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POLYAMINE POLYMERS

This application is a continuation in part of US Application No. 10/701,385, filed
November 3, 2003, the contents of which are incorporated herein by reference in their

entirety.

BACKGROUND OF THE INVENTION

[0001] Polyamine materials have been widely used in many areas ranging from
commodity industry applications to home-and-personal care and pharmaceutical uses
largely due to their cationic and hydrogen bonding properties. The cationic and the
hydrogen bonding characteristics are given by the amine functionality and are modulated
by the amine content, which also dictates the charge density on the material. In many
applications, higher amine content leads to higher efficacy.

[0002] To date, known polyamines with high amine content include polyvinyl amines and
polyethyleneimines, which both possess one amine group for every two carbon units
(amine/carbon ratio = }2), and polyallylamines, which possesses one amine group for
every three carbon units (amine/carbon ratio = 1/3). Polyvinyl amine is usually made from
free-radical polymerization of vinyl formamide followed by hydrolysis of the formamide
groups. It is a linear polymer comprising a polyethylene backbone with pendant primary
amines. Polyethyleneimines produced by ring-opening polymerization of aziridines
results in a hyperbranched structure with a mixed carbon and nitrogen backbone
containing a mixture of primary, secondary, and tertiary amines. Linear
polyethyleneimine is produced by ring opening polymerization of oxazolidine derivatives.
The chemically different amines in these two materials are notable since the primary
amine having the high reactivity is often utilized for further cross-linking and
derivatization of the material.

[0003] Althg)ugh these two materials have been widely used, higher amine content

materials and alternative compounds are still highly desired.
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BRIEF SUMMARY OF THE INVENTION
[0004] The present invention relates to polymeric compositions comprising a repeat unit
having the formula I, II, III, or IV

R
<
R—N*——R
/

Formula I n(H2C) Formula II

N—/R R
<
R R
R R’
0" Formula IV
Formula ITT H(HoC) (CHz)n
Q™ N\
R R

or a copolymer thereof, wherein n is zero, one, or greater than 1, n’ is greater than 2, each
R is independently a suitable chemical group that complements the valency of nitrogen,
each R’ is independently H, alkyl, or amino, X" is a negatively charged counterion, and Q
is a bond, alkyl, alkylamino, alkylcarbonyl, alkenyl, aryl, or heterocyclyl.

[0005] In one embodiment, the polymer is a copolymer with one of the repeat units being
a monomer of Formula I, IL, III, or IV. In yet another embodiment, the polymers
described herein are crosslinked.

[0006] One embodiment of the invention is a pharmaceutical composition comprising the

polymers of the present invention with at least one pharmaceutical carrier. The polymers
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described herein have several therapeutic applications. For example, the
polyvicinalamines are useful in removing phosphate, chloride, metallic iron, oxalate, and
bile acids from the gastrointestinal tract. Also, these polymers can be used as
bacteriostatic, bacteriocidal, antibiotic, and antiviral agents. In one embodiment, the
polyvicinalamine polymers are used in the treatment of hyperphosphatemia, acidosis, iron

poisoning, hyperoxaluria, hyperlipidemia, or hypercholesteremia.

DETAILED DESCRIPTION OF THE INVENTION
POLYVICINALAMINES

[0007] The present invention provides polymeric compositions comprising a polymer that

contains vicinal amine moieties. Polymers, including homopolymers and copolymers,
with vicinal amine repeat units are referred to herein as polyvicinalamines, polyvicinal
amines, polyvicinalamine polymers, or polyviciﬁal amine polymers. The polymer is a
homopolymer including repeat units of vicinal amines or is a copolymer including one or
more repeat units of vicinal amines and other monomers such as acrylates, methacrylates,
acrylamindes, methacrylamides, vinyl esters, vinyl amides, olefin, styrenic, etc. The size
of the polymer can vary between, for example, about 500 to about 1,000,000 Daltons. The
polymers of the present invention can be optionally crosslinked.

[0008] In one embodiment, the polymer is characterized by a repeating unit having the

formula

Formula I

or a copolymer thereof, wherein n is zero, one, or greater than 1, n’ is greater than 2, each
R is independently a suitable chemical group that complements the valency of nitrogen,

and each R’ is independently H, alkyl, or amino.
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[0009] ] Preferred polymers of Formula I include:

NH2 NH2 v
/ / NH
NH HoC HoC
NH,
o' ' n'
n NH2
NH, HZC\ HZC\ _~NH
NH, NH,
o} 0
N Et /“\ /lk S
HN HN
n' '
n' n' N
NH
e © NH, HN\”/ PN
(0]

5 10010] In a second embodiment, the polymer is characterized by a repeating unit having

the formula
R
X
R—N—R

n(H2C) Formula IT

or a copolymer thereof, wherein n is zero, one, or greater than 1, n’ is greater than 2, each
R is independently a suitable chemical group that complements the valency of nitrogen,
10 each R’ is independently H, alkyl, or amino, and X" is a negatively charged organic or

inorganic counterion.
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[0011] Preferred polymers of Formula II include:

NH3+ T

/

NHs+ CT HaC

n' n
H,C.
NH3+ Cl'

NHg+Cr

PCT/US2004/036738

NH,
H,C

NHa+ CI’

[0012] The polymers of the present invention also include polymers characterized by a

5  repeat unit having the formula

Formula III

wherein n is zero, one, or greater than 1, n’ is greater than 2, each R is independently a

suitable chemical group that complements the valency of nitro gen, each R’ is

independently H , alkyl, or amino, and X' is a negatively charged organic or inorganic

10  counterion.

15
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[0013] In one embodiment, the R groups of neighboring nitrogen atoms are linked to each

other to have a structure as depicted in Formula IV

R’ R’
) o Formula IV
alHoC) (Prioh
N
N\Q/ \

R

wherein Q is a bond, alkyl, alkylamino, alkylcarbonyl, alkenyl, aryl, or heterocyclyl.

- [0014] In the polymers described herein, n is zero, one, or greater than 1. In preferred

embodiments, n is 0-5, even more preferably n is zero or 1.

[0015] In the embodiments described above, n’ is greater than 2. The value of n’ depends
on the desired properties of the polymer, the potential use of the polymer, and the
synthesis techniques used.

[0016] The pendant nitrogen atom of formulas I, II, III, and IV can be bound to atoms
such as C, H, O, S, P and N such that the pendant groups are nitroso, nitro, nitroxide
radical, nitrone, nitrene, isocyanate, carbazide, hydrazino, diazo groups, imine, amidine,
guanidine, sulfamate, phosphoramidate, and heterocycle.

[0017] Examples of suitable R groups include H, halogen, R*’, CO,H, CO,R’’, COR”’,

C(=N R™)(N R”), CN, CONH,, CONR™,, , OR’’, O3 R”, Si(R”’)s, and P(O)(OR”),.

Suitable R** groups include H, optionally substituted alkyl, acyl, alkylamino, alkenyl,
heterocyclyl, and aryl group. Preferred R’ is H, methyl, or amino.

