30 January 2007 WD 2005/044874 PCT/ A U 2004/001537 1 METHOD OF
MANUFACTURE OF POLYACROLEIN This invention relates to a metgoog of

manuf acture of polyacrolein and, in particular, to a methot® OfNYAHKEPAEt ure
of polyacrolein for use in antimcrobial conpositions. 5 Background The
use of polyacrolein in antimcrobial applications has been described in

U S Patent 5,290,894, Australian Application 11686/95 and its European
count er par tWERSBEY858  in our International patent PtHAYRHOPISH WO 96/ 38186
(PCT/ AU96/ 00328) 10 and nore recentlyl we have descri bed a nethod of

i nproving the activi acr i j rnational patent
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sol ubl e5 Qur International Publication WO 01/60874 descri bes a net hod of

improving 20 antimcrobial activiBgckgrowad ol ein polyners in which the
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met hod of Bﬁﬁ?gﬁﬁgggh%Fmﬁgﬁggﬂggq;%P%%@8%9§$§§@§%$? adﬁgggﬂggzystable

pol yacrol ein conprising: (a) polynerising 30 acrolein in the presence of

base to fo y a i L Vi f acrolein
in an al COM%}HQSOE eecrﬁ%% s%:oloemﬁﬁgh%%[ag(ﬁgl)pgg/gﬁré%bnqﬁoggfés??égtﬁ{ﬁ}:ﬁéﬁ%ﬁ with
addi ti on oformat dy hestifpihm pelyaiet thail. Isddat Agsiralian Anplioatiery Mer116§86/35
15 (Werle et al assigned to Degussa) teaches that only those preparations dried using
the process of the invention described therein with strong air current and final air

temperatures of >60°C, preferably at 75°C are alkali soluble.

Qur International Publication WQ 01/60874 describes a method of improving
20 antimicrobial activity of acrolein polymers in which the solid polymers are oxidized

in air and the oxidized polymers are heated in an alcohoi solution in the presence of

added alkali. The presence of carboxylic acid groups formed by oxidation in air is

believed to improve the solubility of polyacrolein compositions. We have now found

that polyacrolein polymer of high solubility; antimicrobial activity and stability may
25  be formed without the requirement for this aerial oxidation step.

Summary

Accordingly, the present invention provides a method of manufacture of soluble,

microbiologically active and stable polyacrolein comprising: (a) polymerising
30 acrolein in the presence of base to form a polymer of acrolein; (b) dissolving the

polymer of acrolein in an alcohol selected from monoalcohols and polyols,

optionally with addition of water to form an alcohol solution of the polymer of

acrolein; (c) heating the alcohol solution of acrolein; and (d) mixing aqueous base

with the polymer of acrolein.



acrolein; (c) heating the al cohol solution of acrolein; and (d) m xing
aqueous base wth the polyner of acrolein. 30 January 2007 Y\D 2002/ 044874
PCT/ AU2004/ 001537 2 It is preferred that the aqueous base T&J3RYAY 2091 h
the al cohol solution of the polynmer of acrolein after heating of the

al cohol solution of the polymer of acrolein. The addition of base after
heating, as opposed to before heating, is preferred as the 5 addition of
base after WOHHME? on af fords sol utions which mai nt#THEAEO$5E| oci dal
activity for long periods upon storage. The al cohol solution of the polyner

of acrolein is ferahly heated for Leient, t] t oMgen render ed
al kal i ne bgl} lf’rpégfrg%a(?ttﬁ%n%8faqgaﬂésoh%seb§§g&?€ V@@etgen%%oigo%ti@c?fpi tate when
further di polyedr dface!éineafterhaafingofdhé alcorem solDiraif teedpddeserrdf perolein.l n cont r ast
with the teaching in the prior art the present invention allows stable

solutions of acrolein polynmers to be formed w thout the requirenent for
gri ndi ng ofThe 28ditreraifibage aftetHeatigp ki dppsky tebefone heatirg, is mefesathas theorder to
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formed by potvitntrisgtpiedodofipaactabgd.n in the presence of a 20 base such as
sodi um hydr oxi de. Polynerisation in the presence of radical initiators my
al so be used in preparing acrolein polynmers as described in sone of the

exanpl es offh&)8lgohtlestiutien 3 891 phlunes aichcrpleinyismr—rafembly heatedgioneuffitiept used i n
the proce f e e i I ; i3 p J | ved in
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may také plpeckitais vaedifgthesdiuied bpa Gactamaforucioden.as part  of the heating
process. Generally the dissolution will occur within 15 m nutes of heating
a PEG solution of the polyner at 35 to 65C. 30 The heating of the polyner
of acrolein in the al cohol sol Ratated Reggriptienably foll owed by m xing of

e, heat ed S ehibLR AL 1RHAEUR RRSRor I e hRBaATnARDY Mol okl 21 cORol
i's inportan or achieving stabili of "the acrolelin polymer 1 n aqueous
solutions of acrolein polymers to be formed without the requirement for grinding or
15 heating of the solid polymer in an air stream in order to oxidize the solid. This
potentially reduces the expense and time required for preparation of these highly

active biocides.

The acrolein polymer is formed by polymerisation of acrolein in the presence of a

20 base such as sodium hydroxide. Polymerisation in the presence of radical initiators
may also be used in preparing acrolein polymers as described in some of the
examples of US patent 5220894 but such polymers are not generally used in the
process of the present invention,

25  The composition is dissolved in an alcohol optionally with addition of water,
Dissolution of the polymer may fake place as a discrete step or may occur as part
of the heating process. Generally the dissolution will occur within 15 minutes of

heating a PEG solution of the polymer at 35 to 65°C.

