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CROSSLINKED POLY{ALLYLAMINE} POLYMER PHARMACEUTICAL
COMPOSITIONS

{00011 The present disclosurea relates {o crosslinked poly(allvlamine) polymers
comprising the residues of Z-propen-1-vlamine, or a sall thereof,
1,3-bis{allylamino)propansg, or a sait thereof, and 1, 2-dichioroethans, preferably
veverimer, that may be used as a nonabsorbed pharmaceutical for a therapeutic
application, for example, treating metabolic acidosis. More specifically, it relates {o
pharmaceutical compositions comprising such polymers, pharmaceutical products
comprising such polymers or pharmacsutical compositions thereof, and {0 a process for

the preparation of such polymers.

{00021 InU.S. Patent No. 9,205,107, Klaerner ot al. disclose crosslinked
poly{allylamine)} polymers that may be used to treat metabolic conditions in which
removal of protons and/or chioride ions from the gastrointestinal tract would provide
physiclogical benefits such as increasing serum bicarbonate concentrations. Arange of
crosslinked amine polymers are disclosed therein, including crosslinked poly{aliylaming)
polymers prepared by simultanecus polymerization of allvlamine and crosslinking the

polymer with a diallylamine.

{00031 Veverimer is a crosslinked poly{allylamine) polymer that may be used
o freat metabolic conditions. Wesson ef a/. "Long-term safely and efficacy of veverimer
in patients with metabolic acidosis in chronic kidney disease: a multicentre, randomised,
blinded, placebo-conirolied, 40-week extensiony”, The Lancst, Volume 384, Issus 10186,
P386-406, 2019 and Bushinsky ef af/. “Randomized, Controiled Trial of TRC101 to
Increase Serum Bicarbonate in Patients with CKD”, Clin. J. Am. Soc. Nephrol. 13: 26—
35, 2018, which are incorporated hearein by reference, disclose the treatment of

metabolic acidosis with veverimer.

[0004] One way of making the polymeric drug veverimer is described in
Exemplary Synthesis A of W0O2019/236636 A1 and in W(O2016/094885 A1, The
veverimer polymer made in this way is unigue 1D 018070-A3 FA in Table 8-1 of
Examplary Synthasis A of WO2019/236636 A1. Disclosad herein is an improved
veverimer polymer, for example due to its improved stablilty in the presence of oxygen,
as well as processes by which it can ba made, and packaged veverimear designed to

mitigate oxygen stabiiity concemns.
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[0005] Although the preparation of poly{allylamine) polymers from allylamine

and a diallylamine as described by Bianchi et al,, Inoue st al. and Klaemer ef al. provide
certain advantages over crosslinking a linear poly(allylamine) with epichlorohydrin, the
resulting crosslinked amine polymers may have undesirable process-related impurities
or degradation products such as allylamine or derivatives thereof. In some instances,
incompiete incorporation of dialivlamine or multiallylamines, such as 1,3~
bis{allylamino)propane, or a salt thereof, can lead (o unsaturated substituenis covalently
attached io the polymer backbone that can cause stability limiting generation of
aliylamine and related impurities during the work up including drying of the
poly(allylamine) or upon siorage. Such mechanisms of generating allylamine impurities
include but are not limited to oxygen, temperature, water, acid and base mediated

removal of the unsaturated substituents resulting in allylamine or related impurities.

(000671 One appreach to improve the purity profile and stability profile of a
polymer, such as veverimer, comprising the residues of 2-propen-1-ylamine, or a salt
thereof, and 1,3-bis(allylaminoipropane, or a salt thereof, is to improve the
polymerization efficiency {(i.e., improve conversion of the allyi groups). In general,
methods o improve polymerization efficiency are those that favor chain propagation
over propagation-limiting processes, such as chain transfer, chain termination, and
radical coupling. During the radical polymerization step, these methods include, but are

riot limited o

a} increasing the concentration of 2-propen-1-ylamine, or a salt
thereof, and 1,3-bis(allylamino)propane, or a sall thereof, in the monomer droplet

solution,

b} increasing the relative concentration of 1,3-bis(allylamino)propane,
or a salt therecof, by adding 2-propen-1-yiamine, or a salt thereof, in a semi-baich

or continuous process over the course of the reaction,
¢) reducing the reaction temperature {0 favor propagation, or
d} increasing the initiator concentration or amount.

Any one, or combination, of these or other methods could improve crosslinking
efficiency as measured by residual polymer backbone attached (i.e., pendent) allyl
groups in C NMR and reduced allvlamine formation in the final polymer, preferably

veverimer. Specifically, by minimizing the number of unreacted allyl groups from the
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1,3-bis(allylamino)propane, or a salt thereof, the purity profile and stability profile of the

resuiting polymer, preferably veverimer, can be improved.

(00071 Among tha various aspeacts of the present disclosure, therefore, may
be noted a process for the preparation of compaositions having therapeutic applications.

The process comprises

{(a) in a first step, forming a poly(allylamine) polymer inthe form of beads in a
concurrent polymerization and crosslinking reaction mixdture comprising 2-propen-1-
viamine, or a salt theraof, 1, 3-bis(ailylaminclpropanse, or a salt thereof, a radical
polymerization initiator, a surfactant, an acid, water and an organic solvent system
wherein less than 1.1% of the total number of carbon atoms comprised by the

crosslinked poly(allylamine) polymer are sp® aliyl carbons, and

(b} in a second step, further crosslinking the poly(allvlamine) polymer in a
reaction mixture comprising 1,2-dichiorosthane, a swelling agent for the poly(allvlamine)
polymer, and a dispersing solvent system to form a crosslinked poly{(aliylamine) polymer

having a swelling ratio of less than 2.

[0008] Afurther aspect of the present disclosure is a crosslinked
poly(allvlamine) polymer in bead form comprising the residues of Z-propen-~-1-ylamine, or
a salt thereof, 1,3-bis{allylamino)propans, or a salt thereof, and 1,2-dichlorosthane
wherein sp? allyl carbons pendent to the crosslinked poly(allylamine) polymer backbone
constitute less than 1.0% of the total number of carbon atoms comprised by the
crosslinked poly(aliylamineg) polymer and the crosslinked poly(allylamine) polymer has a

swelling ratio of less than 2.

(00091 Afurther aspect of the present disclosure is a pharmaceutical
composition comprising a crosslinked poly(allylamine) polymer described herein, in

particular veverimer.

[0010] The composition, nonabsorbabie composition, pharmaceutical
composition or crosslinked poly(allvlamine) polymer of the present invention can
comprise, or consist essentially of, or be a polymer as defined anywhere herein. For
exampie, the composition, nonabsorbable composition, pharmaceutical composition or
crosslinked poly{allylamine)} polvmer can comprise, or consist essentially of, or be the

drug substance veverimer.
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[0011] Veverimer is a polymeric drug that can have the following

structural properties:

(00121 Veverimer can be poly(alivlamine-co-N N'-diallyl-1,3-diaminopropane-

co-1,2-diaminoethane).

(00131 More specifically, veverimer can be a poly(N' N°-di(prop-2-en-1-
yvhpropane-1,3-diamine}-co-prop-2-en-1-amine}, crosslinked with N M'ethane-1,2-diyi
bridges (the mole ratio is = 2:5:2 (i.e. it is about 2 : about 5 about 2 of N AP-di(prop-2-
en-1-yhpropana-1,3-diamine : prop-2-en-t-amine | N N-ethanea-1,2-diy! bridges))

polymer.

[0014] A structurai representation of veverimer can be Formula &

Formula &,

wherein
a = residue of N N'-dialivi-1,3-diaminopropane dihydrochloride,
b = residue of allylaming,

¢ = residue of 1,2-dichloroethane (sthylene crosslink between two amines); an
gthylene linkage between two allylaming groups is shown as an example of one

of many possible linkages betweaen amines,

m = a large number indicating an extended polymer netwaork,
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[0015]1 Veverimer can comprise the following amounts of residues of

monomers:

a) 20-25 mol% residue of N N'-dialiyl-1,3-diaminopropane, or a salt

thereof, (also called 1,3-bis{allylamino)propane, or a salt thereof),
b} 50-60 mol% residue of Z-propen-~1-viamine, or a salt thereof, and
c}) 20-25 moi% residue of 1,2-dichioroethans,

wherain the {otal mol% of the residues is not greater than 100 mol%.

[0016] Veverimer can have a carbon to nitrogen weight ratio in the range of
about 3.7:1 to about 3.8:1, respectively. The carbon 1o nifrogen weight ratio may be
determined by elemeantal analysis. For example, the carbon {0 nitrogen weight ratio may
be determined by elemental analysis using a Perkin-Elmer 2400 Elemental Analyzer as

maore fully described elsewhere herain.

[0017]1 Veverimer can be a nonabsorbable composition that is insoluble, e.g.

under physiological conditions.

(00181 Veverimer can have a median particle size of graater than 1
micrometer and less than 1 miilimeter. The particle size of veverimer may be measured

by wet laser diffraction using Mie theory.
[0019] Veverimer may be prepared as follows:

[0020]1 Veverimer is obtainable by first copolymerizing 2-propen-1-ylamine, or
a sall thereof, and 1,3-bis{allylamino)propans, or a salt therecf, fo form a
poly(allylamine) polymer, followead by crosslinking the poly(allivlamine) polymer with 1,2-
dichloroethane.

(00211 For example, veverimer is obtainable by first copolymerizing 2-propen-
1-yvlamine hydrochioride and 1,3-bis{allylamino)propane dihydrochloride to form a
poly{alivlamine) polymer, followed by crossiinking the poly(allylamine) polymer with 1,2~
dichloroethane.

SUMMARY OF THE INVENTION

[0022] Anaspect of the present disclosure is a composition comprising a

crosslinked poly{aliylamine) polymer described herein, in particular veverimer, wherein
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less than 1.0% of the iotal number of carbon atoms present in the crosslinked

poly(allylamine) polymer are sp? allyl carbons.

(00231 Afurther aspect of the present disclosure is a composition comprising
a crosslinked poly(alivlamine) polymer described herein, in particular veverimer,
wherein when tested with the Heated Stability Assay (Stability Assay 2) the allvlamine
(H2C=CHCH2NH2) content of the crossiinked poly(allylamine} polymer increases by

less than 2.6 ppm/day allylamine.

(00241 Afurther aspect of the present disclosure is a unit dosage form having
an exterior and interior, the interior comprising a crosslinked poly(allvlamine) polymer
described herein, in particular veverimer, wherein the oxygen transfer rate between the

exterior and interior of the unit dosage form is less than about 0.050 CC/m2/day.

[0025] Afurther aspect of the present disclosure is a unit dosage form
comprising a sealed enclosure containing a crosslinked poly(allylaming) polymer
described herein, in particular veverimer, the sealed enclosure comprising a multi-layer
laminate of an inner contact layer, an outer layer; and a barrier layer disposed between
the cortact layer and outer laver, wherein the oxygen transfer rate between the multi-

layer laminate is less than about 0.050 CC/m%day.

(00281 Afurther aspect of the present disclosure is a composition comprising
a crosslinked poly(ailylamine) polymer described herein, in particular veverimer, for use

in therapy.

[0027] Afurther aspect of the present disclosure is a compasition comprising
a crosslinked poly(allylamine) polymer described herein, in particular veverimer, for

treating an acid base disorder.

(00281 A further aspect of the present disclosure is a composition comprising
a crosslinked poly(ailvlamine) polymer described herein, in particular veverimer, for use

in treating metabolic acidosis.

[0028] Afurther aspect of the present disclosure Is @ composition comprising
a crosslinked poly(ailylamine) polymer described herein, in particular veverimer, for use

in slowing kidney diease progression.
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[0030]1 A further aspect of the present disclosure is & composition comprising

a crosslinkad poly(ailvlamine) polymer described herein, in particular veverimer, for use

in slowing chronic kidney diease progression.

(00311 Afurther aspect of the present disclosure is a composition comprising
a crossiinked poly(ailylamine) polymer described herein, in particular veverimer, for use
in slowing kidney diease progression in a patient with metabolic acidosis associated

with chronic Kidney disease.

(00321 Afurther aspect of the present disclosure is a composition comprising
a crosslinked poly(ailylamine) polymer described herein, in particular veverimer, for use

in improving the physical function of a patient.

[0033] Afurther aspect of the present disclosure is a compasition comprising
a crosslinked poly(allvlamine) polymer described herein, in particular veverimer, for use

in improving the physical function of a patient with metabolic acidosis.

(00341 A further aspact of the prasent disclosure is a composition comprising
a crosslinked poly(ailvlamine) polymer described herein, in particular veverimer, for use

in improving the quality of life of a patient.

[00358] Afurther aspect of the present disclosure Is @ composition comprising
a crosslinkad poly(ailylamineg) polymer described herein, in particular veverimer, for use

in improving the quality of life of a patient with metabolic acidosis.

[0036] A further aspect of the present disclosure is a crosslinked
poly{allylamine) polymer as described herein, in particular veverimer, in a sealed

container.

[00371 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a crosslinkad poly(allvlaming} polymer as described herein, in particular

vevearimer, in a sealed container comprising & moisture barrier.

(00381 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a crosslinked poly(allylamine) polymer as dascribed herein, in particular

veverimer, in a sealed container comprising an oxygen barrier.

(00321 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a crosslinked poly(allylaming) polymer as describad herein, in particular

veverimer, in a sealed container comprising a moisture barrier and an oxygen barrier.
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[004071 A further aspect of the present disclosure is a pharmaceutical product

comprising a crosslinked poly(allvlaming) polymer as described herein, in particular

yeverimer, in a sealed sachet.

(00411 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a crosslinked poly(allylamine) polymer as described herein, in particular

veverimer, in a sealed container comprising a polymer, metal, glass or ceramic material.

[0042] Afurther aspect of the present disclosure is a pharmaceutical product
comprising a sealed container containing a crosslinked poly(allvlamine) polymer as

described herein, in particular veverimer, and an inert atmosphere.

[0043] Afurther aspect of the present disclosure is a pharmaceutical product
comprising a sealed container and a crosslinked poly{allylamine) polymer as described
herein, in particular veverimer, within the sealed container, the sealed container
comprising a mulli-layer laminate of an inner contact layer, an outer layer; and a barrier

fayer disposed between the cortact layer and outer layer.

(004471 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a sealed container and a crosslinked poly{allylamine) polymer as described
herein, in particular veverimer, within the sealed container, the sealed container
comprising a multi-layer laminate of an inner contact layer, an outer layer; and an

oxygen-barrier layer disposed between the contact layer and outer layer.

(004571 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a sealed container and a crosslinked poly{allylamine) polymer as described
herein, in particular veverimer, within the sealed container, the sealed container
comprising a multi-layer laminate of an inner contact layer, an cuter layer; and a

moisture-barrier layer disposed between the contact layer and outer layer.

[0046] Afurther aspect of the present disclosure is a pharmaceutical product
comprising a sealed container and a crosslinked poly{allylamine) polymer as described
herein, in particular veverimer, within the sealed container, the sealed container
comprising a multi-layer laminate of an inner contact layer, an outer layer, and an
oxygen-barrier layer and a moisture-barrier layer disposed between the contact layer

and outer layer.

[0047] Afurther aspect of the present disclosure is a pharmaceutical product

comprising a sealed container and a crosslinked poly(allylamineg) polymer as described
8
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herein, in particular veverimer, within the sealed container, the sealed container

comprising a multi-layer laminats of an inner contact layer, an cuter layer; and an

oxyger-scavenging layer disposed between the contact layer and the outer layer.

[o0481 Afurther aspect of the present disclosure is a method of treating an
acid/base disorder in an animal by oral administration of a pharmaceutical composition

comprising a crosslinked poiy(alivlamine) as described herein, in particular veverimer.

[0048] Afurther aspect of the present disclosure is a method of treating an
individual afflicted with an acid-base disorder characterized by a bassline serum
bicarbonate value of less than 22 mEg/|, the method comprising oral administration of a
daily dose of a pharmaceutical composition comprising a crosslinked poly{aliviamine) as
described herein, in particular veverimer, to increase the patient’s serum bicarbonate
value by at least 1 mEg/ from baseline within a treatment period not greater than 1

month.

[0050] Other aspects and features will be in part apparent and in part poinied

out hereingfter.

ABBREVIATIONS AND DEFINITIONS

{00511 The following definitions and methods are provided o better define the
present invention and to guide those of ordinary skill in the art in the practice of the
present invention. Unless otherwise noted, terms are to be understood according to
conventional usage by those of ordinary skill in the relevant art. The term "absorption
capacity’” as used herain in connection with a polymer and a swelling agent (or in the
case of a mixture of swelling agents, the mixture of swelling agents) is the amount of the
swelling agent {or such mixture) absorbead during a pericd of at least 16 hours at room
temperature by a given amount of a dry polymer (e.g., in the form of a dry bead)

immarsed in an excess amount of the swelling agent (or such mixture).

(00521 The abbreviations appearing in the following table shall have the

indicated meaning:

Abbreviation Meaning

AA Allylamine (CH2CHCHzNH:2)
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AA atrelease The amount of allylamine upon first
isolating the polymer at the point of

compietion of manufaciure

AA Stability The amount {ppm) of allylamine formed
par day in aither the “In-Air Stability
Assay (Stability Assay 1Y, the "Healed
Stability Assay (Stability assay 2)", or
the "Stability assessment when
packaged in a MylarFoil sachet assay
(Stability Assay 3y

AME at release | The amount of allyimethylather
{CH2CHCH20CHs) upon first isolating
the polymer at the point of completion of

manufacture

AQH at release | The amount of allylalcohol
(CH2CHCH20H) upon first isolating the
polymer at the point of completion of

manufacture

DCE 1,2-dichioroethane (CICH20H:2Cl)

DCE atrelease | The amount of 1,2-dichioroethane upon
first isolating the polymer at the point of

completion of manufacture

DCR 1, 3-dichioropropans (CICH2CHCH2CH

[06053] The term “alicyclic” means a saturated monocyclic group of 310 8

carbon atoms and includes cyclopentyl, cycichexyl, cycloheptyl, and the like.

[0054] The term "alkyl group” as used, sither alone or within other terms,
encompasses saturated linear or branched carbon radicals having, for example, ong to
about twenty carbon atoms or, in specific embodiments, one 1o about twelve carbon
atoms. In other embodimeants, alkyi groups are "lower alkyl” groups having one {o about

six carbon atoms. Examples of such groups include, but are not limited thereto, methyl,
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sthyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isc-amyl, hexyl
and the like. In more specific embodiments, lower alkyl groups have one to four carbon

atoms.

[C055] The term “alyl” as used hersin denotes a moisty having the structural
formula H2C=CH-CHz-, where ™ denotes the point of attachment of the moiety to the
remainder of the molecule. In some embodiments, the point of attachment *isto a

hetercatom in the remainder of the molecule, such as nifrogen.

(00581 The term “allyl equivalents” as usad herein means the total number of
moles of aliyl groups comprised by Z2-propen-1-viamine, or a salt thereof, and 1,3-

bis(allylamingpropane, or a sali thereof, in combination, present in a reaction mixture.

[0057] The terms "allylaming” and AAH denote a moisty having the structural
formuta HaoC=CH-CHaNH2.

(00581 The term "agueous solid content” refers to the concentration of solids
in the agueous phase at the start of polymerization = (mass AAH + mass DAPDA +
mass intiator (e.g. V-50)) / {mass AAH + mass DAPDA + mass initiator (e.g. V-50) +
mass water);, ‘mass initiator” constitutes the mass from the first initiator (e.g. V-50)

addition only. To express aqueocus solid content as a wit%, the value is muitipled by 100,

(00521 The term "aromatic group” or "aryl group” means an aromatic group
having one or more rings wherein such rings may be attached together in a pendent
manner or may be fused. In particular embodiments, an aromatic group is one, two or
three rings. Monocyclic aromatic groups may contain 5 to 10 carbon atoms, typically &
to 7 carbon atoms, and more typically & to 6 carbon atoms in the ring. Typical polycyclic
aromatic groups have two or three rings. Polycyclic aromatic groups having two rings
typically have 8 to 12 carbon atoms, preferabiy 8 to 10 carbon atoms in the rings.
Examples of aromatic groups include, but are not limited to, phenyl, naphthyi,

tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl or acenaphthyl.

[0060] The phrase “at release” shall mean in the as-manufaciured siate at the

point of compilstion of manufacture.

(00611 A “batch process” as used herein denotes a process in which the
reactants are fed into a reactor, the reaction is carried out, and the reaction product is

ramoved from the reactor at the conclusion of the reaction.

"
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[0062] The term “bead” is used {0 describe a crosslinked polymer that is

substantially spherical in shaps.

(00631 The term “bicarbonate equivalent” is used to describe an organic acid
or anion that yields bicarbonate when metabolized. Citrate and succinate are

axemplary bicarbonate equivalents.

[0064] The term "binds"” as used herein in connection with a polymer and one
or more iong, that is, a cation {e.g. “proton-binding” polymer) and an anion, is an "ion-
binding” polymer and/or when it associates with the ion, generally though not
necessarily in a non-covalent manner, with sufficient association strength that at least g
portion of the ion remains bound under the in vitro or in vivo conditions in which the
polymer is used for sufficient time to effect a removal of the ion from solution or from the
body.

(00651 In certain embodiments, the term “clinically significant increase” as
used herein in connection with a treatment refers 1o a treatment that improves or
provides a worthwhile change in an individual from a dysfunctional state back to a
relatively normal funclioning state, or moves the measurement of that state in the
direction of normal functioning, or at least a marked improvement (o untreated. A
number of methods can be used {o calculate clinical significance. A non-exhaustive list
of mathods for calculating clinical significance includes: Jacobson-Truax, Guliiksan-
Lord-Novick, Edwards-Nunnaily, Hageman-Arrindell, and Hierarchical Linear Modeling
{HLM).

[0086] A “continuous process” as used herein denotes a process in which one
or more reactants are continuously fed into a reactor and a reaction product smerges as

a continuous stream of product.

{00671 The term "crosslinker as used, either alone or within other terms,
encompasses ethylene crosslinkers, for example a dihaloethane selected from the
group consisting of 1,2-dichlorosthane, 1,2-dibromoeathane, 1,2-diiodosthane,

1. 2-diflucrosthane, 1-chioro-2-iodosthans, 1-chioro-2-bromosthane, 1-chioro-
2-fluorosthane, 1-bromo-Z-iodosthane, 1-flucro-Z-icdoethanes and 1-fluore-
2-bromosthane. Any reference herein to 1,2-dichiorosthane couid be replaced with any

sthylene crosslinker, including those disclosed in this paragraph.

12



WO 2022/186813 PCT/US2021/020265
[0068] The term “diallylaming” denoles an amino moiely having two allyl

groups.

(00691 The terms “dry bead” and “dry polymer” refer (o beads or polymaers that
corntain no more than 5% by weight of a non-polymer swelling agent or solvent. Often
the swealling agent/solvent is water remaining at the end of a purification. Thisis
generally removed by lyophilization or oven drying before storage or further crosslinking
of a preformed poly(aliylamine) polymer. The amount of sweliing agent/soivent can be
measured by heating (e.g., heating to 100-200°C) and measuring the resulting change

in weight. This is referred o 3 "loss on drying” or “LOD.”

[0070] The term “gel’ is used to describg a crosslinked polymer that has an

irregular shape.

[06071] The term “hetercaryl” means a monocyclic or bicyclic aromatic radical
of 5 to 10 ring atoms, unless otherwise stated, whers one or more, {in ong embodimeant,
one, two, or three), ring atoms are heteroatom selecied from N, O, or 5, the remaining
ring atoms being carbon. Representative examples include, but are not limited to,
pyrrofyl, thienyl, thiazolyl, imidazolyl, furanyl, indolyl, iscindolyl, oxazolyl, isoxazolyl,
benzothiazolyl, benzoxazolvl, quinolinyi, isoguincliny, pyridiny!, pyrimidinyi, pyrazinyi,
pyridazinyl, triazolyl, tetrazolyl, and the like. As defined hergin, the terms “hetercaryl”

and “aryl” are mutually exclusive. "Hsteroaryiene” means a divalent heteroary! radical.

{00727 The tarm "heteroatom” means an atom other than carbon and
hydrogen. Typically, but not exclusively, heteroatoms are selected from the group
consisting of halogen, sulfur, phosphorous, nitrogen, boron and oxygen atoms. Groups

containing more than one heteroatom may contain different heteroatoms.

(00731 The term “heterocyclo,” “heterocyclic,” or heterocyclyl” means a
saturated or unsaturated group of 4 {0 8 ring atoms in which one or two ring atoms are
heteroatom such as N, O, B, P and 8{0)n, where n is an integer from 0 {0 2, the
remaining ring atoms being carbon. Additionally, one or two ring carbon atoms in the
hetarocyclyl ring can optionally be raplacad by a -C{O)- group. More specifically the
term heterocyclyl includes, but is not limited to, pyrrolidine, piperidino, homopiperiding,
2-oxopyrrolidinyl, 2-oxopiperidiny!, morpholine, piperazino, tetrahydro-pyranyi,
thiomorpholino, and the like. When the heterocyclvl ring is unsaturated it can contain

one or two ring double bonds provided that the ring is not aromatic. When the
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heterocyclyl group cortains at least one nitrogen atom, it is also referred {o herein as

heterocycloamino and is a subset of the heterocyclyl group.

(00741 “initiator is a term used to describe a reagent that initiates a

polymerization.

[0075] The mole perceniage or “mol%” of a particular component of the

crosslinked poly(allvlamineg) polymer can be calculated as follows:

number of moles of component 00
total number of moles of crosslinked potv(allyiamine) polymer components

wharein the crosslinked poly{ailylaming) polymer componerits are the residues
specified in a given embodiment. For example, the residuss of 2-propen-1-ylaming, or a

salt thereof, 1,3-bis(allylaminopropane, or a salt thereof, and 1,2-dichloroethane.

[0076] The crossiinked poly(allylamine) polymer may be defined by the mol%
of the components of the crosslinked poly{allylamine) polvmer (e.g. the residues of the
monomers and crosslinking agent). In these embodiments, the total mol% may not
axceed 100 mol%. For example, the mol% of 1,3-bis(aliviamino)propane, or a salt
thareof, plus the mol% of Z-propen-1-ylamine, or a sait theraof, plus the moi% of 1,2-

dichlorosthane is £ 100 mol%.

[0077] A worked example of how the moie ratio and mol% may be calculated
is provide below. This example uses the known input mole ratio of 2-propen-1-ylamine,
or a salt thereof and 1,3-bis(allylaminc)propane, or a salt thereof, used to produce the
intermediate poly(allylaming) polymer and the amount of HCI generated by the second
step 1,2-dichloroethane (DCE) crosslinking of the poly{allylamine) polymer to calculate

the moi% of each component in the final crossiinked poly(aliviamineg) polymer.

[0078] This example is based on the principie that DCE can react with 2
aming groups so creates 2 equivalents of HC when it introduces an sthylene residue
into the crosslinked poly(allylaming) polymer. Thus the amount of HCI produced
indicates how many ethylene residues have been incorporaied into the crosslinked

poly{allylaming)} polymaear.

{00791 This exampie is performed on a sample of crude crosslinked

poly{alivlamine) polymer (i.e. immediately after DCE crosslinking). The HCI is extracted
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from the sample of crude crosslinked poly(aliviamine) polymer with sodium hydroxide

solution and Cl is analysed by anion chromatography.

[oo801 More specifically, about 2 grams of crude crosslinkad poly(allylamineg)
polymer was sampled immediately after DCE crosslinking reaction. The sample was
washed with 20 mL of methano! by mixing for two hours on an orbital shaker and then
vacuum filtering over a frit. The methanol wash was repeated for a total of two washes.
The loss on drving of the methanol washed polymer was determined by standard use of
a moisture balance. About 100 myg of methanol-washed crude crosslinked
poly{allylamine) polymer was accurately weighed into a vial and 10 mL of aguecus 50
mM sodium hydroxide solution was added. Cl was extracted from the polymer for 18
hours at 37 C, after which the supernatant was filtered through a 0.45 um nylon syringe
filter. Anion chromatography was used to determine the Cl concentration of tha
supernatant. The iC (e.q. Dionex ICS-5000, Thermo Scientific) method consists of a
AG19 guard column and AS19 analvtical column, a potassium hydroxide (KOH) eluent
generator, an injection volume of 25 microliters, with a run time of about 17 minutes and
flow rate of 1.0 mbl/min. The KOH concentration is 20 mM for 8 minutes, followed by a
hold at 70 mM KOH for 4 minutes, and re-equilibration at 20 mM KOH for 5 minutes. A

chioride standard was used for guantitation as follows

[o081] Chioride concentration in mM in the samples solutions was calculated

as follows:
P
C:RXQ
Wherein:
C= concentration of chioride in the sample solution, mbM;
Cs= concentration of chioride in Chioride Standard, miM;
= peak area of the sample;
Ps= average peak area of 6 injections of Chioride Standard.

{0821 This calculation can be performed by the chromatography data system.
(00831 Determination of poly(alivlamine) polymer mass exiracted:

We X (1060 - LOD) ¢ x0.01 x98.96
166 2

We (mg) =
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whereir:
We = Sampie mass converted to poly(allylamine) polymer in dry, free amine
form, mg;
Ws = Mass of sample, mg;
LOD = Loss on drying of sample (wi%),
100 = Conversion of percent into fraction for LOD;
= Concentration of chicride in the exiraction filtrate, mM;
0.01 = volume of 50 mM Sodium Hydroxide Solution, L;

98.98 = Molecular mass of 1,2-dichicrosthane, g/mol;
2= Molar ratio of chioride to 1,2-dichloroethans.

(00841 Determination of Reacted DCE;

o mmol Cl -/, xoet
Reacted DCE { v ) et
g poly(allylamine) polymer We
wherein:
C= Concentration of chioride in the exiraction filfrate, mM;
We = Mass of poly{aliylamine) polymer calculated above, mg;

0.01 = volume of 50 mM Sodium Hydroxide Solution, L.

(00851 Calculation of the weight percent of sthylene crosslinks per gram

poly{aliylamine) polymaer

For exampile, the following amount of sthylene may be calculated using the

method described above: 32.97 mmol ethylene / g poly{allylamine) polymer.

3.97 mmol ethylene / g poly(aliviaming) polymer = 111.1 myg sthylene / g

poly{ailylamine) polymer;

Wi% ethviene / g polv{aliylaming) polymer = 111.1 mg ethylene / {1000 mg
poiy(aliylamine) polymer + 111.1 mg sthylens) = 10 wit% sthylens or DCE

residues in the crosslinked poly{allylamine) polymer.
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(008671 Calculation of the weight percent of the residues of 2-propen-1-

yviamine, or a salt thereof, and 1,3-bis{allvlaminojpropane, or a salt thereof in the

crosslinked poly{allyiamine) polymer;

The wi% of the residues of Z-propen-1-ylamine, or a salt thereof, and 1,3-
bis{aliylamino)propane, or a salt thereof in the crosslinked poly{allylamineg)
polymer can be calculated using the polv(allylamine) polymer wt fraction of
crossiinked poly{allviamine) polymer and the known input mole ratios of 2-
propen-t-ylamine and 1,3-bis{(allylamino)propane used to produce the

intermediate poly{aliylamine) polymer:

For exampile, using 0.80 as the poly(allylamine} polymer wi fraction of
crosslinked poly(ailviamineg) polymer {(i.e. 10% of crosslinked poly(alivlaming)
poiymer is ethylene, 80% is poly(allylamine) polymer) and 35.7 wi% residues of
Z2-propen-1-ylamine and 64.3 wit% residues of 1,3-bis{allylamino)propans
calculated from the input mole ratics of 2-propen-i-vlamine and 1,3-
bis(aliylamino)propans used to make the poly(aliviamineg) polymer (80 mol% 2-

propen-t-ylamine | 40 mol% 1,3-bis(allylamino)propane):

60 mol% Z-propen-i-ylamine can be converted inic a wi% in the poly{allylamineg)
polymer as follows;

(57.1 x80)/ 100 = 34 .26;

(34.26 7 34 .26 + 61.68) x 100 = 35.7 wi% residues of 2-propen-1-ylamineg;

40 mol% 1,3-bis(allylaminolpropane can be converted into a wit% in the

poiy(aliylamine) polymer as follows
(154.2 x 40}/ 100 = 61.68;
{61.68/ 34.26 + &1.68) x 100 = 64.3 wt% residues of 1,3-bis(allylamino)propane,;

The wi% of the residues of 2-propen-1-ylamine and 1,3-bis{allylamino)propans in
ihe poly(aliylamine) polymer can be converted o a wi% in the crosslinked

poiy{aliviamine) polymer as follows;

The wi% of the residuas of 2-propen-1-ylaming = 0.00 x 35.7 wit% = 32.1 wi% in

the crosslinked poly(ailvlamineg)} polymer;

The wi% of the residues of 1,3-bis{aliviamino)jpropane = 0.90 x 64.3 wi% = 57 .8

wi% in the crosslinkad poly(allivlamine) polymer;
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(00871 Calculation of the mmoles /g of the residues of 2-propen-1-

yviamine, or a salt thereof, and 1,3-bis{aliyvlaminolpropane, or a salt thereof, in the
crosslinked poly{ailylamine) polymer from the weight percent of the residues of 2-
propen-i-ylamine, or a salt thereof, and 1,3-bis{aliviaminojpropans, or a salt

thereof in the crosslinked poly{aliviamine) polymer:

[0088] From the wi% calculations above, in 1 g of crosslinked poly(aliylamine)
polymer there is: 0.32g residues of 2-propen-1-ylamine, 0.58g residues of 1,3-
bis{allylamino)propane, 0.1¢g ethylene;

0.32 g residues of Z-propen-1-ylamine / 57.1 g/mol = 5.6 mmoi residues of 2-
propen-i-ylamine;

0.58g residues of 1,3-bis(allylamino)propane / 154.15 gfmol = 3.8 mmol residues
of 1,3-bis{allylaminoipropans;

0.10g ethylene / 28 g/mol = 3.6 mmol ethylene.

[c089] Calcuiation of the moi% of the residues of 2-propen-1-ylamine, or
a salt thersof, and 1,3-bis{aliviaminolpropane, or a salt thersof, in the crosslinked
poly{allylamine) polymer from the weight percent of 2-propen-1-ylamine, or a salt
thereof, and 1,3-bis{allylaminolpropane, or a sait thereof in the crosslinked
poly{allylamine] polymer:

mol% residues of Z-propen-t-ylamine = (5.6/(5.6+3.8+3.6) = 43%,
mol% residues of 1 3-bislallylamincipropane = (3.8/(5.6+3.8+3.6) = 28%;
mol% residues of 1 2-dichloroethane = (3.6/(5.6+3.8+3.6) = 28%.

[6090] Ancther worked example of how the mole ratio and mol% may be
calculated is provide below. This example uses elemertal analysis o determine the
weight percent of the ethylene crosslinks. The weight percent of the ethylene crosslinks

can then be used o calcuiate the mole ratic and mol% using the equations above.

(00911 Calculation of mmol ethylene incorporated / g poly{alivlamine)

polymer using slemental analysis

Nwt%-"pp) -

wit%h—cpy }
N wibh~—cpp/ e |

4 % 12.062 x 100

[ X 1000

wherein:
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C wt%-pp is the weight% of carbon in the poly(allylamine) polymer from

alemential analysis;

C wi%-cpp is the weight% of carbon in the crosslinked poly(allylamine} polymer

from elemental analysis;

N wit%-pp is the weight% of nitrogen in the poly{aliylamine) polymer from

elemental analysis;

N wt%-cpp is the weight% of nitrogen in the crosslinkad poly{allylaming) polymer
from slamental analysis;

1000 is conversion from moles to millimoles;
2 x 12.02 is sthylens carbon mass {weight of 2 moles of carbon);
100 is conversion from wi% to weight.

(00927 The C wit% and N wt% of the poly{allylamine) polymer and the
crosslinked poly(allylaming) polymer may be determined using elemental analysis, for
example the elemental analysis procedure described for determining the carbon to
nitrogen weight ratio,

(00931 The term ‘monaaliylaming” denotas an amino moiety having one aliyl
Qroup.

[009471 The term “‘multiallvlaming” denotes an amino moiety having two or

more allyl groups and includes, for example, diallylamines, iriallylamines, eic.

[0095] The term “nonabsorbable” as used herein takes its normal meaning in
the art. Therefore, If something is nonabsorbable it is not absorbed during its passage
through the human Gl tract. This could be measured by any appropriate means. One
option known to the skilled person would be to examine faeces to see if the
nonabsorbable material is recoverad after passing through the Gl fract. As a practical
matter, the amount of g nonabsorbable material recovered in this scenario will never be
100% of the material administered. For example, about 80 — 99% of the matarial might
be recovered from the faeces. Another option known to the skilled person would be {0
look for the presence of the material in the lymph, blood, interstitial fluid, secretions from
varicus organs {(e.g., pancreas, liver, gut, etc.) or in the body of organs {e.q., liver,
kidney, lungs, eifc.) as orai administration of a nonabsorbable material would not result
in an increase in the amount of that material in these mairices and tissues.
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Nonabsorbable compositions may be particulate compositions that are essentially

inscluble in the human Gl tract and have a particle size that is large encugh {o avoid
passive or aclive absorption through the human Gl fract. As an example,
nonabsorbable compositions is meant o imply that the subsiance does not enter the
lymph, blood, interstitial fluids or organs through the main entry points of the human Gl
tract, namely by paraceliular entry between gut epithelial cells, by endocytic uptake
through gut epithelial cells, or through entry via M cells comprising the gul epithealial
antigen sampling and immune surveiliance system (Jung, 2000}, either through active
or passive fransport processes. There is a known size limit for a particulate to be
absorbad in the human Gl fract (Jung et al,, Europsan Journal of Pharmaceutics and
Biopharmaceutics 50 {2000) 147-160; Jani et al., Internation. Journal of Pharmaceutics,
84 (1992) 245-252; and Jani et al., J. Pharm. Pharmacol. 1989, 41:809-812), so the
skilled person would know that materials that, when in the Gl tract, have a size of at

least 1 micrometers would be nonabsorbable.