[0018] The substituents for R”* groups can be ionic entities with oxygen, nitrogen,
phosphorus, or sulfur. Examples of substituents are carboxylate, sulfonate, sulfamate,
sulfone group, phosphonate, phosphazene, phosphoramidate group, quaternary ammonium
groups, or amine groups, e.g., primary and secondary alkyl or aryl amines. Examples of
other suitable substituents include hydroxy, alkoxy, carboxamide, sulfonamide, halogen,

alkyl, aryl, hydrazine, guanadine, urea, and carboxylic acid esters.
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[0019] Preferred R groups include H and the following groups:

o_—CH:i o——CHZCHa "'—CHchzNHZ ( CHZCHZNHZ_)_”

(IAI:yl or Aryl) T

(Alkyl or Aryl)
0 (Alkyl or Aryl) N ’
L',/OH ¢=o0
0/ N
OH HoN NH
2 HoN NH OH
(Alkyl or Aryl)
(Alkyt or Aryl)
o=—P R—0 P
A\ / \ J/\ oH
HO /
oH HO OH O OH

€¢— - the attachement point for the R groups

[0020] The negatively charged counterions, X', can be organic ions, inorganic ions, or a
5  combination thereof. The inorganic ions suitable for use in this invenfion include halide
" (especially chloride), carbonate, bicarbonate, sulfate, bisulfate, hydroxide, nitrate,

persulfate and sulfite. Suitable organic ions include acetate, ascorbate, benzoate, citrate,
dihydrogen citrate, hydrogen citrate, oxalate, succinate, tartrate, taurocholate,
glycocholate, and cholate. Preferred X is chloride or carbonate.

10 [0021] In a preferred embodiment, the counterion does not have a detrimental side effect
to the patient and is selected to have a therapeutic or nutritional benefit to the patient.
[0022] In one embodiment, the polymer is a copolymer with one of the repeat units being

amonomer of Formula I, I, III, or IV. The copolymers of the present invention can be

-
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alternative or random copolymers. Generally, monomers that may be co-polymerized with
the vicinalamine precursors include one or more monomers selected from the group
consisting of styrene, substituted styrene, alkyl acrylate, substituted alkyl acrylate, alkyl
methacrylate, substituted alkyl methacrylate, acrylonitrile, methacrylonitrile, acrylamide,
methacrylamide, N-alkylacrylamide, N-alkylmethacrylamide, N,N-dialkylacrylamide,
N,N-dialkylmethacrylamide, isoprene, butadiene, ethylene, vinyl acetate, N-vinyl amide,
maleic acid derivatives, vinyl ether, allyle , methallyl monomers and combinations thereof.
Functionalized versions of these monomers may also be used. Specific monomers or
comonomers that may be used in this invention include, but are not limited to, methyl
methacrylate, ethyl methacrylate, propyl methacrylate (all isomers), butyl methacrylate
(all isomers), 2-ethylhexyl methacrylate, isobornyl methacrylate, methacrylic acid, benzyl
methacrylate, phenyl methacrylate, methacrylonitrile, o-methylstyrene, methyl acrylate,
ethyl acrylate, propyl acrylate (all isomers), butyl acrylate (all isomers), 2-ethylhexyl
acrylate, isobornyl acrylate, acrylic acid, benzyl acrylate, phenyl acrylate, acrylonitrile,
styrene, glycidyl methacrylate, 2-hydroxyethyl methacrylate, hydroxypropyl m(ethacrylate
(all isomers), hydroxybutyl methacrylate (all isomers), N,N-dimethylaminoethyl
methacrylate, N,N-diethylaminoethyl methacrylate, triethyleneglycol methacrylate,
itaconic anhydride, itaconic acid, glycidyl acrylate, 2-hydroxyethyl acrylate,
hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate (all isomers), N,N-
dimethylaminoethyl acrylate, N,N-diethylaminoethyl acrylate, triethyleneglycol acrylate,
methacrylamide, N-methylacrylamide, N,N-dimethylacrylamide, N-tert-
butylmethacrylamide, N-n-butylmethacrylamide, N-methylolmethacrylamide, N-
ethylolmethacrylamide, N-tert-butylacrylamide, N-n-butylacrylamide, N-
methylolacrylamide, N-ethylolacrylamide, 4-acryloylmorpholine, vinyl benzoic acid (all
isomers), diethylaminostyrene (all isomers), o-methylvinyl benzoic acid (all isomers),
diethylamino a-methylstyrene (all isomers), p-vinylbenzene sulfonic acid, p-vinylbenzene
sulfonic sodium salt, trimethoxysilylpropyl methacrylate, triethoxysilylpropyl
methacrylate, tributoxysilylpropyl methacrylate, dimethoxymethylsilylpropyl
methacrylate, diethoxymethylsilylpropyl methacrylate, dibutoxymethylsilylpropyl
methacrylate, diisopropoxymethylsilylpropyl methacrylate, dimethoxysilylpropyl
methacrylate, diethoxysilylpropyl methacrylate, dibutoxysilylpropyl methacrylate,
diisopropoxysilylpropyl methacrylate, trimethoxysilylpropyl acrylate, triethoxysilylpropyl
acrylate, tributoxysilylpropyl acrylate, dimethoxymethylsilylpropyl acrylate,
diethoxymethylsilylpropyl acrylate, dibutoxymethylsilylpropyl acrylate,

-8-
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diisopropoxymethylsilylpropyl acrylate, dimethoxysilylpropyl acrylate,
diethoxysilylpropyl acrylate, dibutoxysilylpropyl acrylate, diisopropoxysilylpropyl
acrylate, maleic anhydride, N-phenylmaleimide, N-butylmaleimide, N—vinylfo1l~mamide,
N-vinyl acetamide, allylamine, methallylamine, allylalcohol, methyl-vinylethel;,
ethylvinylether, butylvinyltether, butadiene, isoprene, chloroprene, ethylene, vinyl acetate
and combinations thereof. The preferred monomers or comonomers are acrylamide,
dimethylacrylamide, N-vinyl formamide, N-vinylacetamide, vinyl acetate, methyl
acrylate, and butyl acrylate.

[0023] Polymers with one or more of the above repeat units are preferably crosslinked, in
some cases by adding a crosslinking agent to the reaction mixture during or after
polymerization. Preferred crosslinkers are compounds having ‘at least two functional
groups that are selected from halogen group, carbonyl group, epoxy group, ester group,
acid anhydride group, acid halid group, isocyanate group, vinyl group, and chloroformate
group. Preferably the crosslinking agent is attached to the carbon backbone or to the
pendant nitrogen of the polyvicinalamine polymer. Examples of suitable crosslinking
agents are diacrylates and dimethacrylates (e.g., ethylene glycol diacrylate, propylene
glycol diacrylate, butylene glycol diacrylate, ethylene glycol dimethacrylate, propylene
glycol dimethacrylate, butylene glycol dimethacrylate, polyethyleneglycol dimethacrylate,
polyethyleneglycol diacrylate), methylene bisacrylamide, methylene bismethacrylamide,
ethylene bisacrylamide, ethylenebismethacrylamide, ethylidene bisacrylamide, divinyl
benzene, bisphenol A dimethacrylate, bisphenol A diacrylate, diepoxides, dihalides,
diisocyanates, diacyl chlorides, dianhydrides, and dimethyl esters.
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[0024] Examples of preferred crosslinkers are:

< n O\/<(]) 0
<:::>—_N\__<£§ P>//;f;;j;i; //ESV,O\V//<f? %t>\\¢/01 CL\W/“\V/H\CI
0] O%O

(@]
cl_N__Cl Q Cl
N o c~Nra >N OMe }—0
cl H ) o
o (¢]]
0
og\ O _ClI Y\
8 0
Os _N__O AN
Y \f Cl Cl H
N N__O
N NVQO o] o” vj /\H/N\/\u/u\/
(0] = 0
<<1o cl cl
(@]
O 0
o) Ci Cl
o} o (o} \ <::> /
(|)>/\o/\/0\/<j b_& ol
o) o Cl /
O
o /\(“)/\ o)
o) O (@]
NCO NCO o o 0
OCN o~
o. ©O o)
NCO NCO (0]
|
0._0
Q Q 1 O
# ~ @) e ~N
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[0025] Preferred crosslinked polyvicinalamine polymers include

NH, NHy
NH, NHz

NH; NH,

HN
HN NH,

wherein m is one or greater than one. Preferably m is greater than 2, even more preferred
5  ism greater than 5.

[0026] The amount of crosslinking agent is typically between about 0.5 and about 200%

by weight, and preferably between about 1 and about 25% by weight, based upon the

combined weight of crosslinking and monomer. In another embodiment, the crosslinking

agent is present between about 2 and about 20% by weight of polymer.

11-
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[0027] In some cases the polymers are crosslinked after polymerization. One method of
obtaining such crosslinking involves reaction of the polymer with difunctional
crosslinkérs, such as epichlorohydrin, succinyl dichloride, the diglycidyl ether of
bisphenol A, pyromellitic dianhydride, toluene diisocyanate, and ethylenediamine. A
typical example is the reaction of polyvicinalamine with epichlorohydrin. In this example
the epichlorohydrin (1 to 200 parts) is added to a solution containing polyvicinalamine
(100 parts) and heated to promote reaction. Other methods of inducing crosslinking on
already polymerized materials include, but are not limited to, exposure to ionizing
radiation, ultraviolet radiation, electron beams, radicals, and pyrolysis.

[0028] Examples of preferred crosslinking agents include epichlorohydrin, 1,4
butanedioldiglycidyl ether, 1,2 ethanedioldiglycidyl ether, 1,3-dichloropropane, 1,2-
dichloroethane, 1,3-dibromopropane, 1,2-dibromoethane, succinyl dichloride,
dimethylsuccinate, toluene diisocyanate, acryloyl chloride, methyl acrylate, ethylene

bisacrylamide, and pyromellitic dianhydride.

PHARMACEUTICAL USES OF POLYVICINALAMINES

[0029] The polyvicinalamines of the present invention have several therapeutic

applications. In particular, the polyvicinalamines are useful as anion exchange resins.

Due to the high density of amine groups in the polymers of the present invention, these
polymers are particularly useful in the binding and excretion of negatively charged ions
from the body. Also, because of the spatial arrangement of the nitrogen atoms and
hydrogen atoms bound thereto, these polymers can exhibit high binding characteristics to
metallic ions as well. These polymers can be administered orally to bind and remove from
an animal subject various negatively charged entities and metallic species from the gastro-
intestinal tract. In one embodiment, the polyvicinalamines of the present invention are
used to remove phosphate, oxalate, bile acids, small molecules, proteins, metallic ions
such as those comprised within the 6™ and the 11" groups and 4™ and 6" periods of the
Periodic Table, also including the Lanthanoids and the Actanoids. Such polymers are also
strongly basic and therefore useful, when ingested in the unprotonated form, to decrease
acidity without introducing detrimental ions, from patients suffering from acidosis,
heartburn, acid reflux disease, sour stomach, or gastritis.

[0030] The present invention provides methods, pharmaceutical compositions, and kits for
the treatment of animal subjects. The term “animal” and “animal subject” as used herein

includes humans as well as other mammals.

-12-
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[0031] In one embodiment, the polyvicinalamines are used in the treatment of phosphate
imbalance disorders. The term “phosphate imbalance disorder” as used herein refers to
conditions in which the level of phosphorus present in the body is abnormal. One example
of a phosphate imbalance disorder includes hyperphosphatemia. The term
“hyperphosphatemia” as used herein refers to a condition in which the element phosphorus
is present in the body at an elevated level. Typically, a patient is often diagnosed with
hyperphosphatemia if the blood phosphate level is, for example, above 4.5 milligrams per
deciliter of blood and/or glomerular filtration rate is reduced to, for example, more than
20%.

[0032] In one embodiment, polyvicinalamine polymers are co-administered with a gastric
pH modulator, like proton pump inhibitors, histamine H; receptor antagonists, and
antacids. This co-administration improves the efficacy of phosphate binding by the
polyvicinalamine polymer.

[0033] Other diseases that can be treated with the methods and compositions of the
present invention include hypocalcemia, hyperparathyroidism, depressed renal synthesis
of calcitriol, tetany due to hypocalcemia, renal insufficiency, and ecotopic calcification in
soft tissues including calcifications in joints, lungs, kidney, conjuctiva, and myocardial
tissues. Also, the present invention can be used to treat ESRD and dialysis patients. In
one embodiment, the polyvicinalamine polymers are used for prophylactic treatment of
diseases.

[0034] The polymers described herein can be used to treat diseases wherein a reduction in
physiological levels of salt is desired. For instance the polymer of the invention as a free
base can be advantageously used as an adjunct to cation exchange resins, e.g.,
polystyrenesulfonate resin in the proton of potassium form, to remove anions such as
chloride.

[0035] Also, the polymers described herein can be used as an adjunct to therapy
employing acid exchange resins to neutralize the load of acid released upon uptake of
sodium ions, therefore minimizing the risk of acidosis in patients.

[0036] In one embodiment, the polymers of the present invention are used to treat metallic
poisoning, like iron poisoning. Iron poisoning typically is a result of children
inadvertently taking iron supplement tablets. In iron overdose, binding of iron to oral
charcoal, bicarbonate, deferoxamine, or magnesium hydroxide are typical treatments.

Gastric lavage and profuse oral fluids are used to try to flush out the iron tablets. Non-

13-
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absorbable polyvicinalamine polymers with iron chelating properties can be used for
removal of metallic iron.