30 The heating of the poiymer of acrolein in the alcohol solution is preferably followed
by mixing of the heated solution with aqueous base. The step of heating in the
alcohol is important for achieving stability of the acrolein polymer in agueous
solutions following the mixing with aqueous base. The temperature and period of

heating will depend on the polymer, the type of alcohol used and the extent and



solutions followi ng the m xing wth aqueous base. The tenperature and
period of heating will depend on the polyner, the type of al cohol d and
the extent and 30 January 2007 WD 2005/ 044874 PCT/ AU2004/ oé‘lé@"r“as'ylﬁg?m of
stability required. Generally we have found that good results are obtained
if the polymer of acrolein is heated for sufficient tinme so the when m xed
W th aqueous base to provide an al kaline solution the polynmer wll not
preci pi t at YORPEIYAbl y the polynmer will not preci pP¢BARMEPEAI When furt her
diluted by a factor of one in ten (parts 5 by volune) with water. Having
regard to this t . Oof testing a skilled person wll wi t hout undue
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col | ect S a precipitate, It w e.appare 0t e, skilled. in the art
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w |l consti t‘;ﬁie | ess than 10% by wei ght of the total nononer conposition.

W prefer EA5"Y e acrol ei n polymer is a honopol ymer. 20 The precipitate
may, and preferably will be dissolved in the al cohol w thout oxidation of

or openo ¢ SIS kRchealodre & ey maman i B teRRor b BREENE S - om ¢ e

pol yneridsatdromnfreaqtiecs base corspqaiteher ably heated in the alcohol with a
solution of pH of no nore than 7. The precipitate forned in the preferred
aspect of the invention 25 may be dissolved in the al cohol w thout needing
to further The polgssolein.uskd it the nptiacies sheoihvérten isToemdd polinieisatipobéi n
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and prgker ahh¥miagssedil S HLE ol IOt 1alehay (Stel-8095e 8-nldh8Me? May be
used in step (a). Typically when a co-monomer is used it will constitute less than
10% by weight of the total monomer composition, We prefer that the acrolein

polymer is a homopolymer.

20 The precipitate may, and preferably will be dissolved in the alcohol without
oxidation of the solid by heating in air or oxygen, to form poly(2-propenal, 2-
propenoic acid). The acrolein polymer will generally be isolated from the
polymerisation reaction and is preferably heated in the alcohol with a solution of pH
of no more than 7. The precipitate formed in the preferred aspect of the invention

25 may be dissolved in the alcohol without needing to further process it.

In the process of the invention, the acrolein homopolymer is dissolved in the
alcohol. This process would generally involve heating the polyacrolein in the alcohol
to a temperature in the range of from 40 to 90°C. The preferred alcohol is a
30 polyatkylene glycol and preferably has a molecular weight in the range of from 200
to 20,000. More preferably the molecular weight is in the range of from 200 to
10000 and most preferably from 200 to 2000. The acrolein polymer is heated in the
alcohol to form an acetal derivative, Typically, the alcohol solution will be heated for
a period of time in the range of from fifteen minutes to five hours with the alcohol



to 20,000. Mre preferably the nolecular weight is in the range of from 200
to 10000 and nost preferably from 200 to 2000. The acrol ei IS
heated in the alcohol to forman acetal derivative. Typi cag?ga“ %ng?:ohol
solution will be heated for a period of tine in the range of fromfifteen
mnutes to five hours with the al cohol 30 January 2007 WD 2005/ 044874

PCT/ AU2004/ 001537 4 and at a tenperature in the range from50 to 90C, nore
preferably WPeMiE®fo 90C. Generally, the pol yacrol BReEFARHHEESE7I n step (a)
used in the process of the inventiong 5 wll have a | ow acid content
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pol ymer is heated in the alcohol for a sufficient time and the alkali is
added, the al kal ine solution resists precipitation when diluted with
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added gg a@e@qg,%%dsgléhtdrggld,zgg gbiomabl y the solution is cooled to room 20
tenperature before adding the base’ in the above step. The concentration of

pol ymer of acrolein used in the step conprising heating in that alcohol is

general ly frhomiddess 6ﬂh§91(@rmén‘4\ﬁ‘dltgie% a2fish Md@mﬁrb@fa@foatﬁe )éorfqPé’é’fﬁch #d 0 40% by

weight. In the case of polyal kyl ene gl ycols t yrrer content will
75 depend BHSR ERROPLL G At HCOS! Sehioniolyina BaiRpaind Siebr Thevt
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90% by wei ght wher eas Qg prm) ecul ar wei pol yol polymers (eg.

1500 OﬁSWDp@jera[p[y@tngr@g@ﬁg@l eferred base for ad tlon to the alcohol solution
of polyacrolein is an alkali metal carbonate particularly sodium carbonate or

potassium carbonate. Alkaline metal hydroxide such as sodium hydroxide or

potassium hydroxide may also be used but are less preferred. Typically the alkali is

added as an aqueous solution. Preferably the solution is cooled to room
20  temperature before adding the base in the above step.

The concentration of polymer of acrolein used in the step comprising heating in that
alcohol is generally from 0.5 to 50% by weight and more preferably from 0.5 to 40%
by weight. In the case of polyalkylene glycols the polyol polymer content will

25 depend on the molecular weight of the polyol polymer. For lower molecular weight
polyol polymers the content may be as high as from 50 fo 90% by weight whereas
for higher molecular weight potyol polymers {eg. 1500 or more) dilute compositions
of the polyol polymer (eg. 2 to 50 %) may be preferred.

