?%’bﬁ d’f‘?’%ﬁl.géjﬂ%' 986/ 06528
PCT/ US95/ 11012 and 68.41% by weight, respectivegly. T ampieernfration of

‘Preparation of ghe lkuasie iRl YkEeaSHNsolution was 12.16% 88N ARENL 14

The procedure o le 1, followed,to, prepare ‘an ionene polyner in
whi ch p-amni no b;e%‘?é%%‘g%é’ciﬁ’:%%ft ﬁssp‘ESEfE%lgf t he biol ogically-active -
anions. To a 500m three necked flask, equipped with an. agitator,

.condenser, thernoneter, and addition fuda®3 155.50g of water and 29.01g

(0.25 nol) of TMEDA was added. The solution was cooled with an ice bath.
P- ami nobenzoi ¢ Vasiation ¢ thsd-Dy Begness ofSubstitution phioneasiPolymso| Containingi@d-Dadded.
Then 44.40g of Veigys pfMaeasls Upadc acid was slowy added to fully protonate
the TMEDA, while maintaining the tenperature below 30[err]C. To this

sol uti on of thddZVEDA amféﬁsalt was 24D  HCl Epi IMEDA

(grams)  (grams)  (moles) (grams) (grams) (grams) ~(grams)

180 583 025 5581 3658 925 583
180 583 050 11163 2197 925 58.3

180 58.3 0.75 167.45 3.44 92.5 58.3

Example 10: EED.ammn_Qf_an_I.Qnene_P_Quanar_'nn;m;de

The same procedure of Example 1 was used to make én
ionene poiymer in which about 10 percent of the anions were
I,. To a one liter three neck round bottom flask fitted
‘with an agitator,_condénsef, thermometer and an addition
funnel is charged 528.4g of water and 115.03g of ureadiamine
(Example 7, 0.5 moles). To this solution is édded 212.37g
(0.95 moles) of a 57% solution of hydroiodic acid. The '
solution was cooled to 28°C; the pH was 3.32. The
epichlorohydrin, 92.5 grams (1.0 mole), was added all at
once; the temperatufe remained at 280C. The temperéture
increased over the next five minutes to 350C at which time
an ice bath was used to cool the solution. The temperature
was maintained near 35°C for the next three hours. Then the

" contents of the flask were heated to'about 500C for twenty
minutes. To this solution was added more ufeadiamine,
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added 46.30g (0.5 nol) of epichlorohydrin in increments over a period of
about 20 minutes while nmaintaining the tenperature between 37[err] and
430C.. An addbéwessml charge of TMEDA was nmade, 29.01g (0. PETusbyiionzer a .
period of 17 mnutes while maintaining_the tenperature between 42[err]
and 49[err]C. The tenperature of the solPftion was then raised to about

/9lerr]C fo o] nu of stitution of
the ani oni ci %r?&o#fo%é) A l“j’lttl %#grg‘ vvaEs:Sé ot S'g/g%f Fcﬁel ﬂﬁi"%cr@@n ani on
and 95% chF’g<F cRddethe c%éﬂlﬂlétlpﬁnwéﬁ garkneredrblack siol wtdlmr. wahes5s. 7%
%(/ we: ght3 nBbEthe w0 rmmrﬁ mea;éa%byawugh?roo@f féf\eor%lrifcﬁ.{zeerazﬁ%gil
"Exanpl e tio a _Preservative Tonen 0 yner
The procedul® O}Féli_'ﬁ q:I 3 %oclosr Péi I%§m5°§‘8tb?lép‘é?’éne% F? Gheri@Hol yrrer
whi ch wher et¥RrnsRR aw.acMdrendodihe $27r3egbfwdadheadded at this

t rﬁ@tbemﬂ& Mo d ¢ o

bi ol ogi cal |f{oﬁ€r€| VEn Y tulPed déQQn&eahﬁfscleeckﬁ?efécfﬁl‘ul chﬂg) %Deg wi-th
g o]

an agitator ndens and [ t1-on funn
water, and 28° 3" %ﬁ E}Fblx)e%lofr'{o"l‘l\/éﬂﬂ fBs2 aga'ébmalrﬁapu%m (RheoFokes then
cool ed Wi t hremaimed histk aredi-pplackydr Bhgbeonocent pat thon 0O Ithe @Alymed ) ,

dded. Th f 01 I d whil
added, Thenin A Adb0fe 131G 0SAe0R! REEC4BCHY W%ﬁg% déligo Shte

S 31 - meSTRESTRIRSS e ImSdRabyr webghbweEolsrr]C. To this solution of |
the potential TNEHRA dedkeciairt 1ﬁﬁtebtes06hdtlrﬁucl463£8cgme (1Q>cﬁri@|()x “V)as added

I n increme s QY r|o f nute i le ntai nin

t enper at urglIl et \/\e/g}qaan1 §g| ert ] 8% ahd%%fnerrjr Tﬁgf%?ﬁt‘ﬁﬁ'n tﬁé’ﬁ%ﬁtat ed,

mai nt ai ni ngfe:hemlcroblologlcal activity, the results are in Tables 8, ‘
9, 10, and 11-13. ‘

Example 11: Preparation of a Tri¥Iodide/Hypoiodite/
. 3 : .. . t .

A) To a one liter three neck round bottom flask -
fitted with an agitator, condenser,-thermometer'and an
addition funnel is charged 503.0g of water and 115.0g of
ureadlamlne (Example 7, 0.5 moles). 'To this solution is
added 213.8g (0.95 moles) of a 57% solution of hydroiodic
acid. The solution was cooled to 28°C the. pPH was 2.65.
“Then ep1chlorohydr1n,_92 5g (1. 0 mole), was added all at
once; the temperature remained at 28oC. The temperature
increased over the next three minutes to 350C at which
time an ice bath was used to cool the solution. The
temperature was malntalned near 35°C for the next three
hours. Then the . contents of the flask water heated to
about 45°C for twenty minutes. To this solutlon was
added more ureadlamlne, 115.29° grams all at once.

Iodine, 25.70g (0.1 moles) was then added. This solution
was dark red-black. The contents were then heated to
about 102°C for two hours, during whioh time the color of
- the solution turned to a light transparent yellow. The
yellow color indicates that much of the.iodine'(I{) had
disappeared. It is believed that hYpoiodite ion (OI") was
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térrperature between 40[err]C and 45[err]C for about 44 mnutes. An

addi ti onal 9.01g of TMEDA was nade over a period ) es
'vvhl | e mai nt ai ﬂ‘&ﬂgsﬁ%@gt enperature between 43[err]C and: 51[err l 6 Iﬂelgﬁt
?terrperature of the solution was then raisgdg to about 80[err]C and

mai nt ai ned between 80[err] :.and 102[err]C for a period of about 94 m nutes.
The degree of Sopsedtfxdmrthd FhéomnIohi c Poieiprlyier haspdheme tesasd

about 5% of thegpreges¥atiyfo %raﬂna%@qv%wchmélésncaﬁ\@ra%% '@ on of
t he polyner in soiutlon i ch corresponds, to 2. 71% by

19
Wt ghe Of the  BPLEBFGAHT e R e LoERRIArAoR was 46y Ehahaakarty
Ur eadi am ne whlab coxmespondy tid asls% byuiwppght wof hhywo i i tad quns.

condenser, and her IBITegS . 1 19 e2 BBbaOholkeRodd pdliy Gy o

di met hyl ani nopr ope/l am ne was he mxture was slo ed to about
165[ err] C over BithediwtEbian agikateres °°E§P§§eﬁua%$¥m@§e"cﬁr aﬁﬁ?orﬁna “wer e
‘bei ng |i ber at edaddii t hgn tHirmdl Nz chaggedasbBoogwaes w@ﬁéﬂtéhdﬁiiEHOg of

P beroty en L | Qe 2ROLRNI Sl A0, 374 nBRESNY (rBOMR JENLEROLEET

| i berati on of anmon duct ‘Mas ‘3 o
wi t hout furtherad@eg 23 .8mhe Q1r9¢§am°él¢lsrhe°@UBA§7ﬁsé@lluhl°rsLctfsémﬂamw@h&rrpl es

\AHfgsbpregalr eﬂ acgeidi NOTH® Sdliut iceX WaR! eooledExam?hecS the p}Prﬁwzafslson of
ol Cl da re am ne (0]
procedure of Exanpt e RICRECTIGRIE £5 - B?eggrg %1°i%f§a‘6?%rﬁdr?éaq &H&né‘t

pol yner in whi chn@e 4-tthecteneraorec semafineteabi 28®gi calhe/ - raampemtan-leons

To a 500m threencpEck&sl dJaskene® HabRPRArWe! HiABc ! L& Do CANGRNSE -
time an ice bath was used to cool the solution. The
temperature was maintained near 350C for the next three
hours. Then the contents of the flask water heated to
about 45¢C for twenty minutes. Tc this solution was
added more ureadiamine, 115.29g all at once. Iodine,
25.70g (0.1 moles) was then added. This solution was
dark red-black. The contents were thern heated to about
1020C for two hours, during which time the color of the .
solution turned to a light transparent yellow. The
yellow color indicates that much of the iodine (I,") had
disappeared. It is believed that hypoiodite ion was
formed from the I, (or'I;). " This polymer was then tested
for microbiological activity. The concentration of the

| polymer in the resulting solution was 46.9% by weight

which corresponds to 4.1% by weight of I,".

Examples 12-29: Preparation of Additional Ionene

S Polymers With Organic

Biologicallv-Act] Ani

The procedures set out in Examples 1 and 8 were
followed to synthesize the polymers listed in the
following Tables 4 and 5, respectively. Each table lists
the moles of each_reactant used and the degree of the
substitution (D.S.) for each polymer. The concentration
of the product polymers in solution was 50% by weight.
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WD 96/ 06528 : PCT/ US95/ 11012

- 32 - t hermoneter, and addition funnel, 180.0g of water, and 118.1g of
t he produgo gsfosséanpl e 7 (0.5 nol of ureadiamine). The potusssameiras (
cooled with an ice bath and 22.3g (0.1 nol) of 2,4-D added. Then, 88.2g of
37% hydrochloric acid was slowy addé® to fully protonate the TMEDA

whi | e mai nt.ai ning the temperature hel aw 50[err]C. To this solution of the
ur eadi ani ne §hFF%ﬁ§§ a §g§393.56hefhfé}9ﬁﬂ%;iﬁ “EGCHCoABRAPR LR i n

i ncr enent s selatignpasi shownfinbthe Tales femMe percenttgienbggwelbght

t enper at ur @ thehewsod2Qk €] C.  An additional charge of 118.1g (0.5 nol) of
ureadi am ne was nade over a.period of 95 m nutes while mintaining the
tenperature between 4l1[err]C and 53[err]C. The tenperature of the solution
was then raised to about 100[err]C and maintained at reflux, about
106[err]C, for a period of about 6 hours. The degree of substitution of
the anionic portion of the polyner was.about 5% of the herbicide anion
~and 95% chl oride. The concentration of the polymer in solution was 68.1%
by wei ght which corresponds to 3.96% by wei ght of the herbicide anion.
Exanpl e 9: ~ Variation of the Degree of Substitution - for
| onene Pol yneri.c Herbicides . A series of ionene polyneric herbicides
was prepared in which the degree of substitution of the herbicide 2,4- D
was varied from about 12.5%to 37.5% The ionene - polyners were prepared
usi ng the procedure of Exanple 1. To a one liter three neck round
bottomflask, fitted wth an agitator, condenser, thernoneter and an
addition funnel, of water, 180g and tetranethyl ethyl enedi am ne, TMEDA, ‘-
58.3g (0.5 nol) were added as shown in Table 3. To this solution the
various anmounts of 2,4-D as listed. in the Table 3 was added. . Slowy wth
cooling by way of an ice bath, of 37% HC was added to the flask in'the
anounts listed in Table 3. [err] (Epi), 92.5g -
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was added while maintaining the tenperature

(1.0 nol), _ bel ow 60[err] C.
-Then, additi ongbodddsa¥ 58.3g (0.5 nol), was slowy added oveictyssgisogd of
ahout an hour while WO 96/ 06528 : : R

PCT/ US95/ 11012 - 37--33 - mai nt ai ni ng the

tenperature between 60[err]C. = Fi naIIy'trﬂgI 4oI utions were heated for about
four hours while allowing the tenperatur rise to about 100[err]C. The
degree of and 37.5% of the anion

derived from 2,4-D. Concent r SppsHfge

sol utions were 66. 7%

concentration of

29. 39% by wei ght,

the herbicide in each solution was 12.18%

64. 98%

respectively.

substitution was about 1% S(V%

Basrdrienensdiojyraere in the resul ting
and 68.41% by wei ght,

respectively. The

. Moles of Reactants

21.72%

Tabl e 3

and

Variation of the 2,4-D Degree of Substitution of |onene Polymers Containing
2,4-D Weights of Maktdve al s Used Herr]Q TNERAe 2.4-D condlC
Epi TMEDA  E oCompejind ( gr adslivity( ol GMEDAr ansid  ( HCAMSEpi mm)n.s(gm)