[0037] Binding of bile acids in the gastro-intestinal tract is one therapeutic strategy to treat
several disorders, including lipid disorders in patients who exhibit high levels of total
serum cholesterol and low-density lipoprotein cholesterol (LDL-C). There is strong
evidence that elevated plasma levels of LDL-C, along with triglyceride increases and low
levels of HDL-C, are associated with an increased risk of coronary heart disease.
Cholesterol that ultimately is incorporated into LDL-C is introduced through endogenous
and exogenous routes. Endogenous cholesterol is defined as cholesterol produced by
hepatic and extrahepatic tissues, while exogenous cholesterol is defined as dietary
cholesterol absorbed from the intestine. In addition to these sources, bile acids that are
secreted into the intestinal tract to enhance digestion and absorption of cholesterol, fats,
and fat-soluble vitamins, are also derived from cholesterol of hepatic origin. Most of the
bile acid delivered to the duodenum (~95%) is reabsorbed in the terminal ileum and
returned to the liver through portal circulation (i.e., enterohepatic recirculation).
Polyvicinalamines bind the bile acids and prevent enterohepatic recirculation. The
polymer-bound bile acid is eliminated from the body with the feces. The impairment of
bile acid return results in upregulation of hepatic bile acid synthesis enzymes (such as
cholesterol-7-o-hydroxylase), resulting in greater hepatic breakdown of cholesterol for
bile acid production. The reduction of intrahepatic cholesterol secondarily up regulates
hepatic LDL receptors, resulting in increased clearance of LDL-C from the blood and an
overall lowering of the LDL-C serum level. Polyvicinalamines bind biliary acids in the
gastro-intestinal tract, thus allowing a lower dosing regimen of these bile acid binders and
improving patient compliance.

[0038] The polymers of the present invention also show utility in binding dietary oxalate
in patients who suffer from hyperoxaluria, i.e. abnormally high levels of oxalate in the
urine. Elevated urine oxalate levels are one of the causes of calcium-stone formation (i.e.,
kidney stones). Most calcium stones are composed of calcium oxalate, either alone or in
combination with calcium phosphate or calcium urate. Elevated urinary oxalate levels can
result from excessive dietary intake of oxalate (dietary oxaluria), gastrointestinal disorders
that lead to malabsorption of oxalate (enteric oxaluria), or an inherited enzyme deficiency
that results in excessive metabolism of oxalate (primary hyperoxaluria or PH). Dietary

and enteric oxaluria can be treated with diet restriction or modifications to restrict intake
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of foods with high oxalate content, however patient compliance is often difficult owing to
the wide distribution of oxalate and purine derivatives in many foods. Calcium carbonate
tablets (500-650 mg/tablet; 3 tablets per meal) can also be taken to bind and remove
intestinal oxalate, but again patient compliance is difficult owing to the amount of calcium
carbonate needed. Polyvicinalamines have high binding constants for oxalate and can be
used to remove oxalate from the gastro-intestinal tract and subsequently lower the risk of
kidney stone formation.

[0039] In the present invention, the polyvicinalamines can be co-administered with other

active pharmaceutical agents depending on the condition being treated. This co-

administration can include simultaneous administration of the two agents in the same

dosage form, simultaneous administration in separate dosage forms, and separate
administration. For example, for the treatment of hyperphosphatemia, the
polyvicinalamines can be co-administered with calcium salts which are used to treat
hypocalcemia resulting from hyperphosphatemia. The calcium salt and polyvicinalamine
can be formulated together in the same dosage form and administered simultaneously.
Alternatively, the calcium salt and polyvicinalamine can be simultaneously administered,
wherein both the agents are present in separate formulations. In another alternative, the
calcium salt can be administered just followed by the polyvicinalamine, or vice versa. In
the separate administration protocol, the polyvicinalamine and calcium salt may be
administered a few minutes apart, or a few hours apart, or a few days apart.

[0040] Polyvicinalamines are also useful in deactivation of prions. Several lines of
evidence suggest that high-density amine polymers induce a conformational change that
renders prion molecules more susceptible to proteases. The polymers of the present
invention may be used to destruct prions in contaminated cells.

[0041] The polyvicinalamine polymers are also useful as bacteriostatic, bacteriocidal,
antibiotic, and antiviral agents. Polyvicinalamines can be used additionally as antiseptics,
disinfectants, preservatives, and sanitizers. The activity of polyvicinalamines is primarily
determined by concentration: at low concentration levels (< 10 pg/ml) the compounds act
to inhibit growth (stasié) of bacteria, mycoplasmas (cell wall-less bacterial forms), yeast
and fungi; at medium to high concentrations (>10-100 pg/ml) the compounds inactivate
cells (cidality) resulting in cell death of bacteria, yeast, and fungi. Viruses are also
inactivated by polyvicinalamines, including lipid-enveloped viruses; examples of viruses
inactivated by these polymers include human immunodeficiency virus (HIV), hepatitis B

virus (HBV), herpes simplex virus (HSV), hepatitis C virus (HCV), small non-
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encapsulated viruses including picorna, HAV, HEV and large non-encapsulated viruses
including adenovirus. One mechanism by which polyvicinalamines disrupt microbial cell
targets is by binding and penetrating the cell surface, causing a dissipation of the
membrane-generated pH gradient, leakage of intracellular constituents, lysis of
protoplasts, and gross damage to the cell membrane. Polyvincinalamine polymers can
prevent outgrowth of germinating bacterial spores with a mode of action that is static or
cidal depending on concentration of the polymer used.

[0042] The term “treating” as used herein includes achieving a therapeutic benefit and/or a
prophylactic benefit. By therapeutic benefit is meant eradication, amelioration, or
prevention of the underlying disorder being treated. For example, in a hyperphosphatemia
patient, therapeutic benefit includes eradication or amelioration of the underlying
hyperphosphatemia. Also, a therapeutic benefit is achieved with the eradication,
amelioration, or prevention of one or more of the physiological symptoms associated with
the underlying disorder such that an improvement is observed in the patient,
notwithstanding that the patient may still be afflicted with the underlying disorder.  For
example, administration of polyvicinalamines to a patient S{Jffering from renal
insufficiency and/or hyperphosphatemia provides therapeutic benefit not only when the
patient’s serum phosphate level is decreased, but also when an improvement is observed in
the patient with respect to other disorders that accompany renal failure and/or
hyperphosphatemia like ectopic calcification and renal osteodistrophy. For prophylactic
benefit, the polyvicinalamines may be administered to a patient at risk of developing
hyperphosphatemia or to a patient reporting one or more of the physiological symptoms of
hyperphosphatemia, even though a diagnosis of hyperphosphatemia may not have been
made.

[0043] The pharmaceutical compositions of the present invention include compositions
wherein the polyvicinalamine polymers are present in an effective amount, i.e., in an
amount effective to achieve therapeutic or prophylactic benefit. The actual amount
effective for a particular application will depend on the condition being treated and the
route of administration. Determination of an effective amount is well within the
capabilities of those skilled in the art, especially in light of the disclosure herein.