30  The acrolein polymer prepared by the method of the invention is useful in a range of
applications, especially antimicrobial applications. The preferred applications
include antiseptic compositions, disinfectant compositions and compositions for use
in treatment of gastrointestinal disease. The compositions formed in accordance
with the invention generally have a good long-term antimicrobial activity. Typically,



of the polyol polymer (eg. 2 to 50 %9 may be preferred. 30 The acrolein

pol yner prepared by the nethod of the invention is useful i ran
applications, especially antimcrobial applications. The prgqi?q"@&ggog-;

applications include antiseptic conpositions, disinfectant conpositions
and conpositions for use in treatnent of gastrointestinal disease. The
conpositions fornmed in accordance wth the invention generally have a good

| ong-t er m aHP PTG al activity. Typically, 30 JanuBfyAREEPISIAD
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gastrointesgfymel disease, particularly gastrointestinal mcrobial

i nfectiagn. The conposition prepared by the nmethod of the invention may be
admi ni sPered to animals via drinki ng water, 10 via food or other suitable

means such Tag coaBbetioh p@yared byand nidiitod bikiBe inMeatidmiseniticalariywislitedntow ge .
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l ong termsolution stability and activity. The heated al cohol solution of

acrol ein polynmer was allowed to cool and m xed with dilute (0.4% w w)

aqueous sodhamveatidroniahewtte qesonticdevitirettrdtabkitt ehepidiovifig txeenplesesitilig | ng
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invention and that they are in no way limited to the scope of the invention.
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Examples
Agueous Solution Stabitity Test
We found the following test (“herein referred to as the aqueous solution stability
test”) to be usefu! in determining the temperature and period of heating for providing

20 good long term solution stability and activity.

The heated alcohol solution of acrolein polymer was allowed to cool and mixed with
dilute (0.4% wiw) agueous sodium carbonate to provide an alkaline pH. If the
resulting composition showed no sign of polymer precipitate the resulting
256 composition was diluted with water o provide a one in ten dilution composition
which was again examined for a precipitate at room temperature. After a sufficient
period of heating of the acrolein polymer in the alcohol solution in accordance with
step (c), preferably at a temperature in the range of from 60 to 105°C, the diluted
composition was clear.
30
Example 1 — Preparation of Polyacrolein
Water (720 mL at ambient temperature, about 20°C) and acrolein (60g; freshly

distilled, plus optionally hydroguinone added to 0.25% w/w) were placed in an open
beaker, within a fume cupboard, and very vigorously stirred, mechanically. Then,



25 conposition was diluted with water to provide a one in ten dilution
conposition which was again examned for a precipitate at é 3
tenperature. After a sufficient period of heating of the at}d#eHaY 4800 ner
in the alcohol solution in accordance with step (c), preferably at a
tenperature in the range of from®60 to 105C, the diluted conposition was
clear. 30 Exanple 1 - Preparation of Polyacrolein Water (720 nL at anbi ent
t enper at ur YO ABHUH720C) and acrol ein (60g; freshly BEEAGTPMHEYSTp| us
optionally hydr oqui none added to 0.28% ww were placed in an open beaker,

within a fu board an ery vigorqusl LLre . Then, 30
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and 5 a peared C t hi 3 utes, r filtered
and vvasﬁ Watr?‘poé@?‘g "\I,éwf‘é[hf)gf]g rﬁ‘g ?cﬂreéci'mtaPeS g ﬁ%’r@d g'%ta‘g'& o hot
PEG- 200 (64/4tﬂw3ter.65 C and the mxture 10 stirred until the solid

di ssolved (20 m n). Na2CO3(aq) solution) (31 g of 1.29% ww was then

added and the m Xture heated at 65 C for 10 mn, The m xture was then
al | oned t oEgg@ple@nd the sanple made up with water to 100 g to give a

sol ution 5¢ acr al t t tested
with PANPEI?WVB%VYG& 5%9@&8 atdﬁ‘é@iﬂ%hé}f Plggfgé (éj’@é{ﬁﬁ% Cﬁ% ﬁ&ﬂeeggn i f(?'u water to
10 g tapal stresisyntiviie ddhid tdessbieed (@0 mgn).aNadQepbelutiom 31 g of 1.29% wiw)
m ni mum ki | | - ¢con trati C t nposi tion
was found V6o R0 Bb A APty MERa BERG & 1 BatD: TRkl wEENGPY
Exanpl e 3 20wt cgoloarsl thé shimplesohde ipwith waler Ex #ithy & @va\,a§ofuhen Heat ed at
9 Cfor 2 tf]\n(/) 5 3 Bolyacrolein. The pH of the neat solution was tested with PANPEHA pH

sticks and the pH of a 1.0 g sample, diluted with water to 10 g total mass, was

15  tested using a pH probe. The minimum-kill-concentration (MKC) was tested against
E.cofi. The composition was found to have poor stability and actually deteriorated

rapidly.

Example 3
20  50.1 grams of the solution from Example 2 was then heated at 90 C for 2 hours.

The mixture was then allowed to cool and the sample made up with water fo 50 g to

give a solution 5% w/w in polyacrolein. The pH of the neat solution was tested with

PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water to 10 g total

mass, was tested using a pH probe. The minimum-kill-concentration (MKC) was
25  tested against E£.coll,

Example 4
Polyacrolein (5.0 g) was added to hot PEG-200 (64.0 g, 65 C) and the mixture

stirred until the solid dissolved (5 min). Water (25.0 g) was then added and the
30  mixture heated at 105 C for 2 hours. The mixture was then allowed fo cool and the
sample made up with water (a portion of which contained NaCOs (0.40 g)) to 100 g
to give a solution 5% wiw in polyacrolein. The pH of the neat solution was tested
with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water o 10 g