[0086]1 “Optional” or “optionally” means that the subseguently described evert
or circumstance may but nead not occur, and that the description includes instances
where the event or circumstance occurs and instances in which it does not. For
exampie, “heterocyciyl group optionally substituted with an alkyl group” means that the
alkyt may but need not be present, and the dascription includes embodiments in which
the heterocyclyl group is substituted with an alkyl group and embodiments in which the

heterocyclvl group is not substituted with alkyl.

{00871 The term “partially incorporated multiallylamine residue” as used herein
denotes the residus of a multiallivlamine that (i) has been incorporated info a
poly(allylamine) polymer and (il) possesses at least ong pendant allyl group (e, at
least one allyl group that did not participate in a reaction {¢ become a chain atom of and
is merely “dangling” from the poly{alivlamine) polymer backbone chain). For example, a
partially incorporated diallylamine residue is the residue of a diallylamine in which one of
the two allyl groups of the incorporated diallvlamineg is a pendant allyl group of the

polymer chain.

[0088] “Particle size” is measured by wet laser diffraction using Mie theory.
Particles are dispersad in an appropriate solvent, such as water or methanoel, and added
to the sampie chamber to achieve red channei obscuration of 10-20%. Sonication may
be parformed, and a dispersing agent, such as a surfactant (2.g. Tween-80}, may be
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added in order {o disrupt weak particle-particie interactions. The refractive index setting

of the particles used for size distribution calculation is selected to minimize artifacts in
the results and the R parameter vaiue, determined by the laser diffraction software. The
D3(0.1), D{0.5), and D(0.9) values characterizing the particle size disiribution by volume-

basis are recorded.

[0098] For example, the particle size is measured by wet laser diffraction
using Mie theory as follows. Particles are dispersed in methanol, and added o the
sample chamber to achieve red channel cbscuration of 10-20%. Sonication is
performed. The refractive index setting of the particles used for size distribution
calculation is selected to minimize artifacts in the resulls and the R parameter value,
determined by the laser diffraction software. The B{0. 1), B{0.5), and D{0.9) values

characterizing the particle size distribution by volume-basis are recorded.

[00100] “Pharmaceutically acceptable” as used in connection with a carrier,
diluent or excipient means a carrier, diluent or an excipient, respectively, that is useful in
preparing a pharmaceutical composition that is genarally safe, non-toxic and naither
biologicaily nor otherwise undesirable for velerinary use and/or human pharmaceutical

use,

[00101] The term “post polymerization crossiinking” is a term that describes a
reaction to an already formed bead or gel, where more crosslinking is introduced to the
already formed bead or gel 1o create a bead or gal that has an increased amount of

crosslinking.

[00102] The term “post polymerization modification” is a term that describes a
modification to an aiready formed bead or gel, where a reaction or a treatment
introduces an additional functionality. This functionality can be linked either covalently or

non-covalently o the already formed bead.

[00103] The term “semi-batch process” as used herein denotes refers to a
variation of a batch process in which one or more reactants is added intermittently or

continuously to the reactor.

[00104] "Simulated Gastric Fluid” or “SGF” Assay describes a test to determine
total chioride binding capacity for a test polymer using a defined buffer that simulaies
the contents of gastric fluid as follows: Simulated gastric fluid (8GF) consists of 35 mM

NaCl, 63 mM HCI, pH 1.2. To perform the assay, the free-amine polymer being tested is
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prepared at a concentration of 2.5 mg/m! (25 mg dry mass) in 10 mL of SGF buffer.

The mixture is incubated at 37 °C overnight for ~12-18 hours with agitation on a
rotisserie mixer. Unless ancther time period is otherwise stated, SGF binding data or
binding capacities recited herein are determined in a time pericd of this duration. After
incubation and mixing, the tubes containing the polymer are centrifuged for 2 minutes at
500-1000Xg to pellet the test samples. Approximately 750 microliters of supernatant
are removed and filtered using an appropriate filter, for example a 0.45 micrometer
pore-size syringe filter or an 800 microliter, 1 micrometer pore-size, 96-well, glass filter
plate that has been fitted over a 96-well 2 mL collection plate. With the latter
arrangement multiple samples tested in SGF buffer can be prepared for analysis,
including a control fube containing blank buffer that is processed through all of the
assay steps. With the samples arrayed in the filter plate and the collection plate fitted
on the bottom, the unit is centrifuged at 1000Xg for 1 minute to filter the samples. In
cases of small sample sets, a syringe filter may be used in lieu of the filter plate, to
retriesve ~2-4 mL of filtraie into & 15 mbL container. After filtration, the respsective filtrates
are diluted 4X with water and the chloride content of the filtrate is measured via ion
chromatography (IC). The IC method (e.g. Dionex ICS-2100, Thermo Scientific)
consists of an AS11 column and a 15 mM KOH mobile phase, an injection volume of 5
microliters, with a run time of 3 minutes, a washing/rinse volume of 1000 microliters,
and flow rate of 1.25 mL /min. To determine the chioride bound {o the polymer, the
following calculation is completed:

{Clstart -Cleqg) < 4

2.3

Binding capacity expressed as mmol chioride/g polymer. where (Gl start corresponds to
the starting concentration of chloride in the SGF buffer, Cl ag corresponds to the
squilibrium value of chioride in the diluted measured filtrates after exposure {o the test

polymer, 4 is the dilution factor and 2.5 is the polymer concentration in mg/mi.

[00105] “Simulated Small Intestine Inorganic Buffer” or "SIB" s atest o
determine the chioride and phosphate binding capacity of free amine test polymers in a
selective specific interfering buffer assay (SIB). The chioride and phosphate binding
capacity of freg amine test polymers was determined using the seleclive specific
interfering buffer assay (SIB) as follows: The buffer used for the SIB assay comprises
36 mM NaCl, 20 mM NaHP 04, 50 mM 2-(N-morpholinojethanesulfonic acid (MES)
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buffered to pH 5.5, The SIB buffer contains concentrations of chloride, phosphate and

pH that are present in the human duocdenum and upper gastrointestinal tract (Stevens
T, Conwell DL, Zuccare G, Van Lente F, Khandwala F, Purich E, et al. Electrolyte
composition of endoscopicaily collected duodenal drainage fluid after synthetic porcine
sacretin stimulation in haalthy subjects. Gastrointestinal endoscopy. 2004;60(3):351-5,
Fordiran J, Loclklear T. lonic constifuents and osmolality of gastric and small-intestinal
fluids after eating. Digest Dis Sci. 1966:11(7):503-21) and is an sffective measure of the
selectivity of chioride binding compared to phosphate binding by a polymer. To perform
tha assay, the free amine polymer being testad is prepared at a concentration of 2.5
mafml (25 mg dry mass} in 10 mbL of SIB buffer. The mixture is incubated at 37 °C for 1
hour with agitation on an orbital shaker at 200 to 300 rotations per minute. Unless
another time period is otherwise stated, SIB binding data or binding capacities recited
herein are determinad in a time period of this duration. After incubation and mixing, the
tubes containing the polymaer are centrifuged for 2 minutes at 1000Xg o pellet the test
samples. 750 microliter of supernatant is removed and filtered using an 800 microliter,
1 micrometer pore-size, 96-well, glass filter plate that has been fitted over a 96-well 2
mL collection plate; with this arrangement mulliple samples tested in SIB buffer can be
preparad for analysis, including the standard controls of free amineg sevelamer, free
amine bixalomer and a conirol tube cortaining blank buffer that is processed through all
of the assay steps. With the samplas arrayed in the filter plate and the collection plate
fitted on the bottom, the unit is centrifuged at 1000Xg for 1 minute to filler the samples.
In cases of small sample seals, a syringe filter (0.45 micrometer) may be used in lisu of
the filter plate, o retrieve ~2-4 mb of filtrate into a 15 mbL vial. After filiration inic the
collection plaie, the respective filirates are diluted before measuring for chioride or
phosphate content. For the measuremeant of chioride and phosphate, tha filtrates under
analysis are diluted 4X with water. The chloride and phosphate content of the filtrate is
measured via ion chromatography (IC). The IC msthod {e.g. Dionex ICS-2100, Therma
Scientific) consists of an AS24A column, a 45 mM KOH mobile phase, an injection
volume of 5 micrgliters, with a run time of about 10 minutes, a washing/rinse volume of
1000 microliter, and flow rate of 0.3 mL/min. To determine the chioride bound io the
polymer, the following calculation is completed:

(Clsary Clinayy X 4

2’5

Binding capacity expressed as mmol chioride/g polymer =
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where Clstant cOrresponds to the starting concentration of chioride in the SIB buffer, Clina

corresponds 1o the final value of chioride in the measured diluted filtrates after exposure
to the fest polymer, 4 is the dilution factor and 2.5 is the polymer concentration in mg/mi
To determine the phosphate bound to the polymer, the following calculation is
completed:
{(Psiary ) Peinaj) X 4
25

Binding capacity expressed as mmol phosphate/g polymer =

where Psuer corresponds to the starting concentration of phosphate in the SIB buffer,
Prnat corresponds io the final value of phosphate in the measured diluted filtrates after
exposure to the test polymer, 4 is the dilution factor and 2.5 is the polymer

concentration in mgémi.

(001061 The term “sp? alivi carbon” as used herein denotes each of the two sp?

hybridized carbon atoms comprised by an allyl moisty.

[00107] The term "substituted hydrocarbyl,” "substituted alkyl,” "substituted
alkenyl,"” "substituted aryl,” "substituted heterocyclo,” or "substituted heteroary!” as used
herein denctes hydrocarbyl, alkyl, alkenyl, arvl, heterccyclo, or hetercaryl moisties
which are substituled with at least one atom other than carbon and hydrogen, including
moieties in which a carbon chain atom is substituted with a hetero atom such as
nitrogen, oxygen, silicon, phosphorous, boron, suifur, or a halogen atom. These
substituents include halogen, heterocyelo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy,
kato, acyl, acyloxy, nitro, amine, amido, nitro, cyano, thiol, ketals, acetals, esters and

sthers.

[00108] “Sweliing Ratio” or simply “Swelling” describes the amount of water
absorbed by a given amount of polymer divided by the weight of the polymer aliquot.
The Sweilling Ratio is expressed as: swelling = (g swollen polymer — g dry polymer)/g
dry polymer. The method used to determine the Swelling Ratio for any given polymer

comprised the following:

a. 50-100 mg of dry {less than 5 wsight % water content) polymer is placed into
an 11 mb sealable test tube {(with screw cap) of known weight (weight of tube =
Weight A).

b. Deionized water (10mL) is added o the tube containing the polymer. The tube

is sealed and tumbled for 16 hours (overnight) at room temperature. After
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incubation, the tube is centrifuged at 3000xg for 3 minutes and the supernatant is

carefully removed by vacuum suction. For polymers that form a very loose

sediment, another step of centrifugation is performed.
c. After step (b), the weight of swollen polymer plus fube (Weight B) is recorded.

d. Freeze at —40 °C for 30 minutes. Lyophilize for 48 h. Weigh dried polymer
and test tube (recorded as Weight C).

e. Calculate g water absorbed per g of polymer, defined as: [{ Weight B-Weight
A)-{ Weight C- Weight A)Y{ Weight C- Weight A).

[00109] A "target ion' is an ion to which the polymer binds, and usually refers
to the major ions bound by the polymer, or the ions whose binding to the polymer is
thought to produce the therapeutic effect of the polymer {(&.g. proton and chioride

binding which leads to net removal of HCH.

[00110] The term “theorstical capacity” represents the caiculated, expected
binding of hydrochloric acid in an "SGF” assay, expressed in mmol/g. The theoretical
capacity is based on the assumption that 100 % of the amines from the monomer(s)
and crosslinker(s) are incorporated in the crossiinked polymer based on their respective
feed ratios. Theorstical capacity is thus equal to the concentration of amine
functionalities in the polymer (mmol/g). The theoretical capacity assumes that each
amine is available to bind the respective anions and cations and is not adjusted for the
type of amine formed {e.g. it does not subtract capacity of guaternary amines that are

not available to bind proton).

[00111] “Therapeutically effective amount” means the amount of a proton-
binding crosslinked amine polymer that, when administered to a patient for treating a
disease, is sufficient to effect such treatment for the disease. The amount constituting a
“therapeutically effective amount” will vary depending on the polymer, the severity of the

dissase and the age, weight, etc., of the mammal {0 be treated.

(001121 “Treating” or “treatment” of a disease includes (i) inhibiting the diseass,
ie., arresting or reducing the development of the disease or its clinical symptoms; or (i)
relieving the disease, f.e., causing regression of the disease or iis clinical symptoms.

Iinhibiting the diseasse, for example, would include prophylaxis.
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[00113] The term “trigliylamine” denctes an amino moiety having three allyl

groups.

[00114] The term “viny!” denotes a moisty having the structural formula
R C=CH-* where * denotes the point of attachment of the moiety to the remainder of
the molecule, and wherein X and Y are independently 0, 1 or 2, such that X+Y=2, and R
is hydrocarbyl or substituted hydrocarbyl. In some embodiments, the point of

attachment * is 1o a heteroatom in the remainder of the molecule, such as nitrogen.
[00115] The term “water squivalents” means the numbaer of moles of water.

[00116] The term “weight percent crosslinker” represents the calculated
percentage, by mass, of a polymer sample that is derived from the crossiinker. Weight
percent crosslinker is calculated using the feed ratio of the polymerization, and assumes
full conversion of the monomer and crosslinker(s). The mass atiributed to the
crosslinker is equal to the expectad increase of molacular weight in the infinite polymer
network after reaction {e.g. 1,3-dichioropropane is 113 amu, but only 42 amu are added
to a polymer network after crosslinking with DCP because the chiorine atoms, as

leaving groups, are not incorporated into the polymer network).
[00117] Protocol for Other Assays and Determinations Referenced Hersin

(001181 Cation IC Extraction Procedure: To a tightly closing vial with
capacity between 15 and 50 mi, poly(ailylaming) polymer (~1.0 g) is added 10 mbL of
1.2 M HCL The vial is shaken at room temperature for at least 24 hours. The
supsrnatant is filtered through a 0.45 micromeater syringe filter followad by a
neutralization column before being analyzed by ion chromatography (IC). The IC (e.g.
Dionex 1CS-5000, Thermo Scientific) method consists of 2 CG19 guard column and
CS819 analytical column, a methane sulfonic acid (MSA) eluent generator, an injection
volume of 25 microliters, with a run time of about 40 minutes and flow rate of 0.3
mLimin. The MSA concertration is 2 mM for 10 minutes, followed by a ramp to 70 mM
MSA from 10 ic 28 minutes, a hold at 70 mM MSA for 3 minutes, and re-equilibration at
2mM MSA for @ minutes. This procedure is used {o measure allylaming content of 0.25
ppm or higher. If samples contain less than 0.25 ppm then the extraction supernatant

are analyzed by LCMS as described in the following procedure.

[00119] To a tightly closing vial with capacity between 15 and 50 mL,
polyallylaming polymer {(~1.0 g} is added 10 mL of 1.2 M HCI. The vial is shaken at 200
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RPM at room temperature for at least 24 hours. The supematant is filtered through a

(.45 micrometer syringe filter. The sample is diluted two-fold with internal standard (IS},
consisting of 10 micrograms/mi diethylamine in 0.1% heptafiurcbutyric acid (HFBA) in
water. The HPLC method (e.g. Agilent 1260 HPLC) consists of a Acclaim 120 C18 2.1
x 50 mm column with & micrometer particle size, an injection volume of 5 microliters,
mobile phase consisting of A) 0.1% HFBA in water and B) 0.1% HFBA in acetonitrile,
with a gradient of 0% B for 3 minutes, ramp to 100% B from 3-3.5 minutas, hoid at
100% B from 3.5-6 minutes, and equilibration at 0% B until 10 minutes, with a flow rate
of 0.4 mL/min. The mass spectromater (MS) method (e.g. AP 4000 triple quadrupole
tandem MS) with elecirospray ionization with source temperature approximately 500°C
and voltage of 5000 V. in positive ion, multiple reaction monitoring mods with allvlamine
Q1 and Q3 masses approximately 58.7 and 58.1 amu, respectively and IS Q1 and Q3
masses approximately 74.7 and 73.1 amu. Gas source pressure, collision energy,
declustering potantial, entrance potential and exit potential are optimized for the

instrumentation employed.

[00120] Determination of percent sp? allyl carbons by quantitative °C
solid state magic angle spinning {(MAS) NMR. The guantitative *C solid state magic
angle spinning (MAS) NMR measurement is performed on a Bruker AVANCE i 800
MHz (18.8T) standard bore spectrometer, operating at 800.25 MHz and 201.24 MHz for
'H and *C, respectively, with a 4 mm zirconia rotor system at a spinning frequency of
16 kHz. A singla pulse sxpariment is performed with a 30 degree excitation pulse of 1.2
LIS Using an 8 s relaxation delay, which is optimized for guantitative analysis, an 8.6 ms
aequisition time, and an acumination of about 20,000 scans. 100 kHz proton decoupling
was applied during "*C data acquisition. The chemical shift is referenced to the TMS
standard. Integration of the allyl carbon peaks betwesn 110 — 150 ppm and alkyl carbon
peaks between 0 — 80 ppm is used o quantitate the percent sp? allyl carbons of the

poly(alivlaming) polymer using the following formula:

% spZ allyl carbons

B peak integration (110 — 150 ppm) < 100
" peak integration (0 — 80 ppm) + peak integration {110 — 150 ppm) ~

(001211 When introducing elements of the presant invention or the preferred

embodiments(s) thereof, the articles "a", "an”, "the" and "said” are intended o mean that

1

noon

there are one or more of the elements. The terms "comprising”, "including” and "having"”
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are intended to be inclusive and not exclusive (i g., there may be other elements in

addition to the recited elements).

[00122] Determination of percent sp® allyl carbons by quantitative 13C

solid state cross-polarization magic angle spinning {CPMAS) NMR.

[00123] The quantitative *C solid state cross-polarization magic angle spinning
(CPMAS) NMR measurement is performed on poly(aliylaminga) polymer samples using a
Redstone 360 MHz spectrometer, operating at 383.331 MHz and 91.389 MHz for H
and 13C, respectively, with a 7 mm zirconium probe at a spinning frequency of 7 kHz.
The cross-polarization experiment is performed with a 90 degree 'H excitation pulse of
5 us, 2.5 ms contact time, and 3 s recycle delay, which was calibrated for
poly(allylamine) polymer analysis based on quantitative single-pulse spectra. Proton
decoupling of 12V and 18V and line broadening of 35 Hz were used, and about 3500
spectral acquisitions were accumuiated. Integration of the allyl carbon peaks belween
110 - 150 ppm and alkyl carbon peaks between 0 - 80 ppm is used to quantitate the

percent sp” allyl carbons of the poly(allylamine) polymer using the following formula:

Yo sp2 allyl carbons =

peak integration (110 — 150 ppm)
peak integration {0 — 80 ppm) + peak integration (110 — 150 ppm)

x100.

[00124] Determination of the carbon to nitrogen weight ratio of the

crosslinked poly{aliylamine} polymer by elemental analysis:

(001251 Elemental analysis is a standard method for measuring carbon,
hydrogen and nitrogen content of organic substances that belongs to the skilled
person’'s common general knowledge. The skilled person would appreciate that all
slemental analysis measurement meathodologies yield the same result within the
appropriate limit of measurement accuracy. The slemental analysis may be performed
by any elemental analyzer suitable for measurement of organic carbon, hydrogen, and
nitrogen. The following elemental analysis method is provided as an example of how the

slemental analysis may be performed.

[00126] Carbon, Hydrogsen, Nitrogen are determined using a Perkin-Elmer
2400 Elemental Analyzer. This analyzer uses combustion o convert the sample
slements to simple gases, 1.e., CO2, H20, and Na. Upon entering the analyzer, the

sample is combusted in a pure oxygen environment. The product gases are separated
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under steady state conditions, and measured as a function of thermal conductivity. The

instrument is calibrated prior 1o sample analysis with a National Institute of Standards
and Technology (NIST) traceabls organic standard. For example, the standard may
have a nitrogen content in the range of about 11-45 wit%. System suitabiiity is confirmed
by analyzing an NIST traceable organic standard. The standard must check to within
+0.1% of its theoretical value for all three of the elements carbon, hydrogen and
nitrogen. Crosslinkad poly(aliviamine} polymer samples for analysis are typically dried

by at 60°C in an oven under vacuum prior to analysis {0 remove moisture.

(001271 The carbon to nitrogen weight ratio of the poly{allylamine) polymer
used to make the crosslinked poly(alivlaming) polymer may aiso be determined by
elemental analysis. The procedure used to determine the carbon {6 nitrogen weight ratic

of the poly(aliylamine) polymer can be as described above.

[c0128] GC-FID Extraction Procedure: To g lightly closing vial with capacity
between 10 and 20 mL, containing poly{alivlamine) polymer {~0.1g) is added 5 mL of
acetonitrile. To a sacond tightly closing vial with capacity between 10 and 20 mi,
containing polyallylamine polymer (~1.5 g) is added 5 mb of methanol. The vials are
closed and shaken at room temperature at 200 RPM for 24 hours. The supernatant is
filtered through a 0.45 micrometer syringe filter before being analyzed by gas
chromatography with flame ionization detection (GC-FID). The GC (e.g. Agilent 6830)
method consists of an approximately 4 meter DB-1 column, 0.32 mm inner diameter
coupled in series with a 30 meter DB-wax column, 0.32 mm inner diameater, with
constant helium flow of 2.5 mL/min. Injection of 2 microliters is performed into an inlet
at 200°C, with a split ratic of 1:10. The oven gradient program consists of a 5 minute
hold at 40°C, followed by a 10°C/min ramp to 180°C, followed by a 20°C/min ramp 0

240°C and a hold of 3 minutes. FID acquisition is performed at a temperature of 300°C.

[00129] Heated Stability Assay {Stability Assay 2} Into two saparate tightly
closing vials with capacity between 15 and 50 mL, is massed poly(aliylaming) polymer
{1.0 g each). The sample from one vial is extracted directly to determine the starting
allylaming content according to the Cation 1€ Extraction Procadure. The remaining
sample is sealed tightly, and then put into a convection oven set to 80°C. After 72
hours, the samples are removad from the oven, cooled te 4°C, and then exiracted in the

same way described by Cation IC Extraction Procedure.
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[00130] Impurity Analysis at Release Assay. Inio three separaie tightly

closing vials with capacity between 15 and 50 mL, is massed dried poly{allylamine)
polymer (1.0 g in the first vial, 1.5 g in the second vial, and 0.1 g into the third vial). The
sample from one vial containing 1.0 g poly{allylamine) polymer is extracled to determine
the starting allylamine content according to the Cation IC Extraction Procedure. The
remaining two samples are extracted to determine the starting allyl methyl ether, and

aliyl alcohol content according to the GO-FID extraction procadure.

[00131] In-Alr Stability Assay (Stabillty Assay 1} To a 35 mlL HDPE bottle
is added 4.5 g of poly{allylamine) polymer. The botile is closed, and then stored in a
50% humidity controiled chamber held at 25°C for 7 days. The botile is removad from
the chamber and the polymer sample extracted to determine allylamine content

according to the Cation 1C Extraction Procedure.

[00132] Stability assessment when packaged in a MylarFoll sachet assay
{Stability Assay 3}: To a 3-side sealed approximately 2.5” x 3" sachet composed of a
laminate containing a metal foil layer, is added about 3 g of poly(aliviamine) polymer
and then the sachet is heat sealed. Multiple sachets of poly(allvlamineg) polymer are
prepared and then placed into individual test chambers that were controlied at 25°C and
60% relative humidity, and 40°C and 75% relative humidity for up to 6 months. At the
desired time, sachets are removed from each test chamber and the polymer samplas
are exiracted o delermine allylamine content according io the Cation 1C Extraction

Procadure.
DESCRIPTION OF FIGURES

[00133] Figure 1A Allylamineg (AA) concentration {ppm) present when
veverimer is packaged in packet materials A, B and € at 25°C/60% RH over 6 weeks.
Unit dosage forms A, B and C were stored at 25°C/60% RH for 6 waeks and the
allylamine concentration was measured at TO (initial) and at weeks 1, 2, 4, and 8. On
Figure 1A, unit dosage form A is depicted by squares (a.g. the {op line at waek 8), unit
dosage form B is depicted by circles (e.g. the bottom line at week &), and unit dosage
form C is depicted by crosses () {e.g. the middle line at week 6}, and. Unit dosage
form A shows an increasing concentration of ailvlaming over the 6 week period not seen

with unit dosage forms B and C.
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[00134] Figure 18 Allylamine (AA) concentration {ppm) present when

veverimer is packaged in unit dosage forms A, B and € at 40°C/75% RH over 6 weeks.
Unit dosage forms A, B and C wers stored at 40°C/75% RH for 6 weeks and the
allylamine concentiration was measured af TO (initial) and at weeks 1, 2, 4, and 6. On
Figure 18, unit dosage form A is depicted by squaras (e.g. the top line atwesk 8}, B is
depicted by circles {e.g. the middie line at week 6), and C is depicted by crosses (x)
{e.g. the botlom line at week 8). Unit dosage form A shows an increasing concentration
of allylamine over the 6 week period under the conditions not seen with unit dosage

forms B and C.

(0013571 Figure 2: Allylaming (AA} concentration (ppm)in 1.5, 3.0 and 4.5 g unit
dosage forms at 25°C/60% RH over 3 months. The 1.5, 3.0 and 4.5 g unit dosage forms
were stored at 25°C/60% RH for 3 months and the allylamine conceniration was
measured at TO {initial) and monthly thereafter. On Figure 2, 1.5 g is depicted by circles
{e.g. the iop line at month 3), 3.0 g is depicted by squares (g.g. the middle line at month
3}, and 4.5 g is depicted by triangles (e.g. the bottom line at month 3).The 1.5, 3.0 and

4.5 g unit dosage forms show that the concentration of AA increases over time.

[00136] Figure 3: Allvlamine (AA) concentration {(ppm)in 1.5, 3.0 and 4.5 g unit
dosage forms at 40°C/75% RH over 3 months. The 1.5, 3.0 and 4.5 g unit dosage forms
were stored at 40°C/75% RH for 3 months and the allylamine concentration was
measured at TO {initial} and monthly thereafter. On Figure 3, 1.5 g is depicted by circles
{e.g. the top line at month 3), 2.0 g is depicted by squares (e.g. the middle line at month
3}, and 4.5 g is depicted by triangles (e.g. the boltom line at month 3). The 1.5, 3.0 and

4.5 ¢ unit dosags forms show that the concentration of AA increaseas over time.

(001371 Figure 4. Allylamine (AA) concentration (ppm) in 1.5 g unit dosage
forms with an oxygen scavenger at 25°C/H80% RH and 40°C/75% RH over 6 monihs.
The allylamine conceniration in the unit dosage form was measured at TG and at
various intervals thereafter. On Figure 4, the 1.5 g unit dosage form at 25°C/80% RH is
depicted by crosses (X) (&.g. the top line at month 2), and the 1.5 g unit dosage form al
40°C/75% RH is depicted by triangles (2.g. the bottom line at manth 2}, The unit dosage

forms show that the concentration of AA is approximately constant over 8 months.

(001387 Figure 5. Allvlamine (AA) concentration {ppm) in 1.5 g unit dosage
forms with environments of air, 8% oxygen and 92% nitrogen, and 99+% nitrogen

25°C/60% RH over 6 months. The allylamine concentration in the unit dosage form was
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measured at TO and at various intervals thereafter. On Figure 5, the 1.5 g unit dosage

form in air is depicted by crosses (X) {e.g. the top line at month 8}, the 1.5 g unit dosage
form in 8% oxygen and 92% nitrogen is depicted by triangles {e.¢. the middie ling at
month ), and the 1.5 g unit dosage form in 99+% nitrogen is depicted by circles (e.q.
the bottom line at month 68). The unit dosage forms show that the concentration of AA (s

approximately constant over 6 months.

[00139] Figure &: Allylamine (AA) concentration {ppm) in 1.5 g unit dosage
forms with environments of air, 8% oxygen and 92% nitrogen, and 99+% nitrogen
40°C/75% RH over 6 months. The allylamine concentration in the unit dosage form was
measured at TO and at various intervals theraeafter. On Figure 6, the 1.5 g unit dosags
form in air is depicted by crosses (X {(e.g. the top line at month 6}, the 1.5 g unit dosage
form in 8% oxygen and 92% nitrogen is depicted by triangles (e.g. the middie line at
month &), and the 1.5 g unit dosage form in 98+% nitrogen is depicted by circles (e.g.
the bottom ling at month 6).The unit dosage forms show that the concentration of AA s

approximately constant over 6 months.

EMBODIMENTS

[00140] The present disclosure includes the observation that during the
synihesis of a crosslinked poly{allylamine) polymer, such as veverimer, unincorporated
2-propen-1-yiamine monomer and/or partially incorporated 1,3-bis(allylaminolpropans
monomer residues, can be a source of allvlamine impurities (L.e., allylamine and
derivatives thereof such as allylalkylethers and allylaicohols) in the poly(allylamineg)
product. Those monomers may be present as a salt. Without wishing to be bound by
theory, it is thought that the residual unincorporated Z-propen-1-ylamine monomer
andfor partiaily incorporated 1,3-bis(allylaminolpropans monomaer residues present in
the crosslinked poly(allylamineg) polymer, such as veverimer, may react with oxygen
after the polymer has been made and thus produce allylaming impurities (8.4
HoC=CHCH2NHz). For example, it was found that the veverimer polymer referred o as
unique 1D 018070-A3 FA in Table §-1 of Exemplary Synthesis A of WO2018/236636 At
produced HaC=CHCOH2NH: when exposed to oxygen. High levels of impurities, such as
H2C=CHCHaNHz, are undesirable in the final product (o be administered to patients,

e.g. due to potential safety concerns.
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[00141] Several ways to reduce the levels of allylamine impurities such as

H2C=CHCH2NH:z in a crosslinked poly(allylamine) polymer {&.g. veverimer) are
disclosed herein.

[00142] One approach disclosed herein is {o produce a crosslinked
poly(allylamine) polymer, such as veverimer, that contains less unincorporated 2-
propen-1-ylamine monomer, or a salt thereof, and/or partially incorporated 1,3-
bis{(aliylamino)propane monomer residues, or a sall thereof. Reducing the amount of
such unincorporated andfor partially incorporated monomers can reduce the amount of
allylamine impurities present in the final product. Thereforg, disclosed hergin are
meathods for making a crosslinked poly(ailvlamine) polymer {&.q. veverimer) with
reduced levels of such unincorporated andfor partially incorporated monomers, for
example as measured by reference o the levels of sp2 carbons present in the product.
Also disclosed hergin are crossilinked poly{aliviamine) polymers {e.g. veverimer} with
reduced levels of such unincorporated and/or partially incorporated monomers, for
sxample as measured by reference to the levels of spZ carbons present in the product.
Such products are shown o have desirable properties, e.g. the lavels of allylamine

impurities {(g.g. H2C=CHCHaNHM2} in such products are reduced.

[00143] Ancther approach disclosed herein is {0 package the crosslinked
poly{allylamine) polymer, e.g. vaverimer, in such a way that s exposure {0 oxygen is
reduced. The approach of using packaging to mitigate concerns regarding impurities,
such as the levels of allylamine impurities {e.g. H2C=CHCHzNH2), can be used in
combination with any crosslinked poly(allylamine) polymer, e.¢g. veverimer, disclosed

herein or known from the prior art.

(001441 In accordance with one aspect of the present disclosure, the
crosslinked poly(allylamine) polymers disclosed herein, in particular veverimer, may be
used therapeutically. In one embodiment, the crosslinked poly(allylamineg) polymer may
be used to bind HCI from the gastrointestinal tract of an animal including, for example,
humans, upon administration of a therapeutically effective amount (i.e., an effactive
dose) of the crosslinked poly{allylamine) polymer to achiave a therapeutic or

prophylactic benefit.

(001451 Methods of treatment and medical uses of the crosslinked
poly(allylamineg) polymers disclosed herein, in particular veverimer, are described in

WQ2014/197725 A1, WO2016/004685 A1, WO2017/193050 A1, WO2017/183064 A1,
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WO2017/193024 A1, WO2019/080176 A1, WO2019/080177 A1, WOZ019/236639 A1,

WO2019/236636 A1 and WQO2019/2368124 A1, which are incorporated herain by
reference.

[00146] In accordance with one aspect of the present disclosure, the
crosslinked poly{allylamine)} polvmers disclosed herein, in particuiar veverimer, are for
use in any of the methods of treatment or medical uses described in any of
WO2014/197725 A1, W02016/084885 A1, WO2017/193050 A1, WD2017/193084 A1,
WQO2017/193024 A1, WO2019/080176 A1, WOR019/090177 A, W2018/238639 A1,
WQ2019/236636 A1 and WO2019/236124 A1,

(0014771 In accordance with one aspect of the present disclosure, a crosslinkad
poly(allylamine) polymer may be formed in steps: a (first) concurrent polymerization
and crosslinking step (sometimes referred o as the “first crossiinking step” or, more
simply, the “first step”) and, optionally, a (second) post-polymerization crosslinking step
{sometimes referred io as the “second crosslinking step” or, more simply, the “second
step”). In the first step, the crosslinking is preferably capacity-sparing, i.e., free aming
sparing, crosslinking from carbon to carbon. In the second step, the crosslinking is
amina-consuming and is directad towards tuning for selectivity for the target species.
Based on the desired high capacity, the C-N weight ratio is preferably optimized to
maximize amine functionalities for target species binding, while still maintaining a
spherical polymer particle of controlied particle size to ensure non absorption and
acceptable mouth feel that is stable under G conditions. It should be noted that the
terms *first” and “second” are merely used to designate relative order as between these
two steps, and that other steps may be contemplated as part of the process, either

before, after, or betwean the “first step” and the “second step.”

(0014871 In the first step, 2-proper-i-ylamine, or a salt thereof, and 1,3-
bis{allylamino)propane, or a salt thereof, are concurrently polymerized and crossiinkad
in a heterogenscus reaction midure comprising 2-propen-t-ylamine, or a sal thereof,
the 1,3-bis{allylaminc)propane, or a salt thereof, a radical initiator, water and an organic
solvent to form a polymer network that is crosslinkad through a carbon backbone.
Advantageously, each crosslinking reaction in this step forms a carbon-carbon bond (as
opposed to substitution reactions in which a carbon-heteroatom bond is formed during
crosshinking), and the amine functionalities of the Z-propen-1-yvlamine, or a salt thereof,
and the 1,3-bis{(alivlamino)propane, or a salt thereof, do not undergo crossiinking
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reactions and are preserved in the final polymer {i g., primary amines of the 2-propen-1-

viamineg, or a salt thereof, and the 1,3-bis{aliviamino)propane, or a salt thaereof, remain
primary, secondary aminegs remain secondary, and tertiary amines remain tertiary). The
resulting poly{aliviamine) polymer may then be further crosslinked in a second step

with1 Z2-dichloroethane.

[00149] As previously noted, unincorporated 2-propen-1-ylaming, or a salt
thereof, {i.e., Z-propen-1-ylamine, or a sall thereof, that is not covalently incorporated
into the polymer) and partially incorporated 1,3-bis(allylamino)propane, or a salt thereof,
residues can be a source of allylamine impurities (i.e., allylamine and derivatives thereof
such as allylalkyiethars and allvialcohols) in the poly{aliylamine) product. In accordances
with one embodiment of the present disclosure, process parameters may be controlled
to limit the amount of aliyl impurities (i) released by the crosslinkad poly{aliviamine)
polymer in the as-manufactured state (.e., upon completion of the second step, also
someatimes referred 1o herein as "at-release™)), and/or (i) released by the crosslinked

poly(allylamine) polymer as a function of storage and time.

[00150] In general, it is preferred that the crosslinked poly{allylamine) polymer
coritain less than 20 ppm aliylamine in the as-manufactured state. For example, inons
embodiment the crosslinked poly(aliylamineg) polymer contains less than 15 ppm
aliylaming in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(allylamine) polymer contains less than 12.5 ppm
allylamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(allylamine) polymer conigins less than 10 ppm
allylamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(allylamine) polymer contains less than 7.5 pom
allylamine in the as-manufaciured state. By way of further example, in one such
embodimeant the crosslinked poly(allylamineg) polvmer contains less than 5 ppm
allylamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(allvlamineg) polymer contains less than 4 ppm
allylamine in the as-manufaciured state. By way of further example, in one such
embodiment the crosslinked poly(allylamine) polymer contains less than 3 ppm
allylamine in the as-manufactured stale. By way of further example, in one such
embodiment the crosslinked poly(allylamineg) polymer contains less than 2 ppm

allylamine in the as-manufactured state. By way of further example, in one such
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embodiment the crosslinked poly(allylamine) polymer contains less than 1 ppm

allylamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(aliylamineg) polymer contains less than 500 ppb
allylamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(allylaming) polymer contains less than 100 ppb
allylamine in the as-manufaciured state. By way of further example, in one such
embodimeant the crosslinked poly(allvlamine) polymer contains less than 50 ppb
allvlamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(allylamine) polymer contains less than 1 ppb
allylamine in the as-manufactured state. By way of further example, in one such
embodiment the amount of allylamine, if any, in the crosslinked poly{allylamine) polymer
is less than the detection limit for allylamine in the as-manufactured siate. In each such
exemplary embodiment recited in this paragraph, the allylamine content may be
determined by the Impurity Analysis at Release Assay foliowad by tha Cation IC

Extraction Procedurs.

