(11) Application No. AU 2008324749 B2
(19) AUSTRALIAN PATENT OFFICE

(54)  Title

Anti-microbial polymers and their compositions

(51)%  International Patent Classification(s)
CO8F 16,34 (2006.01) 31-78
AOQ1N 35-02 (2006.01)20060101ALTZ2005051
AO1N 61,00 (2006.01) 4BHAU AB1P
A61K 31,78 (2006.01)7-02
A61P 7,02 (2006.01) 20060101ALI2003051

AG1P 29,00 (2006.01) 4BHRU AG1P
AG1P 31,04 (2006.01) 200
A61P 35,00 (2006.01) 20060101AL120£201511)
Co8G 2,00 (2006.01) 2
3104
CO8F  16-34
20060101ALT2009051
20060101AFT 2009051 AG1D
ABHAU AO1N 4BHAU
3500
3502
006010181 12009051 20060101ALT2009051
CosG
ABHAU AOLIN 4BHAU
2,00
61,00
20060101ALT2009051
20060101ALT 2009051
ABHAU A61K 4BHAU
PCT/AU2008.-001140
(21) Application No:  5ppg324749 (22) Application Date: 2908 0g 06
(87)  WIPONo:  ggg,g59350
(30) Priority Data
(31 Number (32) Date (33) Country
2007906829 2007 12 14 Al
2008903576 2008 07 11 Al
2007906124 2007 11 07 Al
(43) Publication Date : 2009 05 14

7n Applicant(s)
Recce Pty Ltd

(72) Inventor(s)

Melrose, Graham J. H.

(74) Agent/Attorney
Wrays, PO Box Z5466, Perth, WA, 6831

(56)  Related Art
Wo 2005-044874
Wo 199638186




2009/059350 A1 [NNNTRRINN AW

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Tnternational Burcau

(43) International Publication Date
14 May 2009 (14.05.2009)

(10) International Publication Number

WO 2009/059350 Al

(51) International Patent Classification:

COSF 16/34 (2006.01) AGIP 35/00 (2006.01)
AGIK 31/78 (2006.01) AOLN 61/60 (2006.01)
A6LP 31104 (2006.01) AGLP 29100 (2006.01)

AOQIN 35/02 (2006.01)
AGIP 7/62 (2006.01)

CO8G 2/60 (2006.01)

(21) International Application Number:
PCT/AU2008/001140

{22) International Filing Date: 6 August 2008 (06.08.2008)

(25) Filing Language: English

{26) Publication Langnage: English

(30) Priority Dala:

2007906124 7 November 2007 (07.11.2007) AU
2007906829 14 December 2007 (14.12.2007) AU
2008903576 11 July 2008 {11.07.2008) AU

(71) Applicant (for all designated Sities except US): RECCE
PTY LTD [AU/AUY; 21 Caladenia Parade, Mouat Clarc-

mont, Western Australia 6010 (AU).

{72) Inventor; and
(75) Inventor/Applicant (for US only): MELROSE, Graham

Juw Ho [AU/AUY; 21 Caladenia Parade, Mount Claremont,
Western Australia 6010 (AU).

(74) Agent: WRAYS: 56 Ord Street, West Perth, Western Aus-

tralia 6005 (AUD).

(81) Designated Slates (unless otherwise indicated, for every
kind of nutional proteciion available): AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CII,CN, CO,CR, CU, €7, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, T1, GB, GD, GE, GIL GM, GT, [IN. IIR, 11U, ID,
IL, IN, IS,JP, KIi, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
IR, I8, IT, LU, LY, MA, MD, ML, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO,NZ, OM, PG, PII, PL, PT,
RO, RS, RU, SC, SD, 81§, 8G, 8K, 8L, SM, 8T, 8V, 8Y, 1),
TM, TN, TR, TT, TZ,UA, UG, US. U7, VC, VN, 7A, 7M,
ZW.

(84)

Designated States (unless otherwise indicated, for every
kind of regional protection availuble): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, KA, SD, SL. §Z, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR,GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF. BJ, CF, CG,
CL CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

(54) Title: ANTI-MICROBIAL POLYMERS AND TIIEIR COMPOSITIONS

o (57) Abstract: Polymers derived directly from acrolein monomer that arc substantially soluble in water and/or aqueons mcdia,
together with methods for preparing same and compositions containing such for usc as an anti-microbial, anti-cancer, anti-intlam-

matary and/or anti-caagnlant.

2-



10

15

20

WO 2009/059350 PCT/AU2008/001140

41—
“Anti-Microbial Polymers and their Compositions”
Field of the Invention

The present inventioﬁ relates to anti-microbial polymers and their compositions,
The polymers are derived from the aqueous, base-catalysed polymerisation of
acrolein and/or its acetals with hydroxy-alkanoic acids - optionally in the presence
of ascarbic acid and/or anti-oxidant and/or alkanol. The present invention is in
part directed to the manufacture of these compounds, and in vitro or in vivo uses
of the compositions derived therefrom, especially as anti-microbial agents within

the gastro-intestinal tracts of humans or animals.
Background Art

A “pure” polymer is inherently a mixture of different molecules. These molecules
have different molecular weights, and often, different configurations — depending
upeon the polymerisation conditions by which the polymer was formed from its
monomer(s). As a result, the mode of polymerisation of the monomer determines
the chemical structure and hence, all properties of the polymef. It is groundiess
and most often wrong to assume that all polymers from the one monomer are
either the same or react in the same manner. In particular, acrolein (2-propene-1-

al) has alternative reaction-sites and every “polyacrolein” is not the same.

In this invention, polymerisations to yield a range of novel and useful polymers of
acrolein and/or its acetals with hydroxy-alkanoic acids are described, so as to give
distinct polymers of different and desired physical, chemical and anti-microbial
properties.

The polymerisation of acrolein was first reported' in 1843 ~ providing a solid,
insoluble in all common solvents, and of no significant use.
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Much later in 1987, Melrose et al® first described the manufacture, compositions
and uses of a range of polymers of acrolein as anti-microbial agents; by
demonstrating a structural analogy between the polymers and the chemical
sterilant glutaraldehyde (pentane-1,5-dial), the carbonyls were assigned as the
anti-microbial sites in the polymers. Since water is the growth-domain of nearly all
micro-crganisms, water-solubility or at least an ability to disperse is essential for
anti-microbial activity against these micro-organisms; therefore, usually, the
polymers also contained hydrophilic co-monomers, so as to make the polymers
more water-soluble. But still, anti-microblal activity of the polymers remained low,
due to thelr high content of co-monomer which only contributed hydrophilicity.