[0044] The effective amount for use in humans can be determined from animal models.
For example, a dose for humans can be formulated to achieve circulating and/or

gastrointestinal concentrations that have been found to be effective in animals.
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[0045] The dosages of the polyvicinalamines in animals will depend on the disease being,
treated, the route of administration, and the physical characteristics of the patient being
treated. Dosage levels of the polyvicinalamines for therapeutic and/or prophylactic uses
can be from about 1 gm/day to about 30 gm/day. It is preferred that these polymers are
administered along with meals. The polymers may be administered one time a day, two
times a day, or three times a day. The preferred dosage range is from about 2 gm/day to
about 20 gm/day and an even preferred dosage range is about 3 gm/day to about 7 gm/day.
[0046] Preferably, the polyvicinalamines used for therapeutic and/or prophylactic benefits |
can be administered alone or in the form of a pharmaceutical composition. The
pharmaceutical compositions comprise of the polyvicinalamines, one or more
pharmaceutically acceptable carriers, diluents or excipients, and optionally additional
therapeutic agents. The polymer can be administered by injection, topically, orally,
transdermally, or rectally. Preferably, the polymer or the pharmaceutical composition
comprising the polymer is administered orally. The oral form in which the polymer is
administered can include powder, tablet, capsule, solution, or emulsion. The
therapeutically effective amount can be administered in a single dose or in a series of
doses separated by appropriate time intervals, such as hours.

[0047] Pharmaceutical compositions for use in accordance with the present invention may
be formulated in conventional manner using one or more physiologically acceptable
carriers comprising excipients and auxiliaries which facilitate processing of the active
compounds into preparations which can be used pharmaceutically. Proper formulation is
dependent upon the route of administration chosen. Suitable techniques for preparing

pharmaceutical compositions of the polyvicinalamines are well known in the art.

NON-PHARMACEUTICAL USES OF POLYVICINALAMINES

[0048] The polyvicinalamine polymers disclosed herein are suitable for use in several

industrial applications. Particularly, the polyvicinalamines are useful in applications that
require high affinity to surfaces, charge reversal/neutralization, adhesion, interaction with
colloids, metal binding, etc. Examples of industrial applications are provided herein.
Other suitable applications will be apparent to one of skill in the art based on the
disclosure provided herein. |

[0049] Polyvicinalamine polymers are suitable replacements for polyamine polymers, like
polyvinylamines and polyethyleneimines, in industrial applications. In particular, the

polyvicinalamine are suitable replacements in situations in which the polyamine polymers
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are used due to their high amine content. The polyvicinalamine polymers described herein
are more suitable than the prior art polyamine polymers due to their higher amine content.

[0050] In one embodiment, polyvicinalamine polymers are useful in the synthesis of

membranes used in the reverse osmosis process. Asymmetric membranes are generally

used in the reverse osmosis process. These asymmetric membranes comprise a
homogeneous polymer layer applied to a microporous or porous structure. The polymers
described hérein can be used in the synthesis of the polymer layer of the asymmetric
membranes.

[0051] The polyvicinalamines are suitable for use in the paper industry. The can be used
to charge-neutralize negatively charged colloidal matters and facilitate flocculation and
decantation.

[0052] In another embodiment, the polyvicinalamine polymers are used to bind metal
ions. The polymers of the present invention can chelate heavy metals and therefore are
useful in removal of heavy metal in wastewater and recovery of useful metals.

[0053] The polyvicinalamine polymers are also useful in the field of heterogeneous
catalysis described by Meyers et al. (J. Am. Chem. Soc. 1977, 99, 6141). The polymers
described herein can be used to manufacture polymer supported metal catalysts that are
useful as catalysts in areas such as benzyl type protecting group cleavage, reductions of
aromatic-nitro groups, and peptide syntheses.

[0054] The high binding affinity of polyvicinalamines to metals is advantageous in
applications such as corrosion inhibitor, lubricants and cleaners of metal surfaces.
Polyvicinalamines are also useful in formulations in personal care to promote oil
deposition to skin care products, as well as in hair conditioners and shampoos. Other uses
include as primer additive and dispersants in paints, inks, and textiles, and as scavengers
of acid gas such as CO,, NOy, SOy, and Cl,.

[0055] Also, the polymers described herein have numerous applications in the
biotechnology industry. Nucleic acids, which are polyanions at physiological pH, can be
bound to the polymers of the present invention to facilitate the introduction of the nucleic
acids into target cells in their intact and functional form. Thus, the polyvicinalamines can
be used to produce effective gene therapy by facilitating the delivery and uptake of DNA
or RNA into cells. Also, these polymers can be used to bind proteins to promote their
transportation into cells. Further, polyvicinalamines are useful in immobilizing cells in a

variety of applications, for example to retain cells in fermentation reactors.
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[0056] In one embodiment, the polyvicinalamines are used in detergent compositions.
The polyvicinalamines are useful in the detergent compositions due to their anti-dye
transfer, color protection, and stain removal properties.

SYNTHESIS OF POLYVICINALAMINES

[0057] The polyvicinalamine polymers of the present invention, including homopolymers

and copolymers, are synthesized by first polymerizing by either free radical means or

cationic means followed by removal of a protecting group.
NHAG Free radical initiator NHAc

P
HCI
_— =
1 n n'
Lewis acid
—_—

"NHAc NHAC

NHAc

NH
NHAc Free radical initiator R"' NH R"™
2

NHAc
’ + HCI
— OR
NHAc R™ LeW|s acid NHAC NH2
NHAC Rlll NH2 RIII
|L = comonomer, suitable examples of which are described herein.

Rlll

[0058] Suitable synthesis techniques include by addition polymerization of vicinal amine
precursor monomers or post modification of polymaleamide polymer. The latter method
consists in polymerizing maleamide monomer and subjecting the resulting polymer to
either hydrogenation or Hoffman rearrangement reaction conditions to provide the desired
vicinal amine containing polymers. The former method includes addition polymerization
using cationic propagation and free radical propagation.

[0059] When a cationic process is used, the vicinalamine precursor monomer is treated
with a catalyst to initiate the polymerization. Optionally, one or more other monomers as
depicted above is used to form a copolymer. The catalyst, also referred to as an initiator,
could be protonic acids (Bronsted acid) or Lewis acids, in the case of using Lewis acid

some promoter such as water or alcohols can also used. The catalyst maybe hydrogen
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iodide, perchloric acid, sulfuric acid, phosphoric acid, hydrogen fluoride, chlorosulfonic
acid, methansulfonic acid, trifluoromehtanesulfonic acid, aluminum trichloride, alkyl
aluminum chlorides, boron trifluoride complexes, tin tetrachloride, antimony
pentachloride, zinc chloride, titanium tetrachloride, phosphorous pentachloride,
phosphorus oxychloride, or chromium oxychloride. The reaction is carried out in a
solvent. The solvent maybe pentane, hexane, dichloromethane, chloroform, or dimethyl
formamide. The suitable reaction temperature is from about —50 °C to about 100 °C,
preferably from about 0 °C to about 70 °C.