(001511 Inone embodiment, the crosslinked poly(allylamineg) polymer contains
less than 20ppm allylamine upon storage in 8 sealed enclosure for 3 months gt 25°C
after manufacture. In one embodiment, the crosslinked poly{allylamine) polymer
contains less than 20 ppm alivlamine upon storage in a sealed enclosure for 8 months
at 25°C after manufacture. in one embodiment, the crosslinked poly(allylamine) polymer
contains less than 20 ppm allylaming upon storage in a sealed enclosure for @ months
at 25°C after manufacture. In one embodiment, the crosslinked poly(allvlaming) polymer
contains less than 20 ppm allvlamine upon storage in a sealed enclosure for 12 months
at 25°C after manufacture. iIn one embodiment, the allylamine content of the crosslinked
poly(aliviaming) polymer increases less than 20 ppm allylamine upon storage ina
sealed enclosure for 3 months at 25°C. In one embodiment, the allylamine content of
the crosslinked poly{alivlamine) polymer increases less than 20 ppm allylamine upon
storage in a sealed enclosure for 6 months at 25°C. In ong embodiment, the allylamine
content of the crosslinked poly(allylamine) polymer increases less than 20 ppm
allylamine upon storage in a sealed enclosure for 9 months at 25°C. inone
embodiment, the allylamine content of the crosslinked poly(allvlamine) polymer

increasas less than 20 ppm allylamine upon storage in a sealed enclosure for 12
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months at 25°C. In each such exemplary embodiment recited in this paragraph, the

allytamine content may be determined by the Cation IC Extraction Procedure.

[00152] To facilitate the concurrent polymerization and crosslinking reaction,
the Z-propen-1-ylamine, or a salt thereof, and the 1,3-bis{allylamino)propane, or a salt
thereof, are praeferably protonated in the reaction mixture. In one embodiment,
therefore, the 2-propen-1-ylamine, or a salt thereof, and/or the 1,3-
bis{(aliylamino)propane, or a salt thereof, are introduced to the reaction mixture as their
respective acid salts (e.g., hydrochionc acid, phosphoric acid, sulfuric acid or
hydrobromic acid salt form). Alternatively, the 2-propen-1-ylamine, or a salt theredf,
andfor the 1,3-bis(allylaminojpropane, or a salt thereof, may be introduced to the
reaction mixture in their free amine form(s) and acid can be separately added {o the
reaction mixiure. For example, the acid may be sulfuric acid, phosphoric acid or
hydrochioric acid (HCI). By way of further example, the acid is HCL In either
embodiment, the reaction mbdure compriseas sufficient acid to maintain the 2-propen-1-
viaming, or a salt thereof, and the 1,3-bis{allviaminolpropane, or a salt thereof, in the
aguacus phase. Typically, the reaction mixture will contain at least 0.5 equivalents of
acid per allylamine equivalent in the reaction mixture (independent of whether the acid
was introduced as the acid salt of the 2-propen-~1-ylamine, or a salt thereof, andfor the
1,3-bis(allylamino)propane, or a salt thereof, or whether it was separately added to the
reaction mixture). In certain embodiments, the reaction mixiure will coniain at least 0.75
equivalents of acid per alivlamine squivalent in the reaction mixture. In certain
embodiments, the reaction mixture will cortain at least 1 equivalent of acid per

allylaming squivalent in the reaction mixture.

[00153] 2-Propen-1-ylamine and 1,3-Bis(allylaminc)propane are listed in
Table C. As illustrated, 2-Propen-1-ylamine and 1,3-Bis(aliylamino)propane are in the
HCI salt form. As previously noted, each of 2-Propen-1-ylamine and 1,3-
Bis{ailylaminojpropane may be introduced {o the reaction mixiure in a saltform {(2.g., as
a hydrochloric acid sall, sulfuric acid salt, phosphoric acid salt, hydrobromic acid salt or

a combination thereof), in the fres base form, or a combination thereof.

Table C

Abbreviation Commeon name UPAL name RAW
{g/mol}
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DAPDA Dialivipropyldiamine 13- N 227.147
Bis{allylamino)propa M;ﬂl'{v\g"\\‘/’
ne HCH HCI
AAH Allylamine 2-Propen-1-ylaming et 93.5
f\,Nﬂz

(001541 The concurrent polymerization and crosslinking step reaction mixtura
comprises a radical polymerization initiator in addition to the 2-propen-1-ylaming, or a
salt thereof, and the 1,3-bis{allviamino)propane, or a salt theredf,. The initiator may be
selected from any of a wide range of initigtors, including cationic and radical
polymerization initiators. Exemplary polymerization initiators for the concurrent
polymaerization and crosslinking step reaction include peroxy and azo free-radical
initiators, such as azodiiscbutyronitrile, azodiisovaleronitrile, dimethylazodiisobutyrate,
2,2'azo bis(isobutyronitrile), 2,2-azobis(N,N'-dimethyl-
eneiscbutyramidine)dihydrochioride, 2,2 -azobis(2-
methylpropionamiding)dihydrochloride, 2,2-azobis(2-amidinopropanedihydrochioride,
2,2-azobis(N N'-dimethyleneisobutyramidine)}, 1,1-azo bis{l-cyclohexanecarbo-nitriie),
4 4'-azobis(4-cyanopentancic acid), £, 2-azobis(ischutyramideidihydrate, 2,2-azobis{2-
methylpropane), 2,2 -azobis{Z-methylbutyronitrile), VAZO 67, cyanopentancic acid, the
peroxypivalates, dodecylbenzens peroxide, benzoy! peroxide, di-t-butyl hydroperoxide,
t-butyl peracetate, acstyl peroxide, dicumyl peroxide, cumylhydroperoxide, dimethyl
bis{butylperoxyihexane. For exampls, the radical polymerization initiator is V50 (2,2'-

azobis(Z-methylpropionamidine )dihydrochloride).

[00155] Experience to-date has shown that the amount of initigtor relative to
the amount of 2-propen-1-vlamine, or a salt thereof, and 1,3-bis{allylamino)propane, or
a salt thereof, in the reaction mixture has an influence on the characteristics of the
resulting polymer. For exampile, the amount of partially incorporated 1,3-
bis{allylamino)propane, or a salt thersof, tends {o increase as the ratio of the number of
allyl equivalents to the number of inttiator equivalents in the reaction mixture increases.
Typically, therefore, the ratio of the number of allivl equivalents possessad by the 2-
propen-1-ylamine, or a saif thereof, and 1,3-bis(allylamino)propane, or a salt theredi, in
combination, 1o the number of initiator equivalents introduced to the reaction mixture will
be in the range of about 6:1 to about 7011, respectively. For example, in one such

embodiment, the ratio of the number of allyl equivalents possessed by the Z-propen-1-
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viamineg, or a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, in

combination, to the number of initiator equivalents introduced to the reaction mixturs will
be about 7:1 to about 60:1, respectively. By way of further example, in one such
embodiment, the ratio of the number of allyl equivalents possessed by the 2-propen-1-
viaming, or a sait thereof, and 1,3-bis{allviamino)propansg, or a salt thereof, in
combination, o the number of initiator equivalents introduced to the reaction mixture will
be about 81 to about 501, respectively. By way of further example, in one such
embodiment, the ratio of the number of allyl equivalents possessed by the 2-propen-1-
viamine, or a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, in
combination, to the number of initiaior equivalents introduced to the reaction mixture will
be about 10:1 to about 45:1, respectively. By way of further example, in one such
embodiment, the ratio of the number of allyl equivalents possessed by the Z-propen-1-
yviamine, or a salt thereaof, and 1,3-bis(allylamino)propane, or a salt thereof, in
combination, to the numbaer of initistor equivalents introduced 1o the reaction mbdure will
be about 15:1 to about 401, respectively. By way of further example, in one such
embodimeant, the ratio of the number of allyl equivalents possessed by the 2-propen-1-
viamine, or a saif thereof, and 1,3-bis(allviamino)propane, or a sall thereof, in
combination, to the number of initiator eguivalents introduced 1o the reaction mbdure will
be about 17.5:1 to about 35:1, respectively. By way of further example, in one such
embodiment, the ratio of the number of allyl equivalents possessed by the 2-propen-1-
ylamine, or a salt thereof, and 1,3-bis(allylaminolpropane, or a salt thereof, in
combination, to the number of initiator eguivalents infroduced to the reaction mixiure will
be about 20:1 to about 30:1, respectively. By way of further example, in one such
embodiment, the ratio of the number of alivl eguivalents possessed by the 2-propen-1-
viamine, or a salt thereof, and 1,3-bis{allvlaminojpropane, or a salt thereof, in
combination, to the number of initiator equivalents introduced to the reaction mixture will
be about 22.5:1 1o about 30:1, respeclively. By way of further example, in one such
embodiment, the ratio of the number of alivl equivalents possessed by the 2-propen-1-
viamine, or a sail thereof, and 1,3-bis{allylaminojpropane, or a salt thersof, in
combination, to the number of initiator eguivalents infroduced o the reaction mixiure will

be about 251 to about 27.5:1, respactively.

[60158] Experience to-date has also shown that the combined amount of 2-

propen-1-ylamine, or a sait thereof, and 1,3-bis{aliylamino)propane, or a salt thereof,
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refative o the amount of water in the reaction midure has an influence on the

characteristics of the resuiling polymer. Typically, therefore, the weight ratio of the
combined amount of 2-propen-t-ylamine, or a salt thereof, and 1,3-
bis{allylamino)propane, or a sall thereof, to the amount of water in the reaction midure
will be in the range of about 0.01 {0 about 3, respeactively. For example, in one
embodiment the weight ratio of the combined amount of Z-propen-i-ylamine, or a salt
thereof, and 1,3-bis{allylamino)propane, or a sall thereof, 1o the amount of water in the
reaction mixture will be in the range of about 0.05 to about 2.75, respectively. By way of
further example, in one such embodiment the weight ratio of the combined amount of 2-
propen-i-ylaming, or a sait thereof, and 1,3-bis{aliylamino)propane, or a salt thereof, to
the amount of water in the reaction mixture will be in the range of about 0.07 1o sbhout
2.5, respectively. By way of further example, in one such embodiment the weight ratio
of the combined amount of 2-propen-1-ylaming, or a salt thereof, and 1,3-
bis{allylamino)propane, or a salt thersof, 10 the amount of water in the reaction mixture
will be in the range of about 0.1 to about 2.25, respectively. By way of further example,
in one such embadiment the weight ratio of the combined amount of Z-propen-1-
viamine, or a saif thereof, and 1,3-bis(aliviamino)propane, or a sall theredf, to the
amount of water in the reaction mixture will bs in the rangs of about 8.15 to about 2,
respectively. By way of further example, in one such embodiment the weight ratio of the
combined amount of 2-propen-1-vlamineg, or a salt thereof, and 1,3-
bis{allylamino)propane, or g salt thereof, to the amount of water in the reaction mixiure
will be in the range of about 0.2 to about 1.75, respectively. By way of further exampile,
in one such embodiment the weight ratio of the combined amount of 2-propen-1-
viamine, or a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, 1o the
amount of water in the reaction mixturs will be in the range of about 0.25 to about 1.5,
respectively. By way of further example, in one such embodiment the weight ratio of the
combined amount of 2-propen-1-yvlamine, or a salt thereof, and 1,3-
bis{allylamino)propane, or a salt thereof, o the amount of water in the reaction mixture
will be in the range of about 0.25 t¢ about 1.25, respectively. By way of further
sxample, in one such embodiment the weight ratio of the combined amount of 2-
propen-1-ylamine, or a salt thereof, and 1,3-bis{alivlamincipropans, or 3 sal thereof, {0
the amount of water in the reaction mixture will be in the range of about 0.3 to about 1,
respectively. By way of further example, in one such embodiment the weight ratio of the

combined amount of 2-propen-t-ylamine, or a salt thereof, and 1,3-
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bis{allylamino)propane, or a salt thereof, io the amount of waler in the reaction mixture

will be in the range of about 0.35 (o about 0.75, respectively. By way of further
example, in ong such embodiment the weight ratio of the combined amount of 2-
propen-1-ylamine, or a salt thereof, and 1,3-bis{alivlamino)propane, or a sall thereof, to
the amount of water in the reaction mixture will be in the range of about 0.4 to about 0.5,
respectively. In each of these exemplary embodiments in this paragraph, it is assumed
that the 2-propen-1-ylamine, or a sal thereof, and 1,3-bis(allylamino)propane, or a salt
thereof, species are in their respective free amine forms for purposes of the weight ratio

calculation.

[00157]1 Experience to-date has further shown that the ratio of the number of
allyt equivalents to the number of water equivalents in the reaction mixiure has an
influence on the characteristics of the resulting polymer. Typically, tharefors, the ratio of
the number of allyl equivalents possessed by the Z-propen-~1-viamine, or a saif thereof
and 1,3-bis{allylaminoipropane, or a sall theredf, in combination, to the number of water
squivalents introduced o the reaction mixture will be in the range of about 0.01:1 to
about 1.1, respectively. For example, in one such embodiment, the ratio of the number
of allyl equivalents possessed by the 2-propen-1-ylamine, or a salt thereof, and 1,3-
bis{allylamino)propane, or a salt thereof, in combination, to the number of water
squivalents introduced to the reaction mixture will be about 0.015:1 to about 0.75:1,
respectively. By way of further exampile, in one such embodiment, the ratio of the
number of allyl equivalents possessed by the 2-propen-1-yvlaming, or a salt thersof, and
1,3-bis{allviamino)propane, or a salt thereof, in combination, ¢ the number of water
equivalents introduced to the reaction mixture will be about 0.02:1 to about 0.5:1,
respectively. By way of further example, in one such embodiment, the ratio of the
number of allyl equivalents possessed by the Z-propen-1-yviamine, or a salt thereof, and
1,3-bis(allylaminojpropane, or a saif thereof, in combination, to the number of water
equivalents introduced to the reaction mixture will be about 0.03:1 1o about 0.4:1,
respectivaly. By way of further example, in one such embodimant, the ratio of the
number of allyi equivailents possessed by the Z-propen-1-yiamine, or a salt thereof, and
1,3-bis{allvlaminoipropane, or a salt theredf, in combination, to the number of water
equivalents introduced to the reaction mixture will be about 0.04:1 to about 0.3:1,
respactively. By way of further exampile, in one such embodiment, the ratio of the

number of allyl equivalents possessed by the Z-propen-1-viamine, or a salt thereof, and
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1,3-bis(allylamino)propane, or a sait thereof, in combination, to the number of water

gquivalents infroduced 1o the reaction mixture will be about 0.05:1 to about 0.25:1,
respectively. By way of further example, in one such embodiment, the ratio of the
number of allyl equivaients possessed by the 2-propen-1-ylamine, or a salt thereof, and
1,3-bis{allylamino)propang, or a salt thareof, in combination, o the number of water
equivalents introduced o the reaction mixture will be about 0.08:1 to about 0.2:1,
respectively. By way of further example, in one such embodiment, the ratio of the
number of allyl equivaients possessed by the Z-propen-1-ylamine, or a salt thereof, and
1,3-bis(allvlamino)propans, or a sait thareof, in combination, to the number of water
squivalents introduced o the reaction mixture will be about 0.07:1 to about 0.175:1,
respectively. By way of further example, in one such embodiment, the ratic of the
number of allyl equivalents possessed by the 2-propern-1-ylamine, or a salt thereof, and
1,3-bis{allvlamino)propans, or a sait thareof, in combination, to the number of water
equivalents introduced o the reaction mixture will be about 0.08:1 to about 0.15:1,

respectively.

(001581 To produce polymeric beads rather than a gel, the reaction midure for
the concurrent polymerization and crosslinking step is preferably a helerogeneous
reaction mixture comprising a surfactant, water and an organic solvent system (in
addition to the Z-propen-1-ylamine, or a salt thereof, 1,3-bis(allylamino)propane, or a
salt thereof, acid and initiator). Advantageously, heterogeneous polymerization
processes praduce polymer particles in the form of substantially spherical beads, whose
diameter may be controlled in the 3 to 1000 micrometer range, preferably in the 10 10

500 micrometer range, and, in some ambodiments, in the 40-180 micrometer range.

[00152] In general, the surfactant comprised by the reaction mixture for the
concurrent polymerization and crosslinking step may be ionic or non-ionic. Exemplary
surfactants include sorbitan monolaurate, sorbitan monooleate, sorbitan monostaarate,
sorbitan monopaimitate, ethylene glycol monostearate, glyceryl monostearate,
polvethyiene glycol monostearats, polysthylene glycol hydrogenated castor oil,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monooleate,
polyethylene glveol and diisooctyl sulfosuccinate, branched dodecylbenzenssulfonic
acid, linear dodecylbenzenesuifonic acid, scdium branched alkylbenzenesulfonats,

sodium branched dodecyibenzenesulfonate, sodium alpha olefin suffonate, sodium
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lingar alkyltbenzenesulfonate, isopropylamine branched alkylbenzenesulfonate, sodium

lauryl suifate. For example, the surfactant is branched dodecylbenzenesulfonic acid.

(001601 The organic solvent system camprised by the concurrent
polymerization and crosslinking step reaction mixiure may be any of a wide range of
water-immiscible organic solvents that may be used {0 disperse an aqueous phase.
Exemplary organic solvent systems may comprise hexane, cyclohexane, heptane,
oclane, decane, petrcleum sther, liquid paraffin, chiorobenzene, toluene, xyienes, ethyl
acetate, propyl acetate and isopropyl acetate, or a combination of two or more thereof.

For example, the organic solvent system may comprise heptane.

(001611 The concurrent polymaerization and crosslinking step reaction mixture
contain any of a wide range of acids. For example, in one embodiment the concurrent
polymerization and crosslinking step reaction mixiure contains a mineral acid or an
organic acid. Exemplary mineral acids inciude hydrochloric acid, sulfuric acid and
phosphoric acid. Exemplary organic acids include formic acid, acetic acid, and cifric
acid. In one embodiment, the concurrent polymerization and crosslinking reaction step
reaction mixture comprises an acid selected from the group consisting of hydrochioric
acid, phosphoric acid, sulfuric acid, acetic acid, methylphosphoric acid, formic acid,
citric acid, and combinations thereof. In one embodiment, the concurrent polymerization
and crosslinking reaction step reaction mdure comprisas an acid selected from the
group consisting of hydrochioric acid, phosphoric acid, sulfuric acid, and combinations
thereof. In one embodiment, the concurrent polvmerization and crosslinking reaction
step reaction mixture comprises hydrochioric acid. In general, the concurrent
polymerization and crosslinking reaction step reaction mbdure comprises at least 0.4
equivalents of acid per aliyl amine equivalent. For example, in one embodiment the
concurrent polymerization and crosslinking reaction step reaction mixture comprises at
least 0.6 equivalents of acid per allyl amine squivalent. By way of further example, in
one such embodiment the concurrent polymerization and crosslinking reaction step
reaction mbdure comprises at least 0.8 equivalents of acid per allyl amine equivalent.
By way of further exampile, in one such embodiment the concurrent polymerization and
crosslinking reaction step reaction mixture comprises at least 0.9 equivalents of acid per
aliyl amine equivalent. By way of further example, in one such embodiment the
concurrent polymerization and crosslinking reaction step reaction mixture comprises at

least 0.95 equivalents of acid per allyl amineg equivalent. By way of further example, in
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one such embodiment the concurrent polymerization and crosslinking reaction step

reaction mixiure comprises at least 1.0 equivalents of acid per allyi aming equivalent.
By way of further exampie, in one such embodiment the concurrent polymerization and
crosslinking reaction step reaction mixiure comprises at least 1 equivalent of acid per

allyl amine equivalent.

[00162] In each of the foregoing embodiments, the acid may be infroduced to
the concurrent polymerization and crossiinking reaction step reaction mixture
independent of the addition of the 2-propen-1-yiamine, or a salt thereof, and 1,3-
bis{allylaminoipropane, or a sali thereof, to the first step reaction mixture. Alternatively,
in each of the foregoing embaodiments, the acid may be introduced o the concurrent
polymerization and crosslinking reaction step reaction mixture as a component of the
acid salt of the 2-propen-1-ylaming, or a salt thereof, the 1,3-bis(alivlamino)propane, or
a salt thereof, or both the 2-propen-1-ylamine, or a salt thereof, and the 1,3-

bis{allylaminoipropane, or a sali thereof.

[00163]1 The concurrent polymaerization and crosslinking reaction step may be
carried out at a temperature in the range of about 25 °C to about 85 °C. Typically, the
concurrent polymerization and crosslinking reaction step will be cammied cut at a
temperature in the range of about 30 °C to about 85 °C. In some embodiments, the
concurrent polymerization and crosslinking reaction step will be carried out at a
temperature in the range of about 35 °C to about 85 °C. In some embodiments, the
concurrent polymerization and crosslinking reaction step will be carried out at a
temperature in the range of about 40 °C to about 85 °C. In some embodimenis, the
concurrent polymerization and crosslinking reaction step will be carried cut at a
temperatura in the range of about 45 °C {o about 85 °C. In some embodiments, the
concurrent polymerization and crosslinking reaction step will be carried ocut at a
temperature of about 80-80 °C. in general, the temperature may be held relatively
constant over the course of the reaction or it may be ramped in & coniinuous or step-

Wise manner.

[00164] The concurrent polymaerization and crosslinking reaction step may be
carried out for a reaction time of at least about 2 hours. Typically, the concurrent
polymerization and crosslinking reaction step will be carried out for a reaction time of at
least about 5 hours. In some embodiments, the concurrent polymerization and
crosshinking reaction stap will be carried out for a reaction time of at least about 10
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hours. In some embodiments, the concurrent polymerization and crosslinking reaction

stap will be carried out for a reaction time of at least about 15 hours. In some
embodiments, the concurrent polymerization and crosslinking reaction step will be
carried out for a reaction time of at least about 20 hours. In some embodiments, the
concurrent polymerization and crosslinking reaction step will be carried out for a
reaction time of at least about 25 hours. In some embodiments, the concurrent
polymarization and crosstinking reaction step will be carried out for a reaction time of at
least about 30 hours. In some embodiments, the concurrent polymerization and
crosslinking reaction step will be carried out for a reaction time of at least about 35
hours. In some embodiments, the concurrent polymerization and crosslinking reaction
step will be carried out for a reaction time of at least about 40 hours. Typically,
howsver, the concurrent polymerization and crosslinking reaction step will be carried out

for a reaction time of no more than about 50 hours.

[00165] The agueous solid content (ASC) of the concurrent polymerization and
crosslinking reaction step may be about 20 o about 60 wt%. In some embodiments, the
agueacus solid content is about 30 to about 50 wi%. In some embodiments, the agusous
solid content is about 30 to about 45 wi%. In some embodiments, the aqueous solid

content is about 43 wi%.

[00166] In general, the concurrent polymerization and crosslinking reaction
step may include, a lone polymerization reaction, stepwise addition of individual starting
materials via a series of reactions, the stepwise addition of blocks of monomers, or
combinations thereof. The reaction may be carried out as a baich, semi-baich or

continuous process.

(001671 In one embodiment, the concurrent polymerization and crosslinking
step yvields preformed poly(aliylamine) polymer beads having a target species binding
capacity, and a target Swelling Ratio. For example, in one such embodiment the beads
have a chioride binding capacity of at least 10 mmol/g in Simulated Gastric Fluid
(“SGF") and a Swelling Ratic in the range of 1 {0 10. In one embodiment, the preformed
poly(allylamine) polymer beads are charactarized by Swelling Ratio of about 2 and 10,
more typically about 2 to about 8, and in some embodimenis about 210 3, aboui 3o 4

or about 4 to about 6.

[0100] Additionally, if the preformed poly{allylamineg) polymer beads resulting

from the first polymerization step are protonated, this may reducs the amount of
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nitrogen-nitrogen crosslinking in the second crosslinking step. Accordingly, in certain

embaodiments the preformed poly{allylamine)} polymer is at least partially deprotonatsd
by treatment with a base, preferably a strong base such as a hydroxide base. For
example, in one embodiment the base may be NaQOH, KOH, NHsOH, NaHCOs,
NazCOs, KeCQOs, LIOH, LCOs, Cs0H or other metal hydroxides. By way of further
example, the base is NaOH. If the charges are removed from the preformed
crossiinked amine polymer bead by deprotonation, the bead will tend to collapss and
the 1,2-dichlorogthane crosslinking agent used in the second crosslinking step may
not be able to access binding sites on the polymer unless the bead is prevaented from
collapsing. One means of preventing the crosslinked polymer bead from collapsing is
the use of a swelling agent such as water o swell the bead, theraby allowing the

1,2-dichiorosthane second-step crosslinker o access binding sites.

(0016871 As previcusly noted, 1,3-bis{allylamino)propane, or a sait thereof,
monomers that are only partially incorporated into poly(allvlamine) polymer in the first
step will introduce pendant allyl groups (i.e., at least one allyl group that did not
participate in a reaction to become a chain atom of and is merely "dangling” from the
poly(allylaming) polymer backbone chain) ic the poly(allylamine) polymer. As such, a
determination of the number of sp? allyl carbons pendent to the crosslinked
poly{allylamine) polymer backbone remaining in the poly(allylamineg) polymer upon
completion of the concurrent polymerization and crossiinking step {i.e., the first step)
may be used o determina the amount of partially-incorporated 1,3-
bis(allylaming)propane, or a sali thereof. In general, it is preferred that the number of
sp? allyl carbons constitute a low percentage of total carbon atoms in the
poly(allylamine) polymer. For example, in one embodiment, sp? allyl carbons pendent
to the poly(aliviamine) polymer backbone constitute less than 1.1% of the total number
of carbon atoms in the polymer. By way of further example, in one embodiment sp? allyl
carbons pendent to the poly(allylamineg) polymer backbons constitute less than 1.0% of
tha total number of carbon atoms in the polymer. By way of further example, in one
embodiment sp? allyl carbons pendent to the poly{allylamine) polymer backbone
constitute less than 0.9% of the total numbaer of carbon atoms in the polymer. By way of
further example, in one embodiment sp? allyl carbons pendent to the poly(allylamine)
polymer backbone constitute less than 0.8% of the total number of carbon atoms in the

polymer. By way of further example, in one embodiment sp? ailyl carbons pendent to
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the poly(aliylaming) polymer backbone constitute less than 0.75% of the total number of

carbon atoms in the polymer. By way of further example, in one embodiment sp? allyl
carbons pendent {0 the poly(allylamineg) polymer backbone constitute less than 0.7% of
the total number of carbon atoms in the peolymer. By way of further example, in one
embadiment sp? aliyl carbons pendent to the poly(allylamine) polymer backbone
constitute less than 0.6% of the total number of carbon atoms in the polymer. By way of
further example, in one embodiment sp? allyl carbons pendent to the poly{allylamine)
polymer backbone constitute less than 0.5% of the total number of carbon atoms in the
polymer. By way of further example, in one embodiment sp? allyl carbons pendent to
the poly(allylaming) polymer backbone constitute less than 0.4% of the total number of
carbon atoms in the polymer. By way of further example, in one embodiment sp? allyl
carbons pendent {0 the poly(allylamine) polymer backbone constitute less than 0.3% of
the total number of carbon atoms in the polymer. By way of further example, in one
embadiment sp? alivl carbons pendent to the poly(aliylamine) polymer backbone
constitute less than 0.25% of the total number of carbon atoms in the polymer. By way
of further example, in one embadiment sp? allyl carbons pendent to the poly(allylamine)
polymer backbone constitute less than 0.2% of the total number of carbon atoms in the
polymer. By way of further example, in one embodiment sp? aliyl carbons pendent to
the poly(allylaming) polymer backbong constitute less than 0.1% of the {otal number of
carbon atoms in the polymer. By way of further example, in one embodiment sp? ailyl
carbons pendent {o the poly(alivlamine) polymer backbone constitute less than 0.05% of
the total number of carbon atoms in the polymer. By way of further example, in one
embodiment sp? allyl carbons pendent to the poly{allylamine) polymer backbone are not
detectible in the polymer beads. By way of further example, in one embodiment sp?
aliyl carbons pendent o the poly(allylamine) polymer backbone may constitute more
than 0.3% of the total number of carbon atoms in the poiymer, but are less than the
higher imits exprassed above, e.¢. 1.0%. In each of the foregoing exemplary
embaodiments, the percentage of sp? allyl carbons pendent to the poly(allylamine)
polymer backbone in the beads may be determined by quantitative **C solid state magic
angle spinning (MAS) NMR measurement on a Bruker AVANCE il 800 MHz (18.87)
standard bore spectrometer, operating at 800.25 MHz and 201.24 MHz for "H and '3C,
respectively, with a 4 mm zirconia rotor system at a spinning frequency of 18 kHz as
more fuily described aisewhera herein. In each of the foregoing exemplary

embodiments, the percentage of sp® allyl carbons pendent to the poly(allylamine)
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polymer backbone in the beads may be determined by any of the methods disclosed

herein.

[00189] In the second crosslinking step, the preformed poly(allivlamine)

polymer is crossiinked with 1, 2-dichlorogthane.

[001707 Ingeneral, it is preferred that the number of sp? allyl carbons constitute
a low percentage of total carbon atoms in the post-polymerization crosslinked polymaer,
For example, in one embodiment, sp? allyl carbons pendent to the post-polymerization
crosslinked polymer backbone of the crosslinked poly(allylamine) polymer constitute
less than 1.0% of the total number of carbon atoms in the polymer. By way of further
example, in one embodiment sp? allyl carbons pendent to the post-polymerization
crosslinked polymer backbone constitute less than 0.9% of the total number of carbon
atoms in the polymer. By way of further example, in one embaodiment sp? allyl carbons
pendent to the post-polymerization crosslinked polymer backbone constitute less than
0.8% of the total number of carbon gtoms in the polymer. By way of further exampie, in
one embadiment sp? allyl carbons pendent to the post-polymerization crosslinked
polymer backbone constitute less than 0.75% of the total number of carbon atoms in the
polymer. By way of further example, in one embodiment sp? allyl carbons pendent to
the post-polymerization crossiinked polymer backbone constitute less than 0.7% of the
total number of carbon atoms in the polymer. By way of further exampla, in one
embaodiment sp? allyl carbons pendent to the post-polymerization crosslinked polymer
backbone constitute less than 0.6% of the total number of carbon atoms in the polymer,
By way of further example, in one embodiment sp? allyl carbons pendent to the post-
polymerization crosslinked polymer backhone constitute less than 0.5% of the total
number of carbon atoms in the polymer. By way of further example, in one embodiment
sp? allyl carbons pendent to the post-polymerization crosslinked polymer backbone
constitute less than 0.4% of the total number of carbon atoms in the polymer. By way of
further example, in one embodiment sp? allyl carbons pendent to the post-
polymerization crosslinked polymer backhone constitute less than 0.3% of the total
number of carbon atoms in the polymer. By way of further example, in one embodiment
sp? allyl carbons pendent to the post-polymerization crosslinked polymer backbone
constitute less than 0.25% of the total number of carbon atoms in the polymer. By way
of further example, in one embodiment sp? ally! carbons pendent fo the post-

polymerization crosslinked polymer backbone constitute less than 0.2% of the total
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number of carbon atoms in the polymer. By way of further example, in one embodiment

sp? allyl carbons pendent to the post-polymerization crosslinked polymer backbone
constifute less than 0.1% of the total number of carbon atoms in the polymer. By way of
further example, in one embodiment sp? allyi carbons pendent to the post-
polymerization crosslinked polymer backbone constitute less than 0.05% of the total
number of carbon atoms in the polymer. By way of further example, in one embodiment
sp? aliyl carbons pendent to the post-polymerization crosslinked polymer backbone are
not detectible in the polymer beads. In each of the Tforegoing exemplary embodiments,
the percentage of sp® allyl carbons pendent to the post-polymerization crosslinked
polymer backbone in the beads may be determined by guantitative *C solid state magic
angle spinning (MAS) NMR measuwement on a Bruker AVANCE HI 800 MHz (18.8T)
standard bore spectrometer, operating at 800.25 MHz and 201.24 MMz for 'H and °C,
respectively, with a 4 mm zirconia rotor system at a spinning frequency of 16 kHz as
more fully described elsewhere herain. In each of the foregoing exemplary
embodiments, the percentage of sp? allyl carbons pendent to the post-polymerization
crosslinked polymer backbong in the beads may be determined by any of the methods

disclosed herein.

[001711 The resulting post-polymerization crosslinked polymer will have a ratio
of sp3 carbon to sp2 carbon that is greater than the ratio of sp3 carbon {o sp2 carbon in
the preformed poly(allylamine) polymer. Thus, the second crosslinking reaction with
1,2-dichlorosthane will increase the amount of sp3 carbon in the post-polymerization
crosslinked polymer while the amount of sp2 carbon will remain unchanged relative to
tha preformed poly(allylamine) polymer. In centain embodiments, for example, in which
the preformed poly(allylamine) polymer is significantly crosslinked in the second
crosslinking step, the incremental increase of sp3 carbon can be sufficient (o degrade
the signal {o noise ratio for sp2 carbon, thereby decreasing measurement sensitivity. In
ceriain embodiments, theraefore, rather than directly measuring the amounts of sp2
carbon and spd carbon in the resulting post polymarization crosslinked polymer by
NMR, it may be advantageous {0 measure the amount of sp2 carbon in the preformed
poly(allylaming) polymaer, determining how much sp3 carbon {(and sp2 carbon, if any)
was added to the polymer during the second crosslinking step, and then calculating the
relative proportion of sp2 and sp3 carbon in the resulling post-polymerization

crosslinked polymer. Examples are given in Tables 10 and 11 in which the percent ¢of
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sp2 carbon were experimenially determined for both preformed poly(allylamine)

polymers and corresponding crosslinked poly(allylamine) polymers. For those in which
sp2 carbon could be quantified in the preformed crosslinked poly(allylamineg) polymer,
the average ratio of the percent of sp2 carbon in crosslinked poly{alivlamine) polymers
{0 the corresponding praformed poly{alivliamine) polymer was about 0.9, This factor
was applied where applicable throughout Table 11 part 2 in order to calculate the
percent of sp2 carbon comprising certain examples of crosslinked poly(allvlaming)

polymers in Table 11,

(001721 In embodiments, the crosslinker for the step 2 crosslinking reaction is

1,2-dichioroethane (see Table B}

Table B
Abbreviation Common name HUPAL name MW
{g/mol}
BCE dichloroethane 1,2- dichloroethane 98.96
Ci
peep Dichioropropane 1,3-Dichioropropane 112.98
1"

[00173] In one embodiment, the preformed poly(allylamine) polymer formed in
the concurrent polymerization and crosslinking reaction is further crosslinked in a
second crosslinking step in a reaction mixture comprising 1,2-dichloroethane, a swelling
agent for the preformed poly(ailylamine) polymer, and a dispersing sclvent system. The
dispersing solvent system comprises a sufficient amount of solvent to disperse the
preformed poly(allylamineg) polymer in the reaction mixture so as {o avoid inter-polymer
particla {i.e., inter-bead) crosslinking reactions and resulting aggregation. In one such
embodiment, for example, the ratio of solvent comprised by the dispersing solvent
system to preformed poly(ailvlaming) polymer in the reaction mixture is at least 2:1
{milliliters of solvent : grams of preformed poly{aliviamine) polymer). By way of further
example, in one such embodiment the ratic of solvent comprised by the dispersing
solvenit system to preformed poly{ailylamine) polymer in the reaction mbdure is at least

3.1 (milliliters of solvent : grams of preformed poly{allylaming} polymear)

i

By way of
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further example, in one such embodiment the ratio of solvent comprised by the

dispersing sohlvent system {o preformed poly{allylamine) polymer in the reaction mixture
is at isast 4:1 (milliliters of solvent : grams of preformed poly(allylaming) polymer). By
way of further example, in one such embgodiment the ratio of solvent comprised by the
dispersing solvent system to preformed poly{allylaming) polymer in the reaction mixiure
is at least 5.1 (milliliters of solvent: grams of preformed poly{allviamine) polymer). By
way of further example, in one such embodiment the ratio of solvent comprised by the
dispersing solvent system to preformed poly(alivlamine) polymer in the reaction mixture
is at least 7.5:1 (milliliters of solvent . grams of preformed poly{ailvlamine) polymer). By
way of further example, in one such embodiment the ratio of solvent comprised by the
dispersing solvent system {o preformed poly{alivlamine) polymer in the reaction mixiure
is at least 10:1 (milliliiers of solvent : grams of preformed poly(allvlamine) polymer). By
way of further example, in one such embodiment the ratio of solvent comprised by the
dispersing solvent system to preformed poly(allvlamineg) polymer in the reaction mixture
i at least 2001 (milliliters of solvent | grams of preformed poly(allylamine) polymer). In
each of the foregoing embodiments, the dispersing solvent system may comprise a
combination of {1} an inert solvent (relative o the preformed poly(aliviamine) polymer)
such as one of the non-polar solvents previously identified in connaction with the
organic solvert system in which the preformed poly{aliylamine) polymer is formed in the
first crosslinking step and (i} 1,2-dichioroethans (DCE) as a crosslinking solvent.
Aliernatively, in each of the foregoing embodiments, the dispersing solvent system may
exciusively comprise as solvents 1,2-dichioroethane (DCE), but no inert solvent}, thus
performing a dual-purpose role, as both solvent {dispersant) and crosslinker. Ina
further alternative, in each of the foregoing embodiments, the dispersing solvent system
may exclusivaly comprise as solvents neat 1,2-dichioroethans (DCE) but no inert
solvent), thus performing a dual-purpose role, as both solvent (dispersant) and

crosslinker,

[001741 As noted above, in certain embodiments a swelling agent for the
preformed poly(allylamine) polymer is included in the second crosslinking step reaction
mixiure, f.e., along with the 1, 2-dichlorcgthane. In general, the sweliing agent and the
1,2-dichloroethane may be miscible or immiscible and the swelling agent may be any
compasition or combination of compositions that have the capacity to swell the

preformed poly{allylamine) polymer. Exemplary swelling agents include polar solvents
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such as water, methanol, ethanol, n-propanci, isopropanoci, n-butanol, formic acid,

acetic acid, acetonitrile, dimethylformamide, dimethyisulfoxide, nitromethane, propylene
carbonate, or a combination therecf. For example, the swelling agent is water.
Additionally, the amount of swelling agent inciuded in the second crosslinking step
reaction miture will typically be less than absorption capacity of the preformed
poly{aliylamine) polymer for the swelling agent. For example, it is generally preferred
that the weight ratio of swelling agent {0 preformed polymer in the second crossiinking
step reaction mixture be less than 4:1. By way of further example, in some
embodiments the weight ratio of swelling agent to preformed polymer in the second
crosslinking step reaction mixture will be less than 3:1. By way of further example, in
some embodiments the weight ratio of swelling agent {o preformed polymer in the
second crosslinking step reaction mixture will be less than 2.1, By way of further
example, in some embodimants the weight ratio of swelling agent to preformed polymer
in the second crosslinking step reaction mibxture will be less than 1.1, By way of further
example, in some embodiments the weight ratio of swelling agent to preformed polymer
in the second crosslinking step reaction mixture will be less than 0.5:1. By way of
further example, in some embodiments the weight ratio of swelling agent to preformed
polymer in the saecond crosslinking step reaction mixture will be less than 0.4:1. By way
of further example, in some embodiments the weight ratic of swelling agent {0
preformed polymer in the reaction mixture will be less than 0.3:1. In general, however,
the weight ratio of swelling agent to preformed polymer in the second crosslinking step

reaction mbdure will typically be at least 0.05.1, respectively.