In an attempt to circumvent this limiting insolubility in water — subsequent art 37
always requires firstly, the anionic homo-polymerisation of acrolein monomer only,
to yield an insoluble polyacrolein. Therefore, this was followed by secondly,
filtration of the resulting water-insoluble polymer - then thirdly, proionged
autoxidation of the polymer by heating in air or oxygen over several days, to yield
the acrolein-polymer, poly (2-propenal, 2-propenoic acid) having a content of 0.1
to 5 moles of (hydrophilic) carboxyl/Kg of polymer, so as to achieve water-
solubility, albeit only* at pHs above 5.5. Fourthly, the auto-oxidised polymer may
be treated with palyethylene glycol (PEG) over a range including both weakly
basic then weakly acidic conditions, to vield an acrolein-polymer having increased
hydrophilicity, and acetal groups derived from reaction with the polyethylene
glycol. However, this sequential synthesis is substantially fimited, in that its
autoxidation-step is so protracted ~ and tenuous, due to the well-known propensity
of acrolein-polymers to revert to insoluble gums during fiftration, and especially
upen heating — a property® which had inhibited their use for over one hundred
years. As a direct consequence of these disadvantages, this process can not be

repeated, successfully, on a regular basis.

Thus, it is one (first) objective of this invention, to provide novel, anti-microbial and

water-soluble polymers of acrolein by a practical synthetic route — and in
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particular, in so doing, to avoid the necessity of proceeding through an
autoxidation-step of polymer.

Within the gastro-intestinal tract of humans, the bacterium Helicobacter pylori™®
may be harboured in tooth-plaque; also surrounded by protective natural
polymers, it is found in the stomach of about 50% of persons world-wide. In
humans, it is unequivocally associated with stomach and duodenal ulcers and
cancer; noteworthy, the bacterium thrives within the acidic pHs of the stomach.
Therapy for infected patienis necessarily includes a regime of a range of different
anfibiotics — since it is increasingly being frustrated by strains of H. pylori which
are resistant to known antibiotics. [n animals, but with less certainty, other
Heficobacter have also been associated with gastro-intestinal disease.

Always, soluble polymers of acrolein have shown an exceptionally wide range of
anli-microbial activity — even against antibiotic—resistant germs — and this is
explained by the polymers’ content of carbonyl groups which react destructively
and indiscriminately with ever-present proteins in the outer membranes of all
micro-organisms. Particularly, Melrose et al” have reported anti-microbial activity
of the acrolein-polymer, poly (2-propenal, 2-propenoic acid) against H. pyfori, ih
vitro at pH 4 or pH 7 — but the polymer’s water-solubility and anti-microbial activity
is greatly reduced at the lower pHs associated with stomach-contents (that is,
below pH 4).

Indeed, if tested, every acrolein¥polymer which is soluble in aqueous solvenis —
has demonstrated anti-microbial activity. However, it is a central tenet of this
invention that there has always been a challenging compromise to this latent anti-
microbial property of all acrolein-polymers: It is solubility. Particularly, lack of
solubility compromises the manifestation of the polymers’ substantial and broad

anti-microbial properties over low pH ranges in water.
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Thus, it is a second objective of this invention to provide novel polymers from
acrolein, such that the polymers are soluble over the low pH ranges found within

the stomach of humans, and associated with the growth of especially, H.pylori.

it is well-known®” ? that acrolein can be a source of exireme irritation to humans
or animals. It is generally recognised that any molecule having molecular weight
less than 800, reasonably freely passes through natural membranes (skin or
intestines); thus, irritating acrolein-monomer, low molecular weight cligomers of
acrolein or its acetals have the propensity fo penetrate protective membranes in

humans or animals and hence, enter the vascular system, causing irritation.

Therefore, it i a third objective of this invention to provide polymers from acrolein
which are novel, water-soluble at all pHs and anti-microbial - and alsc having

structures with fewer propensities to migrate across membranes.

Specification WO 2005/044874 describes a method for the manufacture of what
are referred to as soluble, microbiologically active and stable acrolein polymers.
Importantly, the polymer described is not derived directly from acrolein and is
subject fo the known problems associated with the initial filtration of a derived
acrolein and is consequently limited by the formation of emulsions and gums.
These issues have been highlighted in the prior art*, The polymers produced by
this method are not significantly anti-microbial and the minimum kil
concentrations (MKC’s) disclosed in the specification are known fo involve a 24 hr
exposure time. The method of manufacture described includes a number of
limitation in addition to that noted immediately above. These include
autoxidation/severe heating conditions at 65°C and above (which are described
as essential), derivation in acidic conditions, a requirement for subsequent
treatment of the polymer with base fo achieve sfability, substantial degradation of
the polymer as evidenced by the brown colour thereof, and the polymer derived in
this manner is further poly-acetal and contains considerable carboxyl as is
apparent from its dissolution in sodium carbonate solution (normally about pH 11)
only giving a pH of 8 as the result of neutralisation of carboxyl.

-6-
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This discussion of the background is only intended to facilitate an understanding
of the present invention. The discussion is not an acknowledgement or admission
that any of the material referred to is or was part of the common general
knowledge as at the priority date of the application.

5 In this specification:

(a) Unless specifically designated, always, an “alkanol” describes any compound
having one or more hydroxyl groups, including hydroxy-derivatives of
alkanes, alkenes, alkynes, aromatics, heterocycles, sugars, natural or
synthetic polymers;

10 (b) Unless specifically designated, always, an “hydroxy-alkanoic acid” or “alkanol
containing carboxyl(s) groups” includes hydroxy-carboxylic acid-analogues
related to alkanes, alkenes, alkynes, aromatics, heterocycles, sugars, natural
or synthetic polymers - and as well as referring to mono-functional
compounds in either one or both of these functional groups - may also

15 include such compounds containing more than one hydroxyl group andfor
more than one carboxyl group and/or other groups which do not materially

interfere with the functionality of either the hydroxyl or carboxy! groups;

(¢) Unless specifically designated, always, “acetal” may describe mono-acetal
and/or di-acetal;

20 (d) Unless specifically designated, always, “polymerisation”, may describe

homo-polymerisation and/or co-polymerisation;

(e) Unless specifically designated, always, “olefinic monomer containing
carboxyl group(s)’ describes an olefin-monomer capable of polymerisation

and containing one or more carboxyl groups in any state of ionisation;
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(f) Unless specifically designated, always, “acrolein” may describe andfor may
include not only the free acrolein-monomer, but also in the same context,

the acrolein-residue within a polymer;

(9) Whilst H.pylori is dfscussed in particular herein, the invention is appli.cable to
other Helicobacter or’ other micro-organisms, especially amongst others,

bacteria, fungi, yeasts, viruses and/or protozoa;

(h) Whilst the present invention is described with reference to acro‘lein, it is not
to be understood as limited thereto, but rather includes derivatives of
acrolein (such as, methacrolein).

Throughout the specification and claims, unless the context requires otherwise,
the word ‘comprise” or variations such as “comprises” o} “‘comprising”, will be
understoed fo imply the inclusion of a stated integer or group of integers but not
the exclusion of any other integer or group of integers.