The m xture was then allowed to cool and the sanple nade up with water to
50 g to give a solution 5%w w in polyacrolein. The pH of :;.t{l] neat
solution was tested with PANPEHA pH sticks and the pH of aAJ3YrEafde e,
diluted with water to 10 g total nass, was tested using a pH probe. The

m ni mum kil |l -concentration (MKC) was 25 tested against E. coli. Exanple 4
Pol yacrolein (5.0 g) was added to hot PEG 200 (64.0 g, 65 C) and the

m xture stWPREHMHEI| the solid dissolved (5 nmin). REHHREIH5E g) was then
added and the 30 m xture heated at %05 C for 2 hours. The m xture was then

allowed to cool and the s wat er ortion ich
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pol yacr ol eiwas tcbf®l 4ddirek £idag. neat sol ution was tested w th PANPEHA pH
sticks and the pHof a 1.0 g sanple, diluted with water to 10 g 30 January
2007 WD 2005/ 044874 PCT/ AU2004/ 001537 7 total mass, was tested using a pH
pr obe. TheEm;mb Bwm kil | -concentration (MKC) was tested against E. coli.

ond Thesm BolretRl 4§ ol widiardd AR ARG B PR S DA 36D o
was then adgestt amil ttideolidndisdoluee treaﬁ:admwterqgscg)omaszthlamndaed Aitettyd xt ure was
cont ai ned. RSERACEE D) tc“a%z@%a%@gﬁq B Sl it SRR L BBl 1 o e
g;): Zﬁgr g Ingb?ﬁgl?éhﬁdél-dxmmm \h@teﬂ(?gioﬁis)glotﬂw}mh cmﬁambem@@oﬂ(@ A g.)}tg FPANI:QEIC;If\alr)H
e e 1eave R sobit] o med i BlEcRE e P ahie heR ekt Sietisd (o

was t eSiUed wéth FANFE HA pHIstlcksEamirtpda eHf B51 Pglaaarpta)ld&mied (ith Ovatpr ted8 @dded to
hot PEG 20?%5164. 1 d

di ssol ved ik %(@ttg?te% ging ag?ﬁ\ﬁé%ber H{Qﬁ rﬁﬂfﬂe Eﬂ&g?éﬁg ratoﬁ% M e heated at

105 C for 4abtstsl agHhest Ficotiure was then all owed to cool and the sanpl e
made up with water (a portion of which contained Na2CO3 (0.40 g)) to 10D g

Example 6
15  Polyacrolein (5.0 g) was added to hot PEG-200 (64.1 g, 65 C) and the mixture

stirred until the solid dissolved (5 min). Water (24.6 g) was then added and the
mixture heated at 105 C for 4 hours. The mixture was then allowed to cool and the
sample made up with water (a portion of which contained Na2COs3 (0.40 g)) 1o 100 ¢
to give a solution 5% wiw in polyacrolein. The pH of the neat solution was tested
20  with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with waterto 10 g
total mass, was tested using a pH probe. The minimum-kill-concentration (MKC)

was tested against E.cofi.

Example 7
25 Polyacrolein (1.0 g) was added to hot PEG-200 {12.8 g, 65 C) and the mixture

stirred until the solid dissolved (6 min). Water (5.2 g) was then added and the
mixture heated at 90 C for 0.5 hours then at 105 C for 2 hours. The mixture was
then allowed to cool and the sample made up with water (a portion of which
contained Na,CO; (0.04 g)) to 20 g to give a solution 5% w/w in polyacrolein. The
30 pH of the neat solution was tested with PANPEHA pH sticks and the pHofa 1.0 g
sample, diluted with water to 10 g total mass, was tested using a pH probe. The
minimum-kill-concentration (MKC) was tested against £.coli.

Example 8



to give a solution 5% w w in polyacrolein. The pH of the neat solution was
tested 20 with PANPEHA pH sticks and the pHof a 1.0 g sarrp%oe, di | Ut288 wth
water to 10 g. total rmass, was tested using a pH probe. Thed January 2007

m nimum kil |l -concentration (MKC) was tested against E.coli. Exanple 7 25
Pol yacrolein (1.0 g) was added to hot PEG 200 (12.8 g, 65 C) and the

m xture stirred until the solid dissolved (5 mn). Water (5.2 g) was then
added and t¥€20%4%%7%re heated at 90 C for 0.5 hours PHEREHASY C for 2
hours. The m xture was then allowedsgto cool and the sanple made up with

water (a p ionof&%ﬁih cont ai_ned % 04 ) )\t ive a
sol ution 5%%}0#% ﬁgé‘faélaé{aﬁg tq-ﬁugt %l%%" O(%Q'Pl'% %Zaa> ag'éjlzﬁ'teiqg{r)]&vr\}%s t est ed
wi t h  PANPEHRArpdHust itk solandisddhed gD ofinja Watér ¢0.0sginmmsethenlidddeecindithés water to
10 g total nmss, S, test usi.ng a..pH probe. e

i i mum ki ITRGBHeA 4 O?@@@pg%gﬁﬁ g Wfag}?er{‘s?”oié‘?%‘?i"‘?‘"é?gr%‘?e 8 30
January 20Gamplatn2d0h QE18T4r PODHAIH2G0AIBAbbEINe8 NafoDy@ctdypitn1¢®Bg 0 g) was
added tq hqot PEG 20Q.(64,0.9, 65 C) and_the m.xture I Lk the