[00175] The second crossiinking step may ba carried out at a temperature in
the range of about 25 °C to about 85 °C. Typically, the second crosslinking step will be
carried out at a temperature in the range of about 35 °C to about 80 °C. In some
embodiments, the second crosslinking step will be carried out at & temperature in the
range of about 45 °C to about 80 °C. In some embodimeants, the second crosslinking
step will be carried out at a temperature in the range of about 55 °C to about 75 °C. In
some embodiments, the second crosslinking step will be carried out at a temperature in
the range of about 80 *C to about 75 °C. In some embodiments, the second crosstinking
step will be carried out at a temperature in the range of about 85 °C to about 75 °C. In
general, the temperature may be held relatively constant over the course of the second

crosslinking step or it may be ramped in a continuous or step-wise manner.
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[00176] The second crossiinking step may be carried out for a period of about

2 10 20 hours. Typically, the second crosslinking step will be carried out for a period of
about 4 to 20 h. In some embodimenits, the second crosslinking step will be carried out
for a period of about 5 1o 20 h. In some embodiments, the second crosslinking step will
be carried out for a period of about 6 to 20 h. In some embodiments, the second
crosslinking stepwill be carried out for a period of about 8 10 20 h. In some
embodimeants, the second crossiinking step will be carried out for a period of about 10 1o
20 h. In some embodiments, the second crosslinking step will be carried out for a period
of about 12 to 18 h. In some smbodimeants, the second crossiinking step will be carried
out for a pericd of about 14 to 18 h. In some embodiments, the second crosslinking step

will be carried out for a pericd of about 150 17 h

(001771 In ons embodiment, the resulting preformed poly{allvlaming) polymer is
at least partially deprotonated with a base and combined with a non-protonating
swelling agent to swell the free amine polymer without protonating the amine functions
pricr to the second crosslinking step. Thus, for example, the amount of the non-
protonating swelling agent may be selected to tune the subseguent degres of
crosslinking effectively forming a template that is then locked into place via the amine

consuming crosslinking step.

[00178] The benefits of deprotonated preformed polymer beads in the second
crosslinking step highlights the advantages of using two steps to achieve the final
product. In the first crosslinking step, to form the amine polymer bead, all monomers
(Le., 2-proper-1-ylamine, or a salt thereof, and 1,3-bis{allylaminoipropane, or a salt
thereof,} are protonated to remain in the agueous phase and o avoid the radical
fransfer reactions that severely imit the polymerization of non-protonated allvlamine
{and derivatives). Once the bead is formed through carbon-carbon crosslinks, the bead
can then be deprotonated and further crosslinked with 1,2-dichlorosthane in the second

crosshinking step.

(0017971 In one embodiment, selectivity for chloride over other compsting ions is
achigvad with highly crosslinked amine polymers. For example, relatively high chioride
binding capacity maybe be attained by reacting a preformed poly{allylamine) polymer
bead with neat 1,2-dichlorosthans in the presence of a swelling agent (watar). While
this “non-dispersed” reaction provides access o high selectivity for chloride over
competing ions in the SIB assays, it also results in macroscopically (and
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microscopically) aggregated polymer beads. Accordingly, it is advantageous to include

a solvent {e.g., heptane) in the second crosslinking step to disperse the preformed
crosslinked polymer beads so as {0 avoid inter-bead reactions and resulting
aggregation. The use of too much solvent (dispersant), however, can dilute the reaction
solution to the point where the resuiting bead is not sufficiently crosslinked to have the
desired selectivity for chioride over other competing anions. By using a crosslinking
agent (i.e. 1, 2-dichiorosthane) that aiso functions as a solvent {dispersant), however,
sufficient solvent (dispersant) may be included in the reaction mixture to avoid inter-
bead reactions and aggregation without diluting the mixture to the point where the
degres of amine-consuming crosslinking is insufficient. For example, in an effort {o
utiize the dispersing properties of a solvent (1o avoid aggregation during the reaction)
while maintaining reactivity, 1,2-dichloroethane (DCE) was used neat, thus performing a
dual purpose role, as both solvent (dispersant) and crosslinker. Interestingly, DCE was
discoverad to have excellent dispersal properties as a solvent, when compared to
similar reactions with DCP andfor heptane. Additionally, less aggregation was observed
when the beads were first dispersed in DCE and than in a second operation, the water
is added fo swell the beads. If water is added to the preformed poly(allylamine) polymer

before the bead is dispersed in the DCE, aggregation may occur.

[00180] In each of the foregoing embodiments, the reaction mixiure for the
second crosslinking step may contain a wide range of amounts of 1,2-dichicroethane.
For example, in one embodiment the 1,2-dichloroethans may be used in large axcess
relative to the amount of preformed poly(alivlamine) polymer in the reaction mixtures.
Stated differently, in such embodiments the 1, 2-dichloroathane is a crosslinking solvent,
ie., itis both a solvent for the reaction mixture and a crosslinking agent for the
preformed poly{allylamine) polymer. In such embodiments, other solvents may
optionally be included in the dispersing solvert system of the second crosslinking step
reaction mbdure, but are not required. Alternatively, the preformed poly(ailylamine)
polymer, swelling agent and 1,2-dichloroethane may be dispersed in a dispersing
solvent system that is miscible with the 1,2-dichioroethane and immiscible with the
swelling agent. For example, in some embodiments the swelling agent may be a polar
solvent; in some such embodiments, for example, the swelling agent may comprise
water, mathanol, ethanol, n-propanol, isopropanc!, formic acid, acstic acid, acstonitrile,

N N-dimethyiformamide, dimethylsulfoxide, nitromsthane, or a combination thereof. By
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way of further example, when the swelling agent comprises a polar solvent, the

dispersing solvent systam for the second crosslinking step will typicaily comprise a non-
polar solvent such as pentane, cyclopentane, hexane, cyclochexane, benzens, toluene,
1,4-dioxane, chioroform, diethyi ether, dichicromethane, dichioroethane,
dichioropropans, dichiorobutane, or a combination thereof. In cerlain embodiments, the
1,2-dichloroethane and the solvent comprised by the dispersing solvent system may be

the same.

[oo181] His notable that in a crosslinking solvent (e.g., @ DCE-dispersed
reaction), there is a large excess of crosslinker regardiess of the amount of crosslinking
soivent {e.g., 1,2-dichlorosthane (DCE)) used to disperse the bead (e.g., both 1 g3
mLbead: DCE and 1 g10 mbL:bead:DCE are a large excess of crosslinker, most of
which is not consumed during the reaction). Daspite this, the relative degree of
crosslinking, and the chloride capacity and performance in the SIB assay is relatively
unaffectad by changes in the ratio of reactive crosslinker {0 polymer bead. This is
possible because the reaction is limited by the acid-neuiralizing capacity of the polymer

bead, rather than the amount of crosslinker (e.g., DCE).

[00182] To more efficiently react with 1,2-dichloroathane (DCE), the amines of
the preformed polymer bead preferably have a free glectron pair (nsutral,
deprotonated). As the free amines of the preformed polymer bead react with the 1,2-
dichlorosthane (DCE), HCI is produced and the amines become proionated, thus
limiting the reaction. For this reason, the preformed poly{alivlaming) polymer beads
preferably start as the free amine in the second crosslinking step. If the preformed
poly{aliylamine)} polymer bead is protonated after the first step of carbon-carbon
crosslinking, amine-consuming crosslinking in the second crosslinking step will be
limited, thus reducing the desired seleclivity for chloride over other competing ions. This
has been demonstrated by adding known quantities of HC! {o preformed
poly(allylamine) polymer beads immediately before crosslinking with DCE in the second
crosslinking step. When less than 3 mol % HCI (o amine in preformed polymer amine
bead) is added prior to crosslinking in the second crosslinking step, total chioride
capacity (SGF) and chioride selectivity in SIB are similar to beads not treated with HCI
in the second crosslinking step. When greater than 5 mol % HCI (fo amine in preformed

polymer aming bead) is added prior to crossiinking in the second crosslinking step, {otal
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chioride capacity (SGF) increases and chioride selectivity in SIB decreases, indicating

lower incorporation of 1,2-dichlorosthane.

[00183] The use of 1,2-dichiorosthane ("DCE”) as the crosslinking solvent also
generates HCI molecules during the second crosslinking step. These HCI molaecuies
protonate some of the free amineg sites which block the reaction sites for the crosslinking
reaction and thereby limit the number of binding sites available for crosslinking.
Consaquently, the use of DCE creates a self-limiting effect on the secondary

crosslinking.

(001841 Given the large excess of 1,2-dichloroethane as a dual
crosslinker/solvent, mono-incorporation of 1, 2-dichloroethane can occur leading 1o alkyl
chioride functional groups on the crosslinked polymer bead that are hydrophobic in
nature and can increase non-specific interactions with undesirable solutes other than
HCI that are more hydrophobic in nature. Washing with ammonium hydroxide solution
converis the alkyl-chioride to alkyl-amine functions that are hydrophilic and minimize
non-spacific interactions with undesirable solutes. Other modifications that yisld more
hydrophilic groups than alkyl chioride such as -OH are suitable to quench mono-

incorporated crosslinker/solvent.

[00185] As noted above, in certain embodimeants a swelling agent for the
preformed poly(ailylaming) polymer may be included in the second crosslinking step
reaction mixture for the second crosslinking step along withy 1,2-dichiorosthane. In
general, the sweliing agent and the 1,2-dichloroethane may be miscible or immiscible
and the swelling agent may be any composition or combination of compositions that
have the capacity to swell the preformed poly(allylamine) polymer. Exemplary swelling
agents include polar solvents such as water, methanal, ethanol, n-propana,
isopropanol, n-butanol, formic acid, acetic acid, acelonitrile, dimethylformamide,
dimethylsulfoxide, nitromethane, propylene carbonate, or a combination thereof. For
example, the swelling agent is water. Additionally, the amount of sweliing agent
included in the second crosslinking step reaction mixture will typically be less than
absorption capacity of the preformed poly(allylamineg) polymer for the swelling agent.
For example, it is generally preferred that the weight ratio of swelling agent 1o preformed
polymer in the second crosslinking step reaction mixtura be less than 4:1. By way of
further example, in some embodiments the weight ratio of swelling agent to preformed
polymer in the second crosslinking step reaction mixture will be less than 3.1, By way
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of further example, in some embodiments the weight ratio of swelling agent {o

preformed polymer in the second crosslinking step reaction mixture will be less than 2:1.
By way of further exampile, in some embodiments the weight ratic of swelling agent to
preformed polymer in the second crosslinking step reaction mixiure will be less than 1:1.
By way of further example, in somea embodiments the weight ratio of swelling agent to
preformed polymer in the second crosslinking step reaction mixture will be less than
0.5:1. By way of further axampls, in some embodiments the weight ratio of swelling
agent to preformed polymer in the second crosslinking step reaction midure will be less
than 0.4:1. By way of further example, in some ambodimeants the weight ratio of
swelling agent to preformed polymer in the second crosslinking step reaction mixiure
will ba less than 0.3:1. In general, however, the weight ratio of swelling agent to
preformed polymer in the second crosslinking step reaction mixture will typically be at

least 0.05:1, respectively.

(001861 When the swelling agent comprises water, the weight ratic of water to
preformed poly(allvlaming) polymer in the second crosslinking step reaction mixture will
typically be less than about 4.1 {water {0 polymer). For example, in one such
embodiment the second crosslinking step reaction mbdure comprises waler as a
swelling agent and the weight ratio of water o preformed poly{aliylamine) polvmer in the
second crosslinking step reaction midure will typically be less than about 3.5:1. By way
of further example, in one such embodiment the second crosslinking step reaction
mixture comprises water as a swealling agent and the weight ratio of water to preformed
poly(alivlamine) polymer in the second crosslinking step reaction mixture will typically be
less than about 3:1. By way of further example, in ane such embodiment the second
crosslinking step reaction mixture comprises waler as a swelling agent and the weight
ratio of water to preformed poly(aliylamineg) polymer in the second crosslinking step
reaction mixture will typically be less than about 2.5:1. By way of further example, in
one such embodiment the second crosslinking step reaction mixiure comprises water as
a swelling agent and the weight ratio of water to preformed poly(alivlamine) polymer in
the second crosslinking step reaction mixture will typically be less than about 2:1. By
way of further example, in one such embodiment the second crosslinking step reaction
mixiure comprises water as a swelling agent and the weight ratio of water to preformed
poly(aliylamine) polymer in the second crosslinking step reaction mixture will typically be

less than about 1.5:1. By way of further example, in one such embodiment the second
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crosslinking step reaction mixture comprises waler as a swelling agent and the weight

ratio of water to preformed poly(aliylamineg) polymer in the second crosslinking step
reaction mixture will typically be less than about 1:1. By way of further example, in one
such embodiment the second crosslinking step reaction mixture comprises water as a
swelling agent and the weight ratio of water to preformed poly(ailylamine) polymer in the
second crosslinking step reaction mixture will typically be less than about 0.75:1. By
way of further example, in one such embodiment the second crosslinking step reaction
mixiure comprises water as a swelling agent and the weight ratio of water to preformed
poly{allylamine) polymer in the second crosslinking step reaction mbdure will typically be
less than about 0.5:1. By way of further example, in one such embodiment the second
crosslinking step reaction mixture comprises waler as a swelling agent and the weight
ratio of water to preformed poly(allylaming) polymer in the second crosslinking step
reaction mbdure will typically be less than about 0.25:1. In ganeral, however, when
water is employed as a swelling agent the weight ratio of water to preformed
poly(allylamine) polymer in the second crosslinking step reaction mixture will typically be
at least about 0.15:1 {water {0 polymer) but less than the water absorption capacity of
the preformed poly(allylaming) polvmer. By way of further example, in one embodiment
the weight ratio of water to preformed poly{aliviamine) polymer in the second
crosslinking step reaction mixture will typically be at least about 0.2:1 but less than the
water absorption capacity of the preformed poly(allvlamineg) polymer. By way of further
example, in ong embodiment the weight ratio of water to preformed poly(ailylamine)
polymer in the second crosslinking step reaction mixture will typically be at least about
0.25:1 but less than the water absorption capacity of the preformed poly(allviamine)
polymer. By way of further example, in one embodiment the weight ratio of water {o
preformed poly(alivlamine) polymer in the second crossiinking step reaction mixiure will
typically be at least about 0.5:1 but less than the water absorption capacity of the
preformed poly(ailviaming) polymer. By way of further example, in one embodiment the
weight ratio of water to preformed poly(allviamine) polymer in the second crosslinking
step reaction midure will typically be at least about 0.75:1 but less than the water
absorption capacity of the preformed poly(aliylamine) polymer. By way of further
exampie, in one embodiment the weight ratio of water to preformed poly(aliylamine)
polymer in the second crosslinking step reaction mixdure will typically be at least about
1.1 but less than the water absorption capacity of the preformed poly(allylamine)

polymer. By way of furthar example, in one embodimeant the weight ratio of water to
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preformed poly(allvlamine) polymer in the second crosslinking step reaction mixture will

typically be at least about 1.5:1 but less than the water absorption capacity of the
preformed poly(ailylamine) polymer. By way of further example, in one embodiment the
weight ratic of water to preformed poly(allylamineg) polymer in the second crosslinking
step reaction mixture will typically be at least about 2.1 but less than the water
absorption capacily of the preformed poly{allylamineg) polymer. By way of further
example, in ong embodimeant the weight ratio of water 1o preformed poly(alivlamine)
polymer in the second crosslinking step reaction mixture will typically be at least about
2.5:1 but less than the water absorption capacity of the preformed poly{alivlaming)
polymer. By way of further example, in one embodiment the weight ratic of water {o
preformed poly(allylamine) polymer in the second crosslinking step reaction mixture will
typically be at least about 3:1 but less than the water absorption capacity of the
preformed poly(ailylaming) polymer. By way of further example, in one embodiment the
weight ratio of water to preformead poly(aliviamine) polymer in the second crosslinking
step reaction midure will typically be at ieast about 3.5:1 but less than the water
absorption capacity of the preformead poly(ailvlamine) polymer. Thus, in certain
embodiments the weight ratio of water to preformed poly(alivlamine) polymer will be in
the range of about 0.15:1 1o about 4.1, By way of further example, in certain
embodiments the weight ratio of water (o preformed poly(allylamine) polymer will be in
the range of about 0.2:1 to about 3.5:1. By way of further example, in certain
embodiments the weight ratio of water to preformed poly(aliylamine) polymer will be in

the range of about 0.2:1 to about 3.1,

[00187] The second crossiinking step reaction mixture may contain a wide
range of amounts of 1,2-dichlcrosthane. For example, in one embodiment the 1,2-
dichlorosthane may be used in large excess ralative to the amount of preformed
poly(allylamineg) polymer in the second crosslinking step reaction mixiures. Stated
differently, in such embaodiments the 1,2-dichlorosthane is a crosslinking solvent, i.e., it
is both a solvent for the second crosslinking step reaction mixture and a crosslinking
agent for the preformed poly{allylamine) polymer. In such embodiments, other solvents
may optionally be includad in the second crosslinking step reaction mixiure but are not
required. Alternatively, the preformed poly(ailviamine) polymer, sweiling agent and 1,2-
dichloroethane may be dispersed in a solvent that is miscible with the 1,2-

dichlorosthane and immiscible with the swelling agent. For example, in some
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embodiments the swelling agent may be a polar solvent; in some such embodiments,

for example, the swelling agent may comprise water, methanol, ethanol, n-propanct,
isopropanal, formic acid, acetic acid, acelonitrile, dimethylformamids, dimsthylsulfoxide,
nitromethane, or a combination thereof. By way of further example, when the swelling
agent comprises a polar solvent, the solvent system for the second crosslinking step
reaction mixture will typically comprise a non-polar solvent such as pentane,
cyclopantane, hexane, cyclohexane, benzene, toluene, 1, 4-dioxane, chioroform, disthyl
ether, dichioromethane, dichlorosthane, dichloropropane, dichiorchutane, or a
combination thereof. In cartain embodimants, the crosslinker and the solvent may be

the same: e, the solvent is 1,2-dichiorosthane.

[00188] In those embodiments in which the second crosslinking step reaction
mixture comprises a swelling agent, it is someatimes preferred to combine the preformed
poly{allylaming) polymer with the sclvent (sometimes allematively referred o as a
dispersant} before the preformed poly(allylaming) polymer is combined with the swelling
agent in the second crossiinking step reaction mixture. In certain embodiments, the
resulting crosslinked polymer tends to be less aggregated when the preformed
poly(allylaming) polymer is combined with a solvent (dispersant) that is immiscible with
the swelling agent before the preformed poly{allylamineg) polymer is combined with the
swelling agent. Thus, in certain embodiments less than 25% of the particles in a
representative sample of a population of post polymerization crosslinked amine particles
are agaregated into agglomerates. For example, in soma embodiments less than 20%
of the particles in a representative sample of a population of post polymerization
crosslinked amine particles are aggregatad into agglomerates. By way of further
example, in some embodiments less than 15% of the particles in a representative
sample of a population of post polymerization crosslinked amine particles are
aggregated into agglomerates. By way of further example, in some embodiments less
than 10% of the particles in a representative sample of a population of post
polymerization crosslinked amine particles are aggregated into agglomearates. By way
of further example, in some embodiments less than 5% of the particles in a
represantative sampile of a population of post polymerization crosslinked amine particles
are aggregated into aggiomerates. By way of further example, in some embodiments
less than 1% of the particles in a representative sample of a population of post

polymerization crosslinked amine particles are aggregated into agglomerates.
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Aggregation can be svaluated using microscopy or other means of measuring particle

size distribution. Lack of aggregation can be defined as generally separated, free-
flowing beads lacking macroscopic andfor microscopic ciumps. Particle size distribution
{as defined elsewhere) can indicate that aggregation has occurred, for example if the
average size (d{50)) and/or d{90) of the crosslinked poly(aliviamine) polymer increasas
after the crossiinking step relative to the preformed poly{allvlamine) polymer breads as

praviously described.

[00189] In one embodiment, a preformed poly(allylamine) polymer is formed in
a first step and the preformed poly{aliviamine) polymer is further crosslinked in a second
crossiinking step without isolating the preformed poly{(alivlamine) polymer betwaen the
first and second crosslinking steps (sometimes referred {0 as a ‘one-pot synthesis”).
For example, in one such embodiment a preformed poly(allylamine) polymer is formed
in a first step reaction mixiure (as previously described hersin} and, without isclating the
preformed poly(allylaming) polymer formed in the first step reaction mixture, the
preformed poly(aliviaming) polymer is then crosslinked using 1,2-dichiorosthane). By
way of further example, in one such embodiment the preformed polymer may be
dispersed in any of the non-polar solvents disclosed herein (including for example, 1,2-
dichloroethane as a crosslinking solvent) to form a second crosslinking step reaction
mixture and a swelling agent is added o this reaction mixiure. In one such exemplary
embodiment, the crosslinker and the solvent is 1,2-dichlorosthane, and the swelling
agent comprises water. In each of the foregoing embodiments, the preformed polymer
is an aming-containing polymer containing the residues of 2-propen-t-ylamine, or a salt

thareof, and 1,3-bis(allylamino)propans, or a salt thersof.

[001801 In one sxemplary embodiment, a preformed polvamine polymer is
crosslinked under, for example suspension conditions {0 generate a particle of targeted
particle size and morphology. When a water immiscible crosslinker {(e.g., 1.2-
dichloroethane (DCE)) is used as the dispersant, high chioride binding selectivities are

achisved, as demonstrated, for example, in SIB.

[001811 In one embodiment, an amine polymer can be formed and then further
crosslinked in the same reaction flask and in one reaction series. A crosslinkad amine
polymer can be prepared under, for example, suspension conditions to generate a
particle of targeted particle size and morphology. In the same reaction flask, and
without isolation, the water content in the beads can be lowered by Dean Stark methods
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or other similar evaporative techniques. The water is adjusied to the targeted amount

such that a second crosslinking reaction can be conducted o produce a final polymaer

with the desired properties and characteristics.

[00192] In one embodiment, the crosslinked poly(aliviamine) amine polymer
formed in a second crosslinking step {as previously described) is treated to reduce the
conceniration of any residual amine-reactive groups {(i.e., alkyl chioride functional
groups) introduced to the crosslinked polymer by 1,2-dichioroethane. For example, in
one such embodiment the crosslinked poly(ailvlaming) polymer is treated with a
guenching agent such as a base, washed, heated, or otherwise freated to remove or
guench the amina-reactive groups. By way of further example, in one such eambodiment
the crosslinked poly(allvlamine) polymer is treated with ammonium hydroxide. The
ammaonium hydroxide treatment can occur immediately after the reaction, during the
washing steps, or after the polymer has been washed and dried, in which case the
polymer can be processed through another series of washing steps. In another such
embodiment, the crosslinked poly(aliylaming) polymer is heated in a conventional or in a
vacuum oven at a temperature above room temperature for a period of time, Tor
exampie 60°C for greater than 36 hours. The oven incubation may occur under an inert

atmosphere {(e.g., nitrogen or argon) to reduce the possibility of oxidation.

Crossiinked Polvialiviamineg) Polymers

[001983] As previously noted, the crosslinked poly(allylamineg) polymers having

the medical uses described herein possess the capacity to remove HCL

[00194] In some embodiments, the crosslinkad poly(allvlamine) polymer of the
present invention is in bead form and consists essentially of (i) 20-25 mol% residue of
1,3-bis{allviamino)propane, or a sait thaereof, (i) 50-60 mol% residue of 2-propen-1-
viamineg or a salt thereof, and (i) 20-25 mol% residue of 1,2-dichlorogthans wherein (i)
the crosslinked poly{allylamine) polymer comprises sp? allyi carbon atoms and has a

swalling ratio of less than 2.

[00195] In some embodiments, the crosslinked poly(allylamine) polymer of the
presant invention compriseas the residues of Z-propen-1-ylamine, or a salt thereof,

1,3-bis(allylamino)propane, or a sait thereof, and 1,2-dichioroethane.

62



WO 2022/186813 PCT/US2021/020265
[00196] In some embodiments, the crosslinked poly(allviamine) polymer of the

present inverttion consists essentially of the residues of 2-propen-i-ylamine, or a salt

thereof, 1,3-bis{aliylaminoipropane, or a salt thereof, and 1,2-dichloroethane.

[00197] In some embodiments, the crosslinked poly(allylamine) polymer of the
presant invention consisis of the residues of Z-propen-1-ylamine, or a sait thereof,

1,3-bis(allylamino)propane, or a sait thereof, and 1,2-dichioroethane.

[oo188] In some embodiments, the crosslinked poly(alivlamine) polymer of the
prasent invention is 1,3-propanediamineg, N7 AS-di-2-propen-1-yi-, polymer with
1,2-dichloroethane and 2-propen-t-amine.

(00199871 In some embodiments, the crosslinked poly(allylamine) polymer of the
present inverntion is M? Ni-bis(prop-2-en-1-yl)propan-1,3-diamine copolymer with

1,2-dichioroethane and prop-2-en-1-amins.

(002001 In some ambodiments, the crosslinkad poly{allvlaming) polymer of the

present invention comprises the residues of

, wherein %, y and z are positive integers.

(002011 In some embodiments, the crosslinkad poly(allvlamine) polymer of the

present invention comprises the residues of [CobtaaNale - [CsHaN, - [CaHath:

7

wherein %, v and z are positive integers.

(002021 In some embaodiments, tha crosslinked poly(aliviamine) polymer of the

present invertion comprises a struciure corresponding to Formula ba:
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HN [[HoN

K-

{3

Formuila 5a,
wherein
a = a residue of N N-diallyl-1, 3-diaminopropane, or a salt theraof,
b = a residue of 2-propen-t-ylamineg, or a salt thereof,

¢ = g residue of two Z2-propen-1-ylamines crosslinked with 1,2-dichlorosethans,

and
m = a repeating unit of the polymer.

[€0203]1 In some embodiments, the crosslinked poly(allylamine) polymer of the

present invention comprises a structure corresponding to Formula 5b:

£\
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HoN

b
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Formuia 5b,

wherain
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a = a residue of N N-diallyl-1,3-diaminopropane, or a salt thereof,

b = a residue of Z-propen-1-ylamine, or a salt thereof, and

¢ = a residue of two 2-propen-1-vlaminas crosslinked with an ethylena
crossiinker, e.g. 1,2-dichlorosthane, which is shown as one of many possible

crossiinkages that will be formed in the polymer.

(002041 In some embodiments, the crosslinked poly{allvlamine) polymer of the
present inverition is poly(allylamine-co-N, N'-diallyl-1, 3-diaminopropane-co-1,2-
diaminosthane).

[00205] In some embodiments, the crosslinkad poly(alivlamine) polymer of the

present invention comprises a structure corresponding to Formula 4:

<
- e
G

Formula 4

wharein each R is independently hydrogen or an sthylens crosslink between two

(Nfs;\:a‘“

nitrogen atoms of the crosslinked amine polymer yanda, b, ¢ andm ars

integars.

[c02z0€] In some embodiments, the crosslinked poly(alliylamine) polymer of the

present invention comprises the residues of [{CaHiN)-5 (CoHigNai2 (CaHisNa)2ln, n = oo
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[00207]1 In some embodiments, the crosslinked poly(allviamine) polymer of the

present invention comprises the residuss of

(0020871 In some embodiments, the crosslinked poly{allylaming) polymer of the
present invention is a non-absorbed free-flowing powder composed of low-swelling,
spherical beads, approximately 100 micrometers in diameter;, sach bead is & single

crosslinked, high molecular weight molecule.

[00209] In some embodiments, the crosslinked polv(ailylaming) polymer is

veverimer.

(01011 In general, the crosslinked poly{alivlamine) polymer has a preferred
particle size range that is (i} large enough to avoid passive or active absorption
through the Gl tract and (i) small encugh {o not cause grittiness or unpleasant mouth
feel when ingested as a powder, sacheat and/or chewabie tableVdosage form with a
mean particle size of at least 2 microns. For exampie, in one such smbodiment the
crosslinked poly(ailylaming) polymer comprises a population of particles having a
mean particle size (volume distribution) greater than 1 micrometer and less than 1
millimeter. For example, in one such embodiment the crosslinked poly(allylaming)
polymer comprises a population of particles having a mean particle size (volume
distribution} in the range of 5 to 1,000 microns. By way of further example, in one
such embodiment the crosslinked poly(allylamine) polymer comprises a population of
particles having a mean particle size {(volume distribution) in the range of 5 1o 500
microns. By way of further example, in one such embodiment the crosslinked
poly(alivlamine) polymer comprises a population of particles having a mean particle
size {volume distribution) in the range of 10 to 400 microns. By way of further
example, in one such embodiment the crosslinked poly{aliylamine} polymer comprises
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a population of particles having a mean particle size (volume distribution} in the range

of 10 to 300 microns. By way of further example, in one such embodiment the
crosslinked poly(ailylaming) polymer comprises a population of particles having a
mean particle size (volume distribution) in the range of 20 to 250 microns. By way of
furthar exampie, in one such embodiment the crossiinked poly(alivlamine) polymer
has a particle size range of 30 to 250 microns. By way of further example, in one
such embodiment the crosslinked poly(allylamine) polymer has a particle size range of
40 to 180 microns. In certain embodiments, less than 7% of the particles in the
population {on a number basis) have a diameter less than 10 microns. For example,
in such embodiments less than 5% of the particles in the particies in the population
{on a number basis) have a diameter less than 10 microns. By way of further
example, in such embodiments less than 2.5% of the pariicles in the particles in the
population {on a number basis) have a diameter less than 10 microns. By way of
further example, in such embodiments less than 1% of the particles in the particles in
the population {on a number basis) have a diameter less than 10 microns. In each of
the exemplary embaodiments recited in this paragraph, the particies are preferably in

the form of beads.

[00210] To minimize Gl side effects in patients that are often related to a large
volume polymer gel moving through the Gl tract, a low Swelling Ratio of the crosslinked
poly(allvlamine) polymer is preferred (0.5 to 10 times its own weight in water). For
example, in ona such embodiment the crosslinked poly(allylamine) polymer has a
Swelling Ratio of less than 2. By way of further example, in one such embaodiment the
crosslinked poly(allylamine) polymer has a Swelling Ratio of less than 1.8, By way of
further example, in one such embodiment the crosslinked poly(allylaming) poiymer has
a Swelling Ratio of less than 1.8. By way of further example, in one such embodiment
the crosslinked poly(allylamine) polymer has a Swelling Ratio of less than 1.7. By way
of further example, in ons such embodiment the crosslinked poly(allylamine) polymer
has a Swelling Ratio of less than 1.6, By way of further example, in ona such
embodiment the crosslinked poly{allylamine)} polymer has a Swelling Ratio of less than
1.5, By way of further example, in one such embodiment the crosslinked
poly(allylamine) polymer has a Swelling Ratio of less than 1.4, By way of further
example, in one such embodiment the crosslinked poly(allylaming) polymer has a

Swelling Ratic of less than 1.3. By way of further example, in one such embodiment the
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crosslinked poly{allylamine) polymer has a Swelling Ratio of less than 1.2, By way of

further example, in one such embodiment the crosslinked poly(allylamineg) polymer has
a Swelling Ratio of less than 1. By way of further example, in one such embodiment the
crosslinked poly(allylamine) polymer has a Swelling Ratio of less than 0.9. By way of
further example, in one such embodimeant the crosslinked poly(allylamine) polymer has
a Swelling Ratio of less than 0.8, By way of further example, in one such embodiment
the crosslinkad poly(allylamine) polymer has a Swelling Ratio of less than 0.7, By way
of further example, in one such embodiment the crosslinked poly(allylamineg) polymer
has a Swelling Ratio of less than 0.8, By way of further example, in ona such
gmbodiment the crosslinked poly(allylamine) polymer has a Swelling Ratio of at least
0.5 and less than 2. By way of further example, in one such embaodiment the crosslinked

poly{allylaming) polymer has a Swelling Ratio of about 0.7 to about 1.7.

(0021171 In general, the crosslinked poly{aliylamine) polymer will have a
theoretical binding capacity for protons of at least about 7.5 mEg/g (as determined in an
SGF assay). For example, in some embodiments the crosslinked poly(allylamine)
polymer will have a theoretical binding capacity for protons of at least about 8 mEg/o.
By way of further example, in some embodiments the crosslinked poly(allylamine)
polymer will have a theoretical binding capacity for protons of at least about 8.5 mEdg/g.
By way of further example, in some embodiments the crosslinked poly(allylamine)
polymer will have a theoretical binding capacity for protons of at least about 9 mEg/g.
By way of further example, in some embodiments tha crosslinked poly(allylamineg)
polymer will have a thecretical binding capacity for protons of at least about 8.5 mEg/g.
By way of further example, in some embodiments the crosslinked poly(alliylamine)
polymer will have a theoretical binding capacity for protons of at least about 10 mEg/g.
By way of further example, in some embodiments the crosslinked poly(alivlaming)
polymer will have a thecoretical binding capacity for protons of at least about 10.5 mEag/g.
By way of further example, in some embodiments the crosslinked poly{alliylamine)
polymer will have a theorstical binding capacity for protons of at least about 11 mEg/g.
In general, the crosslinked poly(allylamine) polymer will typically have a theorstical
binding capacity for protons that is not in excess of about 35 mEglg. For example, in
some embodiments, the theoretical binding capacity of the crosslinked poly{alivlamine)

polymers for protons is not in excess of 30 mEg/g. The binding capacities racited in this
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paragraph are the theoretical binding capacities for protons and the theoretical binding

capacities for chioride ions, independently and individually, and not the sum thereof.

[00212] Phosphate, bicarbonate, bicarbonate equivalents, the conjugate bases
of bile and fatly acids are potential interfering anions for chloride or other conjugate
bases of strong acids in the stomach and small intestine. Therefore, rapid and
preferential binding of chioride over phosphate, bicarbonate equivalents, and the
conjugate bases of bile and fatly acids in the small intestine is desirable and the SIB
assay may be used to determine kinetics and preferential binding. Since the transit time
of the colon is slow {2-3 days) relative to the small infestine, and since conditions in the
colon will not be encountered by an oraily administerad crosslinked poly(aliviamine)
polymer until after stomach and small infestine conditions have been encountered,
kinstics of chioride binding by a crossiinked poly{alivlamine) polymer do not need {0 bs
as rapid in the colon or under in vilro conditions designed to mimic the late small
intestine/colon. it s, however, desirable that chloride binding and selectivity over other

interfering anions is high, for example, at 24 andior 48 hours or longer.