Disclosure of the Invention

In accordance with the present invention there are provided polymers derived

~ directly from acrolein monomer, having structures such that the polymers are

substantially soluble in water and/or aqueous media, and remain as soluble
solutes in water and/or aqueous media throughout their preparation by
polymerisation, wherein the structures of the polymers resuit from inter-action
with ascorbic acid (or other carboxylic acid or other anti-oxidant) during the
polymerisation; and/or inter-action with a nucleophile or alkanol (and/or its fon)
during the polymerisation; and/or inter—qction with a hydroxy-alkanoic acid (and/or

its ion) before, during or after the polymerisation.

Preferably, the polymers of the present invention are soluble at a pH of less than
about 4. )

" Still preferably, no intermediate autoxidation step is employed in the preparation

of the polymers of the present invention.

Amended Sheet
IPEA/AU
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Still further preferably, the polymers of the present invention are substantially
anti-microbial.

Yet still further preferably, the polymers of the present invention have an average
molecular weight of greater than about 1000 Daltons. The polymers may be

prepared so as to have fewer propensities to migrate through‘ membranes as the

Tesult of having high levels of polarity and/or hydrophilicity due to included

carboxyl groups, either-within hydroxy-alkanoic acids attached to the polymers as
acetal groups, or within monomer-residues in the polymers — and whereby these
polymers of average molecular weight greater than 1000 Daltons are

substantially inhibited from passing.through membranes which are designed to

be transmissible to all molecules up to molecular weight 1000 Daltons.

The polymers of the present invention rﬁay additionally or further be prepared so
as to have fewer propensities to migrate through membranes as the result of
having WIthln structures resulting from the reaction betwsen alkanol (and/or its
ion) and proximate carbons te the carbonyl in acrolein-residues within the
polymers - and whereby these polymers of average malecular weight greafer
than 1000 Daltons are substantially irhibited from passing through membranes
which are designed to be transmissible to all molecules up to molecular welght

1000 Daltons.

The polymers of the present invention preferably have a carboxyl content of
between about 0.1 and 25 moles/Kg of polymer. .

In accordance with the present invention there is further provided a-composition,
being a solution, gel, emulsion or suspension of matter comprising at least in part
polymers as defined hereinabove.

In accordance with the present invention there is still further provided an in vitro
and/or in vivo anti-microbial composition comprising at least in part polymers as
defined hereinabove.

In accordance with the present invention there s yet still further provided a
method for the synthesis of polymers directly from acrolein monomer and which

Amended Sheet
IPEA/AU
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are substantially soluble in water and/or aqueous media, and remain as soluble:
solutes in water and/or aqueous media throughout their preparation, wherein the
polymers are prepared by polymerisation through interaction of the acrolein
monomer with ascorbic acid (or other carboxylic acid or other anti-oxidant) during
the polymerisation; and/or interaction with a nucleophile or alkanol (and/or its ion)
during the polymerisation; and/or interabtion with a hydroxy-alkanoic acid (and/or
its ion) before, during or after the polymérisation, polymerisation taking place in

basic aqueous solution in the presence of a basic’catalyst.

Preferably, the hydroxy-alkancic acid forms cyclic acetal(s) with acrolein-
monomer or acrolein-residue. The hydroxy-alkanoic acid is further preferably
tartaric acid. '

The basic aqueous medium is preferably aqueous sodium hydroxide at a pH of
between 9 to 14, further preferably between pH 10 to 13.

The acetal is preferably formed by acid-catalysis, further preferably using dilute
sulphuric acid. The alkanol is preferably a polyalkylene glycol. The polyalkylene
glycol is preferably polyethylene glycol.

The . polyethylene glycol. preferably hés avérage molecular weight of 200 to
10,000 Daltons. The ratio of polysthylene glycol:acrolein or acrolein incorporated
as its acetal, is preferably greater than 1:1 viv, preferably greater than 4:1 v/v.

The organic nucleophile is preferably a carboxylic acid. The ratio of ascorbic
acid:acrolein or acrolein incorporated as its acetal is preferably in the range of
about 0.01 to 10:1.00 w/w. Still preferably, the ratio of ascorbic acid:acroléin or
acrolein incorporated as its acetal is in the range 0.1 to 2.0 : 1.0 ww - and

preferably 0.6:1.0 w/w.

In accordance with the present invention there is still further provided methods for
the treatment of microbial disease or cancer, disorders of coagulation, and/or
inflammatory disorders, each method comprising the administration to a subject
of a pharmacéutically acceptable amount of a polymer as described hereinabove,

or a composition containing such.

Amended Sheet
IPEA/AU
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In accordance with the present invention there is yet still further provided the use
of a polymer as described heréinabove in the preparation of a medicament for
the treatment of one or more of a microbial disease or canser, disorders of

coagulation, and/or inflammatory disorders or conditions.

it is hypothesised herein, that the ubiquitous, complete insolubility of polymers
resulting from prior-art polymerisations of acrolein monomer®” — may be inhibited
or prevented (aﬁd ‘anti-microbial properties ménifested) by either one, or a
combination of two or three methods; primarily, it is hypothesized that the totality
of the insolubility is only consistent with inter-molecular cross-linking within the

polymers:

Method 1: As this crosé-linking was taking place at alkaline pHs, it was
concluded that the rapidly-forming cross-links could not be acetal, since these
form only under acidic conditions''; hence, the links causing insoltjbility would
likely be of radical-origin and could be inhibited during or after polymerisation
by ascorbic acid, (having the pfoperties of a water-scluble anti-oxidant and as

well, an acid).

Thus, this first method, using ascorbic acid andfor its ion (see Example 5(a) -
hereinafter), in accordance with objectives one and two of this invention has been
successfully used — without an autoxidation step - to provide polymers which are

novel, anti-microbial and water-soluble at all pHs.

It is important to note that all three of the “polyacroleins’ derived from prior art

(see Example 1 hereinafter) and the polymer from the above polymerisation of

Ameﬁded Sheet
IPEA/AU
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acrolein in the presence of ascorbic acid (Example 5(a)) - are very different:
Obviously, the final polymer from either synthesis is derived from a different pre-
cursor — the prior art polymer, from a second intermediate-polymer (Example 1) —
the polymer of this invention, directly from the monomer (Example 5(a));
furthermore, the prior-art polymer is insofuble below pH 4, has a carbonyl-content
of 380% and is strongly coloured, indicating substantial conjugation within the
molecule — whereas the polymer of this invention is soluble at all pHs below pH 4,
has a carbonyl-content of only 40% and is without significant colour or
apparently, conjugation. The prior art, first intermediate-polymer is totally
insoluble and is demonstrably, a different “polyacrolein”. Whereas the prior-art
“polyacrolein”, termed the second intermediate-polymer (and being derived from
autoxidation of the first intermediate-polymer) is substantially anti-microbial (only a
small amount is required for inhibition of microbial growth) - the polymer from this
invention is initially, eight-fold less anti-microbial; treatment of this second
intermediate-polymer from prior art with base and polyethylene glycol, increased
by two-fold the amount of polymer required for inhibition (Example 1) — similar
treatment of polyacrolein from the present invention, produced the opposite effect,
decreasing forty-fold the amount of polymer required for inhibition (Example 5);
further, this second intermediate-polymer is also obviously different from the

totally soluble polymer herein, in that it is not soluble below pH 5.5.