[0060] When a free radical polymerization process is used, the vicinal amine precursor
nionomer, optionally a comonomer, and a source of radical are provided to trigger a free
radical polymerization process. The source of free radicals is optional because some
monomers may self-initiate upon heating at high temperature. After forming the
polymerization mixture, the mixture is subjected to polymerizaﬁon conditions.
Polymerization conditions are those conditions that cause at least one monomer to form at
least one polymer, as discussed herein, such as temperature, pressure, atmosphere, ratios
of starting components used in the polymerization mixture and reaction time. The
polymerization can be carried out in solution, dispersion, suspension, emulsion or bulk.
[0061] Initiators, as discussed above, may be optional. When present, initiators useful in
the polymerization mixture and the inventive process are known in the art, and may be
selected from the group consisting of alkyl peroxides, substituted alkyl peroxides, aryl
peroxides, substituted aryl peroxides, acyl peroxides, alkyl hydroperoxides, substituted
alkyl hydroperoxides, aryl hydroperoxides, subs'tituted aryl hydroperoxides, heteroalkyl
peroxides, substituted heteroalkyl peroxides, heteroalkyl hydroperoxides, substituted
heteroalkyl hydroperoxides, heteroaryl peroxides, substituted heteroaryl peroxides,
heteroaryl hydroperoxides, substituted heteroaryl hydroperoxides, alkyl peresters,
substituted alkyl peresters, aryl peresters, substituted aryl peresters, and azo compounds.
Specific initiators include benzoylperoxide (BPO) and AIBN.

[0062] Free radical polymerization processes can also be carried out in a living mode,
using methods, such as Atom Transfer Radical Polymerization (ATRP), Nitroxide
mediated living free radical polymerization or Reversible Addition Fragmentation
Transfer (RAFT). RAFT process is preferred, in particular using chain transfer agents
described in U.S. Patent No. 6,518,364. Using conventional and living/controlled
polymerizations methods, various polymer architectures can be produced, such as block,

graft, star and gradient copolymers, whereby the vicinal amine moieties are either
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distributed statistically across the chain or homopolymerized in block sequence or pendant

grafts.
[0063] Since the free vicinal amine monomer cannot be isolated because of its instability,
the vicinal amine monomer is polymerized in a protected form, referred to as “vicinal

amine precursor”. Typical vicinal amine precursors suitable for the invention include:

0]

PO e
ENH [ [NH OR ENH
T " T

O 0o

0]

CF3

NH/”\CF3
T

O

(X

r Lo L L
S RGO o5

CN HoN CN
A H

O o) 0 o
NA- ~CCls Y Y Y
(
NH,

(

[0064] After polymerization, which can be either free radical or cationic, the material is
then subjected to deprotection reaction conditions, such as hydrolysis or hydrogenation.
[0065] The starting material for the synthesis of polyvicinalamine can include 1,2 cis-di-
N-protected aminoethylene or maleamide. Scheme 1 depicts synthesis of
polyvicinalamines using 1,2 cis-di-N-protected aminoethylene and scheme 2 depicts the
synthesis using maleamide as the starting monomer. In another embodiment, a maleamide
precursor is polymerized and the obtained polymer subjected to conditions to generate a
vicinalamide polymer, which can then be transformed in the desired vicinalamine through
hydrogenation or Hoffmann rearrangement reaction. In yet another embodiment,
polymaleamide is synthesized by amidification of polymaleic anhydride or polymaleic
acid. The protecting group can be removed by hydrolysis under acidic or basic conditions.

In the case of maleamide, Hofmann rearrangement conditions can be applied to remove
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the protecting groups. Free radical polymerization can be performed in bulk, solution, or
suspended medium with common radical source such as azos and peroxides. The reaction
temperature is between room temperature and 150°C with reaction time from 0.5 hour to
24 hours. Slow feed process can be adapted in a copolymerization of one or more
monomers to match their reactivity. For cationic polymerization either Bronsted acid or

Lewis acid can be used as catalyst.

SCHEME 1
O

H/U\ HN” R
N hydrolysis

R1 " AIBN or acid | g
‘ , " acid or base
N\”/R1 Ry _NH | NH;
0 R4: alkyl, O-alkyl \H/
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SCHEME 2
0O
O NH, NH,
NH . Hofman reaction
2 AIBN or acid
. ' —_— n'
NH, n
, NaOCIl/HaOH NH,
S o) NH,
o) 0 N NH
Ho . H, C/
NHz  AIBN or acid hydroganation
R ' nl
NH, "
H,C
N
4 o) NH, NH,
NH3
nl
0O
(@) o C
| o
O

[0066] Maleamide is commercially available. Particularly useful cis-1,2-di-protected
amino ethylenes for the synthesis of polyvicinalamines include cis-1,2-
diacetamidoethylene, cis-N,N’-dicarbethoxy-1,2-diaminoethene, and cis-1,2-
formamidothylene. Numerous techniques are known in the art for the synthesis of cis-1,2-
10  di-protected amino ethylenes. SeeJ. Am. Chem. Soc. 1980, 102, 6784. For the present
invention, the most desired monomer is the corresponding formamidoethylene. An
example of a synthetic scheme for the synthesis of cis-1,2-formamidothylene is depicted

below in Scheme 3. This synthetic scheme involves the Bamberger cleavage of imidazole.

15
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SCHEME 3

O o
)k \\S//O 7 i
- N} )J\ o
/ \ H (@) (0] H H/ \IN’ H

HN

NS NaHCO3 / HoO

cis-1,2-formamidothylene

[0067] Scheme 4 depicts a synthesis scheme with fumarodinitrile as the starting material.

SCHEME 4

NH2
)

EXAMPLES

Example 1: Synthesis of cis-1.2-diacetamidoethylene

@) 0O
/'————\ Ac,O / EtOAC /”\ /T \ )J\
3C H N CHj

H
HN_ _N
S NaHCO3 / H,0

[0068] To a solution of imidazole (68g, 1 mole) in ethyl acetate (1 L) in a 10-L container
was added sodium bicarbonate (0.85 kg, 10 mole) and water (5 L) at ambient temperature.
Under magnetic agitation, acetic anhydride (400 mL, 4.04 mole) was added dropwise over
a course of 45 minutes. The resulting mixture was stirred overnight (12 hours). Then, the
solid was filtered out, washed, and triturated (in 600 mL water) at 80°C for 30 min. After
filtration, the product was collected in 120 g (ca. 80%).
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Example 2: Copolymerization of cis-1,2-diacetamidoethylene and N-vinyl

acetamide
0O

04 o

HN

NH
Wako VA-86
(L A

NH NH H20 Oy _-NH NH

[0069] A 50-mL flask equipped with magnetic stir bar and a reflux condenser was charged

with cis-1,2-diacetamidoethylene (2g, 14.1 mmol), N-vinyl acetamide (1.2g, 14.1mmol),
2,2’-azobis[2-methyl-N-(2-hydroxyethyl)propionamide] (Wako VA-086) (65mg, 2 wt%),
and water (6 mL) at ambient temperature. Under nitrogen atmosphere the resulting
mixture was brought to 85°C in an oil bath in 20 minutes and maintained for 12 hours.
The resulting solution was then precipitated into hot isopropanol. The product was
collected in 2.65 g (ca. 83%, Mn 78260, Mw 194200, PDI 2.48). The ratio of monomer
incorporation (cis-1,2-diacetamidoethylene / N-vinyl acetamide) was 0.7/1 based on 'H
NMR.