(002131 In one embodiment, the crosslinked poly(allylamine) polymer is
characterized by a chloride ion binding capacity of at least 2.5 mEg/g in a Simulated
Small Intestineg Inorganic ("SIB”) assay. For example, in one such embodiment the
crosslinked poly(allylamineg) polymer is characterized by a chioride ion binding capacity
of at least 3 mEg/g in a SIB assay. By way of further example, in one such embodiment
the crosslinkaed poly(allviamine) polymer is characterized by a chioride ion binding
capacity of at least 3.5 mEg/g in a SIB assay. By way of further example, in one such
embodiment the crosslinked poly(allylamineg) polymer is characterized by a chioride ion
binding capacity of at least 4 mEo/g in a SIB assay. By way of further example, inone
such embodiment the crosslinked poly{aliviamine) polymer is characterized by a
chioride ion binding capacity of at least 4.5 mEg/g in a S1B assay. By way of further
axample, in one such embodiment the crosslinked poly{aliviamine) polymer is
characterized by a chloride ion binding capacity of at least 5 mEg/g in a SIB assay. By
way of further example, in one such embodiment the crosslinked poly{aliviamine)
polymer is characterized by a chioride ion binding capacity of at least 5.5 mEg/igin a
SIB assay. By way of further example, in one such embodiment the crosslinked
poly(alivlaming) polymer is characterized by a chioride ion binding capacity of at least

& mEafg in a SIB assay. By way of further example, in one such embodiment the
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crosslinked poly(aliylamineg) polymer is characterized by a chioride ion binding capacity

of about 4.1 mEg/g to about 5.4 mEag/g in a SIB assay.

[01021] In one smbodimant, the crosslinkad poly(allivlamine) polymer binds a
significant amount of chioride relative to phosphate as exhibiled, for example, in a SIB
assay. For exampig, in one embaodiment the ratio of the amount of bound chioride to
bound phosphate in a SiB assay is at least 1.1, respectively. By way of further
example, in one such embodiment the ratio of the amount of bound chioride to bound
phosphaie in a SIB assay is at least 21, respectively. By way of further example, in
one such embodiment the ratio of the amount of bound chioride to bound phosphate
in a S8 assay is at least 2.25:1, respectively. By way of further examplg, in one such
embodiment the ratio of the amount of bound chioride to bound phosphate in a SiB
assay is at least 2.5:1, respectively. By way of further example, in one such
embodiment the ratio of the amount of bound chioride to bound phosphate in a SIB
assay is at least 2.75:1, respectively. By way of further example, in one such
embodiment the ratio of the amount of bound chioride to bound phosphate in a SIB
assay is al least 3.1, respectively. By way of further example, in one such
embodiment the ratio of the amount of bound chioride to bound phosphate in a SIB
assay is at least 4.1, respectively. By way of further example, in one such
embodiment the ratio of the amount of bound chioride to bound phosphate in a SiB
assay is at least 5.1, respectively. By way of further example, in one such
ambadiment the ratio of the amount of bound chicride o bound phosphate in a SIiB

assay is about 2.1:1, respectively, to about 10.8:1, respectively.

[002147 In one embodiment, the crosslinked poly(allylamine) polymer is
characterized by a profon-binding capacity and a chloride binding capacity in Simulated
Gastric Fluid of at least 7.5 mEg/g in a SGF assay. For example, in one such
embodiment the crosslinked poly{allylaming) polvymer is characterized by a proton-
binding capacity and a chloride binding capacity in a SGF assay of at least 8 mEg/g. By
way of further example, in one such embodiment the crosslinked poly{alivlamine)
polymer is characterized by a profon-binding capacity and a chioride binding capacity in
a SGF assay of at least 8.5 mEg/g. By way of further example, in one such
embodiment the crosslinked poly(aliylamineg) polymer is characterized by a proton-
binding capacity and a chloride binding capacity in a SGF assay of at least 9 mEg/g. By
way of further example, in one such embodiment the crosslinked poly{allylamine)
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polymer is characterized by a profon-binding capacity and a chioride binding capacity in
a SGF assay of at least 2.5 mEg/g. By way of further example, in one such
embodiment the crosslinked poly(aliylamine) polymer is characterized by a proton-
binding capacity and a chloride binding capacity in a SGF assay of at least 10 mEdg/g.
By way of further example, in one such embodiment the crosslinked poly(aliviamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in
a SGF assay of at least 10.5 mEa/g. By way of further example, in one such
embodiment the crosslinked poly{alivlamine) polymer is characterized by a proton-
binding capacity and a chioride binding capacity in a SGF assay of af least 11 mEg/g.
By way of further example, in one such embodiment the crosslinked poly(allvlamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in
a 8SGF assay of at least 11.5 mEqfg. By way of further example, in one such
embodiment the crosslinked poly(allylamineg) polymer is characterized by a proton-
binding capacity and a chioride binding capacity in a SGF assay of af least 12 mEg/g.
By way of further example, in one such embodiment the crosslinked poly(allvlamine)
polymer is charactarized by a proton-binding capacity and a chioride binding capacity in
a SGF assay of at least 12.5 mEg/g. By way of further example, in one such
embodiment the crosslinked poly(allvlamineg) polymer is characterized by a proton-
binding capacity and a chiloride binding capacity in a SGF assay of about 9.0 mEag/g to
about 12.6 mEg/g.

[00215] By way of further example, in one such embodiment the crosslinked
poly(alivlamine) polymer is characterized by a proton-binding capacity and a chloride
binding capacity after 1 hour in SGF that is at laast 50% of the proton-binding capacity
and the chioride binding capacity, respectively, of the crossiinked poly{aliviamine)
polymer at 24 hours in SGF. By way of further example, in one such embodiment the
crosslinked poly(allylamine) polymer is characterized by a proton-binding capacity and a
chioride binding capacity after 1 hour in SGF that is at least 80% of the proton-binding
capacity and the chloride binding capacity, respeactively, of the crosslinked
poly(allylaming) polymer at 24 hours in SGF. By way of further example, in one such
embodimeant the crosslinked poly{allvlamine) polymer is characterized by a proton-
binding capacity and a chioride binding capacity after 1 hour in SGF that is at least 70%
of the proton-binding capacity and the chloride binding capacity, respectivaly, of the

crosslinked poly(alivlamine) polymer at 24 hours in SGF. By way of further example, in
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one such embodiment the crosslinked poly(alivlamine) polymer is characterized by a

proton-binding capacity and a chioride binding capacity after 1 hour in SGF that is at
feast 80% of the proton-binding capacity and the chioride binding capacity, respectively,
of the crosslinked poly{allylamine) polymer at 24 hours in SGF. By way of further
axample, in one such embodiment the crosslinked poly(alivlaming) polymer is
characterized by a protor-binding capacity and a chioride binding capacity after 1 hour
in SGF that is at least 90% of the proton-binding capacity and the chioride binding

capacity, respectively, of the crosslinked poly(allylamine) polymer at 24 hours in SGF.

(0021671 In those embodiments in which the crosslinked poly{allylamine)
polymer binds chioride ions, it is generally prefarred that the crosslinked poly(aliylaming)
polymer selectively bind chioride ions relative to other counter ions such as bicarbonale
equivalent anions, phosphate anions, and the conjugate bases of bile and fatty acids.
Stated differently, it is generally preferred in these embodiments that the crosslinked
poly{allylamine) polymer (i) remove more chloride ions than bicarbonate equivalent
anions (il} remove more chloride ions than phosphate anions, and (iil) remove more
chioride ions than the conjugates bases of bile and fatty acids. Advantageously,
therefore, treatment with the crosslinked poly(allylamine) polymer doss not induce or
exacerbate hypophosphatemia (i.e., a serum phosphorous concentration of less than
about 2.4 mg/dL, does not significantly elevate low density lipoproteins ("LDL"), or

otherwise negatively impact serum or colon levels of metabolically relevant anions.

(002171 In some embodiments, the carbon to nitrogen weight ratio of the
crosslinked poly{allylamine) polymers of the present invertion may range from about 2.1
to about 8:1, respectively. For example, in one such embodiment, the carbon to
nitrogen weight ratio of the crosslinked poly{allylaming) polymers of the present
invention may range from about 2.5:1 1o about 5.1, respectively. By way of further
example, in ong such embodiment, the carbon to nitrogen weight ratio of the crosslinked
poly(allvlamine) polymers of the present invention may range from about 3.1 to about
4.5:1, respectively. By way of further exampls, in one such embodiment, the carbon to
ritrogen weight ratio of the crosslinked poly(allylamine) polymers of the present
invention may range from about 3.25:1 to about 4.25:1, respectively. By way of further
exampile, in one such embodiment, the carbon to nitrogen weight ratio of the crosslinked
poly(alivlamine) polymers of the present invention may range from about 3.4:1 o about

4:1, respectively. By way of further example, in one such embodiment, the carbonto
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nitrogen weight ratio of the crosslinked poly(aliylamine) polymers of the present

invention may range from about 3.5:1 o about 4.1, respectively. By way of further
exampile, in ong such embodiment, the carbon to nitrogen weight ratio of the crosslinked
poly{allylamineg) polymers of the present invention may range from about 3.6.1 to about
3.9:1, respectively. By way of further exampile, in one such embaodiment, the carbon to
nitrogen weight ratio of the crosslinked poly{alivlamine) polymers of the present
invention may range from about 3.7:1 to about 3.8:1, respectively. In each of the
foregoing embodiments, the carbon to nitrogen weight ratio may be determined by
elemental analysis. For exampie, the carbon to nitrogen weight ratio may be determined
by elemental analysis using a Perkin-Elmer 2400 Elemental Analyzer as more fully

dascribed elsewhere herein.

(002187 In ons embodiment, the crosslinked poly(alliylamine) polymer is a

crosslinked poly(allylamine) polymer comprising a structure corresponding to Formula 4

P

bi sm

Formula 4
wherein sach R is independently hydrogen or an ethylens crosslink betwesn two

nitrogen atoms of the crosslinked amine polymer (Nz;\“’%w) and a, b, ¢, andm ars
integers. Typically, m is a large integer indicating an extendad polymer network in
which each polymer bead is considered a single molecule. Stated differently, when
molecular weight is calculatad using the volume of a polymer bead and the bulk density
of the polymer, m is large encugh to indicate a molecular weight in excess of 3.2 x 108
g/mol. Inone such embodiment, aratioofthe sumofaandbtoc{ie, atbe)isinthe
range of about 1.1 t0 &1, For example, in one such embodiment a ratio of the sum of a

andbtoc{ie, atbe)is inthe ranges of about 1.1 10 &1, By way of further example, in
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one such embodiment the sum of aand b to c (e, atbic) is in the range of about 1:1 to

7:1. By way of further example, in one such embodiment the sumofaandbiociie,
at+b:cyis in the range of about 1.1 to 6:1. By way of further example, in one such
embodiment aratio of the sumof aand b io ¢ (ie., a+bc) is in the range of about 1:1 to
5:1. By way of further example, in one such embodiment the sum of a andbtoc {ie,
a+bcy is in the range of about 1:1 to 4.1, By way of further example, in one such
embodimant the sum of aandbioc {f.e, atbc) is in the range of about 1.110 311, By
way of further example, in one such embodiment the sumofaandbtoc (e, a+bc)is
in the range of about 1:1 to 2:1. By way of further example, in one such embodiment
thesumofaandbtoc(ie, at+tbc)is about 1.1, By way of further example, in one
such embodiment a ratio of the sum of a and b io c {f.e, a+b:c) is in the range of about
1.5:1 10 4:1. By way of further example, in one such embodiment a ratio of the sum of a
andbioc{ie, atbc)is in the range of about 1.75:1 to 3:1. For example, in one such
embodiment a ratio of the sum of a and b is 57, ¢ is 24 and m is large integer indicating
an extended polvmer network. In each of the foregoing embodimenis a ratio of the sum
of aand bioc (e, athic) may be in the range of about 2:1 10 2.5:1. For example, in
such embodiments the ratio of the sum of aand b to ¢ {i.e., a+b:c) may be in the range
of about 2.1:1 to 2.2:1. By way of further example, in such embodiments the ratic of the
sum of aand bio ¢ (ie, atbic) may be in the range of about 2.2:1 t0 2.3:1. By way of
further example, in such embodiments the ratio of the sum of aand bito ¢ (i e, a+b.c)
may be in the range of about 2.3:1 10 2.4:1. By way of further example, in such
embodiments the ratio of the sum of a and blo ¢ {i.e., a+bic) may be in the range of
about 24:1 t0 2.5:1. In each of the foregoing embodiments, each R may independently
be hydrogen or an ethylene crosslink between iwo nitrogen atoms. Typicaily, however,

35-95% of the R substituents will ba hydrogen and 5-85% will be an ethylena crosslink {
N
Nj{\}% ). For example, in one such embodiment, 50-85% of the R substituenis will be

N
hydrogen and 5-50% will be an ethylene crosslink (\‘\‘E:azz\\}i ). For example, in one such

embodiment, 55-80% of the R substituenis are hydrogen and 10-45% are an ethylene

N
crosslink (E\‘%{\\}&‘ ). By way of further example, in one such embodiment, 80-80% of
the R substifuents are hydrogen and 10-40% are an ethylene crosslink. By way of

further example, in one such embaodiment, 65-90% of the R substituents are hydrogen
N
g\f*{\\}l )
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such embodiment, 70-90% of the R substituents are hydrogen and 10-30% are an

gthylene crosslink. By way of further exampie, in one such embodiment, 75-85% of the
R substifuents are hydrogen and 15-25% are an ethylene crosslink. By way of further
example, in one such embodiment, 85-75% of the R substituerts are hydrogen and 25-
35% are an ethylene crosslink. By way of further example, in one such embaodiment,
55-65% of the R substituents are hydrogen and 35-45% are an ethyiene crosslink. 1t will
be apparent to the skilled person in the art that in each of thase embodiments the % of
the R substituents that are hydrogen and the % of the R substituents that are an
ethylene crosslink between two nitrogens of the crosslinked amine polymer add up to
100%. In some embodiments, a, b, ¢ and R are such that the carbon to nitrogen weight
ratio of the polymer of Formula 4 may range from about 2:1 {0 about 6.1, respectively.
For example, in one such embodiment, the carbon to nitrogen weight ratio of the
polymer of Formula 4 may range from about 2.5:1 to about 5.1, respectively. By way of
further example, in one such embodiment, the carbon {0 nitrogen weight ratio of the
polymer of Formula 4 may range from about 3:1 1o about 4.5:1, respectively. By way of
further example, in one such embaodiment, the carbon {0 nitrogen weight ratio of the
polymer of Formula 4 may range from about 3.25:1 to about 4.25:1, respectively. By
way of further example, in one such embodiment, the carbon to nitrogen weight ratio of
the polymer of Formula 4 may range from about 3.4:1 to about 4:1, respectively. By
way of further example, in one such embodiment, the carbon {o nitrogen weight ratio of
the polymer of Formula 4 may range from about 3.5:1 o about 3.9:1, respectively. By
way of further example, in one such embodiment, the carbon to nitrogen weight ratio of
the polymer of Formula 4 may range from about 3.55:1 to about 3.85:1, respectively. In
each of the foregoing embodiments recited in this paragraph, the polymer of Formula 4
is derivad from monomers and crosslinkers, sach of which comprise less than 5 wi%

oxygen.

[0103] In an exemplary embodiment, the crosslinked poly{ailylamine) polymer
is a crosslinked poly(aliylamineg) polymer comprising the residue of (i) 2-Propen-1-
viamine or a salt thereof, (i} 1,3-Bis{aliylaminocipropane or a salt thereof, and (iii) the
rasidue of 1,2-dichiorosthane, whersin the mole ratio of 2-Propen-1-yiamina {or salt{s)
thereof) to 1,3-Bis(allylamino)propane (or salt(s) thereof) is in the range of 60:40 to
955, respectively. In another exemplary embodiment, the crosslinked

poly(aliylamine) polymer is a crosslinked poly(allvlamine) polymer comprising the
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residue of (i} 2-Propen-1-ylamine or a salt thereof, (ii) 1,3-Bis{allylamino)propane or a
Propen-1-vlamine {or salt{s) thereof to 1,3-Bis(allylamino)propane {or salt(s) thereof)
is in the range of 65:35 to 90:10, respectively. In ancther exemplary embodiment, the
crosslinked poly(alivlamine) polymer is a crosslinked poly(allylaming) polymer
comprising the residue of (i) 2-Propen-1-ylamine or a salt thereof, (i} 1,3~
Bis(allylamino)propane or a sall thereof, and (i) the residue of 1,2-dichloroethans,
wherein the mole ratio of 2-Propen-1-vlamine {or sali(s) thereof) to 1,3-
Bis{allylamino)propane (or salt(s) thereof} is in the rangs of 8535 10 75:25,
respectively. For example, in each of the foregoing exemplary embodiments recited in
this paragraph, the residue of the 2-propen-1-ylamine, or a salt thereof, and/or the
raesidue of the 1, 3-bis(allylamino)propane, or a sall thereof, may be residue of 3
hydrochloric acid salt, sulfuric acid salt, phosphoric acid salt, hydrobromic acid salt or
a combination thereof. By way of further example, in each of the foregoing exemplary
embodiments recited in this paragraph, the residue of the 2-propen-1-vlamine, or a
salt thereof, and/or the residue of the 1,3-bis(allylamino)propane, or a salt thereof, is a

residue of a hydrochloric acid salt.

[010417 In an exemplary embodiment, the crosslinked poly{aliviamine) polymer
comprises (i} 10-35 mol% residue of 1,3-bis{allylamino)propane, or a salt thereof, (i)
30-80 mol% residue of 2-Propen-1-ylamine, or a salt thereof, and (i) 10-35 mol%
rasidua of 1 2-dichlorosthane, whersin the (i) mol% residue of
1,3-bis{allylamino)propane, or a salt thereof, {il) mol% residue of 2-Propen-~-1-ylamine,
or a salt thereof, and (iii) mol% rasidus of 1 2-dichlorosthane add up to less than 100
meoi%. In another exemplary embodiment, the crosslinked poly(allylamineg) polymer
comprises (i} 10-35 mol% residue of 1,3-bis(allylamino)propane, or a sailt thereof, (i)
40-70 mol% residue of 2-propen-1-yviamine, or a salt thereof, and (ili) 10-35 moi%
residue of 1,2-dichiorosthane, wherein the (i) mol% residue of
1,3-bis(allylamino)propans, or a salt thereof, (i) mol% residue of 2-Propen-1-ylamine,
or a salt thereof, and (iii) mol% residue of 1,2-dichlorosthane add up to less than 100
molt%. In ancther axemplary embodimeant, the crosslinkad poly{allivlamine) polymer
comprises (i} 15-30 mol% residue of 1, 3-bis{allylaminoipropane, or a salt thereof, (i)
40-70 mol% residue of 2-Propen-1-ylamineg, or a salt thereof, and (i) 15-30 mol%

residue of 1 2-dichiorcethane, wherein the (i) mol% residus of

76



WO 2022/186813 PCT/US2021/020265
1,3-bis(allylaminc)propane, or g salt thereof, (i) mol% residue of 2-Propen-1-ylamine,
or a salt thereof, and (iil) mol% residue of 1,2-dichlorosthane add up to less than 100
mol%. In another exemplary embodiment, the crosslinked poly(allylamine) polymer
comprises (i} 15-30 moi% residue of 1,3-bis(allylamino)propane, or a salt thereof, (i)
45-85 mol% residue of 2-propen-1-ylamine, or a saif thereof, and (i} 15-30 mol%
residue of 1 2-dichlorocethane, wherein the (i) mol% residue of
1,3-bis{allylamino)propans, or a salt theraof, (i) mol% residus of 2-Propen-1-ylamine,
or a salt thereof, and {iii) mol% residue of 1 2-dichlorcethane add up to less than 100
mol%. In another exemplary embodiment, the crosslinked poly{allylaming) polymer
comprises (i} 20-25 mol% residue of 1,3-bis(allylaminolpropans, or a salt thereof, (i)
50-60 mol% residus of Z-propen-1-yvlamine, or a salt thereof, and (ili) 20-25 moi%
raesidue of 1,2-dichiorosthane, wherein the (i) mol% residue of
1,3-bis(allylaminc)propane, or a salt thereof, (i} mol% residue of 2-Propen-1-ylamins,
or a salt thereof, and (i) mol% residug of 1,2-dichlorosthane add up to less than 100

mot%.

(01051 In an exemplary embodiment, the crosslinked poly{allylamine) polymer
consists essentialiy of (i) 10-35 mol% residue of 1, 3-bis(aliylaminc)propane, or a salt
thereof, (il) 30-80 moi% residue of 2-Propen-1-ylamine, or a salt thereof, and (iii) 10-
35 mol% residue of 1,2-dichloroethang, wherein the (i) mol% residue of
1,3-bis(allylamino)propane, or a salt thereof, {il) mol% residue of 2-Propen-1-ylamine,
or a salt thereof, and (ili) mol% residue of 1,2-dichloroethans add up to less than 100
mol%. In another exemplary embodiment, the crosslinked poly{allvlamine) polymer
consists essentially of (i) 10-35 mol% raesidusa of 1, 3-bis(ailvlaminoipropans, or a salt
thereof, (il) 40-70 mol% residue of 2-propen-1-ylamine, or a salt thereof, and (i} 10-35
mol% residue of 1,2-dichloroathane, wherein the (i) mol% residue of
1,3-bis(allylamino)propane, or a salt thereof, (il mol% residue of 2-Propen-1-ylamine,
mol%. In another exemplary embodiment, the crosslinked poly{allylaming) polymer
consists essentially of (I} 15-30 mol% residue of 1,3-bis{allylamino}propane, or a sait
theraof, (il) 40-70 moi% residue of 2-Propen-1-ylamine, or a salt thersof, and (jil) 15-
30 mol% residue of 1,2-dichlorosthane, wherein the (i) mol% residue of
1,3-bis{allylaminolpropane, or a sall thereof, (i) mol% residue of 2-Propen-1-ylamine,

or a salt thereof, and (il mol% residue of 1 2-dichloroethane add up to less than 100

~j
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moi%. In another exemplary embodiment, the crosslinked poly(allylamineg) polymer

consists essentiaily of (i} 15-30 mol% residue of 1,3-bis(aliylamino)propane, or a salt
thereof, (it} 45-65 moi% residue of Z-propen-1-yvlamine, or a sait thereof, and {iil) 15-30
mol% residue of 1, 2-dichloroethane, wherein the (i) mol% residue ¢f
1,3-bis{allylaminolpropane, or a salt thereof, (i) mol% residue of 2-Propen-1-ylaming,
or a salt thereof, and (iii) mol% residue of 1,2-dichlorosthane add up to less than 100
molt%. In ancther axemplary embodiment, the crosslinked poly{aliylamine) polymer
consists essentially of (i) 20-25 mol% residue of 1,3-bis(allylamincipropans, or a sait
thereof, (il} 50-60 mol% residue of 2-propen-1-ylamine, or a salt theredf, and (i) 20-25
mol% residue of 1,2-dichlorosthane, wherein the (1) mol% residue of
1,3-bis(allylamincipropane, or a salt thereof, (i} mol% rasidus of 2-Propen-1-ylamine,
or a salt thereof, and (i) mol% residue of 1,2-dichloroethaneg add up o less than 100

mol%.

(01081 In an exemplary embodiment, the crosslinked poly{aliviamine) polymer
consists of (i} 10-35 moi% residue of 1,3-bis(allvlamino)propane, or a salt thereof, (i)
30-80 mol% residus of 2-Propen-1-ylamine, or a salt thergof, and (i) 10-35 mol%
residue of 1,2-dichiorosthane, wherein the (i) mol% residue of
1,3-bis(allylamino)propane, or a salt thereof, (i} mol% residue of 2-Propen-1-ylamine,
or a sali thereof, and (iil) mol% residue of 1,2-dichloroethane add up to 100 mol%. In
another exemplary embodiment, the crosslinked poly(allylamine) polymer consists ¢of
(iy 10-35 mol% residue of 1,3-bis{allvlamino)propane, or a salt thereof, (i) 40-70 moi%
residue of Z2-propen-1-ylamine, or a sait thereof, and (i) 10-35 mol% residue of 1,2-
dichioroethane, wharein the (i) mol% residue of 1,3-bis(allylamino)propans, or a salt
thereof, (il mol% residue of 2-Propen-1-ylamine, or a salt thersof, and (it} mol%
rasidue of 1,2-dichioroethane add up to 100 mol%. In another exemplary embodiment,
the crosslinked poly(allylamine) polymer consists of (i) 15-30 mol% residue of
1,3-bis{allylaminolpropane, or a salt thereof, (i} 40-70 moi% residue of 2-Propan-1-
viamine, or a salt thereof, and (iit) 15-30 mol% residue of 1,2-dichlorosthane, wherein
the {iy mol% residue of 1,3-bis{aliviamino)propane, or a sall thereof, (i) moi% residue
of 2-Propen-1-ylamine, or a sall thereof, and (iii) moi% residue of 1, 2-dichloroethans
add up to 100 mol%. In ancther exemplary embodiment, the crosslinked
poly(allylamine) polymer consists of (i) 15-30 mol% residus of 1,3

bis{aliylamino)propane, or a salt thereof, (il) 45-65 mol% residue of 2-propen-1-
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viamine, or a salt thereof, and (iif) 15-30 mol% residue of 1,2-dichloroethane, wherein

the (i) mol% residue of 1,3-bis{aliylamino)propane, or a sall thereof, (i) mol% residus
of 2-Propen-1-ylamine, or a salt theraof, and (iii) moi% residus of 1,2-dichloroethane
add up o 100 mol%. In ancther exemplary embodiment, the crosslinked
poly(alivlamine) polymaer consists of (i) 20-25 mol% residus of 1,3-
bis{ailylamino)propane, or a salt thereof, (il) 50-60 mol% residue of Z-propen-1-
yviaming, or a8 salt thereof, and (i) 20-25 mol% residue of 1,2-dichiorosthane, whersin
the {i) mol% residue of 1,3-bis{aliviamino)propane, or a salt thereof, (i) moi% residue
of 2-Propen-1-ylamine, or a salt theredf, and (il mol% residue of 1,2-dichlorosthane
add up to 100 mol%.

[0107] For example, in each of the foregoing exemplary embodiments recited
in the above paragraphs, the residue of the Z-propen-t-ylamine, or a salt thersof,
andfor the residue of the 1,3-bis{allylamino)propane, or a salt thereof, may be residue
of a hydrochioric acid salt, sulfuric acid salt, phosphoric acid salt, hydrobromic acid
salt or a combination thereof. By way of further example, in each of the foregoing
exemplary embodiments recited in the above paragraphs, the residue of the 2-propsen-
1-viamine, or a sali therecf, and/or the residue of the 1 3-bis(allylamino)propane, or a

sall theredf, is a residue of a hydrochioric acid sait.

Phamaceutical Compositions & Administration

[00219] In general, the dosage levels of the crosslinked poly(alivlamine)
polymers, in particular veverimer, for therapeutic and/or prophylactic uses may range
from about 3 g/day to about 9 giday.

[00220] Optionally, the daily dose may be administered as a single dose (e,
one time a day), or divided into multiple doses (e.¢., two, three or more doses) over the

course of a day. Preferably, the daily dose is adminisiered once daily.

(002211 In general, the crosslinked poly(allylamine) polymers may be
administered as a fixed daily dose or titrated based on the serum bicarbonate values of
the patient in need of treatment or other indicators of acidosis. The titration may occur at
the onset of treatment or throughout, as required, and starting and maintenance dosage

levels may differ from patient to patient based on severity of the underlying disease.
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[00222] For example, in one embodiment, the recommended starting dose of

the crosslinked poly(aliviamine) polymer, in particular veverimer, for therapsutic and/or
prophylactic uses is about 6 g/day. In one embodiment, the starting dose is adjusied in
increments of about 3 g, up to about 8 g/day or down to about 3 giday. In one
embodiment, the dose adjustment is performed to achieve a dasired serum bicarbonats

level In one embodiment, the dose adjustment is performed al about 2 weeks intervals.

(002231 In ons embodiment, the crosslinked poly{aliviamine) polymer, in
particular veverimer, is administered with food. In ong embodiment, the crosslinked
poly{allylamine) polymer, in particular veverimer, is administered orally as a suspension

in watar.

[00224] The effectiveness of the crosslinked poly(allylamine) polymer may be
gstablished in animal models, or in human volunteers and patients. In addition, in vifro,
ex vivo and in vivo approaches are useful {o establish HCI or other target species
binding. /n vitro binding solutions can be used to measure the binding capacity for
proton, chloride and other ions at different pHs.  Ex vivo exiracts, such as the
gasiroiniestinal lumen contents from human volunteers or from model animals can be
used for similar purposes. The salactivity of binding andfor retaining certain ions
preferentially over others can also be demonstrated in such in vitro and ex vivo
solutions. i vivo models of metabolic acidosis can be used to test the effectiveness of
the crosslinked poly(allylaming) polymer in normalizing acid/base balance - for example
5/6 nephrectomized rats fed cassin-containing chow {as described in Phisitkul S,
Hacker C, Simoni Jd, Tran RM, Wesson DE. Diefary protein causes a dacline in the
glomerular filtration rate of the remnant kidney mediated by metabolic acidosis and
endothalin receptors. Kidney international. 2008,73(2):192-9), or adenine-fed rats (Terai
K, K Mizukami and M Okada. 2008. Comparison of chronic renal failure rats and
modification of the preparation protoco! as a hyperphosphatemia model. Nephrol 13
139-148).

(002251 Metabolic acidosis, regardless of etiology, iowers extracellular fluid
bicarbonate and, thus, decreases axtracellular pH. The relationship betwsaen serum pH

and serum bicarbonate is described by the Henderson-Hasselbalch sguation

pH = pK’ + log [HCO¥{(0.03X PaC02)]
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where 0.03 is the physical solubility coefficient for COgz, [HCOs] and PaC0: are the

concentrations of bicarbonate and the partial pressure of carbon dioxide, respectively.

[00226] There are several [aboratory tests that can be used to define metabolic
acidosis. The tesits fundamentally measure sither bicarbonate (HCOs7) or proton (H)
concentration in various biclogical samples, including venous or arterial blood. These
tests can measure either bicarbonate (HCOs7) or proton (H*} concentration by enzymatic
methodology, by ion selective elecirodes or by blood gas analysis. In both the
enzymatic and ion selective electrode methods, bicarbonate is "measured.” Using blood
gas analysis, bicarbonate level can be calculated using the Henderson-Hasselbalch

squation.

[0108] In one embodiment, the crosslinked poly(allylamineg) polymers are
provided (by oral administration} to an animal, including a human, in a dosing regimsn
of one, two or even muitiple (j.e., at least three) doses per day (o freat an acid-base
disorder (e.g., metabolic acidosis) and achieve a sustained increase of serum

bicarbonate or other targst species as previously describad.

[00227] The crossiinked poly(allylamine) polymer disclosed herein may be
provided in any form appropriate for oral administration. Such forms include powders,
tablets, pills, lozenges, sachets, cachets, slixirs, suspensions, syrups, gels, soft or hard
gelatin capsules, and the like. In one embodiment, the pharmacautical composition
comprises only the crosslinked poly(aliylamine) polymer. Alternatively, the
pharmaceutical composition may comprise a carrier, a diluent, or excipient in addition o
the crosslinksed poly(alivlamine) polymer. Examples of carriers, excipients, and dilusnts
that may be used in these formulations as well as others, include foods, drinks, lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, alginatss, tragacanth,
gelatin, calcium silicate, microcrystaliine cellulose, polyvinyipyrrolidoneg, cellulose,
methyl celiulose, methylhydroxvbenzosates, propylhydroxybenzoates,
propythydroxybenzoates, and talc. Pharmaceutical excipients useful in the
pharmaceutical compositions further include a binder, such as microcrystaliine
cellulose, colloidal silica and combinations thereof (Prosolv 80), carbopol, providone
and xanthan gum,; a flavoring agent, such as sucrose, mannitol, xylitol, maltodextrin,
fructose, or sorbitol; a lubricant, such as magnesium stearate, stearic acid, sodium
stearyl fumurate and vegetable based fatty acids; and, optionaily, a disintegrant, such
as croscarmeallose sodium, gellan gum, low-substituted hydroxypropyl ether of cellulose,
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sodium starch glycolate. Other additives may include plasticizers, pigmenits, talc, and

the like. Such additives and other suitable ingredients are well-known in the art; sesg,

e.g., Gennaro A R {ed), Remington's Pharmaceutical Scignces, 20th Edition.

(002281 In one embodiment, the crosslinked poly(allylamine) polymer may be
co-administered with other active pharmacsutical agents depending on the condition
being treated. This co-administration may include simultaneous administration of the
two agents in the same dosage form, simultanecus administration in separaie dosage
forms, and separate administration. For example, for the treatment of metabolic
acidosis, the crosslinked poly{allvlamine} polymer may be co-administered with
common freatments that are required to treat underlying co-morbidities including but not
limited to hypertension, diabetes, obesity, heart failure and compilications of Chronic
Kidney Disease. These medications and the crosslinkad poly{aliviamine) polymer can
be formuiated together in the sams dosage form and adminisiered simultaneously as
long as they do not display any clinically significant drug-drug-interactions.
Alternatively, these treatments and the crosslinked poly{allylaming) polymer may be
separately and ssguentially administered with the administration of one being followed

by the administration of the other.

[00229] In one embodiment, the daily dose of the chronic metabolic acidosis
freatment is compliance enhancing (3 g/day, 6 g/day or 9 gifday of the crosslinked
poly(aliylamine) polymer, in particular veverimer) and achieves an increase of serum
bicarbonate of approximately 3 mEg/L at these daily doses. The non-absorbed nature
of the polymer and the lack of sodium load and/or infroduction of other deleterious ions
for such an oral drug enabls for the first time a safe, chronic treatment of metabolic
acidosis without worsening blood pressure [ hypertension and/or without causing
increased fluid retention and fluid overload. Another benefit is further slowing of the
prograssion of Kidney disease and time to onset of lifelong renal replacement therapy
{End Stage Renal Disease "ESRD including 3 times a week dialysis) or nead for kidney
transplants. Both are associated with significant mortality, low quality of life and
sigrificant burden to healthcare systems around the world. In the United States alone,
approximately 20 % of the 400,000 ESRD patients die and 100,000 new patients start

dialysis every year.

(002301 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a sealed package and the crosslinked poly(ailylaming) polymer of the
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present disclosure, e.g. veverimer, within the sealed package. The unit dosage forms

disclosed hersin could take any form consistent with one or more of the requirements
disclosed. For example, the unit dosage form could include a vial, bottle, tube, jar, box,
tub, blister pack, sachet (including a stick pack) or other sealed container. In one

axemplary embodiment, the unit dosage form is a sachetl.

[00231] As disclosed herein, the crosslinked poly(allylamineg) polymer of the
present disclosure, e.¢. veverimer, may generate certain impurities when exposed {0
oxygen, €.¢. HoC=CHCHNH2 The unit dosage form may include features to address or
reduce such potential impurities, &.¢. feature o reducing the amount of oxygen that

comes into contact with the polymer during storage.

[00232] Packaging approaches (o address or reduce such potential impurities
include the following: a unit dosage form with low permeability to oxygen; a unit dosage
form with a low amount of gas present inside the unit dosage form; a unit dosage form
containing gasses other than air inside the unit dosage form and/or a unit dosage form
comprising an oxygen absorbing component, .4, a scavenger. Each packaging
approach can be used alone or in combination with any other packaging approach
disclosed herein. Each packaging approach, alone or in combination, can be used with
any crossilinked poly(aliviaming) polymer of the present disclosurg, &.g. veverimer,
andfor any polymer from a publication referenced herein, and all such combinations are
disclosed. For example, one or more of the packaging approaches disclosed herein to
address or reduce potential impurities, e.¢. the approaches summarized in this
paragraph, could be used {o provide a pharmaceutical product comprising the
crosslinked poly(allylamine) polymer of the present disclosure, e.¢. veverimer, with low
levels of sp2 carbons as disclosed herein, (e.q. less than 1.0% of the total number of
carbon atoms present in the crosslinked poly(allylamine} polymer are sp? allyl carbons).
Such a pharmacautical product may provide acceptable or improvad shelf life as
defined anywhere herein. In ancther example, one or more of the approaches disclosed
herein to address or reduce such potential impurities, e.g. the approaches summarized
in this paragraph, could be used to provide a pharmaceutical product comprising the
crosslinked poly(alivlaming) polymer of the present disclosure, e.g. veverimer, with
higher levels of sp2 carbons as disclosed herein and/or disclosed in the references
provided harein (.. not less than 1.0% of the total number of carbon atoms present in

the crosslinked poly(allylamineg) polymer are sp? allyl carbons). Such a pharmaceutical
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product may provide acceptabie or improved shelf life despite the presence of higher

levels of sp2 carbons, for example because the approach, or combination of packaging
approaches, used limits the amount of oxygen that contacts the polymer and so limits

the level of purities present (e.g. after storage).

(0023371 In some embodiments, the unit dosage form comprises a sealed
package thal is preferably substantially impermeable to moisture and oxygen {o
increase the stability of the pharmaceutical composition {g.g. the stability of veverimer).
For example, the dosage unit form may comprise a sealed container (¢.g., a ssaled
sachet) that prevents or reduces ingress of moisture and oxygen upon packaging the

poly{aliviamineg) polymer in the container.

[00234] The comtainer size usead {o form the unit dosage form, andior the
amount of pharmaceutical composition in the container can be selected o reduce the
head space in the container after packing. The head space is the volume contained
within the unit dosage form which is not the pharmaceutical composition. The head
Space comprises one or more gases, for example an inert gas such as nitrogen or a
mixture of gases such as air. By minimising the volume of the head space the stability of
the crosslinked poly(alivlamine) polymer of the present disclosure, e.¢. veverimer, can

be increased during storage, in particular when the head space comprises oxygen.