180 58.3 0. 25 55.81 36.58 92.5 58.3 180
0.50 111.63 212 Huores@n 5 fls@eencd 80 0.25 980230 047%0.05 085 450%3-34241%
92.5 58.3 Exanpl e 10: Preparation of an lonene Polyner Tri-Iodide
The sane procedidr ebrorho-fiydaonyl e microbicidaise®. 250 NEkER25AN0.475 0.5 025 5.00% 2.13%
acetophenone
14 gallic acid astllinggnt 0.25 0.0750 0.425 0.5 0.25 15.00% 1.69%
15 citric acid scale control  0.25 0.0750 0425 0.5 0.25 15.00% 1.90%
16 gibberellic acid plant growth  0.25 0.0025 04498 0.5 025 0.50% 0.003%
regulator
17 o-phenylphenol microbicide 0.25 0.0050 0475 0.5 025 5.00% 1.69%
" sanitizer
18 guanidine microbicide 0.25 0.0400 0.460 0.5 025 8.00% 1.18%
acetic acid
19 3-indole plant growth 1025 0.0400 0460 0.5 025 8.00% 1.87%
propionic acid  regulator
20 l-amethoptherin cancer 0.25 0.0001 0.500 0.5 025 0.02% 2.00%
treatment
21 trans-beta microbicide 0.25 0.0625 0.438 0.5 0.25 12.50% 3.45%
_hydromuconic
acid
22 citronellic acid  pesticide 0.25 0.0250 0.475 05 025 5.00% 1.69%
23 abietic acid 'sizing agent  0.25 0.0001 0.500 0.5 025 0.02% 0.012%
24 stearic acid surfactant 0.25 0.0250 0475 05 025 5.00%

2.76%

TMEDA = tetramethyldiamine

Epi = epichlérohydrin
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i onene pol ymer in which about 10 percent of the anions were I[err]. To a
one liter three neck round bottomflask fitted wth an agitator, '
“condenser , woheha@get er and an addition -funnel is charged ﬂa&Jsﬁglm:vvater
~and 115.03g of ureadiam ne (Exanple 7, Q.5 noles).- To this solution is
added 212.37g (0.95 noles). of a 57% sol &lsl on of hydroiodic acid. The
solution was cooled to 28[err]C, the p 3.32. The epichlorohydrin,
92.5 grans (1.0 nole), was added all at e; the tenperature renai ned at -
28[err] C. The tenperature i g0 ve mnutes to 35[err]C
at which time an ice bath magggsﬁg%gq%%%g%\wﬁﬁ%%é%fﬂl on. The tenperature.
was mai ntai ned near 35[err]C for the next three hours. Then the contents.
- of the flask werg.:heated to about 50[err]CA'{:§Ef twenty m nut €Seonc. 1 © this.

ol ution re ur mn 06
2o L2015y S VG P sl JRAOOSGE g B e o
once.  ahodi 88 Bl (O T oiblbnbas ods1en @stedo 7 ssoliss! apvRs 9gkk,

red-black in coI or. The contents were then heated to about 7

one hour, db i Bigmoidr&dy t inflBroBibige COlg2ss Of §.HBoSQlbs i @13 t YRed do? alhsﬁht

t ranspar ent yelabed¥phenol®r € i odi ne (27.30g) was added at this point, the
color turned dark red-black.. The solution was ‘then heated at ref lux for
an additiong GeuHellic adile  GRhPEowhemRiz3ed dgbdesT 9dad! aak. oz?hfbsféwcsaimt' on .
of the polymer in the regsfulatpg sol ution was 46.2% by wei ght which
corresponds to 17.67% by wakgbitid®f |[err] The dark col or indicates
that nuch of the iodine (lI[err]) has remained in the I[err] form This

pol ymer was2g hephenfiphenst Inflérobitiaé Obiodsogi Cab7s8C0UYS L u.s 1 0QsT B4k S1.86% 1 N
Tables 8, 9, 10, and 11- kahitizer

29 3-indole plant growth  0.25 0.0400 0.460 0.5 025 8.00% 1.36%
butyric acid regulator : :

UDA = ureadiamine, Example 7
Epi = epichlorohydrm
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Exampl e 11: Preparation of a Tri-Iodide/Hypoiodite/

| onene/ Pol yrregmgje?d‘ ect ant A) -To a one liter three nepelussdHid2
bottomflask fitted with an agitator, condenser, thernoneter and an

addi tion funnel is charged 503.0g of water 3#d-115.0g of ureadi am ne
(Exanmple 7, 0.5 noles). To this solution is added 213.8g (0.95 noles) of
-a 57% solution of hydroiodic acid. The sol utlon was cool ed to 28[err] G
~the pH was 2. 6Examp1@N 3epi chl'gee A 4 7 285
once; the tenperature renai neﬁgmmﬁﬁ[err]c The terrper ature |ncr eased over
the next three mnutes to 35[err]C at which tinme an ice-bath was used to-
cool the solution. The hexkpeideir tonere repmemarodewt $3pmr Exampbe 1he

next three hoyss rebted Ebe QQBtE@i*El@idéfehcfﬂlaﬁlEyV\’at @heheeaeélaﬁ about
45[err] C for twenty m nut s sol.ution was %é_@re ur eadi ani ne

115. 29 grans. alRFUSneas: %F'&BFﬁé COSSURR 3. ef‘qﬁﬂteg“ hERPSERETRC19hi s
solution was d#f kR ,4ed bhnathe sﬁh'etl:mtm sredbraed ten Ohd&t.edThe about :
102[err] C for t%?féHEﬂV%ne@%rb@gtﬂ@écﬁrééﬁgééiKh(Hg(Ehepkerﬁﬁ 13Qhuabﬂﬁne

turned to a |i transparent yell | ow col or 1 ndi cates

much of the iocﬁ??é’“ﬁr[é’ﬁs] FRRBJCONPRERD %t th*’rtt 95 peoreeEgiehat 4-
hyp?iodi;e I on gr¥dduit |"WEB®S B - GONE"VV&GEEIHEEH3from1FheVﬁ§quhem1ﬁal Co.,
PCT/ US95/ 11012 . em the I[err]
(or Iferr]). Tha}lssop(ﬁt ner‘l%\/\/ggtf'ﬁ ?%r?dldan"-f m 1 &S5 6 ogllggl activity.

The concentrat |anRﬂrJ{Sﬁ>@S:p§h?nb¢rthN\@1 rmﬁfﬁ RPleTIen PERPAASLAGN TWE DY
wei ght  whi ch corda8R0R0more &£8&ebyvechaihi®f ad HHIO el coRfércial B) To
a one liter three neck round bottomflask fitted with an agitator,
condenser, t_her‘?ﬁﬁf&c *and an - -addition funnel is charged 503.0g of water
and 115.0g of = ureadrerimech@aBianpbé The Chériidialgl afsiMiity sppenred te be

different in that the polymeric composition turned the

leaves of broadleaf weeds brown and brittle within one to
two days whereas the commercial product showed no such leaf
burning activity.' The herbicidal ionene polymer cohposition
also killed the weeds faster than the commercial product.
Other advantages were noted by those conducting the test.
For example, during spraying, it was possible to identify
‘those areas already sprayed with the polymeric composition
because due to its gfeater visibility; possibly due to its
attachment to the leaf surface as described above. '

_ )
~Materials and Methods: '

ANTI-BACTERIAL ACTIVITY _ |

For short contact anti-bacterial efficacy, suspension.
screens were performed in deionized water with a mixed
bacterial inoculum which consisted of an equal mixture of
Pseudomonas aeruginosa, ATCC 15442, Staphyiococcus aureus,
ATCC 6538, and Enterobacter aerogenes, ATCC 13048. Each
individual strain was maintained and growh at 370C in
Tryptone Glucose Extract agar (TGEA). ' Short contact assays
employed twenty-four hour cultures. On the day of the
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added 213.8g (0.95 noles) of a 57% solution of hydroiodic acid. The

solution was cooled to 28[err]C, the pH was 2.65. Then epichl orohydrin,
92. 59 (1.Qvovdmekas was added all at once; the tenperat ur e PCENEIFION2at
28[err] C. The tenperature increased over t he next -three m nutes to -

35[err] C at

which tine an ice bath was

L?sed to cool the solution. The

t enper at ur e_ was 5 r t kS Then
the content3*31Yth J%ﬁaéxrsl%qm%%%&tﬁebtg%dktgggeé meﬂe‘?ﬁ rl{%queeor t%ent

ninutes. Tostemkle Rahtiosh bids anddgeguBerdedebli %ﬁﬁlﬁvele BES gy affac
| odine, 251Dk v&as*rtat%sa)da\ms_zteaenuaﬂdedmea’hieasw uté s nwes todar k

r ed- bl ack.

Th h
duri ng whi cﬁpéa??(f?gﬂ%%elé’ol o; eot %m ﬁ’[ [ onfq"tbe%ﬂlegll[%%&%r %Lgﬁgﬂ éﬁ%}aaﬁgﬁf :

x

once. -

yel | ow. Thepoyteldnay wayteo mixed @@@eslsﬁﬁawlﬁhéh dfhewes | odine (I[err]) had

dlsappeared

(or Iferr])
The concent

Organi ¢
pr ocedur es

l[ists the
(D.S.) for

I't s@ochelm%eqtaet R utipasodiete inQ&eV\@é ad of ed dricandehanl [err]

th t bi ol o I t t
$5eTOIE AITTE 2 oh MAREr RS AEI FESERL F g S (R IERARE RSy, by
wei ght  whi th d:eﬁcnms;nﬂldzatteor 4. Brory wenght:toécréems] (5-10 Edamygilesy 12- 29:
Preparati on,ofe Aldi #4008 ilPReRR tubes loaded ‘with 10.o0mPl sV th

Biqgl o Active ﬁglons _ The
§@¥C%‘E&ri}‘?ﬂ%<é'}?ﬂeeé@ll§n e&%géd BEEF LR ML Ty ntBRFSYze t he
pol ynmers -l i s¢ed mictditdrd lafnithg Taleds sdspafsbon respenddediper Eadle .t abl e
gg% SP s‘(;?egaﬁ%drec%%tc%% iﬁ@;a”dthéetgﬁgr%% Cv%é}ee Sihstj tution

he concentra e pro

sol uti on wadnd&0Ys le@ﬁ dthe suspensigp ygsobrapsferred to 9ml o
PCT/ US95/ 1104Riversal” biocide deactivator solution blank which

contains 3.0g Lecithin, 30ml polysorbate 80, 5.0g sodium
thiosulfate, 1.0g sodium bisulfite, 1.0g sodium
metabisulfite, 1.0g peptone, 1.0g mbhépotassium phosphate,
1.0g dipotassium phosphate, 1 liter distilled water, final
pH 7.0. From that point on, serial ten-fold dilutions were
performed with the same deactivator solution blanks.
Survivors were enumerated by éténdafd pbur_pléting
techniques in TGEA and viable bacteria calculated as colony
forming units per ml. Percent survivors were calculated by

the following formula

_(gmémumamm__cméml_untmm_mntml) x 100
. CFU/ml treatment

To determine the ability of ionene polymers of the
invention to withstand a heavy organic load, the above

procedure was employed with the exception that the molecules

were made up in 5% bovine serum albumin (Sigma Chem Co.

Fraction V) before challenge. For repeated challenge assays

the procedures are as outlined above with the exception that
several 40°ml slugs of a mixed bacterial inoculum were
introduced to the same biocide solution and enumerated after
5 minutes contact. Finally for individual bacterial
efficacy screens, all'Streptococcus species tested were
grown and.enumerated in 5% sheep blood agar all others were
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- 36 - The concentration of the biologically-active anion in solution is
- shown in the Wbmsns a percentage by weight of the sol ut i oRCT/US95/11019\D

. 96/ 06528 '

| PCT/ US95/ 11012 -4 - g7

i Table 4 te DA B ed Ionen
* Mol es of REacté%ﬁqyn in TGE i?rzééééé §5u£ﬁé aCt agar kxggg?ve

Conc. Ex Conpammeption ofAcapdiga aibicamEmmich aeisd growa andEphumesmred

D.S. Active 12, {JilQia86¢iBd pofitOISSeansR 4435 0.0250 0.475 0.5
. 0.25 5.00% 3.21% 13 brono- hydroxy mcrobicide 0.25 0.0250 0.475

0.5 0.25 5.00% 2.13% ‘acet ophenone 14 gallic acid astringent
0. 25 "0. 0750 ANT2FUNGAS AQT2¥ITS. 00% 1.69% 15 citric acid scal e

~control 0.25 0. 0Kﬁ%@%aiz%unglgtaéaéﬁh&ﬁééﬂkfat1%m9Q%FC61@ag'Q%gégﬁihéd

acid plant growh %
regul ator 17 RY. STRHAYERENE RIRFERbLFRY b Mediups compesgds9fpammgnigny
0.25 5.00% ThidY%te 3.0g, potass:.um phom'mtid 2e/l0g, potassium

chloride 0. 259, magnesium sulfate O. 25g, and Tween 80
product, 0.5g, per liter deionized water (pH adjusted to
6.0). The day of the assay, a (36 hour old) Aspergiiius
niger culture was employed and a conidial (spore) suspénsion
was obtained by removing spores with sterile pre-moisten
cotton tip'applicator. Spore suspensions were rigorously
shaken to obtain a uniform suspension and turbidimetrically
adjusted to an optical density of 0.2 at 650nm. The biocide
was made up as two-times the starting concentration

desired and added at a 1:1 ratio to the first tube which
contained two-times mineral salts medium. Subsequent
two-fold dilutions were made in one-time mineral salts
medium. After biocide dilutions each tube was inoculated
with 40ul of fungal spores and tubes incubate at 300C for 7
days. Control tubes did not have biocide. The minimal
'fungistatic concentration (MFC) was defined as the lowest
concentration of biocide that exhibited no fungal growth.