Method 2: If, during ionic polymerisation by base organic nucleophile,
especially alkanol is included — it is hypothesized that the formation of inter-
molecular bonds causing insolubility of polymer can be inhibited by steric
hindrance between separate molecules — as the result of the alkanol or its ion
bonding by Michael-type reaction'™ to active (in the sense of active-
propensity to lose attached hydrogen), proximate carbons fo the carbonyl
groups in the polymers - thus forming bulky side-groups in the separate

polymer-molecules which inhibit cross-linking and insolubility.

Thus, this second method, using alkanol (see Examples & and 7 hereinafter) in

accordance with objectives one and two of this invention has been successfully
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used — without an autoxidation step - to provide polymers which are novel, anti-

microbial and water-soluble at all pHs.

The successful prevention of cross-linking and its resultant insolubility of acrolein-
polymers in this way, herein (Examples 6 and 7), was initially unexpected, for the
reason that previously, polymerisations between acrolein and alkanol have always
vielded insoluble polymers®. Further, given the immediacy of the precipitations of
polymer in the prior art®, it is additionally unexpected that the reaction brought
about by the alkanol during the polymerisation herein is sufficiently fast, so as to

prevent any precipitation or even clouding.

The difference between the polymer derived this way herein (Example 7), and the
polymer (also treated with alkanol) in prior art® (Example 1) is apparent: Firstly,
the polymer of this invention (the former) has been synthesised directly from
acrolein monomer — the polymer from prior art (the latter) has been synthesised
from poly (2-propenal, 2-propenoic acid) ; secondly, the former, having been
prepared snfirely under basic conditions can not be of acetal structure!'® —
whereas, the latter prepared under conditions including acid-treatment, has been
assigned an acetal structure with the alkanol; thirdly, the former is soluble at pHs
below 4 — the latter is not; fourthly, the former is colourless — the latter is deep red,
indicating considerable un-saturation within the molecule; fifthly, the former has a
carbonyl-content of 20% -~ the latter has 380%; sixthly, the former is many-fold
mare anti-microbially active, inhibiting mixed microbes at 100 ppm and killing 10°
E.coli in 3 minutes — whereas for the latter, the parameters were 500ppm and 3

hours, respectively.

Additionally, the polymer (Example 6) of the present invention has similar
differences to the polymer of prior art (Example 1).

In summary, as well as being many-fold more anti-microbial than the “super-
activated” polymer of prior-art® — the polymers of the present invention are water-

soluble over a broad range of pHs, whilst the prior art polymer is not.
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Method 3: If, before the polymerisation, at least a portion of the acrolein
was converted to its acetal derivative with a hydroxy-alkanoic acid — it is
hypothesized that the formation of the inter-molecular bonds causing
insolubility can be inhibited, especially under the basic conditions, as the
result of inter-molecular repulsion between the ionized carboxyls within

the polymer-molecules of the present invention.

Thus, in accordance with objectives one and two of this invention there is
provided a third method — without an autoxidation step - for the preparation of
polymers which are novel, anti-microbial and water-soluble at all pHs, derived
from the polymerisation of acrolein, its derivatives and/or its acetals with hydroxy-
alkanoic acid (see Example 3 hereinafter) - optionally, additionally performed in
the presence of ascorbic acid, the method also giving in substantial yield,
polymers which are water-soluble at all pHs, and anti-microbial (see Example 4
hereinafter).

Further, the novel, anti-microbial polymers of acrolein provided by all three
methods have practical levels of stability under simulated pH and resident-time
within the stomach.

By design herein, another important advantage in forming the acstals with
hydroxy-alkanoic acid is that it renders the polymers more hydrophilic, causing the
polymers to have fewer propensities to migrate across biological membranes in

vivo; it is well-known in the art that increased hydrophilicity slows migration.

Thus, in accordance with a third objective of the present invention, there are
provided polymers of acrolein which are novel, anti-microbial, soluble at all pHs -
and which have a reduced propensity to migrate across biological membranes.

The polymers derived from the co-polymerisation of an acetal, according to the
present invention have a carboxyl-content of about 0.1 to 15 moles/Kg of polymer
- preferably about 5 to 10 moles carboxyl/Kg of polymer. That is, usually, the

-14-
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novel polymers have higher carboxyl contents than those of prior art — and a

reduced propensity to migrate across biological membranes.

During dialyses, these polymers were inhibited from travel through membrane
which is designed to be permeable fo all molecules up to 10,000 Daltons.

Herein, for estimations of anti-microbial activity, an assay of inhibition of growth of
micro-organisms in milk was chosen, as milk contains a wide range of different
micro-organisms, and contains proteinaceous materials which usually, readily
bind-with and de-activate acrolein-polymers. The Examples provided hereinafter
show that this invention provides substantially anti-microbial polymers — in these
demanding conditions. Also, the polymers were estimated against diarrhoea-

producing bacteria, Escherichia coli.

The polymers of Examples 4 and 7 hereinafter are two preferred polymers of the
present invention — both are prepared without an autoxidation step — are soluble
at all pHs — and have structures designed to give minimal migration across
membranes relative to that of prior art acrolein polymers. Additionally, a summary
of results from these estimations for these polymers, and the best prior art
polymer (Example 1) shows that there is also provided herein, polymers which are

considerably more anti-microbial than any acrolein-polymers of the prior art:

TABLE 1: Comparison of Polymeric Anti-microbials (See “Examples” section for

details of methods)

Example Minimum amount for total kill (ppm)  Time to kill £.coli (mins.)
4 250 180
7 50 3
1 500 180
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Best Mode(s) for Carrying Out the Invention

In chronological order, the method of the present invention comprises the

following, outline steps:

1. Optionally, partial conversion, using acid-catalyst, of acrolein monomer to
its acetal derivative with an hydroxy-alkancic acid;

2. Polymerisation in basic aqueous solution and providing a basic catalyst, of
acrolein, and/or acrclein plus alkanol and/or other organic nucleophile(s)
(and/or its ion), and/or the product from Step 1 above — optionally, in
solution with other menomer(s), and/or ascorbic acid (and/or its ion) and/or
other antloxidant and/or other acid ; and

3. Adjustment of the resulting solution to pH 7 with acid.

Additionally, at the commencement of Step 3 (before adjustment to pH 7), it will
be apparent that all the preparations of this invention are amenable to dialysis
against water; especially, this totally removes any low molecular weight fractions
which may penetrate membranes, in vivo. However, when applying this technique
to the polymer (see Example 4 hereinafter), some loss of anti-microbial activity
was observed; alternatively, this can be prevented by dialysis against sodium
tartrate solution, adjusted to pH 6. A decrease in carbonyl-content accompanies
this alternative and the recovery of anti-microbial activity — and suggests that this
acetal-polymer has a different site which causes the anti-microbial activity, other
than carbonyl.