20l 14 dibsod? ol & Soens idin POy hoBRoTAG e N His i gl iGh SR E, LE o
heat ed at WhCANRERA beustisks drlethaipkt efreet Qassanipén dilittowdd walectwol0 @nd t he
sanpl e made .up with ter (a. portj,on of ich. contain 240 g)) to
100 g 5 1o EUEAE JteRen BuBi b o PR RO ERT AR IR e

sol uti on wamsties¢eayaingt ElcoPANPEHA pH sticks and the pH of a 1.0 g sanple,
diluted with water to 10 g total nass, was tested using a pH probe. The

m ni mum ki ll -concentration (MKC) was tested against E.coli. 10 Exanple 9

Pol yacridl eifxamble® g) was added to hot PEG 200 (64.0 g, 65 C) and the

m xture stdrr Nt he _sol.i i eghn( 1 M ; ) was

t hen added F;é)%grt%i?ﬁ‘ Eér?éj >9§ t\i‘r%I & %%gg(ﬁjé(g hgf%éa%of@?‘ogé’hrag’urc\s{\éatr%g&@@ tﬂge was

t hen al | owstir¢ductddhe aviil dismived dhf Ingnnideen(@0Wi g)hvasathen sddepantitbe of whi ch

cont ai ned '}ﬁ\%&%qee(agqg“%fg%% )ﬁJ %92:}1%%91'ng|4' riourd i\»}ég tﬁerfééllg%jj 18 cgg/f’éMdVYhé n

pol yacrol ei n. e néat solution was tes
sample made up with water (a portion of which contained Na;CO3 (0.40 g))to 100 g

15 to give a solution 5% wiw in polyacrolein. The pH of the neat solution was tested
with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water to 10 g
total mass, was tested using a pH probe. The minimum-kill-concentration (MKC)
was tested against E.cofi.

20 Example 10
Polyacrolein (1.25g) was added to hot PEG-2000 (16.0g) at 65 C and the mixture

stirred until the solid dissolved (Emin). The mixfure was heated at 105 C for fwo
hours, before 0.1g of NaxCO; dissolved in 7.65g of water was added to give a
solution 5% wi/w polyacrolein. The pH of the neat solution was tested with
25  PANPEHA pH sticks and the pH of a 3.0g sample diluted with water to 30g total
mass was tested using a pH probe. The minimum-kill-concentration (MKC) was

tested against E.coli.

Example 11
30 Polyacrolein (1.00g) was added to hot PEG-200 (12.81g) at 65 C and the mixture

stirred until the solid dissolved {5min). The mixture was heated at 105 C for seven
hours, before cooling to room temperature. Once at room temperature 0.081g of

Na,COj dissolved in 6.14g of water was added to give a solution 5% wiw



wi th PANPEHA pH sticks and the pH of a 1.0 g sanple, diluted with water to
10 g total nass, was tested using a pH probe. The

m nimum kil |l -concentration (MKC) was tested against E. col j 30 W‘Bﬂﬁgﬂp.@ 10
Pol yacrol ein (1.25g) was added to hot PEG 2000 (16.0g) at 65 C and the

m xture stirred until the solid dissolved (5mn). The m xture was heated
at 105 C for two hours, before 0.1g of Na2CO3 di ssolved in 7.65g of water
was added YOI sol ution 5% w w pol yacrol ei n. THEUARMPEHe neat

sol ution was tested vvlth 25 PANPEHA pH stlcks and the pH of a 3. Qg sanple

diluted with water t t ot al ste The

i ni M ki P‘ir’]y%%?{%'éntﬁ gWe(sW@je B VESve ; i?éii#té‘%“ Ve %(ge%pl e 11 30
Pol yacr ol eusing 4 pPiQgdbanarheatiediedint- mlthCeﬁ’EﬁoﬁQMKMWasm)edamgaﬁﬁste @tid t he

m xture stirred until the solid dissolved (5mn). The m xture was heated

at 105 C for seven hours, before cooling to roomtenperature. Once at room
terrperatur Exdmi818 of Na2CO3 di ssol ved in 6.14g of water was added to give

| ut % / / / 79
por yar b1 ePRretobly BPo R bRl Gl Becaotl B R Do LB PP e s
tested ussardyra qal-bqnambeissoT\}rmd m&ﬁhﬂaﬁjmd(intercwmeddecht ifoa e(dm{”ﬁh wats tested
t E , 2 Pol | ei 0 t
PG 200 (63obbtn ABTEE et Rt gt P nttamr it o har R
30. 641g of howas.er Thiasaragld eds stherl ®oRuwtdetn atvd@ Crimfane heBkCawvas fes®def ore t he

Stored 1 or ‘B A8 3ERe e B AR F YBPr T e agai nst E coli and

stored for P \eeks ore agai nst E.coli
det er mited to have a MKC of 500ppm 10 Exanple 13 Pol yacrolein (1.0g9) was

added to h g00(12 8g, 65 C) and the m xture stirred wuntil the solid
di ssol ved Wat er 2g) was then added and the m xture
Polyacrolem 10g)was added {0 hot PEG-200 (12.8g, 65 C) and the mixture stirred

until the solid dissolved (5 min). Water (6.2g) was then added and the mixture
heated at 80 C for 2 hours. The mixture was then allowed to cool and the sample

15 made up with water to 20g to give a solution 5% w/w in polyacrolein. The pH of the
neat solution was tested with PANPEHA pH sticks and the pH of a 1.0 g sampie,
diluted with water fo 10g total mass, was tested using a pH probe. The minimum-
kil-concentration (MKC) was tested against E.coli.

20 Example 14
Polyacrolein (5.0g) was added to hot PEG-200 {(64.0g, 65 C)and the mixture stirred

until the solid dissolved (10 min). The mixture was then allowed to cool and the
sample made up with water to (a portion of which contained Na,COs (0.04g)) to
give 100g to give a solution 5% wiw in polyacrolein. The pH of the neat solution

25  was tested with PANPEHA pH sticks and the pH of a 3.0g sample diluted with water
to 10g total mass, was tested using a pH probe. The minimum-kill-concentration
(MKC) was tested against E.coll.