ALGISTATIC ACTIVITY _
Minimal algistatié concentration (MAC} was obtained
with grown in Allen's medium composed of sodium nitrate .
1.0qg, ammoniuﬁ chloride 50mg, calcium chloride 58mg,
magnesium sulfate 0.513g, dipotassium phosphate 0.25g,
ferric chloride 3mg per liter deionized water (pH adjusted
to 7.0). The test were performed with a two week algal
suspensions. The minimal algistatic concentration (MAC) has
" been defined ?s the lowest concentration of biocide that
exhibited no algae growth. '
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18 guani di ne m cr obi ci de 0. 25 0.0400 0.460 0.5 0.25 8.00%
1.18% - acetic acid 19 3-indole plant growth. 0.25 0. 0400
0.460 0. wossn0dss 8. 00% 1.87% propionic acid = regBCHU8M10120 ;
1- amet hopt herin cancer 0. 25 0. Q 01 0.500 0.5 0.25 -0.02% 2.00%

treat ment 21 trans-beta m crobi ci"fe 0. 25 0.0625 0.438 0.5 '

0.25 12. 50% 3. 4810 £o110oWIHA" JBHEAR! folymers ] griidr HALARY e RC!

pesticide 0.25  0.0250 475 0 abi etic
acid sizitRphdan cqmpazisongipoyarigusoexamples o, Backh qhghege129% 24
stearic acigblymayd dei available2from BOckRaf) Baddfatdyies,0Mémphis)0% 2. 76%

-IggTEPSS§ 5; it’%f%g?t metq{e%mc%%parggllve SBLQQLH&Qanqrre' nJ.dent 1£\§1§\é0 1%6/t 6528

Table 5 particular example in whigBstheyiteererwses ani ne | onene Pol yners -
Active _ Active : Conc.

- Comparative Polymers
Busan® 77 product and"WSCP“ product :
- a 60% by welght aqueous ‘solution of
poly(oxyethy lene- (dimethyliminio ) ethylene
(dimethyliminio) ethyl-ene-dichloride].

Bufloc® 1090 product and BL®.1090 ptoduct: - ' ‘
- a 50% by weight aqueous solution of the ionene

polymer formed by the reaction of 1,3-
bis-dimethylaminopropylurea and'1,3-

dichloro-2-isopropanol. '

Busan® 1157 product and BL® 1157 product:
- a 50%:by weight aqueous solution of a dimethylamine
epichlorohydrin crosslinked polymer.

PVP:
- a 10% by welght solutlon of a polyv1nylpyrrolldone

polymer.

PVP-1I (Betad1ne®,.a product of the Purdue Fredrlck Co.,
Norwalk, Conn. ): , :

- a 10% by weight solutlon of a polyv1nylpyrrolldone
polymer hav1ng a 1% by welght active iodine.

RESULTS

The microbiological . act1v1ty of varlous ionene polymers
accecrding to the invention are shown ;n ths following
Tables 6-17. The concentrations shown' are by weightp-
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Ex Corrpound Activity TMEDA  acid HJ  Epi TMEDA D.S.
-Active fluorescence 0.25 0.025 0.475 ch-,@gs,pwgﬁ
2. 19%“%69%%@ hy .

5. 00% droxy mcrobicide 0.25 0.0750 0.425

0.25 5.00% 1.45% acet ophenone 27 4Xi-tronellic acid pI ant
growh 0.25 0.0025 0.425 0.5 0.25 0.50% . 0.023%

regul at or The anti-bagheigdi GfFécacygos. paaaye prrhaNer§iRaGHi de

0. 25 0. 07;8 QréiﬁécQbfbl&bﬁEhImiiﬂaﬁuvelabﬁﬁ)1s shown 1n6Table 6. The
sanitizer Ql e [ 0. 0.

0.25 8 00% 1° gg?ffacy of bh?’iferﬂpec%%cu”g‘egs ac"g ﬁng tQL%iQ ”8‘?%2‘ °anm"n§‘eS
Exanpl e 7 Epi testegdiwsing ohyeinimum 5 mmgmgg/g@gggct time as recommended
PCT/ US95/ 11012 by the ASTM procedure to be an adfquate EXREREE Blhe.

Her bi ci dal Activity of a Herbicidal |onene ; Pol yer

The herbicidal ionene polyner product fromExanple 1 was tested for its
her bi ci dal™ activity. ThEableb&cAntbBactpridEfficacyrgati¢ BicdogicalysAetivedonsext ent.
that the concentration of 2,4-D in thgnsitdcintagnhtimas reduced to 0.4% The
effectiveness of this preparation of the herbicidal ionene -polyner was
then conpared with that of a comercial 2,4-D product "WEED- B-Bioldgically-active

avai l able from @Hﬁi{ﬁl@n CherspGsdm Ca00 ppm 400 ppm 1000 ppm Compound
1 97.30 99.75 98.85 99.99 2,4-D
22 - 9730 9755 99.99 >99.999  ortho phenyl
' phenol
2 98.00 96.95 99.99 >99.999 phenol
17 nd 98.91 nd , 99.99 ortho phenyl
: ' phenol
19 nd 89.13 . nd 99.98 | 3-indole butyric
' . acid
13 nd. 6956 nd 9130  ° bromohydroxy
: : acatophenone
Bufloc® 1090 nd 94.03 nd 99.34

Bioburden Introduced 5.0 x 108 cfu/ml

Based on the results shown in Table 6, the phenol
substituted urea diamine ionene polymer of Example 28
demonstrated the most effective short contact efficacy
against the mixed bacterial inoculum (>five log, >99.9997,
reduction in 5 minutes contact with 0.1% product). The
gsubstituted phenol urea diamine ionene polymer of Example 28
qualifies as surface sanitizers with a concentration of
400 ppm (ASTM recommends obtaining a three log, 99.9%,
reduction within 5 minutes) product. As can be seen from
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also at 0.4%active. ingredient. In side by side conparisons, the
herbi ci dal ionene polynmer preparation was clearly a nore effective

her bi ci daybbabsstdie commercial  product. The mechanipsusbs/tlog2

herbi cidal activity appeared to be different in that the polyneric
conposition turned the | eaves of broadi%eaf weeds brown and br|ttIe W|th| n
one to the .CO rci rod :t . showed no such

bur ni ng am??€£¥ |(ﬂﬁ$ﬁ °§¥mp5Fy ébﬁpﬁgv??%ﬁPn W%ﬁ? k|IIed

t he weeds abs@eeffm\tewelrcmhtermlae pr §aurt logo.(h%w%t’dx/am@gésmmere not ed
by those caméﬂcy@gﬁ h@ldﬁﬁtppm)':‘ifroaﬁ&&phﬁ, 5UME hAfeSPAS YW {h tHe WA%a

possi ble t |den | areas already sprayed with the polyneric
conposi ti oft*@BEta e i?q ¥s greater visibility, possibly due to its
attachnment to thableds s‘urd demopsitdasesi bbe pbbertiating GREBIGL GHEICH.
EXAVPLES Moy epl ad sn 0¥ed bidiilbior sblibly BACTERbAbg T M Tact 1ve ariil Short

cont act antl-bacterl al efficacy, .suspénsi.on SCIaens Vbre perforned in
dei oni zed WAERr 3R 1PREPS xSt BMRSELELCeR BREPAM WAER LIRS tikPSte an

equal m xt pokynér &8 el sadengpnsarareATaC 5¢d 2]l ost a:pm'l Smmc)cus

oS o T Bty AN bSO G R e RR0enES o0 o PR Py

|nd|V|duaI I ntal ned

Extract aggpmpqreﬁen %r‘tn%&ﬁ%}&ﬂt&és&F@Odéﬁﬁﬁéy‘éee@méh@‘ym%woqﬁﬂﬁ
cul tures. Qalytﬂerd@anefot,heauﬂoc® 109096h865381y a two log (97.34%)
PCT/ US95/ 110

I h
was renmpoved® %PSﬁt?ﬂea%I%R%ﬁ§§Mﬁl?%?cegngFFSnCot?BﬁstP%€%$ﬁﬁ$§é§£Lgndgéorﬁ‘

steril e saeffect Foa advantageously provide a quicker kill of
bacterial growth as well as a broader spectrum of biocidal
use. ' | |
The phytohormone substituted ionene polymers on the
other hand did not show a potentlatlng effect against this
mixed bacterial inoculum. Nonetheless,.the substitution did
not affect the ionene polymer's owh_ent;-bacterlal act1v1ty
and combined that activity with the anti-Legionella activity
of the phytochormone. This added activity was in part the
rational for incorporating these phytohormones as '
“-blologlcally -active anions. Recent publlcatlons have
" implicated certain phytohormones (i.e., 1ndole 3- proplonlc
acid) of having activities agalnst the respiratory pathogen
Legionella pneumophila (Maldelbaum et al., 1991
Susceptibility of Legionella pneumdphila.Grown _
Extracellularly and in Human Monocytes to Indole-3-propicnic
Aciqg, "Antimicrobial " Agents and Chemotherapy 3552526-2530)
known to cause Legionnaire's Disease. ' _
- Among the most active inorganic anions tested were the

triiodinated ionenes. Short contact efflcac1es were also
obtained with the suspension seteen.described in the
Material and Methods section above. The results are shown
in Tables 7-9. ' |
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cuf ture was standardized turbi di metrically: (650 nnm to approximately 4.0 x
10[err] cfulm q6idesds Standardi zation equal portions were m pegussfisged
within 2 hours. . St ock biocide solutions were nade.up-as .0. 1% pr oduct
in sterile deionized water and adjusted te #Bst concentrations in
dei oni zed water. Short contact screens (5-10 m nutes) were perforned in
test tubes | oaded with 10.0m of test concentration nmade up in deionized
sterile water. Forty TabR)7. nContadt suspersion Scrednengainst @dnigedsiaeresal dwvcitam. added
per tube. After specified contact times, the test tubes were shaken and
1.0m of the suspension was transf ePeresit tedudioh (mp produtyni ver sal " bi oci de
deactivator -solution blank which  contains 3.0g Lecithin, 30m polysorbate
80, 5.0g sodi umExamples Gippmt €10 ppmdg 2§ ppimlintGpmnl| {100 @pm®L. 0G0 pproli IGO0 ppm®  active
met abi sul fite, 1.0g peptone, 1.0g nonopotassi um phosphate, 1.0g . -
di pot assi um phosidhat e, 99.63 i t19984di sO9/T ed ¥hl3er, Mi%al (96137. 0. =99199%n t Hedine
point on, serial ten-fold dilutions were performed with the sane
deactivator sol utlBon bP&Bks. 97.38ur vO&d¥ s wWetH enfifdPat ed Myt3 st an@2PW polipdine
plating techniques in TGEA and vi abl e bacteria cal cul ated as col ony
forming units pe0 M. PedkerM43urvP96t s WY cal¥WPPat ed ¥3 t he hdl | owiindjne
formula: (CFU M treatment - CFU mM untreated control) x 100
CFU nl treat mentBusan®77 - b dendr i 8259 he #blA it 3886 i onened pol ymeds of the
invention to withstand a heavy organic | oad, the above @ procedure was
enpl oyed with the exception that the nolecules. were made up in 5% bovi ne
serum al bum n (S?dg"r‘rﬂotﬁﬁ?ﬂlw - Fraction V) before chall enge. For repeated
chal l enge assays the procedures are as outlined above with the exception
that  several 40=i) minwgsontcttime, biecbusdestintrodiced Agoul@fmfivele i ntroduced
to the same bi odi 96 minutet ¢ontactitiiechioburdert introdiced 4.9 x 30hefulmles cont act .
Finally for individual bacterial efficacy screens, all Streptococcus
species tested were. grown and enunerated in 5% sheep bl ood agar all
ot hers were S
Based on the results in Table 7, both iodinated ionenes
showed greater percentage kill to a mixed bacterial _
‘population than the unsubstituted ionene. At 1000 ppm
- (product) concentration the iodinated ionenes had a greater
than or equal to 4-5 log'reduction in 5 minutes contact,
qualifying them as good sanitizer molecules. As shown in
Table 8 below, the contact time was also extended to 10
minutes and concentrations lower than 50 ppm tested.
Approximately 1 log (90%) differences were observed at lower
concentrations as compared to WSCP against a mixed bacterial

inoculum.
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-41- grown in TCGEA (tryptone glucose extract agar) wth the exception of
Candi da dbsREs Whi ch was grown and enunerated i-n non- agmjg;syleﬁzPot ato -
Dextrose agar. ANTI - FUNGAL ACTIVITY "M ninmal fungistatic

concentration (MC) was deternined by4€énploying & mneral salts nmedium
conposed of ammmonium nitrate 3.0 pot aSSI um phos hate 1. 0g,. potassium

hioride F3%§ 8mag ﬁé‘§P&ﬁF§BPf ﬁ?@gen oL Tl f B @PTr pFRduCto. 5,
IC| tg:I dgl oni zed wat 819""(18% atj B&¥ed }P%C %1 ofnﬁt he assay, g (ggr
hour ol d) Aspergiii ﬂércghg%e&%{%r‘? %Svaeﬂ'@ q:t%%q. 2i4ai dial (spore)

suspensi on was obtained by renobving spores vmt Steril e pre-noi sten
cotton ti pe.adxyleC @ Or . 39PQee . SUSPeRshINS were rg garpusly  sh@kgih to obtain
a uni form suspension and turbidinetrically adjusted to an optical density
of 0.2 at AFOnm The bigkizle was nwglesup as twmegjTes the sbasting
concentratii® desired #n® added at6%a.7:1 rati o 8b.2the first4t.abe which
cont ai ned X&o-times mi n%?-af42 salts- rr%%h%ﬁﬁ SubseeRRrR99 t wo- >819d 24PI ut i ons
were made §09Q o e-tine ?le?%ﬂ sal t299n@Wum  AFR2r99 oci de98i-P8Pi ons each

t ube was DG at ed W err]I> ? - ¥hgal spb?%s?%snd tul?@? Pf€ubate at .
30[err]C f CP? roI tube 2ufd not have f oci de. m ni mal :
fungi stati tratl MC) vvasggl éned as t west § n Snt ration of
bi oci de tha ex | b| ted no ungal gr owt ALG C ACTI