(002351 In some embodiments the unit dosage form comprises the
pharmaceutical compaosition and the head space, wherein the head space volume is
from O om® to 120 cm?. In some embodiments the unit dosage form comprises the
pharmaceutical composition and the head space, whearein the head space volume is
from 10 cm® to 110 cm?®. In some embodiments the unit dosage form comprises the
pharmaceutical composition and the head space, wherein the head space volume is
from 20 cm® to 100 em®. In some embodiments the unit dosage form comprises the
pharmaceutical composition and the head space, wherein the head space volume is
from 20 cm® to 40 cm®. In some embodiments the unit dosage form comprises the
pharmaceutical composition and the head space, wherein the head space volume is
from 0 om® to 20 om®. In some embodiments the unit dosage form comprises the
pharmaceutical composition and the head space, wherein the head space volume is

from 50 cm® to 70 om®.

[c0236] In some embodiments the unit dosage form comprises the

pharmacsutical compaosition and the head space, wherein the head space volume is
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less than 70% of the total volume of the unit dosage form. In some embaodiments the

unit dosags form comprises the pharmaceutical composition and the head space,
whergin the head space volume is iess than 65% of the total volume of the unit dosage
form. In some embodiments the unit dosage form comprises the pharmaceutical
compaosition and the head space, wherein the head space volume is less than 80% of
the total volume of the unit dosage Torm. In some embodiments the unit dosage form
comprises the pharmaceutical composition and the head space, wherain the head
space volume is less than 55% of the total volume of the unit dosage form. In some
embodiments the unit dosage form comprises the pharmaceutical composition and the
head space, wherein the head space volume is less than 45% of the total volume of the
unit dosage form. In some embodiments the unit dosage form comprises the
pharmaceutical composition and the head space, wherein the head space volume is
less than 35% of the total volume of the unit dosage form. In some embaodiments the
unit dosage form comprises the pharmaceutical compaosition and the head space,
wherein the head space volume is less than 25% of the total volume of the unit dosage
form. In somea embodiments the unit dosage form comprises the pharmaceutical
composition and the head space, wherein the head space volume is less than 15% of
the total volume of the unit dosage form. In some embaodiments the unit dosage form
comprises the pharmaceutical composition and the head space, wherein the head

space volume is less than 5% of the {otal volume of the unit dosage form.

[00237] In some embodiments the head space is minimised by compressing
the unit dosage form prior {6 the sealing of the pharmaceutical composition inside the

unit dosage form.

[00238] A unit dosage form having a relatively low head space will have &
relatively high number of grams of pharmaceutical composition relative to its head
space volume. In some embodiments, the unit dosage form comprises the
pharmaceutical composition, wherein the pharmaceutical composition is present in an
amount of at least 0.01 g per cm® of the head space volume of the unit dosage form. In
some embodiments, the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical composition is present in an amount of at least 0.02 g per
em?® of the head space volume of the unit dosage form. In some embodiments, the unit
dosage form comprises the pharmaceutical composition, wherein the pharmacsutical

compaosition is present in an amount of at least 0.03 g per cm?® of the head space
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volume of the unit dosage form. In some embodiments, the unit dosage form comprises

the pharmacsutical compaosition, wherein the pharmaceutical composition is present in
an amount of at ieast 0.04 g per om® of the head space volume of the unit dosage form.
In some embodimenits, the unit dosage form comprises the pharmaceutical composition,
whaerein the pharmaceutical composition is present in an amount of at least 0.05 g per
cm? of the head space volume of the unit dosage form. In some embodiments, the unit
dosage form comprises the pharmaceutical composition, wherein the pharmaceutical
composition is present in an amount of from 0.01 g to 0.5 g per cm? of the head space
volume of the unit dosage form. In some embodiments, the unit dosage form comprises
the pharmaceutical composition, wherein the pharmaceutical composition is present in
an amount of from 0.01 g to 0.2 g per cm® of the head space volume of the unit dosage
form. In some smbodiments, the unit dosage form comprises the pharmaceutical
compaosition, whersin the pharmaceutical composition is present in an amount of from
0.05 g to 0.2 g per om® of the head space volume of the unit dosage form. In some
embodiments, the unit dosage form comprises the pharmaceutical composition, wherein
the pharmacesutical compaosition is present in an amount of from .05 gto 015 g per

cm® of the head space volume of the unit dosage form.

(0023971 In some embodiments the unit dosage form comprises the
pharmaceutical composition, wherein the pharmaceutical composition is present in an
amount of 3 g and wherein the head space volume of the unit dosage form is less than
80 cm®. In some embodiments the unit dosage form comprises the pharmaceutical
compaosition, wherein the pharmaceutical composition is present in an amount of 3 g
and wherein the head space volume of the unit dosage form is less than 75 cm®. In
some embodiments the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical composition is present in an amount of 3 g and whersin the
head space volume of the unit dosage form is less than 80 cm?®. In some embodiments
the unit dosags form comprises the pharmaceutical composition, wherein the
pharmaceutical composition is present in an amount of 3 g and wherein the head spacsa

volume of the unit dosage form is less than 45 cm®.

(002401 In some embodiments the unit dosage form comprises the
pharmaceutical composition, wherein the pharmaceutical composition is present in an
amount of 6 g and wherein the head space volume of the unit dosage form is less than

120 cm®. In some embodiments the unit dosage form comprises the pharmaceutical
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compaosition, wherein the pharmaceutical composition is present in an amount of 6 ¢

and wherein the head space volume of the unit dosage form is less than 105 cm?®. In
some embodiments the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical composition is present in an amount of 6 g and wherein the
head space volume of the unit dosage form is less than 90 am®. In some embodiments
the unit dosage form comprises the pharmaceutical composition, wherein the
pharmaceutical composition is present in an amount of 8 g and wherein the head space

volume of the unit dosage form is less than 75 cm®.

(002411 In some embodiments the unit dosage form comprises the
pharmaceutical compaosition, wherein the pharmaceutical compaosition is present in an
amount of 9 g and wherein the head space volume of the unit dosage form is less than
140 cm?®. In some embodiments the unit dosage form comprises the pharmaceutical
compaosition, wherein the pharmaceutical composition is present in an amount of 8 ¢
and wherein the head space volume of the unit dosage form is less than 125 cm®. In
some embodiments the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical composition is present in an amount of 9 g and whersin the
head space volume of the unit dosage form is less than 110 am®. In some embodiments
the unit dosage form comprises the pharmaceutical composition, wherein the
pharmaceutical composition is present in an amount of 9 g and wherein the head space

volume of the unit dosage form is less than 85 cm®.

(002421 A sealed unit dosage form having a relatively low head space will have
a relatively high number of grams of pharmaceutical composition relative to is total
volume. In somea embodimants, the unit dosage form comprises the pharmaceutical
compaosition, wherein the pharmaceutical composition is present in an amount of at
least 0.02 g per cm? of the total volume of the sealed unit dosage form. In some
embodimeants, the unit dosage form comprises the pharmaceutical compuosition, wherain
the pharmaceutical composition is present in an amount of at least 0.03 g per cm?® of the
total volume of the sealed unit dosage form. In some embodiments, the unit dosage
form comprises the pharmaceautical composition, wherein the pharmaceutical
composition is present in an amount of at least 0.04 g per cm?® of the total volume of the
sealed unit dosage form. In some embodiments, the unit dosage form comprises the
pharmacsutical compaosition, wherein the pharmaceutical composition is present in an

amount of from 0.01 g to 0.5 g per cm?® of the fotal volume of the sealed unit dosage
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form. In some embodiments, the unit dosage form comprises the pharmaceutical

composition, wherein the pharmaceutical composition is present in an amount of from
0.01 g to 0.25 g per cm® of the total volume of the sealed unit dosage form. In some
embodiments, the unit dosage form comprises the pharmaceutical composition, wherein
the pharmaceutical composition is praesent in an amount of from 0.01 g to 0.15 g per
cm? of the total volume of the sealed unit dosage form. In some embodiments, the unit
dosage form comprises the pharmaceutical composition, wherein the pharmaceutical
composition is present in an amount of from 0.02 g to 0.1 g per cm?® of the total volume
of the sealed unit dosage form. In some embodiments, the unit dosage form comprises
the pharmaceutical composition, wherein the pharmaceutical composition is present in
an amount of from 0.03 g to 0.08 g per cm® of the total volume of the sealed unit dosage
form. In some smbodiments, the unit dosage form comprises the pharmaceutical
compaosition, whersin the pharmaceutical composition is present in an amount of from
0.04 g to 0.07 g per cm? of the total volume of the sealed unit dosage form. In some
embodiments, the unit dosage form comprises the pharmaceutical composition, wherein
the pharmaceutical compaosition is present in an amount of from 0.02 g to 0.2 g per om?®
of the total volume of the sealed unit dosage form. In some embodiments, the unit
dosage form comprises the pharmacsutical composition, wherein the pharmacsutical
compaosition is present in an amount of from 0.04 g to 0.18 g per cm? of the total volume
of the sealed unit dosage form. In some embodiments, the unit dosage form comprises
the pharmaceutical compaosition, wherein the pharmacsutical composition is present in
an amount of from 0.08 g to 0.16 g per cm® of the total volume of the sealed unit dosage

form.

[00243] In some embodiments the unit dosage form comprises the
pharmaceutical composition, wherein the pharmaceutical composition is present in an
amount of 3 g and wherein the sealed totai volume of the unit dosage form is less than
100 cm®. In some embodiments the unit dosage form comprises the pharmaceutical
compasition, wherein the pharmaceutical compaosition is present in an amountof 3 g
and wherein the sealed total volume of the unit dosage form is less than 80 cm®. In
some embodimeants the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical compaosition is present in an amount of 3 g and wherein the
sealed total volume of the unit dosage form is less than 80 cm® In some embodiments

the unit dosage form comprises the pharmaceutical composition, wherein the
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pharmaceutical composition is present in an amount of 3 g and wherein the sealed total

volume of the unit dosage form is less than 70 cm®.

[00244] In some embodiments the unit dosage form comprisas the
pharmaceutical composition, wherein the pharmaceutical composition is present in an
amount of 6 g and wherein the {otal volume of the sealed unit dosage form is less than
180 cm®. In some embodiments the unit dosage form comprises the pharmaceutical
composition, wherein the pharmaceutical composition is present inan amount of 6 g
and wherein the total volume of the sealed unit dosage form is less than 180 cm?®. In
some embodiments the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical composition is present in an amount of 6 g and wherain the
total volume of the sealed unit dosage form is less than 140 cm®. In some embodiments
the unit dosage form comprises the pharmacautical compaosition, wherein the
pharmacsutical composition is present in an amount of & g and wherein the fotal volume

of the sealed unit dosage form is less than 130 cm®.

[0024571 In some embodiments the unit dosage form comprises the
pharmaceutical composition, wherein the pharmaceutical composition is present in an
amourt of 9 g and wherein the tolal volume of tha sealed unit dosage form is less than
200 cm®. In some embodiments the unit dosage form comprises the pharmaceutical
compasition, wherein the pharmaceutical composition is present inan amountof S g
and wherein the total volume of the sealed unit dosage form is less than 190 om®. In
some embodiments the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical compaosition s present in an amount of 9 g and wherein the
total volume of the sealed unit dosage form is less than 180 cm®. In some embodiments
tha unit dosage form comprises the pharmaceutical composition, wherein the
pharmaceutical composition is present in an amount of 9 g and wherein the sealed total

volume of the unit dosage form is less than 170 am®,

[c024¢€] In some embodiments the unit dosage form is a sachet. In such
embodiments the sachet has a height (h) and a width (w) and the walls of the sachet
can bend but not stretch, the total volume of the sealed sachet can be estimated
according to Formula X

V= ws (7-[’-;- 0.142(1 — 10C-1/W)) ) Formula X,

A Vi
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(002471 Formula X can be used to define a fotal volume of the sealed unit

dosage form, when the dosage form is a sachetl. For example, when the unit dosage
form is a sachet, any description of an amount of drug in grams per cm? of the total
volume refers to the amount of drug in grams per cm?® of the sealed total volume as

estimated by Formula X

[00248] In some embodiments, the unit dosage form is a sachet comprising the
pharmaceutical composition in an amount of 3 g, 6 g, or 9 g and wherain the width of
the sachet is less than 25 cm and the height of the sachet is less than 25 cm. In some
embodiments, the unit dosage form is a sachet comprising the pharmaceautical
compaosition in an amount of 3 g, 8 ¢, or 9 g and wherein the width of the sachet is less
than 20 cm and the height of the sachet is less than 25 om. In some embodiments, the
unit dosage form is a sachet comprising the pharmaceutical composition in an amount
of 3 g, 6 g, or 9 g and wherein the width of the sachet is less than 15 cm and the height
of the sachet is less than 20 cm. In some embodiments, the unit dosage form is a
sachet comprising the pharmaceutical composition in anamount of3 g, 6 g, or 8 g and
wherein the width of the sachst is less than 10 cm and the height of the sachet is less

than 15 om.

(0024971 In some embodiments, the unit dosage form is a sachet comprising the
pharmaceutical composition in an amount of 8 g and wherein the width of the sachet is
less than 25 om and the height of the sachet is less than 25 cm. In some embodiments,
the unit dosage form is a sachet comprising the pharmacsutical composition in an
amourt of 9 g and wherein the width of the sachet is less than 20 cm and the height of
the sachet is less than 25 cm. In some embodiments, the unit dosage form is a sachet
comprising the pharmaceutical composition in an amount of 8 g and wherein the width
of the sachet is less than 15 cm and the height of the sachet is less than 20 cm. In
some embodiments, the unit dosage form is a sachet comprising the pharmaceutical
compaosition in an amount of 8 g and wherein the width of the sachst is less than 10 cm
and the height of the sachet is less than 15 cm. In some embodiments, the unit dosage
form is a sachet comprising the pharmaceutical composition in an amount of 8 g and
whaerein the width of the sachet is iess than @ cm and the height of the sachet is less

than 12 om.

(002501 In some embodiments, the unit dosage form is a sachet comprising the
pharmaceutical compaosition in an amount of 6 g and wherein the width of the sachet is
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less than 25 cm and the height of the sachet is less than 25 cm. In some embodiments,

the unit dosage form is a sachet comprising the pharmaceutical composition in an
amourtt of 6 g and wherein the width of the sachet is less than 20 cm and the height of
the sachet is less than 25 cm. In some embodiments, the unit dosage form is a sachet
comprising the pharmaceutical composition in an amount of 8 g and wherein the width
of the sachet is less than 15 cm and the height of the sachet is less than 20 cm. in
some embodimants, the unit dosage form is a sachet comprising the pharmaceutical
compaosition in an amount of € g and wherein the width of the sachst is less than 10 om
and the haight of the sachet is less than 15 om. In some embodiments, the unit dosage
form is a sachst comprising the pharmaceutical composition in an amount of 6 g and
wherein the width of the sachet is less than 8 cm and the height of the sachet is less

than 11 om.

(0025171 In some embodiments, the unit dosage form is a sachet comprising the
pharmaceutical composition in an amount of 3 g and wherein the width of the sachet is
less than 25 om and the height of the sachet is less than 25 cm. In some embodiments,
the unit dosage form is a sachet comprising the pharmacsutical composition in an
amourt of 3 g and wherein the width of the sachet is less than 20 cm and the height of
the sachet is less than 25 cm. In some embodiments, the unit dosage form is a sachet
comprising the pharmaceutical composition in an amount of 3 g and wherein the width
of the sachet is less than 15 cm and the height of the sachet is less than 20 cm. In
some embodiments, the unit dosage form is a sachet comprising the pharmaceutical
compaosition in an amount of 3 g and wherein the width of the sachst is less than 10 cm
and the haight of the sacheat is less than 15 om. In some embodiments, the unit dosage
form is a sachet comprising the pharmaceutical composition in an amount of 3 g and
wherein the width of the sachet is iess than @ cm and the height of the sachet is less
than 10 cm. In some embaodiments, the unit dosage form is a sachet comprising the
pharmacsutical composition in an amount of 3 g and wherein the width of the sachst is

less than 8 cm and the height of the sachset is less than 8 cm.

[00252] Any head space present in any unit dosage form disclosed herein may
be filled with an inert gas such as nitrogen, or may otherwise include reduced levels of
oxygen gas. The head space present in the unit dosage form can contain any gas, and
herein the gas present in the head space is referred {0 as the head space gas. In some

embodiments, the head space gas is nitrogen. In some embodiments, the head space
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gas is argon. In some embodiments, the head space gas is helium. In some

embodiments, the head space gas is neon. In some embodiments, the head space gas
is carbon dioxide. In some embodiments, the head space gas is nitrogen. In some

embodiments the head space gas is a mixture of gases mentionad herein. For example,
in some embodimeants, the head space gas is a mixture of inert gases, e.¢g. a mixture of
nitrogen and carbon dioxide. In some embodiments, a reference to the head space gas
being a particular gas meaans that the head space gas consists assentially of or consists

of the recited gas.

(002531 In some embodiments, the head space gas includes other gasses,
such as oxygen, that are not inert. In some embodiments, the percentage of oxygen
present in the head space gas is less than 21%. In some embodiments, the percentage
of oxygen present in the head space gas is lass than 20%. in some embodimeants, the
percentage of oxygen present in the head space gas is less than 18%. In some
embodiments, the percentage of oxygen present in the head space gas is less than
16%. In some embodiments, the percentage of oxygen present in the head space gas is
less than 14%. In some embaodiments, the percentags of oxygen present in the head
space gas is less than 12%. In some embodiments, the percentage of oxygen present
in the head space gas is less than 10%. In some embodiments, the percentage of
oxygen present in the head space gas is less than 8%. In some embodiments, the
percentage of oxygen present in the head space gas is less than 6%. In some
embodimeants, the percentage of oxygen present in the head spacs gas is less than 4%.
In some embodiments, the percentage of oxygen present in the head space gas is less
than 2%. In soma embodiments, the percentage of oxygen present in the head space
gas is less than 1%. In some embodiments, the percentage of oxygen present in the

head space gas is less than 0.5%.

[00254] In some embodiments, the the head space gas is a mixiure of oxygen
and a second gas. In some embodiments the head space gas is <20% oxygen {02) and
>80% nitrogen (N2}, In some embodiments the head space gas is <18% 02 and >82%
N2. In some embodiments the head space gas is <16% 02 and >84% N2. In some
embodiments the head space gas is <14% 02 and >86% N2. In some embodiments the
head space gas is <12% 02 and >88% N2. In some embodiments the head space gas
is <10% Q2 and >90% N2. In some embodiments the head space gas is <8% 02 and

»02% NZ. In some embodiments the head space gas 18 <6% 02 and >84% N2. in some
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embodiments the head space gas is <4% 02 and >86% N2. In some embodiments the

head space gas is <2% 02 and >98% N2. In some embodiments the head space gas is
<1% 02 and >89% N2 in some embodimenis the head space gas is <0.5% 02 and
>899 5% N2. In such embodiments, the head space gas may consist essentially of or

consist of the recited gasses.

[00255] In other embodiments, the unit dosage forms disclosed herein are
packaged in air and/or the head space in the unit dosage form is air. The head space
gas can be achieved by packaging in the presence of that gas. The head space gas
could also be varied after the packaging step, €.g. by adding or changing the gas inside

the pharmaceutical dosage form after manufacture, &.g. via a valve in the packaging.

[00256]1 Container material of construction used for the unit dosage forms
disclosed hersin can be chosen {0 minimize the moisture and oxygen ingress inside the
container after packaging. For example, poly(allylamine) polymer, &.g. veverimer, may
be packaged in a multilaver sachet containing at least one or more layer that serves as
a barrier layer to moisture and oxygen ingress. In ancther example, the poly{aliylamine)
polymer may be packaged in a single layer or multilayer plastic, metal or glass container
that has at least one or more barriar layers incorporated in the structure that limits
oxygen andfor moisture ingress after packaging. For example, in ong such embodiment
tha sachet (or other container or package) may comprise a multi-layer laminate of an
inner contact layer, an culer layer, and a barrier layer disposed between the contact
layer and outer layer. In such embodiments, the multi-layer laminate may alsg comprise
one or mare adhesive layers andfor a print laver. For example, the laminate may
comprise the following layers in the following order: an inner contact layer, an adhesive,
a barrier layer, an adhesive, a print layer and an outer layer. In some embodiments, ong
or more of the lavers of any multi-laminate disclosed herein may be attached {0 each
other via an adhesive and/or lamination (e.¢. lamination by extrusion). In some
embodiments, the layers of any muiti-laminate disclosed herein are attached to each
other via an adhesive and/or lamination (e.g. lamination by extrusion). In soms
embodiments, the layers of any multi-laminate disclosed hersin are be attached {o each
other via an adhesive. In some embodiments, the layers of any mulli-laminate

disciosed herein are attached to each other via lamination (&.g. lamination by extrusion).

(002571 In one embodiment, the unit dosage form is made from, or comprises,
a plastic. For example, the plastic may be polysthylens (e.g. linsar low-density
a3
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polyethylene or low-density polyethylene), polypropyiene, poly(ethylene terephthalate),
polyaster, nylon or polyvinyi chioride. In such embodiments, the plastic may be in the
form of a film or sheet. For example, when the unit dosage form is & sachet, the sachet
may be made out of any one of polyethylene, polypropylene, poly(ethvlens
terephthalate), polyester, nylon or polyviny! chioride, optionally as part of a multilayer
laminate. In one embodiment, the sachet (or other container or package} comprises a
muiti-layer laminate that comprises an inner contact layer, an outer layer; and a barrier
fayer disposed between the contact layer and outer layer. In such embodiments, any of
tha layers may be mades from any of the recited plastics. More specifically, the inner
contact layer may comprise any one of polyethylene, polypropylene, poly{ethylene
terephthalate), polyester, nylon or polyviny! chioride. In one embodiment, the inner
cortact layer comprises polyethylene. In one embodiment, the inner coniact layer is
finear low-density polyethylene. In one embodimant, the inner contact layer is low-
density polysthylens, More specifically, the ocuter layer may comprise any one of
polyethylene, polypropylene, poly(ethylene terephthalate), polyester, nylon, polyvinyl
chioride or paper. In one ambodiment, the outer layer is poly(ethylene terephthalate). In
one embodiment, the barrier iaver may be any aluminum layer disclosed herein. In one
embodiment the barrier layer may include any plastic layer disclosed herein and any
aluminum layer disclosed herein. For example, the barrier layer may comprise low-
density polyethylene and aluminium film. In one exemplary embodiment, the unit
dosage form disclosed herein is a sachel made from a laminate of the following
componants in the following order: an inner contact layer made from low-density
polysthylene, a barrier layer made from aluminium film foliowed by low-density
polyethylene, a print layer made from ink and an outer layer made from poly{athylene
tarephthalate), optionally with adhesives between any of these layers, optionally
wherein the aluminium film is about 18um thick. In one exemplary embodiment, the unit
dosage form disclosed herein is a sachat made from a laminate of the following
components in the following order: an inner contact layer made from low-density
polyethylene, a barrier layer made from aluminum film followed by low-density
polysthylene, a print layer made from ink and an outer layer made from poly{sthylene
terephthalate), optionally where those layers are laminated together by extrusion,

optionally wherein the aluminum film is about 18um thick.
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[00258] In one aspect, the unit dosage form has an exterior and interior, the

interior comprising the crosslinked poly(allylamine) polymer, e.g. veverimer, wherein the
oxygern transfer rate between the exierior and interior of the unit dosage form is less

than about 0.050 cubic centimeters per meter squared per day (CC/m%/day).

(002581 In one aspect, the unit dosage form comprises a sealed enclosure
containing the crosslinked poly(allylamine) polymer, e.¢. veverimer, the sealed
enclosure comprising a multi-layer laminate of an inner contact layer, an outer layer;
and a barrier layer disposed between the contact layer and outer layer, wherein the
oxygen transfer rate between the multi-laver laminate is less than about 0.050 cubic

centimetes per meter squared per day (CC/m*/day).

[00260] In any aspect, the oxygen transfer rate specified is, in some
embodiments, less than about 0.030 CC/m2/day. In any aspect, the oxygen transfer rate
specified is, in some embodiments, less than about 0.010 CC/m2/day. In any aspect, the
oxygen transfer rate specified is, in some embodiments, iess than about 0.009
CC/m?day. In any aspect, the oxygen transfer rate specified is, in some embadiments,
less than about 0.007 CC/m*/day. In any aspect, the oxygen transfer rate specified is, in
some embodimeants, less than about 0.005 CC/m%/day. In any aspect, the oxygen

transfer rate specified is, in some embodiments, less than about 0.003 CC/mday.

(002611 Whare the oxygen transfer rate is specified for a unit dosags form
disclosed herein, that transfer rate can be controlied by selecting appropriate materials,
and an appropriaie thicknesses of those materials, when constructing the unit dosage
form. Materials can that be used to control the oxygen transfer rate of the unit dosage
form include aluminum, sthylene vinyl alcohol, glass, polyester (e.g. polysthylene
teraphthalate) and polyamides {e.g. nylon). One or more of these materials may bs

used to achieve the specified oxygen transfer rate.

[00262] For exampie, one or more layers of aluminum can be used to control
oxygen transfer rates. Therefore, in one embodimert, the unit dosage form disclosed
herein comprises at least one aluminum layer. For example, the layer comprising
aluminum may be part of the barrier layer as described herein. More specifically, the
layer comprising aluminum may be the barrier layer. For example, the barrier layer may
comprise any of the aluminum layers disclosed herein. For example, the barrier layer
may consist essentially of any of the aluminum layers disclosed herein. For example,

the barrier layer may consist of any of the aluminum layvers disciosed hersin. In some
ab
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embodiments, barrier layer andfor the aluminum layer has any one of the oxygen

transfer rates disclosed herein when measured alone.

[00283] In one smbodimeant, the thickness of the sluminum layer disclosed
herein is greater than 5 um. In one embodiment, the thickness of the aluminum layer
disclosed herein is greater than 8 um. In one embodiment, the thickness of the
aluminum layer disciosed herein is greater than 10 pm. In one embodiment, the
thickness of the aluminum layer disclosed herein is greater than 12 um. Inone
embodiment, the thickness of the aluminum layer disclosed herein is greater than 15
um. In one embodiment, the thickness of the aluminum layer disclosed herein is greater
than 18 um. in one embodiment, the thickness of the aluminum layer disclosed herein is
greater than 20 um. In one embodiment, the thickness of the aluminum laver disclosed
herein is greater than 25 um. In ona embodiment, the thickness of the aluminium layer
is 9 — 20 um. In one embodiment, the thickness of the aluminium laveris 15~ 20 um. In

one embodiment, the thickness of the aluminium layer is about 18 um.

[0026841 In any aspect, the unit dosage forms are made from one consistent
material, for example a sachet made from a single type of sheet or muliti laminate. In
some embodimants, the unit dosage form may comprise different materials at differant
parts (e.¢g. ends) of the unit dosage form. In such scenarios, the requirements specified
herain for the unit dosage form may apply {0 one or more of such parts. Or, in such
scenarios, the requirements specified herein for the unit dosage form may apply to
substantially all of such parts. Or, in such scenarios the requirements specified hersin
for the unit dosage form may apply to all of such parts. Therefore, for example, unit
dosage forms disclosed hersin include sealed vials {8.g. made from plastic or glass)
saaled by a lid, where both parts {the lid and the vial) have an oxygen transfer rate as
specified anywhere herein, e.g. less than 0.005 CCim?/day. In such an example, the
closed vial may hava an oxygen transfer rate between the exterior and interior of the

unit dosage form that is as specified anywhere herein, e.g. less than 0.005 CC/m3/day.

(002657 In any aspect, the unit dosage form may comprise layers that form the
dosage form, for example the inner contact layer, the outer layer and the barrier laver
and potentially further layers. Any of these layers may alone, or together, be responsible
for the specified axygen transfer rate. The layers may be attached together using

adhesives, heat sealing, extrusion lamination, or any other fastening method.
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[00266] In one embodiment, the unit dosage form comprises an oxygen

scavenger. in one exempiary embodiment, the unit dosage form includes one or more
oxyger-scavenging layers comprising an oxygen scavenger.  In one embodiment, the
unit dosage form comprises an oxygen scavenger that is in contact with the crosslinked
poly{aliviaming) polymer, e.g. as an aexcipient. in ong embodiment the oxygen
scavenger is present in the interior of the unit dosage form, e.g. In a separate insert. In
one embodimant, the oxygen scavengsar is in communication with the interior of the unit

dosage form, e.g. formed into the lid of the unit dosage form.

(002671 The oxygen scavenger as disclosad herein could be any material that
absorbs oxygen. In ong embodiment, the oxygen scavenger is any material that can be
oxidized under ambient conditions. In one embodiment, the oxygen scavenger is one or
more of the following: iron (8.g. ron powder or activated iron), farrous oxide, ron oxide
powders, ferrous salts such as ferrous sulfate or ferrous chloride, sulfites, bisulfites,
reducing sulfur compounds such as dithionite, ascorbic acid and/or their salts, Pd, Cuy,
ZN, Mg, Mn, Co(lh), Zn, ascorbic acid, ascorbic acid salis, isoascorbic acid, tocopherol,
hydroguinene, catechol, rongalit, sorbose, lignin, gallic acid, gailic acid and potassium
carbonate, erythorbic acid, quinones, catechol, butylated hydroxyloluene (BHT),
butylated hydroxyanisole (BHA), polyunsaturated fatty acids, glucose oxidase, laccase,
and ethanol oxidase. Further axygen scavengers are available, e.g. U.S. Patent
Publication Nos. 20060076536, 20070084144 and 20060260967, Oxygen scavengers
ara commercially available e.g., StabilOx® (MultisorbTechnologies), cyclohexens
methyl acrylated (EMCM) polymer (Chevron-Phillips Chemical Company) or Ciba's
Specialty Chemical's SHELFRPLUS TM.). In one exemplary embodimeant the scavengsr

is iron.

(002681 In one embodiment, the oxygen scavenger the unit dosage form
includes one or more oxygen-scavenging layars comprising an oxygen scavanger. Such
layers are known in the art, for example see Gaikwad et al., Environmentai Chemistry
Letiers volume 18, pages 523-538(2018). In ona embodiment, the unit dosage forms
disclosed herein comprise a layer (film) as disclosed in Gaikwad et al., specifically any
one of those disclosed in Table 2 of Gaikwad et al., or combinations thereof. In one
embodiment, the unit dosage forms disclosed hersin comprise a layer (film) as
disclosed in Table 3 of Gaikwad et al., or combinations thereof. In one embodiment, the

unit dosage forms disclosed herein comprise a layer (film) as disclosed in Galkwad et
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al., specifically any one of those disclosed in the "multilayer active films” section, or

combinations thereof. Indeed, such layers are already commerciaily available, for
example the unit dosage form disclosed herein may comprise Oxy Vanish-Dry Film
{Mitsubishi), Ageless Omac {(Mitsubishi), Activ-FilmsTM (Sorbead India), Oxbar (Crown,
Cork and Seal), Amosorb 3000 (AMOCQO), Self Plus (Ciba Specialty Chemicals),
ZERQZ2 (Visy Industries) and 051000 (Cryovac Sealed Air). In one exemplary
embodimeant, the unit dosage form disciosed herein comprises Oxy Vanish-Dry Film
(Mitsubishi).

(002691 A further aspect of the present disclosure is a product comprising a
plurality of unit dosage forms disclosed herein. The product may additionally comprise
one of more oxygen scavengers as defined herein. For example, the product may
include a separate container comprising an oxygen scavenger in addition to tha plurality

of unit dosage forms.

[002707] In one embodiment, the product and/or the unit dosage form includes a
statement that the product has a shelf life of at least one year. In one embodiment, the
product and/or the unit dosage form inciudes a statement that the product has a shelf
life of ona year. In one embodiment, the product andfor the unit dosage form includes a
statement that the product has a shelf ife of at least two years. In one embodiment, the
product and/or the unit dosage form includes a statement that the product has a shelf
life of two years. In one embodiment, the product andfor the unit dosage form includes a
statement that the product has a shelf life of at least three years. In one embodiment,
the product and/or the unit dosage form includes a statement that the product has a
shelf life of three vears. In one embodiment, the product and/or the unit dosage form
includes a statement that the product has a shelf iife of at least four vears. Inone
embodiment, the product and/or the unit dosage form includes a staiement that the
product has a shelf life of four years. In one embadiment, the product and/or the unit
dosage form includes a statement that the product has a sheff life of at least five years.
In one embadiment, the product and/or the unit dosage form includes a statement that

the product has a shelf life of at five years.

(0602711 In any such embodiment, the statement regarding the shelf life may
specify that the shelf life starts from the date of manufacture (2.¢. the statemeant may
specify that the product should be used within two years of manufaciure). And/or in any
stich embodiment, the statement regarding the shelf life may be expressed by an expiry

a8



WO 2022/186813 PCT/US2021/020265
date (or similar), in which case the shelf life is the difference between that expiry date

and the date on which the expiry date is being read {e.g. the expiry date could be more
than two vears in the fulure, relative to the date on which it is read, in which case the

shelf life would be more than two years).

(002721 The unit dosage forms disclosed herein may exhibit a high degree of
stability. For example, the crosslinked poly(allylamine) polymer, e.g. veverimer, will not
contain a significant amount of impurities even after storage for an extended period of

time, e.g. at least one, two, three, four or five ysars.

(002737 In one embodiment, the unit dosage form disclosed herein protecis the
crosslinked poly{aliylamine) polymer, e.q. veverimer, such that the polymer will have
less than 20 ppm CH2CHCH2NH: at least five years after being placed into the unit
dosage form. In one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(allylamine) polymer, e.q. veverimer, such that the polymer will have
less than 15 ppm CH2CHCOH:NH: at least five years after being placed into the unit
dosage form. In one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(aliylaming) polymer, e.g. veverimer, such that the polymer will have
less than 20 ppm CH2CHCH2NH2 at least four years after being placed into the unit
dosage form. in one embaodiment, the unit dosage form disclosed herein protects the
crosslinked poly(allvlaming) polymer, e.q. veverimer, such that the polymer will have
tess than 15 ppm CH2CHCOH2NH: at least four years after being placed into the unit
dosage form. In one embodiment, the unit dosage form disclosed herein protecis the
crosslinked poly{allylamine) polymer, e.g. veverimer, such that the polymer will have
less than 20 ppm CH2CHCH:zNH: at least three years after being placed into the unit
dosage form. In one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(alivlamine) polymer, &.g9. veverimer, such that the polymer will have
less than 15 ppm CH2CHCH2NH: at least three years after being placed into the unit
dosage form. In one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(allylamineg) polymer, e.g. veverimer, such that the polymer will have
less than 20 ppm CH2CHCH2NH: at least two years after being placed into the unit
dosage form. in one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(allylamine) polymer, e.q. veverimer, such that the polymer will have
less than 15 ppm CH2CHCH:zNH: at least two years after being placed into the unit

dosage form. In one embodiment, the unit dosage form disclosed herein protecis the
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crosslinked poly(aliylamineg) polymer, e.g. veverimer, such that the polymer will have

less than 20 ppm CH:CHCH2NH2 at lsast one year after being placed into the unit
dosage form. in one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(allylamine) polymer, e.g. veverimer, such that the polymer will have
less than 15 ppm CH2CHCH2NH: at least one year after baing placed into the unit
dosage form. In all such embodiments, the purity requirement referred to using the term
“at least X year(s) after being placed into the unit dosage form” also discloses the option

that the purity requirement is met at year X,

Methods of treatment and medical uses of the crosslinked poly{aliviamine)

polymers

[00274] Methods of treatment and medical uses of the crosslinked
poly(aliyvlaming) polymers disclosed herein, in particular veverimer, are described in
WQO2014/197725 A1, WO2016/084685 A1, WO2017/193050 A1, W02017/193064 A1,
WQO2017/193024 A1, WOZ2019/080176 A1, WOR019/090177 A1, WO2018/2366302 A1,
WQO2018/236636 A1 and W0O2018/236124 A1, which are incorporated herein by

reference.

(002751 In accordance with one aspect of the present disclosure, the
crosslinked poly(allylamine) polymaers disclosed herein, in particular veverimer, are for
use in any of the methods of treatment or medical uses described in any of
WQO2014/197725 A1, WO2016/084685 A1, WO2017/193050 A1, W0O2017/183064 A1,
WQO2017/193024 A1, WO2019/080176 A1, WQ2019/090177 A1, WD2019/236638 A1,
WO2019/236636 A1 and WO2019/236124 A1,

[00276] For example, the crosslinked poly(aliylamine) polymers disclosed
herein, in particular veverimer, are for use in any of the methods of treating an acid-
base disorder, such as metabolic acidosis, described in any of WQ2014/197725 A1,
WO2016/0894685 A1, WO2017/193050 A1, WO2017/193064 A1, WD2017/183024 A1,
WO2019/030176 A1, WO2019/090177 A1, WO2018/2366839 A1, WOR018/236636 A1
and W02019/236124 A1

[00277] The baseline serum bicarbonate value may be the serum bicarbonale
concantration determined at a single time point or may be the mean or median vaiue of
two or more serum bicarbonate concentrations determined at two or mors time-points.

For example, in one smbodimeant the baseline serum bicarbonate value may be the
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value of the serum bicarbonate concentration determined at a single time point and the

baseline serum bicarbonate valus is used as a basis to determing an acute acidic
condition requiring immediate treatment. In another embodiment, the baseline serum
bicarbonate treatment value is the mean value of the serum bicarbonate concentration
for serum samples drawn at different time points (e.g., different days). By way of further
example, in one such embodiment the baselineg serum bicarbonate treatment value is
the mean value of the serum bicarbonate concentration for serum samples drawn on
different days {e.g., atleast 2, 3, 4, 5 or more days, that may be consecutive or
separated by one or more days or even weeks). By way of further example, in one such
smbadiment the baseline serum bicarbonate treatment value is the mean value of the
serum bicarbonate concentration for serum samples drawn on two consecutive days

preceding the initiation of treatment.