Example 16
30 Polyacrolein (5.0g) was added to hot PEG-200 (64.1g, 65 C) and the mixture stirred

until the solid dissolved (10 min). The mixture was heated at 80 C for 2 hours. The
mixture was then allowed to cool and the sample made up with water to (a portion
of which contained Na;COj (0.20g)) fo give 100g to give a solution 5% wiw in
polyacrolein. The pH of the neat solution was tested with PANPEHA pH sticks and



heated at 90 C for 2 hours. The m xture was then allowed to cool and the
sanple 15 nmade up with water to 20g to give a solution 5% in

pol yacrol ein. The pH of the neat solution was tested V\/ithvww&pp-’
sticks and the pHof a 1.0 g sanple, diluted with water to | og total mass,
was tested using a pH probe. The m ninmum kill-concentration (MKC) was
tested against E.coli. 20 Exanple 14 Polyacrolein (5,0 was added to hot
PEG 200 (64¥84°%/8887¢) and the mixture stirred until|P¢PLBYMEdi ssol ved
(10 mn). The m xture was then allowdd to cool and the sanple nade up with

water to ( nti f I C nt.ai 4 i Og to

gi ve a sol %?%%E&q&%ﬁaﬁ@%@f’%gg‘ﬁtglwe%?%i&\?ﬁﬁ%%%s Q’t”ﬁ%)t%%%g ug,g}ﬁ%térgn 25 was
test ed wi t lprdbANAEEMmIpRust-kid-kencanitatiohdMEB) vhs EesBd@gaiwsitpielidi | uted with
water to | Qg total nmass, was tested using a pH probe. The

m ni mum kil l-concentration (MKC) was tested against E.coli. Exanple 15 30
Pol yacr ol eigxafbleQi@) was added to hot PEG 200 (64.1 g, 65 C) and the m xture
stirred; unfi [ ' I b Pb-an T, ' e d at 90 C
For 2 hdur £ovhralti ek faf bRRSIER Aol a0 qFa e mIRTSRLET Be U
with wat er untl tha split tliseslvedof5 wini).c Walent{@akgedad\H2CEId¢d az0igihp migtuge ve 100g

Losted it AOBAPEER. 6r L ecRurEel 3084k or 2 B8 Ml HaBe S0 ' O

PCT/ AU2004 /2004533 c20l andhiee panpé made upgithavgitrdo i partandofwvivieh eenteined o 1 Qg

total mass, | - a 110. A Ki k- %n[gq ration
(MKC) was tNg‘é?éﬁOS(Z@ﬁﬂgt?%E@&@y&E‘&@ﬁ%Fg/ol\;gt]ugn g%'%%@%l eiLrhe% ) gﬁé was added
t o hot 1PEGhREDsq(utRn8ens ested)withriRANMPEHAvIpkt sifcss 904 threepH ofira i110gt seen®| i d

di ssol ved ] M@@?s ' : eat ed at
90 C for 09?‘“&%8‘%‘2 V\%éf\ééﬁé 3?5&03% owégﬁﬁge?ﬂgﬁgwﬁf@tsugﬁgmﬂﬁﬁgn al | oned
to cool andillihacerdmiiore(Micdevagdesisd agaiest &xcalio (a portion of which contai ned
Na2CO3 (0.040g)) to 20g to give a solution 5% w w in pol yacrol ein. The pH
of the 10 neat solution was tested with PANPEHA pH sticks and the pH of a

1. Qy sanpl dable1

Time & pH of pH of
Samp&ur) dl?sr:lﬂt?;n \::'\::gr Na%cg’ Temp of 2™ Na%%i Colour neat Hin-10 | MKC PPT
- ot Heating 2Atag) solution | dHuflon
X 10 mi b Mo but
Example 2 65 C (0.4%) G?MC@ 1 yellowforange 8.5 6.85 3% ppm poor
stabitity
Example 2 65 C No- s (C.4%) 2h@90 C orange 7.0 8.82 62 ppm Na
Example 4 65 C Yes | “Higl. 120';@% (0.4%) brown 8.0 7.12 31 ppm No
Example 5 65 C Yes 2h@9o C (0.4%) brown 8.0 7.41 B2 ppm No
Example & 85 C Yes ane (0.4%) brown 8.0 723 | 62ppm | No
- 2h@ 125
Example 7 85 C Yes 195 © 0,2%) brown 5,0 5.06 opm No
Example 8 85 C Yes 2h@eo ¢ {0.4%) brown 8.0 7.51 62 ppm Mo
Example 9 65 C Yes 2n@Y0 C | (0.4%) brown 8.6 8.69 ;gfﬂ No
Exampie 10 | 65 C Na 120’;@% (©.4%) beown 7.5 755 | 31ppm i No
25
Exsmple 11 65 C No he ©.4%) brown R 8.81 ;pm No
Example 12 65 C No sh@oo ¢ |[f o pel 500 No
_ R R ppm
Example 13 85 C Yes Wl 2h@es C | (04%) Orange 8.0 743 | 62ppm ppt
Example 14 G5 C No ) z2h@9ot C (0.04%) Brown 5.0 .37 62 ppm ppt
Example 16 65 C No 2h@B3 C {0.2%) brown 6.0 527 62 ppm ppt
RS 2h@ 125
Example 18 85 C Yes 3 105 © {0.2%} brown 5.0 5.08 ppm No

15

Table 2 Stability Data for Example 5

days at days at days at days at s days at
L, MKC 45 C Biocldal Y MKC 40 C Biocidal 40 ¢

Example 5 | B2 ppm 2 31 ppm 17 Pass 31 62 52 Pass 59

Sample MKC




diluted with water to 10g total nass, was tested using a pH probe, The

m ni mum Kkill-concentration (MKC) was tested agai nst E. coli T bl e I ?r)
Tanp of Add Add Time & a Add pH of pH of Sanpfe dissol utionShARya 200