M ni mal algi sdalden GeReeatFakl on, 6!\99\C:)_oev\@.§u9gt_|_al ned with growmn in Allen's
nedi um corpeagdl Phe 506 Gt iiate compdthnda@enicwaLghl ori de 50ngy, cal cium
chl ori de. 58oietMAylenebissalikat e 0. 513g, di potassi um phosphate 0. 25g, ‘

ferric chldimathy@3nampenium chldeide) zelis’dveacsnx(qu aad;nlﬁba@b from .

Buckman

?aborato€¥ Memphls, Tenn.
Betadine® product, (control) Purdue Frederick Company,
Norwalk,

-Connecticut, 10% solution polyvinyl pyrrolidine iodine.
‘Unsubstituted ionene tested at 0.5% (5000 ppm) product

A third suspension screen was performed; this time at

- 1000 ppm with shorter contact times. The results are shown
.in Table 9 below. Based on the results obtained, the
biologically-active ionene polymer of Example 10 had greater
than or equal to 5 log (99.999%). reduction with in two
minutes contact at 1000 ppm. In comparison, the most
effective uﬁsubstituted'ionene tested produced only a 4 log
(99.99%) reduction in 10 minutes with a higher concentration
of 5000 ppm. .

In order to determine the ablllty of these molecules to
withstand an organic burden, several efficacy experiments
were conducted in the presence of organic burden, such as
the addition of bovine serum albumin to the system. This
ability of the biocide to withstand orgenic load is
necessary if these were utilized as multipurpose sanitizers
(home or industrial). Table 9 shows that tri-iodide ionene
polymers according to tile invention, exemplified by the
polymer of Example 11A, obtained at least a 2 ldg (99%)
reduction in the presence of 5% bovine serum albumin.
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to'7.0). The test were performed with a two week algal suspensions. The
m ni mal al gi st gt centration (MAC) has been defined as th
concentration g#d%qoggil}de that exhibited no al gae grow h. ?cf%ﬁ‘iou
96/ 06528 - 47 PCT/US95/ 11012

42 - The foll ow ng i onene polynmers and ot her polyners were used
for conparison iTebla&r %ousEELempl ef. oemioflaatesm iodipased ioneuaest abl e
from Buckman Laboratories, Menmphis, Tenn. Oher conparative substances
are identified iSPERAarticul ar exanple in which they were used.

Conpar ati ve Pol r Busan[erf]ecd7 {, and WBCP[ errl,progdu
- a 60% by meigﬁ#aggﬁgbﬁéASolution %fS% (&Vénﬁgh) ' B’L% (89 géA)

pol y(oxyet hy-| engy (gligret hyl i mi ni o ) gty ene (di nmet hyl Em BE0) -

et hyl -ene-di chl ori de]. Bufl oc[err] 1090 product, and BL[err] 1090
product : -2 anid% by wei ght ageepase sol uti on of the ionesegy

pol ymer fornmed by the reaction of 1, 3- bi s- di met hyl am nopr opyl ur ea
and 1, 3- & atilror o- 2- i sopr opan®®.999 Busan[err] 119%.pBoduct and
BL[err] 1157 product: - a 50% by wei ght aqueous solution of a

di met hyl amine 10 mi&si chl or ohydri #223r3331 i nked pol yner. 99.95

BSA=Bovine serum albumin, fraction 5 (Sigma Chem. Co.).

An assay was performed in which multiple bacterial
challenges were spiked into the same biocidé solution. The
results in Table 10 showed consistent biocidal activity
after 5 bacterial slugs. At least a 5 log (99.999%)
reduction was achieved after 5 minutes contact, while, as
~expected, the control numbers increased per spike.

Table 10. Repeated bacterial challenges to a 0.5%"
‘ solution in deionized water of the iodinated
ionenes of Examples 11A and 10.
Percent Reduction (5 minutes contact)

Challenge Example 11A  Saline Control Example 10 Saline Control

i 99,999 1.32x10' cfu/ml <99.999 1.0 x 10'cfu/ml

| #2 99.999 430 x 106 cfu/ml >99.999 5.0 x 106 cfu/ml

#3 99.999 520 x 106 cfu/ml <99.999 7.1 x 10' cfu/ml

; #4 99,999 1.03 x 10- cfvml >99.999 1.0 x 10- cf/ml
#5 99,999 1.29 x 10- cfu/ml <99.999 1.8 x 10- cfu/ml

Challenges were performed every 6 minutes.

The ability to withstand an organic load is critically
important when sanitizing dirty surfaces such as the ones
encountered in the dairy industry or food industry. Having
established that tri-iodide ionene poiymers according to the
invention can withstand a heavy organi¢ load without losing
‘all its activity, the efficacies of these polymers to

o . SUBSTITUTE SHEET (RULE 26) .



- a 10% by wei ght sol ution of a polyvinyl pyrrolidone

PVP:

pol yner. PVP-1 (Betadine[err], a product of the Purdue Fredrick
Co. ,. rual k, Conn. - a 10% by wei ght sol uti ggrmbesiionz

pol yvi ny%&&(ﬁ%done pol ymer having a 1% by .wei ght- active iodine.
RESULTS The m crobi ol ogi cal acti Bty of various ionene polyners

according to the invention are shown_in the follow ng Tables 6-17. The
concent r atparntsi BHAM Patioggnferghtonly incyymigstsbzg causative

- PCT/ US95/ s of mastltls in dalry cattle was 4hen determille@. The
-anti-bacterl al, effl ca%?’g_l |lon ﬁ)ﬁl mers having organic
bIO|OgIC8J¥%F%&ﬁ%\ﬂ¥% O¥Ps *Eno able 6. The efficacy of ionene

pol ymers according to the invention was . tested using a mninum5 ninute
contact tip@y@s jiecommended by the ASTM procedure to be an adequate

contact tine. Exbing16: 1At o Bastswlwd i &) imeen® gani c

Bi ol ogi calreguiiiore | 039 sec. 2 min. 5 mih. M I n comtmdx. tine
Bi ol ogi caldngacismwe. Exanpl e 50 ppm 100 ppm 400 ppm 1000 ppm
Compound 1 97. 30 99. 75 98. 85 99. 99 2,4-D
. ' aureus '99.65 99.75? - 99.87 99.96 .

E. coh >99.999  >99.999? >99.989 ->99.999

E.aerogenes 84.0 . %4.0 - 99.36 - 99.92

S. agaiactiae® 99.0 99.98 - >99.998 >99.999

S. uberis? 69.7 88.3 98.60 99.97

f£dysgaiaciiae  10.2 53.0 40.8 67.3.

‘P. aeniginosa® >99.999 >99.999 >99.999 >99.999

C. albicans! 37.5 65.8 70.8 85.3

! concentration made up as 0 5% product for thls
particular strains. .

Based on the data in Table 11, it can be observed that
the iodiﬁated ionene.polymer of Example_llA was very
effective against (0.1%) Escherichia cbii and Pseudomonas
A 3 log (99.9%) or greater reduction was
achieved against common mastitis pathogens with the

aeruginosa (0.5%).

.exception of Candida aibicans (0 5%) .

The ionene polymer of Example 11B also, as shown in
Table 12 below, demonstrated significant efficacy against
Comparing the results in Tables
11 and 12, the ionene polymer of Example 11B, with a greater

these selected pathogens.

degree of substitution, showed greater efficacy than the
ionene polymer of Example 11A.

Table 12.

59.

- SUBSTITUTE SHEET (RULE26)

Example 11B (0.1% solution) Percent

“Reduction : _ o : o
Organism 30 sec. 2 min. 5 min. 10 min.
A. pyogenes2 . 90.9 959.7 98.97 . 99.99
S.aureus 99.71 ->99.999 >99,999 >99.999
E. coli >99.99% >99.999 >99.999 >99.999
E. aerogenes >99.998 >99.999 >99.999 >99.999
S. agalactiae 99.86 . 99.98 >99.999 >99.999
S. uberis 99.999 >99.999 >99.999 >99.999%
S.dysgalaciiae 1 99.2 99.99 '99.998



28’ 97.30 97.55 99, 99 >99. 999 ortho phenyl

phenol 2 wo 96/065238- 00 96. 95 99. 99" >99. 999 phenesos/11012
nd_ . 98.91 _ ndﬁ : 99. 99 ort ho phenyl . -
phenol 19 nd 89. 13 ngo - 99. 98 3-indol e
butyric - 13

aci d

nd 69. 56 P. ugznosa 03990999 %ggg?roxy,>99.999 >99.999
acat ophenone  Buf |3EHEAS 10969§n899' 9ﬂ§ nd22-999 9g334993
Bi oburden | ntrodig, 1 IRIEL4d 5 Based t% esul t
shown in Tabl e Q,r%a%&r}ggééﬁw su‘%sttﬁ{ %s{: 'ur%egrgldgfntngg?o%ggse %f%/lrrc;%iao]?
Exanpl e 28 denonsirated the nost effective short contact efficacy against

the mixed bacterial iTele ud Gapives!| Ofe SO ORY of KRAUGHRAeKNiEn8haUL €S

contact with 0.1% pr f). -:Subsiitute hengol _urea .di am ne Lonene
pol yner \cI)V:‘ Exarrpargeg#%%}acloi glplgs lf;itgeg%#lgbe‘g%%n’ﬁ‘f%%§%lt°he3%88é¥ﬁﬁat i on
of 400 ppm (ASTM r d§ -obini khihg caserthat gpneg@e Fppearsdoot ben

Within 5 mnut esg] RfRAYCInoreS e€80cREiSEE N hdPBhe ionenWOpRANRED28F -

P 11012 - lbstit
CT/ US95/11012 Example 11B. The degree of substitution appears to have

a direct relationship to the degree of activity observed.
The ionene polymer of Example 11A was the lightest in
color, followed by that of Example 11B and then the
darkest was the ionene polymer of Example 10. The amber
color correlates to the degree of substitution of iodine.

Table 13. .

' " Example 10 (0.1% solution) Percent
Reduction . : _ _
Organism 30 sec. 2 min. 5 min. 10 min.
S. uberis >99.999 >99.999 >99.999 .»99.999
S. dygalactiae 99.998 99.998 99.998 99.998 |

E. aerogenes - 99.98 99.99 >99.999 >99.999

The fungistatic efficacy of the iodinated ionene
polymer of Examples 10 and 11 was tested by determining
the minimal fungistatic concentration (MFC) against
Aspergiilus niger. The results are shown, together with

- various controls, in Table 14.