[c02781 In one embodiment, the baseline serum bicarbonate value is the value
of the serum bicarbonate concentration determined at a singie time point. In ancther
embaodiment, the baseline serum bicarbonate value is the mean value of at least two
serum bicarbonate concentrations determined at different time-points. For example, in
one such embodiment the baseline serum bicarbonate value is the mean value of at
least two serum bicarbonate concentrations for serum samples drawn on different days.
By way of further exampile, the baseline serum bicarbonate value is the mean or median
vaiue of at least two serum bicarbonate concentrations for serum samples drawn on
non-consacutive days. By way of further example, in one such method the non-
consecutive days are separated by at least two days. By way of further example, in one
such method the non-consecutive days are separated by at least one week. By way of
further example, in one such method the non-consecutive days are separated by at
least two weeks. By way of further example, in one such method the non-consecutive

days are separated by at least three weeks.

(002791 In cerlain embodiments, the individual is ireated with the daily dose for
a period of at least one day. For example, in one such embodiment the individual is
freated with the daily dose for a period of at least one week. By way of further example,
in one such embodiment the individual is treated with the daily dose for a period of at
feast one month. By way of further example, in one such embodiment the individual is
treated with the daily dose for a period of at least two months. By way of further

sxample, in one such embodiment the individual is treated with the daily dose for a

101



WO 2022/186813 PCT/US2021/020265
period of at least three months. By way of further example, in one such embaodiment

the individual is treated with the daily dose for a period of at least several months. By
way of further example, in one such embodiment the individual is treated with the daily
dose for a period of at least six months. By way of further example, in one such

embodiment the individual is treated with the daily dose for a period of at least one year.

Treating individuals afflicted with cancer and diabetes

(0028071 Gillies of af. (BBA - Reviews on Cancer 1871 (20198) 273-280)
describes the effect of acidosis on cancer progression and diabetes. The acidification of
the surrounding microenvironment of tumours results in imporiant sequela for cancer
progression including increased invasion and metastasis. Acidification also affects
diabetes by preventing insulin from binding to Hs receptor, leading to peripheral

resistance and an exacerbation of symptoms.

(002811 Gillies ef af. proposes acidosis as a relevant thereapsutic target for the
treatment of cancer and describes three approaches for targeting: buffers,
nanomedicine, and proton pump inhibitors. Gillies ef a/. concludes that targeting the
extracelluiar acidity directly has been shown o provide preclinical or clinical benefit in
cancer and diabetes. A number of therapeutic agents are proposed, including a
commercially available mix of bicarbonate and carbonate salts to control melanoma

growth.

(002821 Veverimer (TRC101) is mentionad in Gillies ef &/. as an altermative
agent that can be used o directly raise pH. A further aspect of the present disclosure is
a composition comprising a crosslinked poly{allylamine) polymer described herein, in

particular veverimer, for use in treating an individual afflicted with cancer.

(602831 In aspects, the cancer is associated with acidosis. In aspects the

acidosis is metabolic acidosis. In aspects the acidosis is lactic acidosis.

(002841 A further aspect of the present disclosure is a composition comprising
a crosslinked poly(ailvlamine) polymer described herein, in particular veverimer, for use

in treating diabetas.

[00285] In aspects, the diabetas is type 1 diabetes. In aspects, the disbetas is

type 2 diabelss.
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[00286] The present disclosure further includes the following enumerated

embodiments.

(002871 Embodiment 1. A process for the preparation of a crosslinked

poly(aliylamineg) polymer comprising

{(a) in a first step, forming a poly{allylamineg) polymer in the form of beads in a
concurrent polymerization and crosslinking reaction mixture comprising 2-propen-1-
viamine, or a salt thereof, 1, 3-bis(allvlamincipropans, or a salt thereof, a radical
polymerization initiator, @ surfactant, an acid, water and an organic solvent system
wherein less than 1.1% of the total number of carbon atoms comprised by the

poly(aliylamine) polymer are sp? allyl carbons, and

(b} in a second step, further crosslinking the polv(allylamine) polymerin a
reaction mixture comprising 1,2-dichlorosthane, a swelling agent for the poly{allvlamine)
polymer, and a dispersing solvent system to form a crosslinked poly{alivlaming) polymer

having a swelling ratic of less than 2.

[0108] Embodiment 2. The process of any previous enumerated embodiment
whereain sp? allyl carbons comprised by the poly(allylamine) polymer constitute less
than 1.0% of the total number of carbon atoms comprised by the polv{allylamine)

polymer formed in the first step.

[o0288] Embodiment 3. The process of any previous enumerated embodiment
wherein sp? allyl carbons comprised by the poly(allylamine) polymer constitute less than
0.9% of the total number of carbon atoms comprisad by the poly(allylamine) polymer

formed in the first step.

(002891 Embodiment 4. The procsss of any previous enumerated embodiment
wherein sp? allyl carbons comprised by the poly(allylamineg) polymer constitute less than
0.8% of the total number of carbon atoms comprised by the polv(alivlamine) polymer

formed in the first step.

[00280] Embodiment 5. The process of any previous enumerated embodiment
wherein sp? allyl carbons comprised by the poly(allylamine) polymer constitute less than
0.75% of the total number of carbon atoms comprisad by the poly(allylamine) polymer

formed in the first step.
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[00291] Embodiment 6. The process of any previous enumerated embodiment

wherein sp? aliyl carbons comprised by the poly(allylaming) polymer constitute less than
0.7% of the total number of carbon atoms comprised by the poly{alivlaming) polymer

formed in the first step.

(002821 Embodiment 7. The process of any previous enumerated embodiment
wherein sp? aliyl carbons comprised by the poly(allylamine) polymer constitute less than
0.6% of the total number of carbon atoms comprised by the poly{aliylamine) polymer

formed in the first step.

[00293] Embodiment 8. The process of any previous enumerated embodiment
wherein sp? allyl carbons comprised by the poly(aliylamine) polymer constitute less than
0.5% of the total number of carbon atoms comprisad by the poly(allylamine) polymer

formed in the first step.

(002941 Embodiment 8. Tha process of any previous enumerated embodiment
wherein sp? allyl carbons comprised by the poly(allylamine) polymer constitute less than
0.4% of the total number of carbon atoms comprisad by the poly(aliviamine) polymer

formed in the first siep.

(002851 Embodiment 10. The process of any of enumerated embodiments 1-
10 wherein sp? allyl carbons comprised by the poly{ailylamine) polymer constitute more
than 0.3% of the total number of carbon atoms comprised by the poly(allylamineg)

polymer formed in the first step.

[00296] Embodiment 11. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the poly(ailylamine) polymer
constitute less than 0.3% of the total number of carbon atoms comprised by the

poly(allylamineg) polymer formed in the first step.

(002971 Embodiment 12. The process of any previous enumerated
embodiment wherein sp? aliyl carbons comprised by the poly(aliylamine) polymer
consiitute less than 0.25% of the total number of carbon atoms comprised by the

poly{allylamine) polymaer formed in the first step.

[00298] Embodiment 13. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the poly(aliylamine) polymer
constitute less than 0.2% of the total number of carbon atoms comprised by the

poly(allvlamine) polymer formed in the first step.
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[00299] Embodiment 14. The process of any previous enumerated

embodiment wherein sp? allyi carbons comprised by the poly(ailylaming) polymer
constifute less than 0.1% of the total number of carbon atoms comprised by the

poly{aliylamine) polymer formed in the first step.

(0030071 Embodimeant 15, The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the poly(allylamine) polymer
constitute less than 0.05% of the total number of carbon atoms comprised by the

poly{allylamine) polymer formed in the first step.

[00301] Embodiment 16. The process or poly{allylamine) polymer of any
previous enumerated embodiment wherein the number of sp® allyl carbons, if any,
comprised by the poly(allvlaming) polymer is less than the detection limit as determined
by NMR.

[00302] Embodiment 17. The process of any previous enumerated
embodiment wherein the percentage of sp? allyl carbons comprised by the
poly(allylamine) polymer is determined by NMR; optionally wherein integration of the sp?
allyl carbon peaks between 110 — 150 ppm and alkyl carbon peaks between 0 — 80 ppm
is used to quantitate the percent sp? allyt carbons of the poly(allylaming) polymer using

the formula

- peak integration {(110—-150 ppm)
% sp2 allyl carbons = e L x 100

peak integration {0~80 ppm)+peak integration {110~-150 ppm)

(003031 Embodiment 18, The process of any pravious enumerated
embodiment wherein the percentage of sp? allyt carbons, if any, comprised by the
poly(allylamine) polymer formed in the first step is less than the detection limit for sp?
allyl carbons as determined by NMR; optionally wherein integration of the sp? ally!
carbon peaks between 110 - 150 ppm and alkyl carbon peaks batween 0 - 80 ppm is
used o guantitate the percent sp? allyl carbons of the poly{allylamine) polymer using the

formula

peak integration {110~ 150 ppm)

# 160,

% sp2 allyl carbons = - P -~ - — ,
peak integration (080 ppmi+peak integration {110-150 ppm}
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[00304] Embodiment 19. The process of any previous enumerated

embodiment wherein the poly{allvlamine) polymer formed in the first step has a swelling

ratio of less than 10.

[00305] Embodiment 20. The process of any previous enumerated
embodiment wherein the poly{allylamine) polymer formed in the first step has a swelling

ratio of less than 9.

(003061 Embodiment 21. The process of any previous enumerated
embodimant whersin the poly(allvlamine) polymer formead in the first step has a swelling

ratio of less than 8.

(003071 Embodiment 22, The process of any previous enumeraied
embodiment whearein the poly(allvlamine) polymer formed in the first step has a swelling

ratio of less than 7.

(003081 Embodiment 23. The process of any previous enumerated
embodimeant whersin the poly(allvlamine) polymer formed in the first step has a swelling

ratio of less than 6.

(003091 Embodiment 24. The process of any previous enumerated
embaodiment wherein the poly(allylamine) polymer formed in the first step has a swelling

ratio of less than 5.

(003101 Embodiment 25, The process of any previous enumerated
embodiment wherein the poly(allylamine)} poiymer formed in the first step has a swelling

ratio of at least 4.

[603111 Embodiment 28. The process of any pravious enumerated
embodiment wherein the poly{alivlamine) polymer formed in the first step has a swelling

ratio of at least 3.

(003121 Embodiment 27. The process of any previous enumerated
embodiment wherein the crosslinked polv{allylamine) polymer contains less than 20

ppm allylamina.

[00313] Embodiment 28. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction mixture
comprises a radical polymerization salected from the group consisting of cationic and

free-radical polymerization initiators.
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[00314] Embodiment 29. The process of any previous enumerated

embodiment wherein the concurrent polymerization and crosslinking reaction mixture
comprises a free-radical polymerization initiator selected from free-radical peroxy

polymerization initiators and azo polymerization initiators.

(0031571 Embodiment 30, The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction mixture
comprises a free-radical polymerization initiator selected from the group consisting of
azodiisobutyronitrile, azodiisovaleronitrile, dimethylazodiisobutyrate, 2 2'azo
bis{ischutyronitrile), 2,2"-azobis(N,N'-dimethyl-ensiscbutyramidinedihydrochioride, 2,2'-
azobis(Z-methyipropionamiding }dihydrochloride, 2,2-azobis(2-
amidinopropanedihydrochioride, 2,2-azobis{N N'-dimethyiensiscbutyramidine), 1,1"-
azo bis(lcyclohexanecarbo-nitrile), 4,4-azobis(4-cyanopentancic acid), 2,2'-
azobis{ischutyramide)dihydrate, 2, 2'-azobis{Z2-methyipropane), 2,2-azobis{2-
methylbutyronitrile), VAZ0O 67, cyanopentanoic acid, the peroxypivalates,
dodecylbenzeneg peroxide, benzoyl peroxide, di-t-butyl hydroperoxide, {-butyl
peracetate, acetyl peroxide, dicumyi peroxide, cumyihydroperaxide, and dimethyi

bis{butylperoxyhexanse.

[00316] Embodiment 31. The process of any previous enumerated
embodiment whearein the ratio of number of allvl equivalents possessed by the 2-
propen-i-ylaming, or a sait thereof, and 1,3-bis{aliylamino)propane, or a salt thereof, in
combination, o the number of initiator equivalents in the concurrent polymerization and

crosslinking reaction mixdure i in the range of about 6.1 to about 701, respectively.

(003171 Embodiment 32. The process of any previous enumerated
embodiment wherein the number of allyl squivalents possessed by the Z2-propen-i-
viamineg, or a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, in
combination, 1o the number of initiator equivalents in the concurrent polymerization and

crosslinking reaction mixture is in the range of about 7.1 to about 60:1, respectively.

[00318] Embodiment 33. The process of any previous enumerated
embodiment wherein the number of allyl equivalents possassed by the 2-propen-1-
viaming, or a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, in
combination, 1o the number of initiator equivalents in the concurrent polymerization and

crosslinking reaction mixdure is in the range of about 8:1 to about 501, respectively.
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[00319] Embodiment 34. The process of any previous enumerated

embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
ylamine, or a salt thereof, and 1,3-bis(allylaminolpropane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crosshinking reaction mixiurs is in the range of about 10:1 1o about 451, respectively.

[00320] Embodiment 35. The process of any previous enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
ylamine, or a salt thereof, and 1,3-bis(allylaminoipropane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crossiinking reaction mixiurs is in the range of about 15:1 1o about 401, respectively.

[00321] Embodiment 36. The process of any previous enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
ylamine, or a salt thereof, and 1,3-bis(allylaminolpropane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crossiinking reaction mixture is in the range of about 17.5:1 {0 about 351, respactively.

[00322] Embodiment 37. The process of any previous enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
ylamine, or a salt thereof, and 1,3-bis(allylaminolpropane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crossiinking reaction mixiurs is in the range of about 20:1 to about 301, respectively.

[00323] Embodiment 38. The process of any previous enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
ylamine, or a salt thereof, and 1,3-bis(allylaminoipropane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crossiinking reaction mixture is in the range of about 22.5:1 {0 about 301, respactively.

[00324] Embodiment 39. The process of any previous enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
viamine, or a salt thereof, and 1,3-bis(allylaminolpropane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crossiinking reaction mixture is in the range of about 251 to about 27.5:1, respactively.

[00325] Embodiment 40. The process of any previous enumerated

embodiment wherein the weight ratio of the combined amount of 2-propen-1-yvlamine, or
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a salt thereof, and 1,3-bis(allylamino)propans, or a salt thereof, relative to the amount of

water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.01 to about 3, respectively, wherein the weight ratio is calculated using the
weight of 2-propen-1-vlamineg and 1,3-bis(allylamino)propane in their respective free

amine forms.

[00326] Embodiment 41. The process of any previous enumerated
embodiment wherein the weight ratio of the combined amount of 2-propen-1-yvlamine, or
a salt thereof, and 1,3-bis(allylamino)propans, or a salt thergof, relative {o the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.05 to about 2.75, raspectively, wherein the weight ratio is calculated using
the weight of 2-propen-1-ylamine and 1,3-bis(allylamino)propane in their respective free

aming forms.

[00327] Embodiment 42. The process of any previous enumerated
embodiment wherein the weight ratio of the combined amount of Z-propen-1-ylamine, or
a salt thereof, and 1,3-bis(aliylamino)propans, or a salt thereof, relative to the amount of
water in the concurrent polymerization and crosslinking reaction mixdure is in the range
of about 0.07 to about 2.5, respectively, whereain the weight ratio is calculated using the
weight of 2-propen-1-vlamine and 1,3-bis(ailylamino)propane in their respective free

arrine forms.

[00328] Embodiment 43, The process of any pravious enumerated
embodiment wherein the weight ratio of the combined amount of Z-propen-1-ylamine, or
a salt thereof, and 1,3-bis(allylamino)propane, or a sall thereof, relative {o the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.1 o about 2.25, respeactively, wherein the weight ratio is caiculated using the
weight of Z-propen-1-ylamine and 1,3-bis(allvlaminc)propane in their respective free

amine forms.

(003291 Embodiment 44. The process of any previous enumerated
embodiment wherein the weight ratio of the combined amount of 2-propen-1-ylamine, or
a salt thereof, and 1,3-bis{allylaminolpropane, or a salt thereof, relative to the amount of
water in the concurrent polymerization and crosslinking reaction midure is in the range
of about 0.15 1o about 2, respectively, wherein the weight ratio is calculated using the
weight of 2-propen-t-yvlamineg and 1,3-bis{allylamino)propane in their respective free

amine forms.
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[00330] Embodiment 45. The process of any previous enumerated

embodiment wherein the weight ratio of the combined amount of 2-propen-1-yvlamine, or
a salt thereof, and 1,3-bis(allylamino)propanse, or a salt thergof, relative {o the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.2 {0 about 1.75, respectively, wherein the weight ratio is cailcuiated using the
weight of Z-propen-1-ylamine and 1,3-bis(allylamino)propane in their respective free

aming forms.

[00331] Embodiment 46. The process of any previous enumerated
embodiment wherein the weight ratio of the combined amount of 2-propen-1-vlamine, or
a salt thereof, and 1,3-bis(aliylamino)propans, or a salt thereof, relative to the amount of
water in the concurrent polymerization and crosslinking reaction mixdure is in the range
of about 0.25 to about 1.5, respectively, whereain the weight ratio is calculated using the
weight of 2-propen-1-ylamine and 1,3-bis(ailylamino)propane in their respective free

amine forms.

[00332] Embodiment 47, The process of any pravious enumerated
embodiment wherein the weight ratio of the combined amount of Z-propen-1-ylamine, or
a salt thereof, and 1,3-bis(allylaminoipropane, or a sall thereof, relative {o the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about (.25 to about 1.25, raspectively, wherain the weight ratio is calculated using
the weight of Z-propen-1-ylamine and 1,3-bis{allylamino)propane in their respective free

aming forms.

(003331 Embodiment 48. The process of any previous enumerated
embodiment wherein the weight ratic of the combined amount of Z-propen-1-vlamine, or
a salt thereof, and 1,3-bis{allylaminolpropane, or a salt thereof, relative to the amount of
water in the concurrent polymerization and crosslinking reaction midure is in the range
of about 0.2 to about 1, respectively, whersin the weight ratic is calculated using the
weight of 2-propen-t-yvlamineg and 1,3-bis{allylamino)propane in their respective free

amine forms.

(003341 Embodiment 48, The process of any previous enumerated
smbadiment wherein the weight ratio of the combined amount of 2-propen-1-ylamine, or
a salt thereof, and 1,3-bis(allylaminoipropane, or a salt thereof, relative to the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range

of about (.35 to about 0.75, raspactively, wherain the weight ratio is calculated using
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the weight of 2-propen-1-ylamine and 1,3-bis(allylamino)propane in their respective free

amine forms.

[00335] Embodiment 50. The process of any previous enumerated
embodiment wherein the weight ratic of the combined amourt of Z2-propen-1-ylamine, or
a salt thereof, and 1,3-bis(ailylamino)propane, or a salt thereof, relative {0 the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.4 {o about 0.5, respectively, wherein the weight ratio is calcuiated using the
weight of 2-propen-1-yvlamine and 1,3-bis(ailylamino)propane in their respective free

armine forms.

(003361 Embodiment 51. The process of any previous enumerated
embodiment wherein the ratio of the numbser of allyl equivalents to the number of water
gquivalents in the concurrent polymerization and crosslinking reaction mixture is in the

range of about 0.01:1 to about 1.1, respectively.

[00337] Embodiment 52. The process of any previous enumerated
embodiment wherein the ratio of the number of allyl equivalents o the number of water
equivalents in the concurrent polymaerization and crosslinking reaction mixture is in the

range of about 0.015:1 to about G.75:1, respectively.

[00338] Embodiment 53. The process of any previous enumerated
embodiment wherein the ratio of the number of allyl equivalents to the number of water
equivalents in the concurrent polymerization and crosslinking reaction mixture is in the

range of about 0.02:1 to about 0.5:1, respectively.

[0033%] Embodiment 54. The process of any previous enumerated
embodimant whersin the ratio of the number of allyl equivalents to the number of water
equivalenis in the concurrert polymerization and crossiinking reaction mixiure is in the

range of about 0.03:1 o about 0.4:1, respectively.

[00340] Embodiment 85, The process of any previous enumerated
embodiment wherein the ratio of the number of allvl eqguivalents o the number of water
gquivalents in the concurrent polymerization and crossiinking reaction mixiure is inthe
range of about 0.04:1 to about 0.3:1, respectively.

[003411 Embodiment 568, The process of any previous enumeraied

embodiment whearein the ratio of the number of allyl equivalents to the number of water
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equivalents in the concurrent polymerization and crosslinking reaction mixture is in the

range of about 8.05:1 to about 0.25:1, respeciively.

(003421 Embodiment 57. The process of any previous enumerated
embodiment wherein the ratio of the number of allyl equivalents to the number of water
equivalents in the concurrent polymerization and crosslinking reaction mixture is in the

range of about 0.06:1 io about 0.2:1, respectively.

(002431 Embodiment 58. The process of any previous enumerated
embodimant whersin the ratio of the number of allvl equivalents to the number of water
equivalenis in the concurrent polymerization and crosslinking reaction midure is in the

rangs of about 0.07:1 1o about 01751, respectively.

[00344 1 Embodiment 59. The process of any previous enumerated
embodiment wherein the ratio of the number of allyl eguivalents o the number of water
equivalents in the concurrent polymerization and crosslinking reaction mixiure is in the

range of about 0.08:1 to about 0.15:1, respectively.

(003451 Embodiment 0. The process of any previous enumeraied
embodiment whearein the surfactant comprised by the concurrent polymerization and

crosslinking reaction mixture comprises an ionic or non-ionic surfactant.

(0034461 Embodiment 81. The process of any previous enumerated
embodiment wherein the surfactant comprised by the concurrent polymerization and

crosslinking reaction mixture comprises an ionic surfactant.

[003471 Embodiment 62. The process of any previous enumerated
embadiment wherein the surfactant comprised by the concurrent polymerization and

crosslinking reaction mixture comprises a non-ionic surfactant.

(003481 Embodiment 83. The process of any previous enumerated
embodiment wherein the surfactant comprised by the concurrent polymerization and
crosslinking reaction mixture is an ionic or non-ionic surfactant selected from the group
consisting of sorbitan monolaurate, sorbitan monooleate, sorbitan monostearate,
sorbitan monopaimitate, ethylene glycol monosiearate, glyceryl monostearate,
polyethylene glycol monostearate, polyethylene glycol hydrogenated castor oil,
polyoxyethylene sorbitan monolaurate, polvoxyethylene sorbitan monooleaig,
polyethylene glycol and diisnocty sulfosuccinate, branched dodecylibenzenesulfonic

acid, linear dodecylbenzenesulfonic acid, sodium branched alkylbenzenesulfonate,
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sodium branched dodecyibenzenesulfonate, sodium alpha olefin sulfonate, sodium

linear alkylbenzenesulfonate, isopropylamine branched alkyibenzeneasulfonate, and

sodium lauryl suifate.

[00349] Embodiment 64, The process of any previous enumerated
embodiment wherein the surfactant comprisad by the concurrent polymerization and

crosslinking reaction mixture is branched dodecylbenzenesuifonic acid.

(003501 Embodiment 65, The process of any previous enumerated
embodimant whersin the organic solvent system comprised by the concurrent
polymerization and crosslinking reaction mixture comprises a water-immiscible organic

solvent.

[003511 Embodiment 65. The process of any previous enumerated
embaodiment wherein the organic solvent system comprised by the concurrent
polymerization and crosslinking reaction mbdure comprises hexane, cycichexans,
heptane, oclane, decane, petroleumn ether, liquid paraffin, chiorohenzene, folueng,
xyienes, ethyl acetate, propyl acetate and isopropyl acetate, or a combination of two or

more thereof.

[00352] Embodiment 67. The process of any previous enumerated
embodimant whersin the organic solvent system comprised by the concurrent

polymerization and crosslinking reaction mixture comprises heptane.

(0035371 Embodiment 68, The process of any previous enumerated
embodiment whearein the organic solvent system comprised by the concurrent

polymerization and crosslinking reaction mixiure consists of heptane.

(003541 Embodiment 89, The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction mixiure is

heated to a temperature in the range of about 25 °C to about 85 °C.

(003551 Embodiment 70. The process of any previous enumerated
embadiment wherein the concurrent polymerization and crosslinking reaction mixture is

heated to a temperature in the range of about 30 °C to about 85 °C.

[00356] Embodiment 71. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction mixiure is

heatad {o a temperature in the range of about 35 °C {o about 85 °C.
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[00357] Embodiment 72. The process of any previous enumerated

embodiment wherein the concurrent polymerization and crosslinking reaction mixture is

heated to a temperature in the range of about 40 °C to about 85 °C.

[00358] Embodiment 73. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction mixiure is
heated to about 45 °C to about 85 °C.

[00359] Embodiment 74. The process of any previous enumerated
embodimeant wherein the concurrent polymerization and crosslinking reaction mixiure is
heated to to about 80 °C to about 80 °C °C.

[0036071 Embodiment 75, The process of any previous enumerated
embodiment whearein the tempearature of the concurrent polymerization and crosslinking

reaction mixture is held relatively constant over the course of the reaction.

(003611 Embodiment V6. The process of any previous enumerated
embodimant wherain the temperature of the concurrent polymerization and crosslinking
reaction mixiure is ramped in a continuous or step-wise manner over the course of the

raaction.

[00362] Embodiment 77. The process of any pravious enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 2 hours.

(003631 Embodiment 78. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 5 hours.

(003641 Embodiment 79. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 10 hours.

[00365] Embodiment 80. The process of any previous enumeraied
embaodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 15 hours.

[00364] Embodiment 81. The process of any previous enumerated
embodimeant wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 20 hours.
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[00367] Embodiment 82. The process of any previous enumerated

embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 25 hours.

[00368] Embodiment 83. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 30 hours.

[0036%] Embodiment 84. The process of any previous enumerated
embodimeant wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 35 hours.

(003701 Embodiment 85, The process of any previous enumeraied
embodiment whearein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 40 hours.

(003711 Embodiment 86. The process of any previous enumerated
embodimeant wherain the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least about 50 hours.

(003721 Embodiment 87. The process of any of enumerated embodiments 77-
80 wherein the concurrent polymerization and crosslinking reaction step is carried out

for a reaction time of less than 16 hours.

[00373]1 Embodiment 88. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out as a baich process.

[603741 Embodiment 89, The process of any pravious enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out as a semi-batch process.

(003751 Embodiment 0. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out as a continuous process,

[00376] Embodiment 91. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step

reaction mixiure comprises at least 0.4 squivalents of acid per allyl amine equivalent.
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[00377] Embodiment 92. The process of any previous enumerated

embodiment wherein the concurrent polymerization and crosslinking reaction step

reaction mixture comprises at least 0.6 equivalents of acid per allyl amine equivalent.

[00378] Embodiment 93. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step

reaction mixture comprises at least 0.8 equivalents of acid per allyl amine equivalent.

(003791 Embodiment 84, The process of any previous enumerated
embodimant whersin the concurrent polymerization and crosslinking reaction step

reaction mixture comprises at least 0.9 equivalents of acid per allyl amine equivalent.

(0038071 Embodiment 85, The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step

reaction mixture comprises at least 0.95 equivalents of acid per allyl amine eguivalent.

(003811 Embodiment 96. The process of any previous enumerated
embodimeant wherein the concurrent polymerization and crosslinking reaction step

reaction mixture comprises at least 1.0 equivalents of acid per allyl amine equivalent.

(003821 Embodiment 97. The process of any previous enumerated
embaodiment wherein the concurrent polymerization and crosslinking reaction step

reaction mixture comprises at least 1 equivalent of acid per allyl amine equivalent,

(003831 Embodiment 98. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step
reaction mbdure comprises an acid selected from the group consisting of hydrochloric
acid, phosphoric acid, sulfuric acid, acetic acid, methylphosphoric acid, formic acid,

citric acid, and combinations thersof.

(003841 Embodiment 88. The process of any previous enumerated

embodiment wherein the acid is a mineral acid.

(0038571 Embodiment 100. The process of any previous enumerated
embaodiment wherein the acid comprisas hydrochloric acid, sulfuric acid, or phosphoric

acid.

(003841 Embodiment 101, The process of any previous enumerated

embodimant wherein the acid comprises hydrochioric acid.

116



WO 2022/186813 PCT/US2021/020265
[00387] Embodiment 102. The process of any previous enumeraied

embodiment wherein the acid is hydrochlioric acid.

(003881 Embodiment 103. The process of any previous enumerated
embodiment wherein the acid is infroduced to the first step reaction mixdure
indepsndent of the addition of the 2-propen-1-yviamine, or a salt thereof, and 1,3-

bis{allylamino)propane, or a salt thereof, {o the first step reaction mixture.

[0038%] Embodiment 104. The process of any previous enumerated
embodimant whersin the acid is introduced to the first step reaction mixture as a
component of the acid salt of the Z-propen-1-ylamine, or a salt thergof, the 1,3-
bis(allylaming)propane, or a salt thereof, or both the 2-propen-1-vlamineg, or a salt

thereof, and the 1,3-bis(allylamino)propane, or a salt thereof.

[00380] Embodiment 105, The process of any previous enumerated

embodimeant wherein the agquaocus solid content is about 20 to about 60 wit%.

(003211 Embaodiment 108, The process of any previous enumeratsd

embodiment wherein the agueous solid content is about 30 to about 50 wi%.

(003921 Embodiment 107. The process of any previous enumerated

embadiment wherein the aquecus solid content is about 30 {o about 45 wit%.

(0039831 Embodiment 108. The process of any previous enumerated

embodiment wherein the aguaous solid content is about 43 wit%.

(003241 Embodiment 109, Thea process of any previous enumerated
embodiment wherein the poly(allylamine)} polymer has an absorption capacily for the
swelling agent, and the amount of swelling agant in the second step reaction mixture is
less than the absorplion capacity of the poly(allylamine) polymer as formed in the first

step for the swelling agent.

(003851 Embodiment 110, The process of any previous enumerated
embodiment wherein the poly(allylamine)} polymer has an absorption capacily for the
swelling agent, the poly{allylamine) polymer is swollen with the swelling agent, and the
poly{alivlamine) polymer is deprotonated with a base before it is swollen with the

swealling agent.

(003261 Embodiment 111, The process of any previous enumerated

embodiment wherein the dispersing solvent system comprises a non-polar solvent.
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[00387] Embodiment 112. The process of any previous enumeraied

embodiment wherein the dispersing soblvent system comprises a solvent that is

chemically inert to the preformead poly(allylamine) polymer.

{03981 Embodiment 113, The process of any previous enumerated

embodiment wherein the dispersing solvent system comprises 1,2-dichiorosthane.

[00399] Embodiment 114. The process of any of enumerated embodiment

wherein the dispersing solvent system is neat 1,2-dichloroethans.

(004001 Embodiment 115, The process of any previous enumerated
embodiment wherein the swelling agent is immiscible with the dispersing solvent

system,

(004011 Embodiment 116. The process of any previous enumerated
embadiment wherein the weight ratio of the swelling agent to the poly{alivlamine)

polymer in the second step reaction mixture is less than 4.1,

(004021 Embodiment 117. The process of any previous enumerated
embodiment wherein the weight ratio of the swelling agent to the poly{allylamine)

polymer in the second step reaction mixture is less than 3.1,

[604031 Embodiment 118. The process of any previous enumerated
embodiment wherein the weight ratio of the swelling agent to the poly{alivlamine)

polymer in the second step reaction mixture is less than 2.1,

(004041 Embodiment 119, Thea process of any previous enumerated
embodiment wherein the weight ratic of the swelling agent to the polv{aliylamine)

polymer in the second step reaction mixiure is less than 1:1.

[00405] Embodiment 120. The process of any previous enumerated

embodiment wherein the swelling agent is a polar solvent.

[00406] Embodiment 121. The procsss of any previous enumerated
embodiment wherein the swelling agent is water, methanol, ethanol, n-propanol,
isopropanoct, n-butanol, formic acid, acelic acid, acetonitrile, dimethyiformamide,

dimethylsulfoxide, nitromethane, propylene carbonate, or a combination therecof.

[00407] Embodiment 122. The process of any previous enumerated

embodiment wherein the swelling agent is water.
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[00408] Embodiment 123. The process of any previous enumeraied

embodiment wherein the weight ratio of the swelling agent to the poly{aliviaming)

polymer in the second step reaction mixture is less than 0.5:1.

{04081 Embodiment 124. The process of any previous enumerated
embodiment wherein the weight ratio of the swelling agent 1o the poly{allylamine)

polymer in the second step reaction mixture is less than 0.4:1.

[00410] Embodiment 125. The process of any previous enumerated
embodimant wherain the weight ratio of the swelling agent to the poly{aliylaming)

polymer in the second step reaction mixture is less than 0.3:1.

(004117 Embodiment 126. The process of any previous enumerated
embodiment wharein the weight ratic of the swelling agant to the poly{aliylamine)

polymer in the second step reaction mixiure is at least 0.15:1.

(004121 Embodiment 127. The process of any previous enumerated

embodimeant wherain the swelling agent and the 1,2-dichiorosthane are immiscible.

(004131 Embodiment 128. The process of any previous enumerated
embodiment wherein the crosslinked polv(alivlamine) polymer is combined with the 1,2-
dichlorosthane and the dispersing solvert system before the polymer is swollen with the

swalling agent.

[00414]1 Embodiment 129. The process of any previous enumerated
embodiment wherein the second step reaction mixture is at a temperature in the range
of about 25 °C to about 85 °C.

(604151 Embodiment 130. The process of any previous enumerated
embodiment wherein the second step reaction is carried out at & temperature in the
range of about 35 °C to about 80 °C.

(004161 Embodiment 131, The process of any previous enumerated
embodiment wherein the second step reaction mixture is carried out at a temperature in
tha range of about 45 °C to about 80 °C.

[00417] Embodiment 132. The process of any previous enumerated
embodiment wherein the second step reaction is carried out at & temperature in the

range of about 55 °C to about 75 °C.
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[00418] Embodiment 133. The process of any previous enumeraied

embodiment wherein the second step reaction is carried out at a temperature in the

range of about 60 °C to about 75 °C.

{04181 Embodiment 134. The process of any previous enumerated
embodiment wherein the second step reaction is carried out at a temperature in the
range of about 85 °C to about 75 °C.

(004201 Embodiment 135, The process of any previous enumerated
embodimant whersin the temperature of the second step reaction mbdure is held within

10% of the target temperature over the course of the second step .

(004211 Embodiment 138, The process of any previous enumerated
embodiment wharein the temperature of the second step reaction mixture is held

relatively constant over the course of the second step.

(004221 Embodiment 137, The process of any previous enumerated
embodimeant wherein the temperature of the second step reaction mdture is increassed

in a continuous or step-wise manner over the course of the second step.

(004231 Embodiment 138. The process of any previous enumerated
embadiment wherein the second step reaction is carried out for a period of aboui 2 {o
20 hours.

[004241 Embodiment 139, The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 4 to
20h.

(604251 Embodiment 140. The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 5 {o
20h

(004261 Embodiment 141, The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 6 to
20h.

[00427] Embodiment 142. The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 8 to
20 h.
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[00428] Embodiment 143. The process of any previous enumeraied

embodiment wherein the second step reaction is carried out for a period of about 10 1o
20h

{04291 Embodiment 144. The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 12 1o
18 h.

[00430] Embodiment 145, The process of any previous enumerated
embodimant whersin the second step reaction is carried out for a period of about 14 {o
18 h.

(004311 Embodiment 145, The process of any previous enumerated
embodiment wherein the sacond step reaction is carried out for a period of about 15 to
17 h

(004321 Embodiment 147, The product obtainable by the process of any

pravious enumerated embodiment.

(004331 Embodiment 148, A crossiinked poly(aliylamine) polymer in bead form

prepared according to any of the preceding process embodiments.

[004341 Embodiment 149. A crossiinked poly(allylaming) polymer in bead form
consisting essentially of (i) 20-25 mol% residue of N N'-dialiyl-1, 3-diaminopropane or a
salt thereof, (i) 50-60 mol% residue of 2-Propen-1-ylamine or a salt thereof, and (i) 20-
25 mol% residue of 1,2-dichloroethane wherein (i) the crosslinked poly{allylamine)
polymer comprises sp? allyl carbon atoms and has a swelling ratio of less than 2 and (i)
the sp? allyl carbons comprised by the poly{aliylamine) polymer constitute less than
1.0% of the total number of carbon atoms comprised by the crosslinked poly(allylamine)

polymer.

[00435]1 Embodiment 150, A crossiinked poly(alliylamine) polymer in bead form
comprising the residues of 2-propen-1-yvlamine, or a salt thereof, and 1,3-
bis(allylamino)propane, or a salt thereof, and 1,2-dichlorosthane wherein (i) the
crosslinked poly(allylamine} polymer has a swelling ratio of less than 2 and (ii) sp? aliyl
carbons comprised by the crosslinked poly(allylamine) polymer constitute less than
1.0% of the total number of carbon atoms comprised by the crossiinked polv(aliylamineg)

polymer.
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[00436] Embodiment 151, A crossiinked poly{alivlaming) polymer in bead form

comprising the residues of Z-propen-t-ylamine, or a salt thereof, and 1,3~
bis{allylamino)propane, or a salt thereof, and 1,2-dichlorosthaneg wherein (i) the
crosslinked poly(allylamine) polymer contains less than 20 ppm allylamine and (i} sp?
allyl carbons comprised by the crosslinked poly(aliviamine) polymer constitute less than
1.0% of the total number of carbon atoms comprised by the crossiinked poly(ailylamine)

polymer.