The combination of methods (of Examples 4 and 7 hereinafter) within Example 8,
discussed hereinafter, represents an additional, preferred methodology of the
present invention, and yields a polymer of substantial anti-microbial activity.
However, an analogous combination of the methods of Examples 4 and 6 yields a
polymer of only insignificant anti-microbial activity (see Example 9 hereinafter).
The common element of Examples 8 and 9 is that the carbonyls of polymers from

boilh are hindered by acetal-formation (by inclusion of the common method of
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acetal-formation from Example 4); the reason for their difference is apparent when
it is concluded that the site of anti-micrabial activity in the polymer of Example 7 is
at its remaining and active carbon atoms with which the PEG reacts — whereas in
the polymer of Example 6, all active carbons are reacted with PEG, and the
carbonyl groups remain exclusively as the scle site of anti-microbial activity.
(Following alternative dialysis-conditions of polymer derived in Example 4 — the
resultani-polymer which is the more active anti-microbial, has the lower carbonyl-
content; this also indicates an altemative site of activity to the carbanyl groups.)
Thus, it is apparent that the method of the present invention has the additional
advantage of providing polymers having two different anti-microbial sites — for
example, from Examples 4 or 7 — or from Example 6, respectively. Particularly,
this presents an alternative defence against germs evolving anti-microbial
resistance. In Step 1, usually a stoichiometric excess of acrolein over hydroxy-
alkanoic acid is used, so that in Step 2, co-polymerisation occurs between the

acetal of acrolein and the remaining, excess acrolain.

In Step 1, the hydroxy-alkanoic acid is, for example, tartaric acid, lactic acid,
glyceric acid, glycolic acid, citric acid or 2-hydroxy-butanoic acid - or other
hydroxy-carboxylic acid conceptually derived from the selective oxidation of a diol,
an alkan-diol, a polyol, a poly(oxyalkene), a sugar or other molecule containing
multiple hydroxyls, such as ethane-1,2-diol, glycerol or polyethylene glycol. A
thiol-analog of a hydroxy- alkanoic acid, for example, glutathione, may also be
used.

In Step 1, amongst other evidence herein, acetal-formation is confirmed by
contrasting the propetties of polymers without acetal (Examples 1 and 5(a)) with

polymers containing acetal (Examples 3 and 4, respectively).

As they form cyclic acetals with acrolein - which are more favoured (than linear
acetals) in their equilibrium-forming reaction’ - preferred hydroxy-alkancic acids

are tartaric acid or ascorbic acid, especially the former. Within practical limits, in
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polymers, the acetal of tartaric acid was stable at pH 2 at 37° C for 4 hours —

conditions associated with the resident period of contents in the stomach.

In Step 2, the preferred base is aqueous sodium hydroxide solution — having a pH
between 10 and 13.

In Step 2, the preferred organic nucleophile is an alkanol, although a carboxylic
acid may be used; a more preferred alkanol is a polyalkylene glycol, especially
polyethylene glycol; the preferred molecular weight of the polyethylene glycol is in
the range 200-2000 Dalions. For a given weight-ratio of acrolein to alkanol,
higher molecular weights of the alkanol give more hindrance and, polymers which
have fewer propensities to migrate through membranes; conversely, lower
molecular weight alkanols may be preferred in order for the acrolein polymers to
penetrate natural polymers surrounding target-germs. The preferred ratio of
polyethylene glycol: acrolein (or its acetal) is greater than 1:1 wiw — and more
preferably, greater than 4:1 w/w.

In Step 2, and in keeping with discussion hereinabove, a relatively low
stoichiometric ratio of hydroxyl groups with the polyethylene glycol (brought about
by a high molecular weight andfor a low concentration of the polyethylene glycol)
will leave un-reacted active carbons within the resulting polymer — and favour anti-
microbial activity at this site in the polymer; the converse will favour anti-microbial

activity at the carbonyl groups within the polymer.

In Step 2, if both tartaric acid and polyethylene glycol are used - MW 2000 of the

latter, without heating is much preferred (see Example 8 hereinafter).

In Step 2, ascorbic acid (andfor its ion) is preferred; water-soluble antioxidants
other than those known in the art may be used. Ascorbic acld (neutralized with
base to prevent the formation of acetal) — when used without augmentation of
alkanol as the means of preventing insolubility, should be used at greater than
about 0.15 part by weight to every 1.00 part of acrolein or acrolein incorporated as
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its acetal. Ascorbic acid may contribute as an antioxidant, alkanol or carboxylic
acid, to inhibit cross-linking between polymers.

In Step 2, the optional co-monomer (if used) is usually an olefinic monomer
containing carboxyl groups — preferably, acrylic acid at about 0.05 to 0.10 part by
weight to every 1.00 part of acrolein or acrolein incorporated as its acetal. Also,
the co-monomer may contain more than one carboxyl group e.g. maleic acid. The
usual purpose in the inclusion of monomer is to provide either repulsion between
the molecules (or their ions) during polymerisation, and/or hydrophilicity in the

product-polymer.

Polymers of this invention have been provided either as their aqueous solutions
(see Examples 2, 5, 8) — or after dialysis, isolated as the dry liquid-polymers (see
Examples 4, 6, 7). )
The polymers of this invention have physical and anti-microbial stability which
makes them practical for their intended uses — and in particular, under the

conditions (pH 2/37°C/4 hours) which simulate residence-time in the stomach.

Being free of the protracted autoxidation step — in contrast to prior art, there is
now provided, syntheses of watersoluble and substantially anti-microbial
polymers, amenable to the greatly improved economies of continuous-flow

manufacture (over the batch-wise manufacture required of the prior art).

it will be apparent that the examples herein contain laboratory methods;
industrially, they will be varied considerably, in ways which are readily apparent to
those skilled in the art — and which remain within the spirit and scope of the
present invention.

Throughout the description of the present invention, in all methods, the solvent is
either aqueous or entirely water. However, the preparations are amenable to
heterogeneous techniques - including emulsion, dispersion or suspension
techniques.
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* Itis also apparent that the reactions described herein, with free acrolein monomer

and/or its derivatives, especially with hydroxy-alkanoic acids — are amenable to

the same reactions with fixed acrolein- residues within polymers.

It will be apparent to those skilled in the art that the polymers of this invention may
be formulated in controlled-release compositions and/or with other materials as
solids, solutions, emulsions, suspensions or gels, into compositions suitable for

use in human or animal health care, especially within the gastro-intestinal tract.