Table 14. Minimal fungistatic concentration (MFC) of
selected substituted triiodinated ionenes and
other molecules against Aspergiiius niger §

Biologically- . :

Example MFC : Active Anion
11A 20,000 ppm triiodide

; 11B _ 20,000 ppm triiodide

? 10 . 2500 ppm triiodide
BL®-1090 5000 ppm
PVP-I 2500 ppm
PVP >20,000 ppm

| The algistatic efficacy of the iodinated ionene
| polymers of Examples 10 and 11 was tested by determining
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Table 6, the other ionene polyners of this invention were also effective
in obtaining a four log (99.99% reduction wth a 0.1% (1000 ppn) product

in 5 mnyé th the urea diamne 2,4-D polyner. PCTUS9918120 al so
dennnstrgﬁggagﬁgygotentiating effect which may be achi eved incorporating

the biologically-active anion .into-aionene. The substituted phenol- urea
di ami ne i onene , pol yner .of Exanpl e 28 ‘denpnstrates a >five | og (>99.999%
~reduct i on ¥hf FHGE AnBIGHERTYEt CPRESRBRRE Hin NVl 2gainstcGigEei son t he
unsubsti t umetiemmd faledeur eThdi aabubts Oapeeshgal yiverrabia nal., Bufl oc[err]
1090, had only a two log (97.34% reduction at the sane concentration. '
This potentiatin ef fect can advantageaqusly provide a quicker kill of

" bacteri al groﬁﬁ%ﬁiﬁ;ﬁﬁelPlgéséaﬁﬁﬁaggﬁlgﬁﬁxt?ﬁuﬁ%ﬁeQﬁQﬁﬂﬁﬂhStﬁm§§ed The .
phyt ohor norghen® Aonigdhedis onene pol yners: on the other hand did not show a
potentiating effect against this mxed-bacterial inoculum Nonetheless,
the substitution did 'not affect the ionene polyner's own anti-bacterial
activity and conbi Méaimumt Inbibiteyy\Eencanteratitn Lgpmonel | a activity of
the phytohgedmie Thi.s p3ddediackhVvit YnyesosdoRah tp | hewrdidapal for

i ncor porating these phytohornones as : biiologi cal I'y-active anions. Recent.
publications have inplicated certain phytohornones (i.e.,

i ndol e- 3- prI¥pi oni ¢ aci dpdof having act3vi‘ti es against3the respiratory
pat hogen {sgionella pnegnophila (Mal dejfbaumet al., 1991 Susceptibility
of Legianella pbneunophila Grown Extracelktularly and i'n Human Monocytes to
| ndol e- 3- gF¥F oni ¢ Aci d2 "Antinmicrobi a?, ‘Agents and Ghenot her apy

35: 2526- 258(Yan®%n®m to @ause Legi onnai4e’ s Disease. ng  Anong the m)st'
active inorganic anions tested were the triiodinated ionenes. Short :
contact efficacies were also obtained with the suspension screen described
in the MA®ri fotafeter™i®gs section above. The results are shown in

Tabl es 7-9. : S

[y

From this disclosure, it will be apparent to those
skilled in the art that various modifications and
variations of the present'invengfénZCan be made without
departing from the spirit.orfscéﬁgiof the invention.
Thus, the present invention intentionally covers such
modifications arid variations'of this'invention coming
within the scope of the appeﬁdeé claims and their -
equivalents. ' S .
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VWO '96/ 06528 This Sheet Has Been l}efxacea PCT/ US95/ 11012
- 45 - , 7. nsion screen agai nst a m xe
bacterial inocu l(J)r%];’anzg ”mmm “‘t , Percent reduction W”’umz
pr oduct) Exanple 5 ppnierr] 10 ppnierr] 2% ppn[err] 50 ppnierr] 100
ppnierr] 100 ppnierr] 1000 ppnferr] .active 11A 99.65 99. 84 99. 77

99.83 99.91 96.34 [err]99.999' iodine 11B

97.10 97.10 99. 13 99. 998 i odi ne 76. 3

99.99 99.99 70Tﬁ§ clggmed iHGéH@ B an[err]77 n

86.12 88.36 - = hot g%tern1ned a = 10 m nut e
contact tine, bloburden |ntroduced 2.9 x 10[err] cfu/mM. b =5 mnute

contact tinme, bioburden Anwavdnesdlu¥id xoﬂéﬁ@rﬁélfﬁéﬁrﬁf formula I: Based
on the results in Table 7, . both iodinated i onenes ~showed greater
percentage kill to a m xe baCK34Ia| anuIa5|@H t han the unsubsti ed

I onene. At 1000 ppm (pro uegg téo tlhe i ggi pated ionenes had a
greater than or equal tol4 Iog re atlon|| 5 m nut'es contact,
qual i fying them as good sdnitizer nol eBal esPs shown in Table 8 bel ow,
the contact ti was_al so extended g 10 mnutes and concentrations | ower
t han 50 ppn1tegﬁgaelnApprOX|nately |l og (90% differences were observed at
| ower concentrati opsigsavoapbegert SroBCP bt 0@ tcermespanding &d dhe

i nocul'um degree of polymerization of the polymer;
R,. R2, R3 ‘and R represent the same or different
substituent selected from the group consisting of hydrogen, a
C, to C16 alkyl group, a C1 to C16 alkyl group substituted
with one or more hydroxyl groups, a benzyl group, and a
benzyl group substituted with one or more C, to C,¢ alkyl
- groups;
B represents a divalent C2 to C,¢ aliphatic hydrocarbon
radical which can be substituted by hydroxyl, a divalent C
to Cg4 cyclic hydrocarbon radical, a di-(C, to CG)-alkylene
ether, a phenylene or alkyl-substituted phenylene radical, or
the divalent group R,R,NBNR.R, of formula I represents a

172 374
dlvalent rachal of the structure:

5

R R N- (CHZ)p NR -C(0) - NR6 (CH2)p NR R
where p is an integer from 2 to 6, Rl' R R3 and R are the
same as defined above,.and R5 and R6 are the same oOr

~ different and are selected from the group consisting of
hydregen and a C1 to Cl16 alkyl group, or the divalent radical
RIRZNBNR3R4 forms a heterocyclic group selected from 1, 2-
pyrazolidinyl, 1, 3-imidazolindiyl, 1, 4-piperazindiyl,
aminopyrrolidinyl, and aminopiperidiyl wherein the
‘heterocyclic group may be substituted with one or more groups
selected from a c to c alkyl group; a hydroxyl group, a
halide, and a phenyl group,
A~ is an anion derived from a blologlcally -active

compound having at least one acid functionality;
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- 46 - Table 8. rﬁimm 2% with 0.1% (1000 pr oduct
agai nst awmigsees2pact l e PET t varl ed
contact tines Exa [ﬁtﬁﬁfnn , “b%ﬁ£$%1 ékﬂﬂn? min.

11A 98. 2 98.5 99, ¥ =PED g9 g 118 55. 2

65.7 .. . 84.21 - 94.7 10 = 990. 42 99.999 .
>09.999  >99.999 CDGferr] >99.999 = >09.999 >99. 999
>99. 999 PVP- | fer AF an 3p4ogoderivedofyom a minersd. gygorganiooaehd;

WECP[ err] and €heOdegree of5§uBst1tutlon73f7the polym8s. Os BLbRIadedd 573
58.1 0. o%g 3 5. 89.7 87.3 BL[errTm1090[err] '99. 96
99. 98 9 98 - 99.99 Bi-oburden introduced: 1.0 x 10[err]
cfu/m. [err]RenpoPpndenengunodyneryacoepding tooqlamm)l, wherein the

CXydlethl&h&aabms(abkuerdvaatbfbmaanaarhﬁbsabor'de) 36% active, available
from Buckman Laboratoré _E Tenn, kerr Bet adi ne[ err] product, :
(control) Purdde Fr&8etP EnEDQB ¥per REreAkn nﬁeE%Wc ¢, Whepgisy|khe on
ponV|nthp¥bnchdd|ne Rodi-déchlprophenexpatetitedcidnene tested at 0.5%
(5000 ppm proguct t i S Qb ScrLee er f.ormed: hIS
time-at 1000 Sg]MAth gﬁgﬁeegbigm§gC§SE§k Qn& ﬁﬁeg%%gﬁlf %9%?3

Tabl e 9 bePden Basdd Ggrivedr Exgm: 3 ébsanﬁéd tlraean@n@h@gamwcaa.ve

i onene pobhlébtéﬁ Exanpthelgrbag goAsisting = halide ionms.

5. An ionene polymer accordla: to claim 4, wherein the
disinfectant is selected from the group ccnsisting of phenol
and phenol derivatives. '

6. An ionene polymer according to cLaim 1, wherein the

~ anion AT is derived from a pharmaceutical compound and the
anion X is selected from the group consisting of halide ions.

7. An ionene polymer of clalm 1, wherein |

n is from 5-50; _
R, Ry, Ry and R4-ere-each methyl, ethyl, or

'benzyl; : e .
' B is methylene, ethylene, propylene, 2-
hydroxypropylene, butylene, isobutylene, diethylene ether,
or phenylene; and _ ' |
X~ is a halide. |
- 8. An ionene polymer of claim 7, wherein
.R1,=R2, R3.apd R4 are each methyl,
B is ethylene, and-
X is chloride. .
9. An ionene polymer of claim 1, wherein the group
R,R,NBNR,R, is a radical of the structure:
| R 1RoN-(CH,) [ -NR;-C(0) -NR - (CH,) -NR R, .
10. Ar 1onene polymer of clalr 9, wherein
n ©3 from 5-50; o | '
Rl’ R2,'R3, and R, are each methyl ethyl or
benzyl; i : '
: Rg and Rg afe each methyl or ethyl;
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| nwuthlntwo m nutes contact at:

than or equal to 5 tog (9 i?ﬁu%%aséé%j ""5-'.?%

1000 ppm In co I ve unsubstituted ionene tested
produced only a%*ééoégﬂ(% ﬂlw ig310 minutes with a RFGHES11012
concentration of 5000 ppm

r to deternine the. ablllty of
these nolecules to withstand an organic burden, several efffi T%a&g S e——
experiments were conduct éd in the presence of organic bur \}Lch age chréN l

ii

addi ti on of bovine serunPaliuri-@rt 8; it Bdsystem This abilill by of "YenCED
bi oci de to withstand orgaTiga gaﬁalls_denecessary if these were utilized as

mul ti pur pose sanitizers Qe or in ustrla
tri-iodide i onene é‘ n@&‘s 1RBEEFIPRg YT PlfecFP&E‘n?P n%ﬁ%%r?ﬂ e%z’bfat he
pol ymer of Exa Iélslla/h,d Bt ameedle&iwﬂ-eapt ig 3, Iagd(39°/§es achiatiden in the

presence of 5% boviRg serya ‘ib’ﬁ%ﬁb”polymer &@ 8@59&52&”}131'31!1 the anion A~
PCT/ US95/ 11012 Table 9. Effect of

organi ¢ | oad odS ddirat ed | onenes Corrpound Exarrpl e 11A 0. 5%

(W o BSA) 13Q. 5% 2¥hB8A¥or 8@esepreparation of an90olé®e polymer
98.86 2 mn. > ] 6 e
>99. 999 of formula I aé:%%gg?.%gl&om;r]iglm 1, the meg@%c;l gé%mpé;srqn@ the

99. 95 BSA—BO\ﬁtﬁ@SS@‘«Eum al bumin, fraction 5 (Sigma Chem Co.).
reacting a protonated diamine of formula IV

—J

R1 _ Ra 2 .

t-_i-N-—B—N—H AL X
Re RA.
(IV)

with an epihalohydrin under conditions sufficient to form an
intermediate of formula VI '

: 2+
1 J
M p-s iz | &, %
R R
(VI)
~ and polymerizing'said'intermediate with a diamine of
formula III o
R1 ~$3 |
N-a + HA/HX
Rh . Rd '
(III)

under conditions sufficient to form said polymer.

14. A method of claim 13, further comprlslng, before
sa:Ld reaction step, the steps of

neutralizing a diamine of formula III with up to one
equivalent of a biolbgicall?-adtive acid, HA, per amine
group; and : '

adding sufficient ‘acid, HX, so that the total amount of
acid used is approx:.mately equivalent to the amine groups
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An assay was per frormed—nwhichnutti pl e bacterial challenges were spiked *

into.the sane bIOC results in Table 10 showed consi stent
bi oci dal lrﬁ éegt] Qeﬂ el;rcl&f slugs. . At least a 5 10og (99.999%

reductlon mas ac ute§4contﬁtt “whi e MY, the

control nunbers |ncr ..aﬂi"iﬂ“rHASR&#aﬁ ed bacteri al -
" chal l ehges to a 0.5% sol utifon i n HALHEERA wafler of the

i odi nated - + i onenes of Exanpl €5 T IA ame—Fe —

Per cent ReéﬁéFF@ntPSrﬁPHuf@§méﬁﬁtab@)prOChaatedgélamxmmpwé 11A Saline

Cont r ol E5§mpua 19 .Sal i ne Control : 99. 999 1.32 x 10" cfu/ni

<99.999 1. 10" ¢f u/ 4,30 x 106 cfu/m >99.999 5.0

x 106 cf u/m i&s K %3 §§°°rdl%926° ci%’amc}%uf WReZRAIRE 1 x 10' cf u/ mi

#4 ep@hedohydrin ¢8 sfpichlefahydir£89. 999 1.0 x 10- cf/n1 #5

99. 999 1.38. X AomeEﬁHd”of<89agﬂgl31 §héré9n Eﬁé”%?lon ghges were

per f or med ever he_abi |1ty . to Wt ﬁn orghnlc | oad

is criticallyl | rrpﬁr W&ﬁ&%@ﬁ géﬁﬂ‘. 33 ngWRe¥ein khe AWOR Bk h 18 & he ones
encount ephdnblatkeeaddony i ndustry or food industry. FHV|ng est abl i shed '
that tri-iodi iope I c en n wthstand a

~ heavy organi cq?oadﬂw{}?ﬁggt¥ oélﬁ%\g f8{,?ﬁg9%5g%,§l w?é n‘e_/? eaf fﬁc‘[aam es of o
t hese polyners to _

iﬂ_c |‘ N R | | :
(II)
R2 Re _ R n .'