Example 3: Copolymerization of cis-1,2-diacetamidoethvylene and acrylamide

0O

o HN)J\

Wako VA-86 ,
n m
| 0
H.0 NH

H.NT SO
o:< NH,

[0070] A 50-mL flask equipped with magnetic a stir bar and a reflux condenser was

charged with cis-1,2-diacetamidoethylene (2g, 14.1 mmol), acrylamide (1g, 14.1mmol),
2,2’-azobis[2-methyl-N-(2-hydroxyethyl)propionamide] (Wako VA-086) (60mg, 2 wt%),
and water (6 mL) at ambient temperature. Under nitrogen atmosphere the resulting

mixture was brought to 85°C in an oil bath in 20 minutes and maintained for 12 hours.
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The resulting solution was then precipitated into hot isopropanol. The product was
collected in 2.1 g (ca. 70%). The ratio of monomer incorporation (cis-1,2-
diacetamidoethylene / N-vinyl acetamide) was 0.6/1 based on ‘H NMR.

Example 4: Copolymerization of cis-1.2-diacetamidoethylene and N-vinyl

formamide

NH
Wako VA-86
t ANt

NH HyO

NH o NH NH
0 < o:< \’/O=<
H

[0071] A 50-mL flask equipped with magnetic a stir bar and a reflux condenser was

charged with cis-1,2-diacetamidoethylene (2g, 14.1 mmol), N-vinyl formamide (1g,
14.1mmol), 2,2’-azobis[2-methyl-N-(2-hydroxyethyl)propionamide] (Wako VA-086)
(60mg, 2 wt%), and water (6 mL) at ambient temperature. Under nitrogen atmosphere the
resulting mixture was brought to 85°C in an oil bath in 20 minutes and maintained for 12
hours. The resulting solution was then precipitated into hot isopropanol. The product was
collected in 2.3 g (ca. 77%%, Mn 35650, Mw 80230, PDI 2.25). The ratio of monomer
incorporation (cis-1,2-diacetamidoethylene / N-vinyl acetamide) was 0.65/1 based on 'H
NMR.

Example 5: Cationic polymerization of cis-1.2-diacetamidoethylene
O

J

HN
O 0 HBF, / DMF
/“\ / o \ )K g
N H n
: OYNH
[0072] A 25-mL flask equipped with magnetic a stir bar under nitrogen atmosphere was
charged with cis-1,2-diacetamidoethylene (2g, 14.1 mmol), HBF, (5 mole%, 40 wt% in

ether) and anhydrous DMF (3 mL) at ambient temperature. The resulting mixture was
brought to 50°C in an oil bath in 20 minutes and monitored by proton NMR until the
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monomer was totally consumed. The resulted reaction mixture was a combination of short
chain oligomers.

Example 6: Polymerization of cis-1,2-diacetamidoethylene

5 [0073] A 25-mL flask equipped with magnetic a stir bar under nitrogen atmosphere is
charged with cis-1,2-diacetamidoethylene (4g, 28.2 mmol) at ambient temperature. The
reaction vessel is brought to 150°C with an oil bath. To the resulting mixture liquid tert-
butyl hydrogen peroxide (5 mole%, 1.41 mmole) is added and the reaction is maintained at
150°C for 12 hours. The workup consists of bringing the reaction temperature to 95 °C,

10 addition of 4 mL of water, and then precipitating into hot isopropanol.

Example 7: Polymerization of Maleamide and Hofman rearrangement

0O
I O NH, NH,
NH; VA-86 NaOCl
| v AN ;
NH, Water NaOH/H20 NH,
HoN 0O

[0074] A 25-mL flask equipped with magnetic a stir bar and a reflux condenser is charged
with maleamide (2.28g, 20 mmol), 2,2’-azobis[2-methyl-N-(2-

15 hydroxyethyl)propionamide] tWako VA-086) (50mg, 2 wt%), and water (2 mL) at room
temperature. Under nitrogen atmosphere the resulting mixture is brought to 90°C in an oil
bath in 30 minutes and maintained for 12 hours. The workup consists of addition of 2 mL
of water and then precipitating into methanol. After the precipitant is dried, it 2gis
dissolved in 20 mL of water and cooled down to 0°C. The resulting reaction mixture is

20 then added to a pre-cooled (-5 °C) mixture of 2M NaCl (10mL), 15M NaOH (2mL), and
water (2 mL) under vigorous stirring. The resulting solution is brought to -10 °C and
followed by addition of a cooled 11M NaOH (20 mL) solution under vigorous stirring.

After one hour, the reaction mixture is then placed in an ice bath for 15 hours.
25
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Example 7: Hydrolysis of Poly cis-1.2-diacetamidoethylene-co-N-vinyl acetamide

NH,

W 6N HCI, Reflux W
on NH NH,  NH,

[0075] A 100-mL flask equipped with magnetic stir bar and a reflux condenser was
5 charged with poly cis-1,2-diacetamidoethylene-co-N-vinyl acetamide from Example 2
(2.5g) and 50 mL of 6N HCI at ambient temperature. Under nitrogen atmosphere the
resulting mixture was heated to reflux in an oil bath for 120 hours. The resulting solution
was then neutralized with K,COs to pH 5, then followed by dialysis in water for 24 hours.
After lyophilization the product was collected in 0.83 g (vield 84%, ca. 75%
10  deacetylation).
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[0076] All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated by
reference. '

[0077] It will be apparent to one of ordinary skill in the art that many changes and
modifications can be made thereto without departing from the spirit or scope of the

appended claims.
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What is claimed is:

1. A polymeric composition comprising a polymer characterized by a repeat unit

having the formula

Formula I

or a copolymer thereof, wherein n is zero, one, or greater than 1, n’ is greater than 2, each
R is independently a suitable chemical group that complements the valency of nitrogen,
and each R’ is independently H, alkyl, or amino.

2. The polymeric composition of claim 1 wherein the polymer is
NH,

n

NH,

3. The polymeric composition of claim 1 wherein the polymer is

/

HoC

NH,

4. The polymeric composition of claim 1 wherein the polymer is

/

HoC

NH,
HoC

NH,

.-30-



WO 2005/041900 PCT/US2004/036738

5. The polymeric composition of claim 1 wherein the polymer is
S
nl
A
6 The polymeric composition of claim 1 wherein the polymer is

0
5 7 A polymeric composition comprising a polymer characterized by a repeat unit
having the formula
R
| x
R—N—R
/
n(H2C) Formula II

or a copolymer thereof, wherein n is zero, one, or greater than 1, n’ is greater than 2, each
R is independently a suitable chemical group that complements the valency of nitrogen,
10  each R’ is independently H, alkyl, or amino, and X" is a negatively charged counterion.

8. The polymeric composition of claim 7 wherein the polymer is

NH3+ CI"

=

NHg+CI
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9. The polymeric composition of claim 7 wherein the polymer is

/

HoC

NHz+ CT

H,C
NHz+ C

10.  The polymeric composition of claim 7 wherein the polymer is

/

H,C

NHs+ CI”

NH2

NH,
H.C.