It will be apparent from reading the specifications and examples of Australian
Provisional Patent Applications 2007906124, 2007906829 and 2008903576,

priority having been claimed from each in the present application, that free-radical

catalysts, including redox catalysts may be used alternatively or in conjunction
with the ionic catalyst-systems emphasised heréin, to give anti-microbial polymers
which remain soluble as described herein. However, without excluding polymers
derived from free-radical catalysis {(which gives much lower yields with residual
contamination by toxic monomer and oligomers?), for conciseness and clarity

herein, the preferred methods by ionic catalysis are emphasised.

- EXAMPLES

EXAMPLE 1; PRIOR ART®, PREPARATION OF POLY (2-PROPENAL, 2-
PROPENOIC ACID)

With continued stirring at room-temperature, in chronological order:

1. Freshly distilled and inhibitor-free acrolein (15g) was added to water
(180g); and

2. The pH was adjusted to 10.5 by addition of aqueous sodium hydroxide (ca
5ml; 0.8% wiw).

After 30 minutes, the insoluble precipitate of the first intermediate-polymer (which
had formed within the first minutes) was filtered, then air-dried, firstly at room-
temperature for 1 day (dry weight 7.62g; polymerisation-yield 50%; softening
around 80°C) and then by successive heat-increments to 75°C over 2 days,

Amended Sheet
IPEA/AU
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foliowed by heating at 85°C for 1 day. This resulting second intermediate-polymer
dissolved in basic, aqueous solvent to give a deep red solution — but precipitated’
at pHs below 8; Microbiological Assay showed, minimally, inhibition at 250ppm of
polymer. ‘

A sample of this autoxidized, second intermediate-polymer (5g) was partly
dissolved by stirring and heating at 65°C in polysthylene glycol (60g; MW ca 200),

and then aqueous sodium hydrogen carbonate (30g; 1% wiw). The resuiting,
deep-red solution (pH 8) was heated at 100°C for 4 hours to yield a solution (final

[The remainder of this page has been left blank intentionally]
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pH 6) of the required (third) acrolein-polymer, namely, poly (2-propenal, 2-
propenoic acid).

Microbiological Assay (see all methodologies, below) showed, minimally, inhibition
at 500ppm of polymer, and kill of E. cofi after 180 minutes; oxidation- products
were indicated by a carbonyl assay-result of 380% within the polymer; the

polymer precipitated from solution, below pH 4.

The invention Is illustrated by the following examples, which should not be
regarded as restricting the scope of the invention:

ESTIMATE OF ANTI-MICROBIAL ACTIVITY

{(a) Microbiological Assay: Inhibition of micro-organisms; Duplicate samples, in
serial 50% dilutions, were made-up in aqueous solution (5ml) and each added to
separate stoppered test-tubes containing pasteurised, whole-milk (20ml) in which
sucrose (3g) had been dissolved. Each resulting sample in the test-tubes was
placed in a water-bath at 32-38°C, for 20-24 hours; a “positive” test-tube was
prepared and contained water (5ml) instead of sample-solution (5ml). The pH of
the contents of each was measured before and after these protocols. “Inhibition”
was noted when there was greater than 0.5 pH difference between the contents of
a test and the “positive”; results are reported as ppm w/w of polymer (assuming

polymerisation had proceeded in 100% yield).

Essentially, this assay measures anti-microbial capacity to inhibit a wide range of
micro-organisms, and is designed to have relevance to the circumstances of an
anti-microbial in the presence of food constituents, at body-temperatures. The
accuracy of the assay is considered to be within 1 dilution.

(b) Kill of Escherichia coli : In duplicate, samples were dissolved in 1% aqueous
sodium bicarbonate so as to give a polymer solution (0.125% w/w of the polymer
— assuming 100% polymerisation). A sample of the solution (20 mi) was mixed
with 0.1 ml of 10xE6 viable haemolytic E. coli (serotype 0149, K88). At time
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intervals 0, 3, 10, 30 and 180 minutes, an aliquot (in duplicate) was plated on

blood agar plates and the counts estimated semi-quantitatively.

ESTIMATE OF CARBONYL

This estimate is based upon an established method by Smith™. The aqueous
sample (1g) was weighed to an accuracy of 0.01g - water (9g) was added, and
then the solution of the sample was brought to pH 6.00 by the addition of either
0.01M hydrochloric acid or 0.01M aqueous sodium hydroxide, as appropriate.

A 1% solution of hydroxylamine hydrochloride (50mi) was brought to pH 6.00 with
0.01M aqueous sodium hydroxide.

The above sample-solution and reagent-solution were mixed and stood at room-
temperature for 30 minutes; the reactants were back-titrated with 0.01M agueous
sodium hydroxide (V ml) to pH 6.00.

Then, the w/w% carbonyl content of the original sample (W g) — estimated as
acrolein, equals: (V x 0.10 x 5.6)/(W x T ) where f is the weight-fraction (expressed
as decimal) of polymer within the agueous sample (assuming a polymerisation
yield of 60% which herein, was found in practice, and gave results of carbonyl-
content in polymers, comparable and similar to prior art). Results of duplicate

determinations were averaged.

QUANTITATIVE ANALYSIS OF POLYMER SOLUTIONS BY DIALYSIS

In duplicate, the aqueous solution of polymer (1.00g) was dialysed in
magnetically-stirred, single-sided micro-dialysis chambers (SIGMA-ALDRICH)
against water (1L) for 4 to 5 hours — using low-binding cellulose acetate
membranes (SIGMA-ALDRICH) - as applicable, of upper molecular weight
permeability of either 1,000 Daltons or 10,000 Daitons. The dialysates were dried

at room-temperature to constant weight, to recover the polymer-fraction.
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IN _VITRO SIMULATION OF ACIDIC. RESIDENT-CONDITIONS IN THE
STOMACH

In duplicate, the agueous sample (1.00g) was dissolved in water (9g) and then
made pH2 by the addition of 10% hydrochloric acid; also in duplicate, as the
5 blank, the sample was similarly treated — but substituting the same volume of

water for the hydrochloric acid.