(II)
wherein

n is an integer from 4 to 400 correspondlng to the
degree of polymerlzatlon of the polymer,

Rl, R R3 and R represent the same or different
subStituent selected from the group consisting of hydrogen, a
C, to C,y alkyl group,_a C1 to C16 alkyl groups substituted
w1th one or more hydroxyl groups, a benzyl group and a benzyl
group substituted with one or more C; to Cy¢ alkyl groups;

B represents a divalent C, to C 16 aliphatic hydrocarbon
radical which can be substituted by hydroxyl, a divalent Cg
to C9 cyclic hydrocarbon radical, a di- (C to c® ) - alkylene .
.ether, a phenylene or alkyl- substltuted phenylene radical or
the divalent group RleNBNR3R4 of'formula II represents a
divalent radical of the structure:

R,R,N- (CH ) NR -C{0) -NR -(CH ) NR,R, . _
where p is an 1nteger from 2 to s, Rl' Rz' 3. and R, are the
.same as defined above, and R and R6 are the same or
different and are selected from the group consmstlng of
hydrogen and a C to C16 alkyl group, or the divalent rad1cal
R R NBNR3R4 forms a heterocycllc group selected from 1,2-
pyrazolldlnyl 1,3- lmldazollndlyl 1,4- plpera21nd1y1
aminopyrrolidinyl, and aminopiperidiyl wherein the.

heterocyclic group may be substituted with one or more groups

—_—
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- 48 - parti b@g ﬁ%r|n1nated as ca ,—_—Hoehts of
mastitis in dalry ca l ned,  ThE — T eSUlLs oo 112
Table 11. =~ Table 11. ExaﬁBle\ DepPasob Ut i |

Percent Reduction 30 sec. 2mn. Y4 mnpn ———30
Organi sm  aureus : 99.65 - -~99.757? 99 87 99. 96 E.
coh 3%, s%%.%cteﬁg%x%‘?@% c, 083 898yl ox38f, 9hyErRIDUPRARD, a
84.0 1 9 S. g'agalgact I ae[ e@ﬂ{

99. 98 >9§%%%9 ’ and>§9P@§§Y 59r888r|s[err] 69. 7 88. 3
98. 60 99. 97 dysda ami iamdon. derived from3alObiologicalllyBactive
7.3 P 2en ol ngalahid mSeRo8e 1283¢98he acta raffeffalicy; 99999 C
al bi cans[ err] 37.5 err

concentration made uff d$ @nSQP&PBdGEFlVSﬁ FHP? apQFPFEﬁ}a9£§?F Bic acid;
Based on the datand rth'&ablegrhh oft sabstheuchsar v€dth8apolyther i 1eli fredneGbout

i onene pol yner %f O%alrg% LA was very: effective against (0.1%
Escherichia coii eudonnn aeruginosa (0.5%9. A3 log (99.9% or

greater reduction was9 ac%@@@eagapﬁémé'nﬁﬁﬁoﬁﬁéﬂgtf-@ ptaingehs wheaneirhe

exception of Cartq!iéi%rﬁld@i @a&% @er2%ed from aThéerBEﬂé pol yrrer of Exanple
11B al so, as shown i | e 12 bel ow, - denpnst raa +$ i efflcac
B tY C

agai nst these sel ec d B EB&BEFFnacFRE @g?heﬁfl
12, the ionene mﬂe/drarh:fc:@eamsl e, 13:E;chﬁlohophgneayecetnegg@si.of

SER LD, Shoved Aok sthihbRpabhaR WBBorhegeo RELART1 9! RiATLe

the anion A~ is derived from a disinfectant and the anion X-
is selected from the group consisting of halide ions.

22. An 1onene polymer according to clalm 21, wherein
the disinfectant is selected from the group con51sting of
phenol and phenol derivatives.

.23. An 1onene polymer according to claim 18 wherein
the anion A is 13- '

24. An ionene polymer of claim 18, wherein, n is-from

N 5-50; | |

Rl' Rz, R3 and R are each methyl, ethyl, or benzyl

B is methylene, ethylene, propylene, 2- hydroxypropylene,
butylene, isobutylene, diethylene ether, or phenylene;

X is a halide.

25. . An ionene polymer of claim 24, wherein,

Rl' R2, R3 and R4 are each methyl,

B is ethylene, and

X is chloride.

26. An ionene polymer of claim 18, wherein the group
RleNBNR3R4 is a radical of the structure:

R, R, N- (CH,) ,-NR.-C(0) -NR - (CH,) -NR3R, .
27. An ionene polymer of claim 26, wherein
n is from 5-50;
R,, R,/ R and R, are each methyl ethyl or benzyl;
Rg and Rs are each hydrogen, methyl or ethyl
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Exanpl e 11B (0. 1% solution) Percent Reducti on Organi sm 30 sec. 2°

mn. 5 M N. ThisldhedHRs Been RepladddOogenes?2 90.9 99.7 99. 97
99.99 S, 9 999 >99. 999 >99_. col

200, 999 WObEs UII!EE“HHJI" 99 ?99 E. aerogenes %g’_glg'g%égﬁz >99. 999 °
>99. 999 >99. 999 i (72 2200208 =>88--099 >99. 999
S. uberis 99. 999 >99. 999 >99. OfHIS SPE9.: 999 SEEMlyBgal aci i ae
59.1 99. 2 - 99.99 99: 998 WWOR BIBLAXGES2? 8

PCT/ US95/ 11012 P is 2 or 3; and F—= F—aeruogznosa >99. 999
>99. 999 >99. 999 i>39n399aeC. aThi cans >99 999 >99. 999 >99. 999

>99.999  Congentrati.on nmade as. 0. SW rod r thi-s_particul ar

or gani sm 28 fﬁbl@nfged88#§F : g% ?E?lﬁnﬁihe$216ﬁene

accor di mad ® t e meshyilon Rt adi Bgl ﬁa‘eehydungaa . ppl y8€d, afdBXanpd e 10. In

this cagpkﬁfﬁﬁdé onene appears to be ‘slightly nore efficacious than the

i onene pofyner. of %ggle 11B. . The de ree ,of sgbstitution appears to have

a direct rel &%-ondni dtﬁgrdégﬁegrﬁp Tetier: pLopRetoRENE H?i;m%mene

pol ymer o#f fBrmmJae Il Acoaxding kbgkladm i, cheomethod| csmpriwiddat of

Exanple ﬁ |¥§ % the darkest was the ionene polyner of Exanple 10. The
rre

anber ates to the degree of substitution of iodine. Tabl e
13. reacting a protonated diamine of formula IV
L
| H=N—B=N—H| A" X" : : ,‘
Lo -
2 Rs
(IV)

with an epxhalohydrln under cond;tlons suff1c1ent to form an

intermediate of formula VI

H &

ZCFh-HZ-43H1+F-B—*bCPh FF-CF&Z A X

(V1)

_ and polymerlzlng sald intermediate with a secondary
'amlne of formula VII
Ry

h-_-H (VII)

Re
under conditions sufficient to form said polymer.
30. A method of claim 29, further compr1s1ng, before
| sald reaction step, the steps of
neutralizing a diamine of formula III with up to one
é&uivalent of a bioiogicélly-active acid, HA, per amine
: group; and : ' o
addlng sufficient acid, Hx, 'so that the total amount of
aCId used is approxlmately equivalent to the’ amine groups
present, thereby forming the protonated diamine of
formula IV. ' '

swsmresereuen LN



Exanple 10 (0. 1%)solut|oq%msg ﬁﬁ Hg ion- Organism 30 sec. 2

m n. 5 mn. F997999-=599-999
>99.999 S dygal a%gogfg‘ 993 - F ‘gwlgggirr-x ‘;9‘9’ gggﬂc s9g/uo%‘?
aer ogenes 99. 98 >9 , 999 REPLACER . ¢ Jhgistatic

efficacy of the |od|nated |onene polyner of Exanples 10 and 11 was tested
by determ ning the n1n|nal I statj.c concentration C) .agai nst
Aspergiilus niger. 3Yhe & kf%‘{]% m é’gt"ﬁé‘} 2t ﬁf’ll\(‘F &ifokBecontrol s,
in Table 14. epﬂh&ﬂ@hﬂdrlﬂMIBrepldhmqpqnxdrxnxnancentrat|on (MFC) of

sel ected substituted triiadi 4IRS 1 h | ecul es
agai nst Aspergii | us ni %r Hl%#ﬁé car}% @'¢lain 30, w e%liéxaﬁrr%l e

NVEC bielegicakliyractive aCld is "the hmcz.de 2,4- 20, 000 ppm
triiodide dlchlorophenoxﬁédbtlc acid. 20,000 ppm trllodlde

10 2500, ppn rrl:1090.
5000 ppm i .‘93. '\ mﬁﬁéé coé%::gfing f’ﬁ)(j:lpalm 30, whe $h ]:he apipn
>20, 000 ppm A~ is Jhphenqiateitdniairficacy of the i odi nat ed i onene -

pol yners of Exanplgs, 10y angkHda V&deﬁﬁlr@i Y delitd Bi9)i Rherein th¥0aR5496528
PCT/U595/11012 is I _

35. A method for the preparation of an ionene polymer
having a blologlcally active anion comprising the steps of
a) reacting a protonated diamine having at least
one anion derived from a biologically-active compound, with
an eplhalchydrln, and '
b) polymerlzlng the product of step a) with a
secondary amine or a ‘diamine.
36. A compound of formula VI:

3 2
R
H& 1 R H. (VI)
ZCHy— -—CHr+b—8—*FCFh H=~CHyZ A X
N R
(vI)
wherein
R,. R,, R, and R4 represent the same or different

substituent selected from the group consisting of hydrogen, a

C, to C,. alkyl group, a C, to C; alkyl group substituted

with one or more hydroxyl groups, a benzyl group and a benzyl

group substituted with one or more C, to C,. alkyl groups;

B represents a divalent C, to C16 aliphatic hydrocarbon

radical which can be substltuted by hydroxyl, a divalent C
- to Cq cyclic hydrocarbon'radical; a di_-(C2 to C.)-alkylene

ether, a phenylene or alkyl-substituted phenylene radical, or

the divalent group R R NENR,R, in formula VI represents a

divalent radical of the structure: g

R,R, N- (CH ) NR -C(0) -NR (CH ) 3 R,.
where p is an 1nteger from 2 to 6 and R and R6 are the same
or different and selected from the group consisting of

S
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- 50 - the minimuminhibitory concentration (MC) against three species
of algae. The reSlS[thsShe’éthsBQéﬂ wdadTabl e 15, Tabl'e 15. Algistatic
Efficacy wo ssebsnst ed | onene Cor gz 18 mum
| nhi bitory Cbncentr anpt 68 - C. 8 PlofflodaS BEERypnospor um P.
i nundat um 11 REPLACED 3 118
5 2 MBCP[err] 2 2 -
8 Busanlilhs7 . nd -. nQt det erm ned
Fromthis gygﬁ?%?ﬁre?n?tamfilt%eééanﬁﬁ¥¥& TP o F %ﬁﬁlq¥¥f¥Q¥tthe art that
vari ous nodafiicali BhR2NBHR3R4Arfexm® e m&tetmcxnkinﬂgrdupusdmemteaamrba made
Wi thout  deparbipg-6i 983 hPe, SP)Fiimd éEIEﬁ? us, the
pr esent |nvent%%n |ni+a |% a I cover% suc gﬁions arlé érlatlons
of this i n¥BHEPBHTED ?W&P?Riﬁﬁ?%ﬁlx e¥hﬁﬁﬁ%ﬂdé@eblalns and their
equi val entBeterocyclic group may be substituted with one Or more groups -
selected from a C to C6 alkyl group, a hydroxyl group, a
halide, and a phenyl group;

A" is an anion derived from a biologically-active
. compound having at least one acid functionality; and o

X~ is an anion derived from a mineral acid.

37. A compound of claim 36, wherein

n is from 5-50; | | '

R,, Ry, Ry, R, are each methyl ethyl or benzyl

B is methylene, ethylene, propylene, 2- hydroxypropylene,
butylene, isobutyleme, diethylene ether, or phenylene; and X-
is a halide. | -

38. A compound of claim 37, wherein;

_Rl' R,, Ry, R, are each methyl,

B is ethylene, and

X~ is chloride. _

39. A compound of claim 36, wherein the group
R R2NBNR3R4 is a radical of the structure:

R,R,N- (CH ) -NR, C(O) -NR - (CH ) NR3R4.

40. A compound of clalm 39, whereln -

Ry, R,, R3 and R, are each methyl ethyl or benzyl

Rs_and R, are each_hydrogen, methyl or ethyl

- p is 2 or 3; and
X~ is a halide.
41. A compound of claim 40,_where1n R1, R2 R3 and R4
- are methyl, RS and R6 are hydrogen,_p is 3, and X ‘is a
halide. : o .