Na, CO3i, gi Tenpof 2" NazCCapy Col our neat 1-in-10 MKC PPT Heating soI ution
dilution No Exanple 2 65 C No" 0.4% 10mn@No ge 8.5 8.85 31 but ( 65 C
yel | owt or an 8 /poor stability Exanple 3 65 C No' (0.4% 2 h @90 C No
orange 7.0 ¥O8PBUEHpm No Exanple 4 65 C Yes No, 10BCIBY0%4A0437r own 8.0
7.12 31 ppm No Exarrple 565 C Yes Ngi2 h @90 C (0.4% brown 8.0 7.11 62

ppm No EX I CYe t0S5@ (0. 4% bro .0 7.23 . . 125 No
il e 6a VB EFRDRS SR ge &y e (rosig P B, Temkgols ol Al e X5 0 vos
No 2h@0 CaﬁOelé%tedDr‘tetwpeiﬁtL@e Torsferdily pbovaNG5 Exanpl galilig5isGiyeficany 2 h @ 90
C (0.4% brown 8.69 12m No Exanple 10 65 C No No 105 @(0.4% brown
7.5 7.55 31 68&%% Example 11 65 C No No 7h@ (0.4% brown - 831 126 No 105
CMExarrpIe 12 65 C No (0.4% 2 h @90 C No 50m No Exanple 13 65 C

Yes.'. n 1 65 C No
No 2 b B ogneergtEn s Aiedh oot 8S alics brsh S BeSl Bt A RERE, S | o
90 C (0. 2%pigbificant irErébsb ir2stakilty pparoipqtivityEx dempbestitfedib dRaveesNo108@ ( 0. 2%

brown 5.0 06 12m No 15 Table 2 Stability Data for Exanple 5 days at days

at days at gays at days at |ISanple MKC rt MKC 40 C | Blocidal rt MKC 40 C
Bi ocidal 40 C Exanple 6 62 ppm 2 31 ppm 17 Pass 31 62 52 Pass 59

The agueous base is preferably added after heating in alcohol as demonstrated by
10 comparison of Examples 8 and 12.



30 January 2007 WD 2005/044874 PCT/ AU2004/ 001537 11 The Exanpl es show
that by heating the polyner in acrolein for a sufficient tipe at an

el evated tenperature, preferably above 65 C, the stability P&JameayE£00ant|y
increased. 5 The addition of aqueous base to provide a pH of at |east 7

al so provides a further significant increase in stability and/or activity
is denonstrated in exanples 7, 14 and . The aqueous base is preferably
added after heating in alcohol as denonstrated by 10 conparison of

Exanpl es 8 GpAIM®. 30 January 2007 12 CLAIMS 1. A nethod of manufacture
of a soluble, mcrobiologically active and stable acrolein polyner
conprising the follow ng steps in sequence: (a) polynerising acrolein in

t he presencek of Adasehod oﬂ”omarnl.éaquﬂbyofear sofubkc mokbbivjogidally adties ahdishaplé he

pol ynmer of noal cohols and pol yol s
optionally %ﬁ%h?gdmﬁ? Cgﬁ’gggv\gt erfo cﬁuﬁ%&%ﬁs i %f%%ﬁfﬁ’ solution of the

pol ymer of (agr oI;mlwmaw@qnanMed|:mgwea)rp$damb ofibasmiodfotnhampolymef ©f adreletr; ng t he
al cohol soI |o f f [ nore th n7 to
react the po ymrsbr%o ‘M;a ol'e ﬂ%r (8 acﬁégéﬁcgh%%or%sﬁ%ef%?f mxfnr?no OI%VI th
the pol ynerandf pelgols| asitinnally. wih restuitiod efc wetedi togfotro an ailaohd! sbiemzn rof tthe

acrolein p oWro?%’iBér?gﬁd ?rovf&f?n@%@q%fné H}oﬁ‘g&%rrqunt of up to 10% by wei ght

of the tot nononer dccor di ng to claim1 wherein
t he acrol ei(f) polhgating th@ QCOHwatmmnwfme paym#r ofetchoein a€ pdradinngndre tednai m 1
wherein th el IS I [ t he pol ynerisation reaction
as a preci g??gég,tﬁ% %Qrg!gegé%{c&%%niqﬁéhttﬁ%%%ﬂf&%h%@ 5. A nethod according to
clai m 1 whédki n nmikieg dese Wih theppilymerofiesralkeit. subj ect to oxi dation by
heating of the acrolein polymer solid in air at a tenperature of at | east

2. A method according fo claim 1 wherein the acrolein polymer comprises a

comonomer in an amount of up to 10% by weight of the total monomer composition.

3. A method according to claim 1 wherein the acrolein polymer is a
homopolymer,
4, A method according to claim 1 wherein the acrolein polymer is collected from

the polymerisation reaction as a precipitate, and dissolved in the alcohol.

5. A method according tc claim 1 wherein the acrolein polymer is not subject to
oxidation by heating of the acrolein polymer solid in air at a temperature of at least

60°C before dissolving in the alcohol.