All were heated at 37°C/4 hours — then, adjusted to ph 6.00, before analysis of

their physical, chemical or microbiological properties.
EXAMPLE 2
10  With continued stirring at room-temperature, in chronological order:

1. Freshly distilled acrolein (5g; inhibited with hydroquinone 0.1% wiw) was
slowly added to an aqueous solution of ascorbic acid (8.259) in water (33g)

containing 1% sulphuric acid (0.25ml) ;

2. After 2 hours, the solution was slowly added over 30 minutes to water
15 (100ml) which was maintained at a pH of ca. 11 by incremental additions of

10% aqueous sodium hydroxide; and

3. After a further 30 minutes, the pH of the clear solution of polymer was
adjusted to 7 with 10% hydrochloric acid.

Microbiological Assay showed inhibition minimally at 250ppm of polymer.
20 EXAMPLE3

With continued stirring at room-temperature, in chronological order:
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1. Freshly distilled acrolein {5g; inhibited with hydroquinone 0.1% w/w) was
slowly added to an aqueous solution of tartaric acid (7g) in water (33g)

containing 1% sulphuric acid (0.25ml);

2. After 2 hours, the solution was slowly added over 30 minutes to water
5 (100mi) which was maintained at a pH of ca. 11 by incremental additions of
10% aqueous sodium hydroxide; and

3. After a further 30 minutes, the pH was adjusted to 7 with 10% hydrochioric
acid, and a minor precipitate of polymer was filtered, washed with a litile
water, and dried (1.75¢; the polymer did not soften below 125°C). Most of

10 the polymer remained in solution; its minimum Inhibition-quantity was
250ppm of polymer.

EXAMPLE 4
With continued stirring at room-temperature, in chronological order:

1. Freshly distilled acrolein (5g; inhibited with hydroquinone 0.1% wfw) was
15 slowly added to an aqueous solution of tartaric acid (7g) in water (30ml)
containing 1% sulphuric acid (0.25ml);

2. After 2 hours, the solution was slowly added over 30 minutes to ascorbic
acid (5g) in water (30ml) which had been brought to, and then maintained
at a pH of ca. 11 by incremental additons of 10% aqueous sodium

20 hydroxide; and

3. After a further 30 minutes, the pH was adjusted with 10% hydrochloric acid
to give a clear, aimost colourless solution of pH 7.5.

When tested down to pH 1, the polymer remained soluble. Microbiological
Assay showed inhibition minimally at 250ppm of polymer - which was
25 unchanged after storage at 7°C/6 months. Al E.coli were killed after 180
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minutes (see method, above). The polymer-solution was dialysed using either a

1,000 Dalton or 10,000 Dalton membrane to isolate the dry liquid-polymer

{polymerisation-yield 80%) which inhibited at 500ppm. Alternatively, the sample

inhibited at 500ppm-1000ppm after exposure to the simulation of resident-
5 conditions within the stomach at pH 2/37°G/4 hours.

The carbonyl-content within the polymer was 25% - both before and after
exposure to simulation of resident-conditions within the stomach at pH 2/37°C/4

hours. The carbonyl-content of the polymer was 55%, and it minimally inhibited

~at 2000ppm after dialysis against water, pH 6; the carbonyl-content of the

10 polymer was 5% after dialysis against aqueous sodium fartrate solution (16%
wiw; pH 6) and the Microbiological Assay showed inhibition minimally at 500ppm

of polymer.
EXAMPLE &
With continued stirring, in chronological order:

15 (a) Freshly distilled acrolein (5g; inhibited with hydroquinone 0.1% wiw) was
slowly added to a pH 11 aqueous solution of ascorbic acid (5g) in water
(19ml) plus 10% aqueous sodium hydroxide (12ml); an additional aliquot of
the sodium hydroxide solution (1ml) was added to maintain the pH at 11
during the addition. A small aliquot of this clear, slightly gold solution did
20 not inhibit when tested in the Microbiological Assay until 2000ppm of

polymer.

(b} After 15 minutes, polyethylene glycol 200 (60ml) was added, and then the
clear solution was heated at 50 to 60°C over 1 hour. The pH was then
adjusted to 8 with 10% hydrochloric acid.

25 A small portion of the clear solution did not precipitate/cloud down to pH 1;

Microbiological Assay showed inhibition minimally at 50ppm of polymer; the
carbonyl-content within the polymer was 40%.
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EXAMPLE 6
With continued stirring at room-temperature, in chronological order:

1. Freshly distilled acrolein ( 5g; 89mMole; inhibited with hydroquinone 0.1%
w/w) was slowly added to water (20ml) plus polyethylene glycol (60ml;
330mMole; MW 200), rendered pH 12 to 13 by the addition of 10%
aqueous sodium hydroxide (2 drops) ; and

2. After 30 minutes, water (10ml) was added to the clear, colourless solution,
and the pH adjusted to 7 with several drops of 10% hydrochloric acid.

When tested down to pH 1, the polymer remained soluble. Microbiological Assay
showed inhibition minimally at 50ppm of polymer. The recovery of dry liquid-
residues after dialyses of polymer-solution, using 1,000 Dalton membranes, gave
weights indicating a 1:1 ratio of PEG:acrolein residues.

EXAMPLE 7
With continued stirring at room-temperature, in chronological order;

1. Freshly distilied acrolein ( 5g; 89mMole; inhibited with hydroquinone 0.1%
wiw) was slowly added to water (30ml) plus polyethylene glycol (30g;
15mMole; MW 2000), rendered pH 12 to 13 by the addition of 10%
aqueous sodium hydroxide (2 drops); and

2. Alter 60 minutes, the pH of the clear solution was adjusted to 7 with several
drops of 10% hydrochloric acid.

When tested down to pH 1, the polymer remained soluble. Microbiological Assay
showed inhibition minimally at 100ppm of polymer, and which was re-produced
after storage at 7°C/6 months. All £.coff were killed after 3 minutes (see method,
above). The inhibition of the polymer was 250ppm after treatment in the
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simulation (see above) at pH 2/37°C/4 hours. Dialysis of the polymer-solution,
using 10,000 Dalton membrane, then recovery, yielded dry, liquid polymer of
weight indicating a 60% polymerisation-yield and approximately 1:6 ratio of PEG:
acrolein within the polymer. The dialysis-residue of polymer exhibited
microbiological inhibition at 250ppm; carbonyl-content was determined as 20%.

EXAMPLE 8
With continued stirring at room-temperature, in chronological order:

1. Freshly distilled acrolein (5g; 89mMole; inhibited with hydroquinone 0.1%
wiw) was slowly added to an aqueous solution of tartaric acid (2.59) in

water (25ml) containing 1% sulphuric acid (0.25ml);

2. After 2 hours, the above solution was slowly added over 15 minutes to
ascorbic acid {1g) plus polyethylene glycol (30g; 15mMale; MW 2000) in
water (30ml), pre-rendered to pH 12 - and then the reaction maintained at
pH 12 to 13 during the addition (by further increments of 10% aqueous
sodium hydroxide solution) ; and

3, After 30 minutes the pH of the clear, pale-golden solution of polymer was
adjusted to 7 with 10% hydrochloric acid.

The Microbiological Assay (see above) showed a minimum-inhibition amount at
250ppm of polymer. The polymer remained soluble in dilute hydrochloric acid of
pH 1. Dialysis of the polymer-solution against water, pH 2, gave rise ta a solution
having a minimum-inhibition amount of 500ppm of polymer; the recovery of dry
polymer gave weights indicating a ratio of 1:11 of PEG:acrolein within the
polymer.