42. A method according to claim 14, wherein the
biologically-active acid is the herbicide 2,4-
dichlorophenoxyacetic acid. ' _

43. A fertilizer comprising a polymer of claim 1 or 18.

44. A pesticide comprising a polymer of claim 1 or 18.

_
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The clained inventionis: . - 51 e R d 1. A water sol uble ionene
pol ymer of -for n“’lﬁG : This Sheet Has Been Replaced  lerrl wherei
n i.s an integer rohgﬁsto : i ng 54 trig dedreea9bepN l'ﬁPFEQ?*on
of the polymer; * errs],

Rl er pkrandsB err] ( repr esent
the sanme or different substituent selected.fromthe—groop——cors st i ng of

hydrogen, a CJerr] to (JQerr] alkyl group, a (Jerr] to (Jerr] al kyl group
substituted with one4®r nbrehémapenbic aarps, conmheiwing ¢ eodymead of benzyl
gr oup substitutggay$tfhone or-nore CJerr] to (Jerr] alkyl groups;

B represents a divalent C2 to Cl16 aliphatic,hydrocar on radical which can
be substituted by hy®®oxyh ALSRAXAATMICIRTIFING FRAMMer) Ofi C1adar caF bk
radical, a di-(Cerrd47to Xmietdbinidd ecrommtiring a poiyeaneforlaim 1

al kyl - substi t ut Pgenylene radi cal, or the divalent group

Rlerr]Rlerr]NBNRlerr]Rlerr] of formula | represents a dival ent radical of
t he structure: 48. A preservative comprising a polymer of claim 1

Rlerr]Rerr] N-(&H esr])[err]-NRlerr]-C(O-NRerr]-(CHerr])[err]-NRlerr]R e
rr wh [ I nt i 2 tq 6 g . d
o] are the same 88" ki el PR ARt Somliding 3 FdumeR 8 b1a88% o

or different andrat&.selected fromthe group consisting of hydrogen and a

Clerr] to (ferr] al ky{:.grﬂ a¥ glm&ﬂ%ﬁmaﬂ&d:m{pr@%wu%aiy&ef £a

het er ocyclic group, selecte romT, 2-pyrazolidinyl, ~1,3-1mdazolindiyl,

1, 4- pi per azi ndi §+21Bnt n®by+f ol i di nyl.,, and ani nopi peridiyl wherein the

het erocycl i c group nBy.beassbsing tdgshti ddmmnicsimg rOpolymedPsf claim.1

| or 18. o ' '
' 52. A surfactant comprising a polymer of claim 1 or 18.
53. A herbicide comprising a polymer of claim 1 or 18.
S4. A sanitizer comprising a polymer of claim 1 or 18..
§5. A scale control agent comprising a polymer of
claim 1 or 18. ' '

56. A fluorescent agent comprising a poiymer of claim 1
or 18. o '

57. A termicide comprising a polymer of claim 1 or 18.

58. A method for fertilizing coﬁprising applying to
foliage the fertilizer of claim 43.

59. A method to destroy pests comprising applying to
the pests or to the locus of the pests the fertilizer of
claim 44..

60. A method for promoting the formation and
stabilization of a dispersion of at least one substance in
another substance comprising adding the dispersant of
claim 46 to the dispersion.

61. A method to destroy microorganisms comprising
applying to the microorganisms or to the locus of the
microorganisms the microbicide of claim 47.

62. A method to préserve a substance comprising
applying or adding to the substance the preservative of
claim 48.
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- 52 - selected froma C(err] to Cferr] alkyl group, a hydroxyl group, a
hal i de, and a phenyl group; A is an anion derived froma

bi ol ogi calyysefekis’ € corrpound havi ng at | east one d~fun

X is an ani onﬁﬁerl ved froma m neral_of q@_mandﬁﬁ@ggg&’ée of
substitution of the polyner is fronj apf ~ﬂ“ . .

I onene pol ynmer according to claim 1\or eampound of . cI ai m 19,

wherein the anion A is derived fronia F infectant, or a
phar maceut i cal onpaimiethod for dlsa.nfeching)raersabrmlawmr m:pﬁrﬁ.dung to

claim2, Wigre)fhd | ectedé)ls%& e 2k @M:&@%&%@éﬁﬁg iy agld or the

di si nf ect from t e group consi st and phenol
derivatives. -64. A method ﬁ’ﬁ’mpé'-"-&ﬁ?gone of
clainms 1- 3, 1;2519 dwmedm rpltahft aﬂd &> )Ehds mauscbaf_d theolplhhe g]peu lant
~consistin | An ionene polynmer of claim1l or
15 or the aeﬁ‘}lacﬁ%ar n?flézlal\%groér n nis from 5-50;

Rerr], R err] GEH erk [methad Fqce@qsmcéf &xc inhdbiyl plantygrowtbenzyl ;
B is net hyécﬁ&?mﬂ | G2 viRIPRY ANPlagrthH @) RHRPYLRAS, ohuma.eaﬁant
| sobut yl ene I cLee}bh%/cJ_eé‘nee oeft r;ﬁamors:;phenyl ene; and | s a
hal i de. -
66. A method of sanitizing a substance comprising
cleaning or sterilizing the substance with the_éanitizer of
claim 54. - L
'67. A method to destroy termites comprising applying to '
" the termites or to the locus of the termites the termiticide
of claim 57. . _
68. A method to treat udder 1nfectlons in dairy cattle
comprlslng adminlsterlng the pharmaceutlcally effective
amount of a formulatlon comprising the polymer of claim 1
or 18. ' o .
69. An algicide comprising a polymer of claim 1 or 18.
70. A method for d1s1nfect1ng water comprising applylng
or adding to.said water the algicide of claim 69.
71. A topical antiseptic comprising the polymer of
claim 1 or 18. '
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- 53 - 6. An ionene polynmer of claim5 wherein

Rlerr], Rerr], Rerr], and Rlerr] are each nethyl, Bis

et hyl ene, and WO96/06528 X is chloride. 7. An iBSTARESHOIY ner
of claim1l or 15, wherein the group Rerr]Rerr]NBNR err]Rerr] is a

radi cal of the structure: ' : : ' _
Rlerr]Rlerr]N-(CH err])[er]r-NRerr]-C(O-NRerr](CH err])[err]-NRlerrRlerr
] 8.

An i onene polymer of claim?7, wherein , nis
from 5-50; Rlerr], Rerr], FRBBIRE-1and Rerr] are each .
met hyl , ethyl or benzyl; : : : RI[:err] and Rlerr] are each
hydr ogen, nethyl or ethyl; pis 2 or 3; and
X is a halide. 9. An i onene polymer of claim8, wherein

Rlerr], Rerr], Rerr], Rerr], Rerr], and Rlerr] are, nethyl, on4Rerr],
Rlerr], Rerr], and rr] aRe methyl, Rlerr] afjd R Rir] arBshyd ggen, pis
3, and Xerr] is a hzilide. ' 10. Thelionerne polyfer of claim1l .
or 15 wherein the ani d—8erN] +sHAMEHXr —> H—NEE=B —ANrRetHod faorXt he
preparation of an ione}ne poli/rrer of formula (I) acqordi ng|to anpy one of
claims 1-10 and 15, tHy nmethBg conprising the stleps ®,: R,

(ITI) (IV)

AN

CH,—CH—CHZ
(V) '

OH R; Ra OH

ZCH,—HC—CH,—N—B-—N—CH,—CH—CHZ | A X
R, - Rs
(VI)

1/2
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- 54 - reacting a'protonated diam ne of fornula IV

[err] “with an I hal ohydrin under conditi ons suffl ci ent n
internedi ate JVOPHPESE a Vi pCA ]]%lfi

_and ei ther polymerizing said intermediate with a diam ne of forrrula 1]

the nethod of preparing the ionene polyner of claiml
[err]

in

u

FIGURE 2

2+
R, Ry OH

ZCH;—HC—CH,—N—B—N—CH,—CH—CHZ | A’ X

Rz Ry
R, (VI)
'l\l'—.B-—
l
R,
(III) F’
T—-H (VII)
OH Ry Ra
CHz‘_"CH'—'CHz'_—'N-—'B— .
R, -
(I) | o +
OH . R OH R, 13+
CHz_'CH—CHz""N—’B—N—CHz_CH—CHz—'T AX
Re R _' | Rz n
(I1) '
2/2
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or, polynerizing said internediate with a secondary am ne of] REFLAGEAIENT SHBE;
the nethod of preparing the imne polyner of claim15
prep ; J - {| §pte 1%M§r 1997

[err] . S -{Emte.lndEr.
conditions sufficient to formsaid pol yner. 12. A™nethod-or—crarFm—
11, further conprising, before said reaction step, the steps of

neutralizing a %@@lé‘ﬁ)egifinlﬁ‘%ﬁtmﬁ @l wt t’sfjp_to one equivalent of a

bi ol ogi cal | y-active aci d, , per am ne group and addi ng
sufficient acid, HX, so that the total anmount of acid used is approximtely

equi valent to the amne_grou resent, . ther fqQrm ng the protonated
di am ne of formula H}.wa fS°R‘%‘£'°P§F‘e ﬁRlyrﬁé‘?r ‘33395%‘38%

h ing to claim11,
wherein the epi hal ohydrin is epichlorohydrin. 14. A nethod of
claim 11, wherein the anion Alerr] is a phen%l+ate ani on. 15. A
wat er - sol ubl e i onene pollynmrer gd forn®sa | Ry (1)

—-CHy=CH—CHy-N—8—1 A, X-
Ry Ry n
wherein

n is an integer from 4 to 400 corresponding to the degree of
polymerization of the polymer; '

R;, R;, R; and R, represent the same or different substituent
selected from the group consisting of hydrogen, a C, to C,, alkyl group, a C, to
C,¢ alkyl group substituted with one or more hydroxyl groups, a benzyl group, and
a benzyl group substituted with one or more C, to C,; alkyl groups;

B represents a divalent C, to C,4 aliphatic hydrocarbon radical which
can be substituted by hydroxyl, a divalent C5 to C4 cyclic hydrocarbon radical, a
di-(C, to Cy)-alkylene ether, a phenylene or alkyl-substituted phenylene radical, or

the divalent group R; R,NBNR; R, of formula | represents a divalent radical of the
structure:

Ry RoN-(CH,);-NRs-C(O)-NRe-(CH,),_NRs R,

where p is an integer from 2 to 6, Ry, R,, R;, and R, are the same as defined
above, and Rs and R, are the same or different and are selected from the group
consisting of hydrogen and a C, to C,4 alkyl group, or the divalent radical
R;R,NBNR;R, forms a heterocyclic group selected from 1,2-pyrazolidinyl,
1,3-imidazolindiyl, 1,4-piperazindiyl, aminopyrrolidinyl, and aminopiperidiyl

wherein the heterocyclic group may be substituted with one or more groups

R 0 R



e

[err] wher ei n nis an integer from4 to; 66?“"?—"*3 --ﬂ»éioi‘ﬂif
correspanding to the degree of pol yneri zation of the poly 10 AUG 1997
Rlerr], Rlerr], Rerr], and Rlerr] represent the same or diff Peist:.... 2.AYY, 19l
substi t uent sel ected fromthe group consisting of hydr ogen, La—ef'err‘j—f—o—————
Cerr] alkyl group, a (Jerr] to

- 56 - Clerr] alkyl group substituted-wi% one or nore hydroxyl groups, a
benzyl group and a benzyl group substituted with one or nore CJerr] to

err] al kyl t t
g[[err} al i );;haetq%c ﬁ%é)r%ga(% btgnC A ‘(ga?ge\hgﬂk gg‘ %gagg%)sﬁtgil'ﬁtaeg[%@ﬁ%ygroxyl
?:G;jl vialkelnt C@retu;;j to Qﬁrr]lcycl I C hlydrocarbon [a;:ll cal , . a fll (C2to I

-a ene et her, enyl ene r.a -Su I t.u ene r cal _or
(he dival o group’ i 1 A RivR PR Bﬂ‘iosa?a'vo?ﬁw ettt o
RS i CH

err err err err err err ere
is an integer from2 t§ 1§32 ”FQ’EPR%‘ r'%éfrﬂ“aﬁiéé % '9]a%qk‘etq‘?69r§§nep
as defined apygstbrbahe] owmeﬁke.rdra aeaetébésséﬁ% or different and are

sel ected fromthe group con5|st|ng of hydrogen and a C[err] to (Jerr] alkyl
group, or the divalent radical Rerr]Rerr]NBNR err]R err] forns a

heterocyclic group sel geligfedd BBlynet REOAFR t™4i8¥h 1 or 15 or the compound of

claim 19, wherein the anion A is derived from a herbicide, a disinfectant, or a

pharmaceutical compound.

3. An ionene polymer according to claim 2, wherein the herbicide is
2,4-dichlorophenoxyacetic acid, or the disinfectant is selected from the group
consisting of phenol and phenol derivatives.

4, An ionene polymer according to any one of claims 1-3 or 15,

wherein the anion X is selected from the group consisting of halide ions.

5. An ionene polymer of claim 1 or 15 or the compound of claim 19,
wherein
n is from 5-50;
R, Ry, Rs, and R, are each methyl, ethyl or benzyi;
B is methylene, ethylene, propylene, 2-hydroxypropylene, butylene,
isobutylene, diethylene ether, or phenylene; and
X is a halide.