NHz+ CT

5 11.  The polymeric composition of claim 7 wherein the polymer is

12. A polymeric composition comprising a polymer characterized by a repeat unit

having the formula

Formula 1T

10 wherein n is zero, one, or greater than 1, n’ is greater than 2, each R is independently a
suitable chemical group that complements the valency of nitrogen, each R’ is

independently H , alkyl, or amino, and X" is a negatively charged counterion.
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13. A polymeric composition comprising a polymer characterized by a repeat unit

having the formula

R' R’
n Formula IV
a(HzC) (PHz)n
\N\ A
Q
/ N

wherein n is zero, one, or greater than 1, n’ is greater than 2, each R is independe‘ntly a
suitable chemical group that complements the valency of nitrogen, each R’ is
independently H , alkyl, or amino, and Q is a bond, alkyl, alkylamino, alkylcarbonyl,
alkenyl, aryl, or heterocyclyl.

14. The polymeric composition of claim 1, 7, 12, or 13 wherein a pendant nitrogen
atom is bound to C, H, O, S, P or N such that a pendant group is nitroso, nitro, nitroxide
radical, nitrone, nitrene, isocyanate, carbazide, hydrazino, diazo groups, imine, amidine,
guanidine, sulfamate, phosphoramidate, or heterocycle.

15.  The polymeric composition of claim 1, 7, 12, or 13 wherein R is selected from the
group consisting of H, halogen, R*’, CO,H, CO,R”’, COR”’, C(=N R”)(N R”), CN,
CONH,, CONR™,, , OR’?, SO3 R”, Si(R’*)3, and P(O)(OR”),; wherein R”* is H or an
optionally substituted alkyl, acyl, alkylamino, alkenyl, heterocyclyl, or aryl group.

16.  The polymeric composition of claim 15 wherein the substituents to R’ are
sulfonate, sulfamate, sulfone, sulfonamide, phosphonate, phosphazene, phosphoramidate,
quaternary ammonium groups, amine groups, hydroxy, alkoxy, carboxamide, halogen,

alkyl, aryl, or carboxylic acid esters.
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17. The polymeric compositions of claims 1, 7, 12, or 13 wherein R is H,

€—CH; CH,CHs CHoCH,NH, ( CHZCHZNHﬁ—n
(0] (0] NH
(’)J\ Q/H\ o)k N
, , S
H CH, NH / No
(Alkyl or Aryl)
(Alkyl or Aryl)
o) (Alkyl or Aryl) N
|P| _—0OH C=0
o/ \OH ’ ' ’ ‘ ’
H,N NH HoN NH OH
(Alkyl or Aryl)
(Alkyl or Aryl)
I — or
o—pP R——0 ’ P
y \ / \ /) " OH
HO /
OH HO  OH & by
18.  The polymeric compositions of claim 7 or 12 wherein X" is chloride or carbonate.

19.  The polymeric composition of claim 1, 7, 12, or 13 wherein n is zero or one.

20. The polymeric composition of claim 1, 7, 12, or 13 wherein n is greater than one.
21. The polymeric composition of claim 1, 7, 12, or 13 wherein R’ is H, NH,, or
methyl.

22.  The polymeric compositions claim 1, 7, 12, or 13 wherein the polymer is a
copolymer comprising at least one second repeat unit selected from the group consisting of
vinyl esters, acrylates, methacrylates, acrylamides, methacrylamides, styrenics, N-vinyl
amides, and maleic esters.

23.  The polymeric composition of claim 1, 7, 12, or 13 wherein said polymer is

crosslinked with a crosslinking agent.
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24.  The polymeric composition of claim 23 wherein said crosslinking agent is present
in said composition from about 0.5% to about 200% by weight.

25.  The polymeric composition of claim 23 wherein said crosslinking agent comprises
at least one or more of halogen group, carbonyl group, epoxy group, ester group, acid
anhydride group, acid halide group, isocyanate group, vinyl group, or chloroformate
group.

26.  The polymeric composition of claim 23 wherein said crosslinking agent is selected
from the group consisting of epichlorohydrin, 1,4-butanedioldiglycidyl ether, 1,2~
ethanedioldiglycidyl ether, 1,3-dichloropropane, 1,2-dichloroethane, 1,3-dibromopropane,
1,2-dibromoethane, succinyl dichloride, dimethylsuccinate, toluene diisocyanate, acryloyl

chloride, and pyromellitic dianhydride.
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27.  The polymeric composition of claim 23 wherein the crosslinked polymer is
NH, NH;
NH, NH,
m
n' m n'
HN HN
NH2 NHZ
HO
’ HN
HN ,
NH, NH,
m m
o' n'
NH.
NH, 2
NH, 2 NH,

CH,

_CHy H2N/

HoN
wherein m is one or greater than one.
28. A method of making a compound of formula L, II, III, or IV, comprising:
(a) polymerizing 1,2 cis-di-N-protected aminoethylene; and
(b) removing a protecting group.
29.  The method of claim 28, wherein the 1,2 cis-di-N-protected aminoethylene is

polymerized by free radical means or cationic means.
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30.  The method of claim 28 wherein the protecting group is removed by hydrolysis
under acidic conditions, hydrolysis under basic conditions, hydrogenation, or Hofmann
rearrangement.

31. A pharmaceutical composition comprising a polymer characterized by a repeat unit
having the formula I, I, III, or IV; and a carrier.

32. A method of treating an animal subject, comprising administering to an animal
subject in need thereof an effective amount of the pharmaceutical composition of claim
31.

33.  The method of claim 32 wherein the pharmaceutical composition removes ions,
small molecules or proteins from the gastrointestinal tract.

34.  The method of claim 32, wherein the animal subject is suffering from a disease
selected from the group consisting of hyperphosphatemia, hypocalcemia,
hyperparathyroidism, depressed renal synthesis of calcitriol, tetany due to hypocalcemia,
renal insufficiency, ecotopic calcification in soft tissues, and ESRD.

35. A method of removing phosphate from an animal subject comprising administering
to an animal subject in need thereof an effective amount of the pharmaceutical
composition of claim 31.

36. The method of claim 35 wherein the animal subject is suffering from a disease
selected from the group consisting of hyperphosphatemia, hypocalcemia,
hyperparathyroidism, depressed renal synthesis of calcitriol, tetany due to hypocalcemia,
renal insufficiency, ecotopic calcification in soft tissues, and ESRD.

37. A method of removing oxalate from an animal subject comprising administering to
an animal subject in need thereof an effective amount of the pharmaceutical composition
of claim 31.

38.  The method of claim 37 wherein the animal subject is suffering from a disease
selected from the group consisting of kidney stones, hyperoxaluria and oxalosis.

39. A method of removing bile acids from an animal subject comprising administering
to an animal subject in need thereof an effective amount of the pharmaceutical
composition of claim 31.

40.  The method of claim 39, wherein the animal subject is suffering from a disease
selected from the group consisting of hyperlipidemia and hypercholesteremia.

41. A method of removing metallic iron from an animal subject comprising
administering to an animal subject in need thereof an effective amount of the

pharmaceutical composition of claim 31.
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42. A method of removing chloride from an animal subject comprising administering
to an animal subject in need thereof an effective amount of the pharmaceutical
composition of claim 31.

43.  The method of claim 42 wherein the animal subject is suffering from acidosis,
heartburn, acid reflux disease, sour stomach, or gastritis.

44, The method of claim 32, 35, 37, 39, 41, or 42 wherein the animal subject is a

human.
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