EXAMPLE 9

With continued stirring at room-temperature, in chronological order:
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1. Freshly distilled acrolein (5g; 88mMole; inhibited with hydroquinone 0.1%
w/w) was slowly added to an aqueous solution of tartaric acid (2.5g) in
water (25ml) containing 1% sulphuric acid (0.25mi);

2. After 2 hours, the above solution was slowly added over 15 minutes to
ascorbic acid (1g) pius polyethylene glycol (30g; 300mMole; MW 200) in
water (30ml), pre-rendered to pH 12 - and then the reaction maintained at
pH 12 to 13 during the addition (by further increments of 10% aqueous

sodium hydroxide solution) ; and

3. After 30 minutes the pH of the clear, golden solution of polymer was
adjusted to 7 with 10% hydrachloric acid.

The Microbiological Assay (see above) did not show a minimum-inhibition amount
at 2000ppm of polymer. The polymer remained soluble in dilute hydrochloric acid
of pH 1. Recovery of polymer, following dialysis against water, pH 7, gave
weights indicating a 1:3 ratio of PEG:acrolein.

It is envisaged that the polymers of the present invention, as a direct result of the
properties thereof evident above, will prove effective in the treatment of cancer,
disorders of coagulation and inflammation. In turn, it is envisaged that the
polymers of the present invention will prove useful and effective when used in
anti-cancer, anti-coagulant and ant-inflammatory compositions in a

pharmaceutically acceptable amount.

Mcodifications and variations such as would be apparent to the skilled addressee
are considered to fall within its scope.
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The Claiins Defining the Invention are as Follows:

1.

Polymers derived directly from acrolein monomer, hav_lng structures such
that the polymers are substantially soluble in water and/or aqoeous media,
and remain as soluble selutes it water and/for aqueous fhedia throughout
their preparation by polymensatlon wherein the structures of the polymers
result from inter-action with ascorbic aC|d (or other’ carboxyhc acid or.other
anti-oxidant) during the polymensatlon, andlor inter-action with a
nucleophile or alkanol (and/or its ion) during the polymerisation; and/or
inter-action with a hydroxy-alkanoic acid (and/or its lOﬂ) before, dunng or "
aﬁer the pplymerisation..

Polymers according fo claim 1, wherein the polymers are soluble at a pH of
less than about 4.

Polymers according to claim 1 or 2, wherein ‘\no lntermedlate autoxidation
step is employed in thelr preparation. '

Polymers according to any one of the precedmg clalms whereln the
polymers are substantially anti-ricrobial.

Polymers. according fo any one of the preceding,claims, wherein the .
polymers have an average molecular weigﬁt of greater than about 1000

' Daltons.

Polymers according to any one of the preceding olaims, whergin the

polymers have a 'low propensity to migraté ‘through membranes as the

result of having high levels of polarity and/or hydrophilicity due to-included
carboxyl groups, either within hydroxy-alkanoic acids attached to the

: polymers as acetal groups, or within monomer-residues in'the polymers.

Polymers according to claim 6, wherein the polymers are* of average
molecular weight greater than 1000 Dalfons and are substantially inhibited
from passitig through membranes which are- designed to be transmissible
to all molecules up to molecular weight 1000 Dalfons. '
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(

Polymérs according to any one of claims 1 to 5, wherein the polymers
exhibit a fow propensity to migrate ‘th.rough membranes as the result of
having within, structures resulting from the reaction between alkanol (and/or .
its ion) and proximate carbons to the carbonyl in acrolein-residues within

the polymers.

Polymers according to claim 8, wherein the polymers are of average
molecular weight greater than 1000 Daltons and are substantially inhibited
from passing through membranes which are designed to be-transmissible

to all molecules up to molecular weight 1000 Daltons.

Polymers accordi‘ng to any one of the preceding’ daims, wherein the
polymers have a carboxyl content of between about 0.1 and 25 moles/Kg of
polymer.

A composition comprising at least in part polymers according to any one of
the preceding claims, the composition being a solution, gel, emulsion or
suspension of matter.

Anin vitro and/or in vivo anti-microbial compdsition comprising at least in

part polymers according to any one of the preceding claims.

A method for the synthesis of polymers directly from acrolein monomer and
which are substantially soluble in water and/or aqueous media, and remain
as soluble solutes in water and/or aqueous 'media throughout  their
preparation, wherein the polymers are prepared by polymerisation thrc;ugh
interaction of the acrolein monomer with ascorbic acid (or other carboxylic

acid or other anti-oxidant) during the polymerisation; and/or interaction with

a nucleephile or alkanol (and/or its ion) during the polymerisation; and/or

14.

interaction with a hydroxy-alkanpic acid (and/or its ion) before, during or
after the polymerisation, ‘polymen'sation taking place in basic aqueous
solution in the presence of a basic catalyst.

A method according to claim 13, wherein the hydroxy-alkanoic acid forms

cyclic acetal(s) with acrolein-monomer or acrolein-residue.

Amended Sheet
IPEA/AU
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A method according to claim 13 or 14, wherein the hydroxy-alkanoic acid is

tartaric acid.

. A method according to any one of claims 13 to 15, wherein the basic

aqueous solution is aqueous sedium hydroxide at a pH of between about 9
to 14, or between pH 10 to 13.

A method according to claim 13 or 14, wherein any acetal formed is:
(a) formed by acid-catalysis; and/or

(b) the acid-catalysis uses dilute sulphuric acid.

. A method according to any one of claims 13 to 17, wherein the alkanol is:

(a) a polyalkylene glycol; or
(b) polyethylene glycol.

A method according to claim 18, wherein the polyethylene glycol has an

average molecular weight of about 200 to 10,000 Daltons.

A method according to claim 18 or 19, wherein the ratio of polyethylene
glycol:acrolein or acrolein incorporated as its acetal, is:

(a) greater than 1:1 wiw; or
(b) greater than 4:1 wiw.

A method according to any one of claims 13 to 20, wherein the organic

nucleophile is a carboxylic acid.

A method according to any one of claims 13 to 21, wherein the ratio of
ascorbic acid:acrolein or acrolein incorporated as its acetal is in the range
of:

(a) about 0.01 to 10:1.00 wiw;
(b) about 0.11t0 2.0:1.0 wiw; or

(c) about 0.6:1.0 wiw.
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A method for the treatment of any one or more of microbial disease,
cancer, disorders of coagulation, or inflammatory disorders, the method
comprising the administration to a subject of a pharmaceutically acceptable
amount of a polymer according to any one of claims 1 to 10, or a

composition containing such.

The use of a polymer according to any one of claims 1 to 10 in the
preparation of a medicament for the treatment of any one or more of
microbial disease, cancer, disorders of coagulation, or inflammatory

disorders.

Polymers substantially as hereinbefore described with reference to
Examples 6 or 7.

A method for the synthesis of polymers substantially as hereinbefore

described with reference to Examples 6 or 7.
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