AT



1, 3-imdazolindiyl, 1,4-piperazindiyl, am nopyrrolidinyl, and REE}_.AC.ﬂ ST

am nopi peri diyl V\/nerel n the heterocycl ic group may be substl tuted wi i&ﬂﬂ{?

or nore groups selected froma Cerr] to (Jerr] al kyl group, 2 Daﬁdro 1997
group, a halide, and a phenyl group; Alerr] | <o
derived froma biologically-active conpound Baving at | east one aC| d
functionality; X[err] is an anion derived froma m neral
or organic acid; and the degree of substitution of the polyner is from
about 0.005 to 0. 333. : cording to claim 14,
wherein the biol ogblgcal I'%/n S pegoggﬂeg Ofclféma% R%eér%gl ci de

2, 4-di chl orophenoxyacetR,cF@,cRg and R, are each méfhyl, A nmet hod according to

claim13, vvhereinthe A‘%err W’is I[err].

- 57 - . preparation of an ionene pol yner

havi ng a bi ol ogi cal | y @Qt,ggmoﬁabpn conprising the steps of a)
reacting a protonated diam ne having at |east one anion derived froma

bi ol ogi cal | y-active conpound, with an epihal ohydrin, and b)

ol ogi cal | y-ac c d )
Ho.” A compound oF t UCAn BneHleGhidthet'bf datth 48] %&re?ﬂméegf[abpa i ani ne.

R{R,NBNR;R, is a radical of the structure:
R{R;N-(CH,),-NR5-C(O)-NRg(CH,) -NR;R,.

8. An ionene polymer of claim 7, wherein
n is from 5-50;
R;, Ry, R, and R, are each methyl, ethyl or benzyl;
Rs and Rq are each hydrogen, methy! or ethyl;
pis 2 or 3; and '
X is a halide.

9. An ionene polymer of claim 8, wherein R,, R,, Rj, Ry, Rs, and R are

methyl, or R,, R;, R;, and R, are methyl, R; and R; are hydrogen, p is 3, and X is
a halide.

10.  The ionene polymer of claim 1 or 15 wherein the anion A" is I5-.

11. A method for the preparation of an ionene polymer of formuta ()
according to any one of claims 1-10 and 15, the method comprising the steps of:

AR



wherein Rlerr], Rerr], Rerr], and Rerr] r rmpmﬂstﬂrE—r

sanme or . different substituent select ed fromthe group consi s i

hydrogen, a (Jerr] to (Jerr] alkyl group, a (Jerr] to (err] ajal@f.l..lélr..éu,@..]ﬁﬂ?.....

substituted with one or nore hydroxyl groups, a benzyl group !

group substituted with one or nore CJerr] to CJerr] al kyl groups;

B represents a divalent CJerr] to (Jerr] al ig{]ati ¢ hydrocarbon radi cal

which can be substituted by hydroxyl, a divalfent C[err] to Clerr] cyclic

hydrocarbon radical, a di-(JJerr]lto (err])-alkylene ether, a phenylene or

al kyl - subst it ut ed pheﬁ?ﬁ‘g r(ﬂt%r}ﬂted%am‘f'% fgﬁa\'}'ﬁflﬁr\? gr oup

Rerr]Rerr] NBNRl err] Rl err] |n forrrul a VI reeresents a dival ent radical of

the structure:

R[]err]R[err]I\I-(Cl—I[err])[err] N ?-{—P‘IQ(M e/&r]x_(CH[err])S[8err] mre;r]pRl[g

an integer from2 to 6 and R ern] aﬁ\zj R[%trr] are the sane or different and

selected fromthe group consisting of h dro en, and a CJerr] to (err]

al kyl group, or the dival ent radical I‘?f rr]R[err]NBNR[err]R[err] forms a

heterocyclic group selected from1, 2-pyrazolindiyl, 1,3-imdazolindiyl,

1, 4- pi per azi wih ¥h,epitialonyir ohdeh cramldntlomctuﬁmlmpo e i JHtemhedigieroft he

het er ocyclic group may be substituted with one or nore groups selected from

a Cerr] to ‘O@ugVhl kyl group, a hydroxyl group, a halide, and a phenyl

group; Alerr] is an anion derived froma biologically-active

conpound having at |east pne acid functionality; and 2+ X[err]

is an anion derived from g ni nerafHaci (o A Rs OH '
ZOH;—HC—CHN—B—N-CH-CH—CHZ | A~ x-

2 R4
(VI)

and either polymerizing said intermediate with a diamine of formula-lll in
the method of preparing the ionene polymer of claim 1

Fl{' $3
flq‘a"‘flq + HA/HX
Rz Ry

(I1I)

or, polymerizing said intermediate with a secondary amine of formula VIl in the
method of preparing the imine polymer of claim 15

"11
fr"'H (VII)
R
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20. A nethod to destroy m croorgani sns or pests conpri sing at'mspi;_mg:;_qnvcgg\s'{ SHEET
the m cr.oorgani sns or pests or to the |ocus of the m croorganjsns or
a polymer of any one of.clains 1-10, 15, or a compound of cl Ri

21. A nethod to treat udder infections in dairy cattle conpr ¥
adm ni stering the pharmaceutically effective. aygpunt of a fornulation
conprising a polyner of any one of clains 1-10, 15, or a conpound of claim
19. 22. A fertilizer, pesticide, therapeutic agent, dispersant,
m cr obi ci de, preservative, disinfectant, plant growh regulator, sizing
agent, surf asngat conditienppufiigient tofermisaid poly@ere control agent, fluorescent
agent, termcide, algicide, or topi cal antiseptic conprising a polyner of
any one of clainms 1-10, 15, or a conpound of claim 19. WO 96/ 06528
45. A therapeuti c 12gentA methmd ofi aigimal pdusther carfipridiag, rhefore said refg:tioa step,
di sper sant ccz risi ng a pol ymer of claim1 or 18. 47. A m crobi ci de
conprising a ggl of claim1 or 18. 48. A preservative conprising a
pol ymer of claim1l or Xutralizing4fdiamfngloSiofhakt IAMitCOEY 65¢ eguiRkaleat yhar of
claiml or 18. . 50. A plant growth regul ator conprising a polyner of
claim1 or 1gpiologicallzactive geid, ki RgEFMIBRFAUPSIHMY a pol yner of claim 1 or
18. 52. A surfact Ui SR RD Hcid, A, ¥8%atthe 8t8i Sduflof Hid used is®3- A
yher of c

her bi ci de conprising a po alm1 or 18.
approximately equivalent to the amine groups present, thereby forming the

protonated diamine of formula V.

13. A method according to claim 11, wherein the epihalohydrin is

epichlorohydrin.
14. .A method of claim 11, wherein the anion A" is a phenolate anion.

156. A water-soluble ionene polymer of formula Il:

3+
R B ¥
Hy-CH—CHy N—B—NCHy-CH—CH—N—  AWXT (g
' R2 Ry Rz_n

(IT)
wherein_. :
n is an integer from 4 to 400 corresponding to the degree of
polymerization of the polymer;
Ry, Ry, Ra, and R, represent the same or different substituent

selected from the group consisting of hydrogen, a C, to C,¢ alkyi group, a C, to

* [ L M s *



54. A sanitizer conprising a polymer of claimi1 or 18. SREPLACHENT SHIET

control .agent conprising a polynmer of claiml or 18. 56.4 A f'“?@F&ﬁ@”mg7
agent conprising a polyner of claim1 or 18. 57. A termjcbele ... = 0NN NN
conprising a polymer of claim1 or 18. 58. A nethod for'* ~Z g
conprising applying to foliage the fertilizgr_of claim43. 59. A

nmet hod to destroy pests conprising applying to the pests or to the |ocus of
the pests the fertilizer of claim44. 60. A nmethod for pronoting the

f ti abilization of a.dispersion of at |east one substance jn
anot her _subsra Al BitHer ey Rest BifesHere i, By iy POy, & ey s upran

di spersion. g benzyd frovp SEiRGtel Withesid Oymdre Qe O aIkEgrap®r | sing appl ying
to the mcroorganisns or to the | ocus of the mcroor%gnlsms the m crobicide

of claima47. 62. Barensesenis ediprlentby to &tliphelin dydasapransiasicahphian ng
ddi | | Qj 06528
per Usos! 110751 B SUBSHEREDY Bl S ettt G il arocarhon relfial
conpri sing aﬁﬂmito@shalhymmbet,mmnwm\quséihﬂefub_sﬁtuted p{;éa}"levd&i[dical q[r 64.
A met hod t | at | ant ing to.the n r.to
e 1o R B PR S BRSSP it

net hod to destriid@iMredr i nhibit plant growh conprising applying to a plant or
to.the |l ocus of the plant

R{RN-(CH,),-NRg-(CH,),-NR;R,

where p is an integer from 2 to 6, R,, R,, R, and R, are the same as defined
above, and Rg and R, are the same or different and are selected from the group
consisting of hydrogen and a C, to C; alkyl group, or the divalent radical
R;R,NBNR;R, forms a heterocyclic group selected from 1,2-pyrazolidinyl,
1,3-imidazolindiyl, 1,4-piperazindiyl, aminopyrrolidinyl, and aminopiperidiyl
wherein the heterocyclic group may be substituted with one or more groups
selected from a C, to C; atkyl group, a hydroxyl group, a halide, and a phenyl
group; _
A is an anion derived from a biologically-active compound having at
least one acid functionality;
X is an anion derived from a mineral or organic acid; and the degree
of substitution of the polymer is from about 0.005 to 0.333.

16. A method according to claim 14, wherein the biologically-active acid
is the herbicide 2,4-dichlorophenoxyacetic acid.

17. A method according to claim 13, wherein the anion A" is 1,-.

* c L M S *



t he herbicide of claim53. 66. A nethod of sanitizing & substa “_f
conprisi.ng cleaning or sterilizing the substance with the sa |F|5%eﬁ‘cd’ﬂ=‘w*>“ cET

cl ai i 54. 67. A method to destroy termtes conprising gpplyi t
termtes or to the locus of the termtes the termticide of 5 gggjﬂlﬁu}‘g;g]

68.. A nmethod to treat udder infections in dairy cattle conprisi ng
adm ni stering the pharmaceutically effect+ve7arount of a fornul ation

conprising the polyner of claiml or 18. 69. An algicide conprising a
pol yner of claim f.or

or 18. 70. A net ho ter
conpri si ng appl yi n§: or %h’aﬁm‘?& fpﬁﬂgea;?rgp%éﬂgp 4 g0 '8?%“%?’85"@{%@\9@9@ 69.
71. A topi calpigiBgicarphtive anBhi comigisintethedtypesf of claim 1 or 18.
a) reacting a protonated diamine having at least one anion

derived from a biologically-active compound, with an epihalohydrin, and

b) polymerizing the product of step a) with a secondary amine or
a diamine.

19. A compound of the formula VI.

2+
Ry Ra OH
{ { )
ZC*‘Z“H&—C"&'*,*—B—Q*-CP&-&H—CF&Z AL X (V1)
Rz R4
(VI)

wherein

R,, R,, R;, and R, represent the same or different substituent
selected from the group consisting of hydrogen, a C, to C, alkyl group, a C, to
Cie alkyl group substituted with one or more hydroxyl groups, a benzy! group and
a benzyl group substituted with one or more C, to C, alkyl groups;

B represents a divalent C, to C,; aliphatic hydrocarbon radical which
can be substituted by hydroxyl, a divalent C; to C, cyclic hydrocarbon radical, a
di-(C, to Cg)-alkylene ether, a phenylene or alkyl-substituted phenylene radical, or

the divalent group R;R,NBNR R, in formula VI represents a divalent radical of the
structure:

R;R,N-(CH,),-NR5-C(0)-NR-(CH,),-NR3R,

* [ L L H] *
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where p is an integer from 2 to 6 and R and R, are the same or different and
selected from the group consisting of hydrogen, and a C, to C,s alkyl group, or the
divalent radical R,R,NBNR;R, forms a heterocyclic group selected from
1,2-pyrazolindiyi, 1,3-imidazolindiyl, 1,4-piperazindiyl, aminopyrrolidinyl, and
aminopiperidiyl wherein the heterocyclic group may be substituted with one or
more groups selected from a C, to Cg alkyl group, a hydroxyl group, a halide, and
a phenyl group;

A’ is an anion derived from a biologically-active compound having at
least one acid functionality; and

X is an anion derived from a mineral acid.

20. A method to destroy microorganisms or pests comprising applying to

the microorganisms or pests or to the locus of the microorganisms or pests a
polymer of any one of claims 1-10, 15, or a compound of claim 19.

21. A method to treat udder infections in dairy cattle comprising

administering the pharmaceutically effective amount of a formulation comprising a
polymer of any one of claims 1-10, 15, or a compound of claim 19.

22. Afertilizer, pesticide, therapeutic agent, dispersant, microbicide,

preservative, disinfectant, plant growth regulator, sizing agent, surfactant,
herbicide, sanitizer, scale control agent, fluorescent agent, termicide, algicide, or

topical antiseptic comprising a polymer of any one of claims 1-10, 15, ora
compound of claim 19.
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