6. A method according to claim 1 wherein the acrolein polymer is isolated as a
solid from the step of polymerisation in the presence of base and dissolved in the

alcohol without a step of oxidising the isolated solid by heating in air.
7. A method according to claim 1 wherein the acrolein polymer is dissolved in
the alcohol by heating the acrolein polymer in the alcohol to a temperature in the

range of from 40 to 105°C,

8. A method according to claim 1 wherein alcohol is a polyalkylene glycol.



60C before dissolving in the alcohol. 6. A nethod according to claim1l
wherein the acrolein polyner is isolated as a solid fromthe step B
pol ynerisation in the presence of base and dissolved in th O‘é‘f’b‘tﬂ%g 07
wi thout a step of oxidising the isolated solid by heating in air. 7. A
met hod according to claim1 wherein theldcrolein polyner is dissolved in

t he al coh by; ! : in i I I re
in the range o T omessORIRT ERRI PANKIT he Hedfind GORR polprer o RSB
al cohol is a polkyaboy isecmntglueddor a3bnd aoffeignt 200Rat 3 ®es Aonptdugriaie edrah ng
to claim1 wherein, the heating of the polyner, of acrolei in al cohol is
conti nued for sé['%i‘?c&ip g'iﬁlf‘?@”éq?ﬁfm@@ qqp@pums%iggg\ ﬂ@g’“gyg‘?ﬁqpi tate when

subj ect to the hereindefined aqueous solution stability test. 5 10. A

met hod according to claim| wherein the acrolein polynmer is heated in the
al cohod attla tlenpthad wceoiding e claamge wieseinShet acrd S e, pdlpmen ipbeatet imthene

range of fromfifteen mnutes to five hours, 11. A netho ccording to
clai m| wher el¥Fhed 8 HTEPRArWIE Wethearangs e PR tond0 118, E}rc%mﬂnqdnmstf@p
(b) has an aci ; f carboxyl groups per

ki | ogr am of pggrﬁ%g Fr?éw %éﬁﬁﬁ%ﬁgg&g\r/%ﬁ%rfo claim 1l wherein said acid
content is less than 0.5 nole acid groups per kilogramof polyner. 15 13.

A net hod ing. to claiml wherein the base is added to the al |
Aot od 90T Hl 8 SLRLL MDSLELR WIS ReRS LSoTaleshte MeBuieE!
clai m@3 wher gidbHoe Bldpofo)tHze ér?éb'ildtdd?ﬁeﬁl‘l%ﬂbbé’gwéﬁ 1 Fhol&Bf hagﬁs@?gﬁ]@s

from7 to 9.5. 15. A nethod according to claim 13 wherein the

resul ting sol gerbiogrem af pelygrarange of from 7.5 to 8.5. 25 16. A net hod
according to claiml wherein the base conprises a conpound selected from
the group consisting of alkali nmetal carbonate alkali netal hydroxide such

as sodi umiRydpoxieleo@ndcBdhg e sclaieraofvherein said acid content is less than 0.5
mole acid groups per kilogram of polymer.

15
13. A method according to claim 1 wherein the base is added to the alcohol
solution following dissolution of the alcohol.
14. A method according to claim 13 wherein the pH of the resulting solution is in
20 the range of from 7 to 9.5.

15. A method according to claim 13 wherein the pH of the resulting solution is in
the range of from 7.5 to 8.5.

256 16. A method according to claim 1 wherein the base comprises a compound
selected from the group consisting of alkali metal carbonate alkali metal
hydroxide such as sodium hydroxide and mixtures thereof.

17. A method according to claim 16 wherein the base comprises sodium
30 carbonate and/or potassium carbonate.

18. A method according to claim 1 wherein the polymer of acrolein used in the
step of heating in the alcohol is in a concentration in the alcohol of from 0.5 to
50% by weight.




17. A nmethod according to claim216 wherein the base conprises sodium 30
car bonat e and/ or potassium carbonate. 18. A nethod accordin 150 cl a'%rb_}
wherein the polymer of acrolein used in the step of heati n%’ INvane
al coholis in a concentration in the al CQI ol of fromO0.5 to, 50% by weight.
30 January 2007 14 19. A nethod accordifig to claim 18 wherein the
concentration is from0.5 to 40% by weight. 5 20. A nethod according to
claiml vvh%eéei n the al cohol is polyethylene glycol and in present at a

[

concentrat i19n Arinehedragegedipg to cais18 avionvingfienepagrntration s fiemnd§ to 40%
according to cgfb\gﬁg iWherein the alcohol is a polyethyl ene glycol of

nol ecul ar wei g i I}'he range of from 200 to 20,000. 10 22. A conposition
prepared according to the method of any one of clains 1 to 21. 23. Use of

t he acrol ei@ pxlyrrt%r prepared according to any one of clainms 1 to 15 as an
anti m ¢ obt@ . ATBebRd acoesdingde slaimy whereinuihe alzakied i palvelyiare ¢lyschand

pol ymer provid 1:n] | p i teHo . 40C for no
"ose than venrP BSgis e P ErtiatBA M 236 od s Ak 6.5'RBHY hichs. 100
cfu/nmL. 20 25. A use according to claim23 in admnistration to animals for

treat nent ro |,laxi s qf gastrointestinpal mcrobiological infection.
26. A use ol %@&éﬂa%oaﬁngﬂ%‘%%ww%@@ram of & e?%lmthyieﬁe glycol of
pr epar ati on of majeciRg! h iheTafgabs ABR 26616 Fdggolo animls in

treatment or prevention of 25 gastrolntestinal 1nfection. 27. A use
accordfOng to claim26 wherein the conposition is in a formfor

adm ni st er e R c%rr}fp%%}t%nvﬁr%pglté gc':cnoqd:‘f\w%tt%rthgrmc\é{h%é of ghy%%e of claims 1 to 21.

23. Use of the acrolein polymer prepared according to any one of claims 1 to 15
as an antimicrobial.
15
24. A use according to claim 23 wherein the acrolein polymer provides a minimum
kill concentration after storage at 40°C for no less than twenty days of less
than 150 ppm against E. cofi, at 10*10° cfu/mL. ‘

20 25, A use according to claim 23 in administration to animals for treatment or
prophylaxis of gastrointestinal microbiological infection.

26. Ause of an acrolein polymer prepared according to claim 1 in preparation of a

medicament for oral administration to animals in treatment or prevention of
25 gastrointestinal infection,

27. A use according to claim 26 wherein the composition is in a form for
administered to animals via drinking water or via food.

30