[00437] Embodiment 152. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crosslinked poly(allylamine)
polymer constitute less than 0.9% of the total number of carbon atoms comprised by the

crosslinked poly(allylamine).

[00438] Embodiment 153, The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crosslinked poly(allylamine)
polymer constitute less than 0.8% of the total number of carbon atoms comprised by the

crosslinked poly{alivlamine).

[00439] Embodiment 154, The process of any previous enumeraied
embodiment wherein sp? allyl carbons comprised by the crosslinkad poly(aliylamine)
polymer constitute less than 0.75% of the total number of carbon atoms comprised by

the crosslinked poly(allylamineg).

(0044071 Embodimeant 155, The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crosslinked poly(ailylaming)
polymer constitute less than 0.7% of the total number of carbon atoms comprised by the

crosslinked poly(allylamine).

[00441] Embodiment 158, The process of any previous enumerated
embaodiment wherein sp? allyl carbons comprised by the crossiinked poly(ailylamine)
polymer constitute less than 0.6% of the total number of carbon atoms comprised by the

crosslinked poly(aliylaming)

(004421 Embodiment 157, The process of any previous enumerated
embodiment wherein sp? allyi carbons comprised by the crosslinked poly(aliylamine)
polymer constitute less than 0.5% of the total number of carbon atoms comprised by the

crosslinked poly(aliylamine).
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[00443] Embodiment 158. The process of any previous enumeraied

embodiment wherein sp? allyl carbons comprised by the crosslinkad poly(allylamine)
polymer constituie less than 0.4% of the total number of carbon atoms comprised by the

crosslinked poly(allylamine).

(0044471 Embodimeant 158A. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crosslinked poly(aliylamine)
polymer constitute more than 0.3% of the total number of carbon atoms comprised by

the crosslinked poly(allylamine).

[00445] Embodiment 159. The process of any previous enumerated
embaodiment wherein sp? allyl carbons comprised by the crossiinked poly(ailylamine)
polymer constitute less than 0.3% of the total number of carbon atoms comprised by the

crosslinked poly(aliylaming)

[00446] Embodiment 160. The process of any pravious enumerated
embodiment wherein sp? ally! carbons comprised by the crosslinked poly(ailylamine)
polymer constitute less than 0.25% of the {otal number of carbon atoms comprised by

the crosslinked poly(allylamine).

[00447] Embodiment 181, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein sp? allyl carbons comprised by the
crosslinked poly(allylamine) polymer constitute less than 0.2% of the iotal number of

carbon atoms comprised by the crosslinked poly{allylamine) polymer.

[00448] Embodiment 162. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein sp? allyl carbons comprised by the
crosslinked poly(aliylamine) polymer constitute less than 0.1% of the total number of

carbon atoms comprised by the crosslinked poly(allylamineg) polymer.

(004491 Embodiment 163, The process of any previous enumerated
embodiment wherein the percentage of sp? allyl carbons comprised by the
poly{allylamine) polymer is determined by NMR; optionally wherein integration of the sp?
aliyt carbon paaks between 110 — 150 ppm and alkyl carbon peaks betwean 0 ~ 8C ppm
is used fo quantitate the percent sp? allyt carbons of the poly(allylamine) polymer using

the formula
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peak infegration {110-150 ppm)

X 166,

% sp2 allyl carbons = - oo - -
- peak integration {0—80 ppm)i+peak integration (110—-150 ppm)

(004507 Embodiment 164, The process or crosslinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the number of sp? alivl carbons, if
any, comprised by the crosslinked poly(alivlamine) polymer is less than the detaction

limit as determined by NMR.

[00451] Embodiment 1685, The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment wherain the crosslinkad poly(alivilamine)

polymer cortains less than 15 ppm aliylamine.

(004527 Embodiment 166. The process or crosslinked polv{allylamineg) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(allivlaming)

polymer contains less than 12.5 ppm allylamine.

(004531 Embodiment 167, The procsss or crosslinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(alivlamine)

polymer contains less than 10 ppm allylamine.

[004541 Embodiment 168. The process or crosslinkad poly{allivlamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamine)

polymer contains less than 7.5 ppm allylamine.

(004551 Embodiment 1689, The process or crossiinked poly{aliviamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)

polymer contains less than 5 ppm allviamine.

[00458] Embodimeant 170. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crossiinked poly{allylamine)

polymer contains less than 4 ppm aliylamine.

[00457] Embodiment 171, The process or crosslinked poly(alivlaming) polymer
of any previous enumeraied embodiment wherein the crosslinked poly{allvlamine)

polymer contains less than 3 ppm aliviamine,

[00458] Embodiment 172. The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer contains less than 2 ppm allylamine.
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[00459] Embodiment 173. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer contains less than 1 ppm allylamine.

[00460] Embodiment 174. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)

polymer contains less than 500 ppb allylamine.

[00461] Embodiment 175, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(allvlamine)

polymer containg less than 100 ppb allylamine.

[004621 Embodiment 178, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(allylaming)

polymer contains less than 50 ppb allylamine.

(004631 Embodiment 177, The procsss or crosslinked poly(allivlamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(alivlamine)

polymer contains less than 1 ppb allylamine.

(004641 Embodiment 178. The process or crosslinkad poly{allivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer has a swelling ratio of less than 1.9,

[00465]1 Embodiment 179. The process or crossiinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer has a swelling ratio of less than 1.8.

[60466]1 Embodimeant 180. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crossiinked poly(allylaming)

polymer has a swelling ratio of less than 1.7,

(004671 Embodiment 181, The process or crossiinked poly(aliviamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly{alliviamine)

polymer has a swelling ratio of less than 1.6.

[00468] Embodiment 182. The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamine)

polymear has a swelling ratio of less than 1.5,
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[00469] Embodiment 183. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer has a swelling ratio of less than 1.4,

(004701 Embodiment 184. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)

polymer has a swelling ratio of less than 1.3.

[004711 Embodiment 185, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(allvlamine)

polymer has a swelling ratic of less than 1.2,

(004721 Embodiment 185. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(alivlaming)

polymer has a swelling ratio of less than 1.1.

(004731 Embodiment 187. The procsss or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(alivlamine)

polymer has a swelling ratio of less than 1.

[004741 Embodiment 188. The process or crosslinkad poly(allivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer has a swelling ratio of less than 0.9,

[00475]1 Embodiment 189. The process or crossiinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer has a swelling ratio of less than 0.8.

[604761 Embodimeant 180. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crossiinked poly(allylaming)

polymer has a swelling ratio of less than 0.7,

(004771 Embodiment 191, The process or crossiinked poly(aliviamineg) polymer
of any previous enumerated embodiment wherein the poly(allylamine) polymer has a
stability profile such that upon storage in a sealed enclosure for 3 months at 25°C after

manufacture the poly{alivlamine) polymer contains less than 20 ppm allylamine.

(004781 Embodiment 192, The process or crosslinked poly{alivlamine) polymer

of any previous enumerated embodiment wherain the poly(alivlamine) polymer contains
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less than 15 ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufactura.

[00479] Embodiment 193. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 12.5 ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufaciure.

(004801 Embodiment 184, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly(alivlamine) polymer contains
less than 10 ppm allylamine upon storage in a sealed enclosure Tor 3 months at 25°C

after manufacture.

[004811 Embodiment 195. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(alivlamine) polymer contains
less than 7.5 ppm allylamine upon storage in a sealed enciosure for 3 months at 25°C

after manufacture.

(004821 Embodiment 195, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlamine) polymer contains
less than 5 ppm allylamine upon siorage in a sealed enclosure for 3 months at 25°C

after manufactura.

(004831 Embodiment 197. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 4 ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.

(004841 Embodiment 198. The procsss or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 3 ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.

[00485] Embodiment 189, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer contains
less than 2 ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.
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[00486] Embodiment 200. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
fess than 1 ppm alivlamine upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.

(004871 Embodiment 201. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer comtains
less than 500 ppb allylamine upon storage in a sealed anclosure for 2 months at 25°C

after manufacture.

(004887 Embodiment 202. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the poly(allylamine) polymer contains
less than 100 ppb allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufactura.

[00489] Embodiment 203. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 50 ppb allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufaciure.

[00480] Embodiment 204, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlamine) polymer contains
less than 1 ppb allylamine upon storage in @ sealed enclosure for 3 months at 25°C

after manufacture.

[004911 Embodiment 205. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the amount of allylamine, i any, in
the poly(alivlamine) polymer is less than the dataction limit for allylamine upon storage

in a sealed enclosure for 3 months at 25°C after manufacture.

(004921 Embodiment 208. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlamine) polymer has a
stability profile such that upon storage in a sealed enclosure for & months at 25°C after

manufacture the poly{aliviamine) polymer contains less than 20 ppm allviamine.

[00493] Embodiment 207. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 15 ppm allylamine upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.
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[004984] Embodiment 208. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
fess than 12.5 ppm allylamine upon storage in a sealed enclosure for € months at 25°C

after manufacture.

(004851 Embodiment 209. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer comtains
less than 10 ppm allvlamine upon storage in a sealed enclosura for 8 months at 25°C

after manufacture.

[00496] Embodiment 210. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the poly(allylamine) polymer contains
less than 7.5 ppm allylamine upon storage in a sealed enclosure for § months at 25°C

after manufactura.

[00497] Embodiment 211, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 5 ppm allylamine upon storage in a sealed enciosure for 8 months at 25°C

after manufaciure.

(004881 Embodiment 212, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlamine) polymer contains
less than 4 ppm allylamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

[00499] Embodiment 213. The pracass or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer containg
less than 3 ppm allylamine upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.

[005001 Embodiment 214. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlaming) polymer contains
less than 2 ppm allylamine upon siorage in a sealed enclosure for 8 months at 25°C

after manufactura.

(005011 Embodiment 215. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 1 ppm allylamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.
129



WO 2022/186813 PCT/US2021/020265
[00502] Embodiment 216. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
fess than 500 ppb allylamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

(0050371 Embodiment 217. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer comtains
less than 100 ppb allylamine upon storage in a sealed anclosure for 8 months at 25°C

after manufacture.

[00504] Embodiment 218. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the poly(allylamine) polymer contains
less than 50 ppb allylamine upon storage in a sealed enclosure for 6 months at 25°C

after manufactura.

[00505] Embodiment 218, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 1 ppb allylamine upon storage in & sealed enclosure for 6 months at 25°C

after manufaciure.

[00506] Embodiment 220. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the amount of allylamine, if any, in
the poly(aliviamine) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for 6 months at 25°C after manufaciure.

[00507] Embodiment 221. The pracass or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer has a
stability profile such that upon storage in a sealed enclosure for § manths at 25°C after

manufacture the poly(aliylamine) polymer contains less than 20 ppm allyiamine.

(005081 Embodiment 221A. The process or crosslinked poly{aliviamine)
polymer of any previous enumerated embadiment wherein the poly(alivlaming) polymer
has a stability profile such that upon siorage in a sealed enclosure for @ months at 25°C

after manufacture the poly(allylaming) polymer contains less than 15 ppm allylaming.

[00509] Embodiment 222. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 12.5 ppm allylamine upon storags in a sealed enclosure for 9 months at 25°C

after manufacture.
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[00510] Embodiment 223. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
fess than 10 ppm aliylaming upon storage in g sealed enclosure for 8 months at 25°C

after manufacture.

(005111 Embodiment 224. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer comtains
less than 7.5 ppm allylamine upon storage in a sealed enclosure for 9 months at 25°C

after manufacture.

[00512] Embodiment 225. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the poly(allylamine) polymer contains
less than 5 ppm allylamine upon storage in a sealed enclosure for @ months at 25°C

after manufactura.

[00513] Embodiment 226. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 4 ppm allylamine upon storage in a sealed enciosure for @ months at 25°C

after manufaciure.

[005141 Embodiment 227. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlamine) polymer contains
less than 3 ppm allylamine upon storage in a sealed enclosure for @ months at 25°C

after manufacture.

[00515] Embodiment 228. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer containg
less than 2 ppm allylamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

(005161 Embodiment 229. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlaming) polymer contains
less than 1 ppm allylamine upon siorage in a sealed enclosure for 8@ months at 25°C

after manufactura.

[00517] Embodiment 230. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 500 ppb allylamine upon storage in a sealed enclosure for @ months at 25°C

after manufacture.
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[00518] Embodiment 231. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
fess than 100 ppb allylamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

(005191 Embodiment 232, The process or crosslinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer comtains
less than 50 ppb allylamine upon storage in a sealed enclosure for 8 months at 25°C
after manufacture.

[00520] Embodiment 233. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the poly(allylamine) polymer contains
less than 1 ppb allylamine upon storage in a sealed enclosure for 9 months at 25°C

after manufactura.

(005211 Embodiment 234. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the amount of aliylamine, if any, in
the poly(aliylamineg) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for @ months at 25°C after manufacture.

(005221 Embodiment 235, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlamine) polymer has a
stability profile such that upon storage in a sealed enclosure for 12 months at 25°C after

manufacture the poly{allylamine) polymer contains less than 20 ppm alivlamine.

[00523]1 Embodiment 236. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer containg
less than 15 ppm allylamine upon storage in a sealed enclosurs for 12 months at 25°C

after manufacture.

(0052471 Embodiment 237. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlaming) polymer contains
less than 12.5 ppm allylamine upon storage in a sealed enclosure for 12 months at

25°C after manufacture.

[00525] Embodiment 238. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 10 ppm allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.
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[00526] Embodiment 239. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the poly(aliylamineg) polymer contains
fess than 7.5 ppm allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

(005271 Embodiment 240. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer comtains
less than 5 ppm allylamine upon slorage in a sealed enclosure for 12 months at 25°C

after manufacture.

[00528] Embodiment 241. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the poly(allylamine) polymer contains
less than 4 ppm allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufactura.

[00529] Embodiment 242. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 3 ppm allylamine upon storage in a sealed enciosure for 12 months at 25°C

after manufaciure.

(005301 Embodiment 243, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlamine) polymer contains
less than 2 ppm allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

[005311 Embodiment 244. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer containg
less than 1 ppm allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

(005321 Embodiment 245, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly{alivlaming) polymer contains
less than 500 ppb allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufactura.

[00533] Embodiment 248. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 100 ppb allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.
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[00534] Embodiment 247. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
fess than 50 ppb allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

(005351 Embodiment 248. The process or crosslinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer comtains
less than 1 ppb aliylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

[00536] Embodiment 2498, The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for 12 months at 25°C after manufacture.

[00537] Embodiment 250. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)

polymer contains less than the detection Iimit for aliylamine,

[00538] Embodiment 251. The pracass or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly(alivlamine) polymer has a
stability profile such that upon storage in a sealed enclosure for 3 months at 25°C the
allylamine content of the poly(allylamine) polymer increases less than 20 ppm

aliviamine.

[00539] Embodiment 252. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{aliylamine) polymer increases less than 15 ppm upon storage in a sealed

enclosure for 3 months at 25°C.

[0054071 Embodiment 253. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allvlamine) polymer increases less than 12.5 ppm allylamine upon storage in a

sealad enclosure for 3 months at 25°C.

[00541] Embodiment 254. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine) polymer incraases less than 10 ppm allylaming upon storage ina

sealed enclosure for 3 morths at 25°C.
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[00542] Embodiment 255. The process or crosslinked poly(allivlamine) polymer

of any previous enumerated empodiment wherein the allylamine content of the
poly(allylamine) polymer increases less than 7.5 ppm allylamine upon storage in a

sealed enclosure for 3 months at 25°C.

(005431 Embodiment 256, The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(alivlaming) polymer increases less than 5 ppm allvlamine upon storage in a sealed
enciosure for 3 months at 25°C.

[00544] Embodiment 257. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment whearein the allylamine content of the
poly(allylamine) polymer increases less than 4 ppm allylamine upon storage in a sealed

enclosure for 3 months at 25°C.

[00545] Embodiment 258. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the allylaming content of the
poly(allylamine) polymer increases less than 3 ppm allylamine upon storage in a sealed

enclosure for 3 months at 25°C.

[00546] Embodiment 259, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{allylamine) polymer increases less than 2 ppm allylamine upon storage in a sealed

enciosure for 3 months at 25°C.

[00547] Embodiment 260. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{aliylamine) polymer increases less than 1 ppm allylaming upon storage in a sealed

enclosure for 3 months at 25°C.

(0054871 Embodiment 261. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allvlamine) polymer increases less than 500 ppb allvlamine upon storage in a

sealad enclosure for 3 months at 25°C.

[00549] Embodiment 262. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly{allylamine) polymer incraases less than 100 ppb allylamine upon storage in a

sealed enclosure for 3 morths at 25°C.
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[00550] Embodiment 263. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated empodiment wherein the allylamine content of the
poly(allylamine) polymer increases less than 50 ppb alivlamine upon storage in a sealed

enclosure for 3 months at 25°C.

(005511 Embodiment 264. The process or crosslinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(alivlaming) polymer increases less than 1 ppb allviamine upon storage in a sealed

enciosure for 3 months at 25°C.

[00552] Embodiment 265. The process or crosslinked poly{allylamineg) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for 3 months at 25°C.

[00553] Embodiment 265, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(alivlamine) polymer has a
stability profile such that upon storage in a sealed enclosure for 6 months at 25°C after
manufacture the allylamine content of the poly{alivlamine) polymer increases less than

20 ppm allylamine.

(005541 Embodiment 267, The procsss or crosslinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the allylamineg content of the
poly(allylamine) polymer increases less than 15 ppm allvlamine upon storage in a

sealed enclosure for 6 months at 25°C.

[00555] Embodiment 268, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamina content of the
poly(allylamineg) polymer increases less than 12.5 ppm allylamine upon storage in a

sealed enclosure for & months at 25°C.

[00556] Embodiment 269. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{allvlamine) polymer increases less than 10 ppm allylamine upon storage ina

sealed enclosure for & months at 25°C.

(005571 Embodiment 270. The process or crosslinked poly{aliviamine) polymer

of any previous enumerated embodiment wherein the allvlamine content of the
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poly(allylamine) polymer increases less than 7.5 ppm allylamine upon storage in a

sealed enclosure for 8 months at 25°C.

(005581 Embodiment 271, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the allylaming content of the
poly(allylamine) polymer increases less than 5 ppm allylamine upon storage in a sealed

enclosure for 8 months at 25°C.

[0055%] Embodiment 272, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamina content of the
poly{allylamine) polymer increases less than 4 ppm allylamine upon storage in a sealed

enciosure for & months at 25°C.

[00560] Embodiment 273. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{aliylamine) polymer increases less than 3 ppm allylamine upon storage in a sealed

enclosure for 8 months at 25°C.

(005611 Embodiment 274. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allvlamine) polymer increases less than 2 ppm allvlamine upon storage in a sealed

enclosure for 8 months at 25°C.

[00562] Embodiment 275. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly{allylamine) polymer incraases less than 1 ppm allylamine upon storage in a ssaled

enclosure for 8 months at 25°C.

(005631 Embodiment 276. The procsss or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allylamine) polymer increases less than 500 ppb allylamine upon storage in a

sealed enclosure for 8 months at 25°C.

[005641 Embodiment 277. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the allviamine content of the
poly(allylamineg) polymer increases less than 100 ppb allylamine upon storage in a

sealed enclosure for &€ months at 25°C.
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[00565] Embodiment 278. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated empodiment wherein the allylamine content of the
poly(allylamine) polymer increases less than 50 ppb alivlamine upon storage in a sealed

enclosure for ¢ months at 25°C.

[00&5661 Embodiment 279. The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(alivlaming) polymer increases less than 1 ppb allviamine upon storage in a sealed

enciosure for 6 months at 25°C.

[00567] Embodiment 280. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for 8 months at 25°C.

(005681 Embodiment 281. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer has a
stability profile such that upon storage in a sealed enclosure for @ months at 25°C after
manufacture the allylamine content of the poly{alivlamine) polymer increases less than

20 ppm allylamine.

(005691 Embodiment 282. The procsss or crosslinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the allylamine cortent of the
poly(allylamine) polymer increases less than 15 ppm allylamine upon storage in a

sealed enclosure for @ months at 25°C.

[005701 Embodiment 283, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamina content of the
poly(allylamineg) polymer increases less than 12.5 ppm allvlamine upon storage in a

sealed enclosure for 8 months at 25°C.

[005711 Embodiment 284. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{allvlamine) polymer increases less than 10 ppm allylamine upon storage ina

sealed enclosure for @ months at 25°C.

(005721 Embodiment 285. The process or crosslinked poly{aliviamine) polymer

of any previous enumerated embodiment wherein the allvlamine content of the
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poly(allylamine) polymer increases less than 7.5 ppm allylamine upon storage in a

sealed enclosure for 9 months at 25°C.

[00573] Embodiment 285. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the allylaming content of the
poly(allylamine) polymer increases less than 5 ppm allylamine upon storage in a sealed

enclosure for @ months at 25°C.

[005741 Embodiment 287. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamina content of the
poly{allylamine) polymer increases less than 4 ppm allylamine upon storage in a sealed

enciosure for @ months at 25°C.

[00575] Embodiment 288. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{aliylamine) polymer increases less than 3 ppm allylamine upon storage in a sealed

enclosure for @ months at 25°C.

(005761 Embodiment 289. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allvlamine) polymer increases less than 2 ppm allvlamine upon storage in a sealed

enciosure for @ months at 25°C.

[00577] Embodiment 290. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly{allylamine) polymer incraases less than 1 ppm allylamine upon storage in a ssaled

enclosure for ¢ months at 25°C.

(005781 Embodiment 291, The procsss or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allylamine) polymer increases less than 500 ppb allylamine upon storage in a

sealed enclosure for 8 months at 25°C.

[00579] Embodiment 282, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the allviamine content of the
poly(allylamineg) polymer increases less than 100 ppb allylamine upon storage in a

sealed enclosure for @ months at 25°C.
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[00580] Embodiment 293. The process or crosslinked poly(allivlamine) polymer

of any previous enumerated empodiment wherein the aliylamine content of the
poly(allylamine) polymer increases less than 50 ppb alivlamine upon storage in a sealed

enclosure for @ months at 25°C.

(005811 Embodiment 294. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(alivlaming) polymer increases less than 1 ppb allviamine upon storage in a sealed

enciosure for @ months at 25°C.

[00582] Embodiment 205, The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for ¢ months at 25°C.

(005831 Embodiment 295. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer has a
stability profile such that upon storage in a sealed enclosure for 12 months at 25°C after
manufacture the allylamine content of the poly{alivlamine) polymer increases less than

20 ppm allylamine.

(005841 Embodiment 297, The procsss or crosslinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the allylamineg content of the
poly(allylamine) polymer increases less than 15 ppm allvlamine upon storage in a

sealed enclosure for 12 months at 25°C.

(005851 Embodiment 288. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamina content of the
poly(allylamineg) polymer increases less than 12.5 ppm allvlamine upon storage in a

sealed enclosure for 12 months at 25°C.

[00586] Embodiment 299. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{allvlamine) polymer increases less than 10 ppm allylamine upon storage ina

sealed enclosure for 12 months at 25°C.

(005871 Embodiment 300. The process or crosslinked poly{aliviamine) polymer

of any previous enumerated embodiment wherein the allvlamine content of the
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poly(allylamine) polymer increases less than 7.5 ppm allylamine upon storage in a

sealed enclosure for 12 months at 25°C.

[o0588] Embodiment 301, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the allylaming content of the
poly(allylamine) polymer increases less than 5 ppm allylamine upon storage in a sealed

enclosure for 12 months at 25°C.

[0058%] Embodiment 302. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamina content of the
poly{allylamine) polymer increases less than 4 ppm allylamine upon storage in a sealed

enciosure for 12 months at 25°C.

[00590] Embodiment 303. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly{aliylamine) polymer increases less than 3 ppm allylamine upon storage in a sealed

enclosure for 12 months at 25°C.

(005911 Embodiment 304. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allvlamine) polymer increases less than 2 ppm allvlamine upon storage in a sealed

enciosure for 12 months at 25°C.

[00592] Embodiment 305. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly{allylamine) polymer incraases less than 1 ppm allylamine upon storage in a ssaled

enclosure for 12 months at 25°C.

(005231 Embodiment 306. The procsss or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(allylamine) polymer increases less than 500 ppb allylamine upon storage in a

sealed enclosure for 12 months at 25°C.

[00584] Embodiment 307. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the allviamine content of the
poly(allylamineg) polymer increases less than 100 ppb allylamine upon storage in a

sealed enclosure for 12 months at 25°C.
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[00595] Embodiment 308. The process or crosslinked poly(allylamine) polymer

of any previous enumerated empodiment wherein the allylamine content of the
poly(allylamine) polymer increases less than 50 ppb alivlamine upon storage in a sealed

enclosure for 12 months at 25°C.

(005861 Embodiment 309. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the allvlamine content of the
poly(alivlaming) polymer increases less than 1 ppb allviamine upon storage in a sealed

enciosure for 12 months at 25°C.

[00597] Embodiment 310. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for 12 months at 25°C.

[o0598] Embodiment 311, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the allylaming content may be

determined by the Cation IC Exiraction Procedurs.

[00599] Embodiment 312. The pracass or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the aliviamine content is determined

using the In-Air Stability Assay (Stability Assay 1)

[00600] Embodiment 313. The process or crosslinked poly(allylaming) polymer

of any previous enumerated embodiment wherein the aliylamine content is determined

using the Heated Stability Assay (Stability Assay 2).

[00601] Embodiment 314, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated emboediment wherein the allvlamine content is determinad
using the Stability assessment when packaged in a MylarFoll sachet assay (Stability

Assay 3).

[006021 Embodiment 315. The process or crosslinkad poly{allivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer comprises the residue of (i) Z2-propen-1-yviamine, or a sal thereof, and (i a 1,3~
bis{allylamino)propane, or g salt thereof, wherein the mole ratio of the residues of the 2-
propen-1-viamine, or a salf thereof, to the residues of the 1,3-bis(allylamino)propane, or

a salt thereof, is in the range of 60:40 to 85:5, respectively.
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[00603] Embodiment 316. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer comprises the residue of (i} 2-propen-1-ylamineg, or a salt thereof, and (i) 1,3-
bis{allylamino)propane, or a sall thereof, wherein the mole ratio of the residues of the 2-
propen-t-ylaming, or a sait thereof, to the residueas of the 1,3-bis(allylamina)propansa, or

a sall theredf, is in the range of 60:40 to 8010, respectively.

(006041 Embodiment 317. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer comprises the residue of (i) Z-propen-1-yviamine, or a salt thereof, and {ii) 1,3-
bis(allylaming)propane, or a salt thereof, whearein the mole ratio of the residues of the 2-
propen-1-ylamine, or a salt thereof, o the residues of the 1,3-bis(allvlamino)propane, or

a salt thereof, is in the range of 80:40 10 85.15, respectively.

[00605] Embodiment 318. The process or crosslinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allvlamine)
polymer comprises the residue of (i} Z-propen-1-yiamine, or a sall thereof, and (i) a 1,3~
bis{allylamino)propane, or a salt thereof, wherein the mole ratio of the residues of the 2-
propen-1-ylamine, or a salf thersof, 1o the residues of the 1,3-bis{allylamino)propane, or

a salt thereof, is in the rangs of 65:35 to 80:10, respeciively.

[00606]1 Embodiment 319. The process or crosslinkad poly(allivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylaming)
polymer comprises the residue of (i) Z-propen-1-yviamine, or a sall thereof, and (i) 1,3~
bis{allylamino)propane, or a salt thereof, and the mole ratio of the 2-propen-1-vlamine,
or a sait thereof, to the 1,3-bis{allylaminc)propane, or a salt thereof, is in the range of
65:35 to 85:15, respectively.

[C0&07] Embodiment 320. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamineg)
polymear comprises the residue of (i} 2-propen-1-ylamine, or a salt thereof, and (i) 1,3~
bis{allylamino)propane, or g salt thereof, wherein the mole ratio of the residues of the 2-
propen-1-ylamine, or a salt theredf, to the residues of the 1,3-bis(allvlamino)propane, or

a sali thereof, is in the range of 65:35 to 80:20, respectively.

[00608] Embodiment 321. The process or crosslinked poly{alivlamine) polymer

of any previous enumaerated embodimeant wherain the crosslinked poly(aliylamine)
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polymer comprises the residue of (i) Z2-propen-1-ylamine, or a salt thereof, and (i) 1,3~
bis{(allylamino)propane, or a salt thereof, and the mole ratio of the 2-propen-1-ylamine,
or a saif thereof, to the 1,3-bis(aliylamino)propane, or a salt thereof, is in the range of
&5:35 {0 75.25, respectively.

[006081 Embodiment 322. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wharein the crosslinked poly{allylaming)
polymer comprises the residue of (i} Z-propen-~1-yviamine, or a sall thereof, and (i) 1,3-
bis{allylamino)propane, or g salt thereof, and the mole ratio of the 2-propen-1-ylamine,
or a salt thereof, to the 1,3-bis(allylamincipropaneg, or a salt thereof, is 70:30,

respactively.

[00610] Embodiment 323. The process or crosslinked poly(allvlamine) polymer
of any previous enumerated embodiment wherein the residue of the Z-propen-1-
ylamine, or a salt thereof, is a residue of a 2-propen-1-ylamine salt selecied from the
group consisting of hydrochloric acid salts, sulfuric acid salts, phosphoric acid salis,

hydrobromic acid salts and combinations thereof.

[00611] Embodiment 324. The process or crosslinked poly(allvlamine) polymer
of any previous enumerated embodimeant wherein the residue of the 1,3-
bis{allylamino)propane, or a salt thereof, is a rasidug of 2 1,3-bis{allylamino)propane
sall sglected from the group consisting of hydrochloric acid salls, sulfuric acid salls,

phosphoric acid salts, hydrobromic acid salts and combinations theraof.

[00612] Embodiment 325 The process or crosslinked poly(allylaming)
polymer of any previous enumerated embodiment wherein the crosslinked
poly{allylaming) polymer comprises the residue of N N'-diallyl-1, 3-diaminopropaneg or a
salt thereof and the residue of Z2-Propen-1-ylamine or a salt thereofl in a mole ratio in the

range of 60:40 to 5010, raspectively.

[00613] Embodiment 326. The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer comprises the residus of N N'-diallyl-1, 3-diaminopropans or a salt thereof and
the residue of 2-Propen-1-ylamine or a sali thereof in a mole ratio in the range of 60:40

{0 8515, raspectivaly.

[00614] Embodiment 327. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
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polymer comprises the residue of N N'-diallyl-1,3-diaminopropane or a salt thereof and

the residue of 2-Propen-1-ylamine or a salt thereof in 2 mole ratio in the rangs of 6535

to 90:10, respectively.

[00615] Embodiment 328. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer comprises the residue of N N'-diallyl-1,3-diaminopropane or a salt thereof and
the residue of 2-Propen-1-ylamine or a salt thereof in & mole ratio in the rangs of 6535

to 85:15, respectively.

[00616] Embodiment 329. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer comprises the residue of N N'-diallyl-1,3-diaminopropane or a salt thereof and
the residue of 2-Propen-1-ylamine or a salt thereof in & mole ratio in the rangs of 6535

to 80:20, respectively.

[00617] Embodiment 330. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer comprises the residue of N N'-diallyl-1,3-diaminopropane or a salt thereof and
the residue of 2-Propen-1-ylamine or a salt thereof in 2 mole ratio in the rangs of 6535

to 75.25, respectively.

[00618] Embodiment 331. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer comprises the residue of N N'-diallyl-1,3-diaminopropane or a salt thereof and

the residue of 2-Propen-1-ylamine or a salt thereof in a mole ratio of 70:30, respectively.

[00619] Embodiment 332. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)

polymer has a structure corresponding to Formula 4.
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Formuia 4

wherein each R is independently hydrogen or an ethylene crosslink between two

: N
nitrogen atoms of the crosslinked amine polymer (Ng?l/\}el yand a, b, ¢, and m are

integers.

[C0&20] Embodimeant 333. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crossiinked poly{allylamineg)
polymear has a structurs corresponding (o Formula 4 and m is a large number indicating

an extended polymer network.

[006211 Embodiment 334. The process or crosslinkad poly(allivlamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 and m is a large number indicating
an extended polymer network in which each polymer baad is considerad a single

molecule.

(006221 Embodiment 335. The process or crosslinkad poly(allivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylaming)
polymer has a siructure corresponding to Formula 4 andthesumofaandbtociie,

a+b.c) is in the range of about 1.1 to &1,

(006231 Embadiment 338. The process or crosslinked poly{aliylamineg) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(alivlaming)
polymer has a structure corresponding to Formulad andthesumofaandbtoc(ie.,

a+bcy is in the range of about 1:1 10 8.1,
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[00624] Embodiment 337. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 and thesumofaandbic c{ie,

a+b.c)is inthe range of about 1.1 to 7:1.

(006251 Embodiment 338. The process or crosslinked poly(aliviaming) polymer
of any previous enumerated embodiment whearein the crosslinked poly{allylaming)
polymer has a structurs corresponding o Formula 4 andthe sumofaandbioc(ie,

at+b:c) is in the range of about 1.1 to 6:1.

[00626] Embodiment 338. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allviamine)
polymer has a siructure corresponding to Formula 4 and thesumofaandbtoclie,

a+b:.c) is in the range of about 1.1 to 5:1.

[00627] Embodiment 340. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(alivlamine)
polymer has a structure corresponding to Formula 4 and thesumofaand btoclie,

a+b:.cy is in the range of about 1.1 to 41,

(006281 Embodiment 341, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(alivlamine)
polymer has a structure corresponding to Formula 4 and the sumofaand bic c{ie,

a+b:.c) is in the range of about 1.1 to 3:1.

[00629] Embodiment 342. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamine)
polymer has a structure corresponding to Formula 4 andthesumofaandbioc{ie,

at+b:c) is in the range of about 1.1 1o 2:1.

[0063071 Embodiment 343. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(alivlaming)
polymer has a structure corresponding (o Formulad andthesumofaandbioc(ie,

a+b.c) is in the rangs of about 1:1.

[00631] Embodiment 344. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allviamine)
polymer has a siructure corresponding to Formulad and thesumofaandbtoc{ie,

a+bc) is in the range of about 1.5:1 ic 4:1.
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[00632] Embodiment 345. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 and thesumofaandbic c{ie,

a+b:.c) is in the range of about 1.75:1 1o 3.1,

[006331 Embodiment 346, The process or crosslinked poly(aliviaming) polymer
of any previous enumerated embodiment wharein the crosslinked poly{allylaming)
polymer has a structurs corresponding to Formulad andthesumofaandbioc(ie,

at+b:cy is in the range of about 2.1 to 2.5:1.

[00634] Embodiment 347. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a siructure corresponding to Formula d and thesum ofgaand b is 57 and ¢
is 24.

[00635] Embodiment 348. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer has a structure corresponding to Formula 4 wherein 50-85% of the R
substituents are hydrogen and 5-50% are an ethylene crosslink between two nitrogens

of the crosslinked amine polymer,

[00636] Embodiment 348, The procsss or crosslinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allviamine)
polymer has a structure corresponding to Formula 4 wherein 55-80% of the R
substituents are hydrogen and 10-45% are an ethylene crosslink between two nitrogens

of the crosslinked aming polymer.

[00637] Embodiment 350. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer has a structure corresponding to Formula 4 wherein 60-80% of the R
substituents are hydrogen and 10-40% are an ethylene crosslink between two nitrogens

of the crosslinked aming polymer.

(006381 Embaodiment 351, The procsss or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allviamine)
polymer has a structure corresponding to Formula 4 wherein 65-80% of the R
substituents are hydrogen and 10-35% are an ethylene crosslink between two nitrogens

of the crosslinked aming polymer.
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[00632] Embodiment 352. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 wherein 70-80% of the R
substituents are hydrogen and 10-30% are an ethylene crosslink between two nitrogens

of the crosslinked amine polymer.

[00640] Embodiment 353. The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 wherein 75-85% of the R
substituents are hydrogen and 15-25% are an ethylene crosslink between two nitrogens

of the crosslinked aming polymer.

[00641] Embodiment 354. The process or crosslinked poly(allvlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 wherein 80-85% of the R
substituents are hydrogen and 15-20% are an ethylene crosslink between two nitrogens

of the crosslinked aming polymer.

[00642] Embodiment 355. The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 wherein about 81% of the R

substituents are hydrogen and about 18% are an ethylene crosslink

[006431 Embodiment 356, The process or crosslinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylaming)

polymer comprises the residue of 1,2-dichioroethane.

(006441 Embodiment 357, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)

polymer comprises 10-35 mol% of the residue of 1,2-dichiorosthane.

[00645] Embodiment 358. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer comprises 15-35 mol% of the raesidue of 1,2-dichlorgethane.

[00646] Embodiment 359. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allviamine)

polymer comprises 10-30 mol% of the residue of 1,2-dichlorosthans.
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[00647] Embodiment 360. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)

polymer comprises 15-30 mol% of the residue of 1,2-dichiorosthane.

[00648] Embodiment 361. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)

polymer comprises 20-25 mol% of the residue of 1,2-dichlorosthane.

[0110] Embodiment 362, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allylaming)
polymer comprises (i) the residue of 2-propen-1-vlamine, or a sall thereof, and {ii) the
residue of 1,3-bis{allylamino)propane, or a salt thereof, in a mole ratio of about 1.1 to

about 8.1, respectively.

[0111] Embodiment 363, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the mole ratio of (i) the residue of 2-
propen-1-ylamine, or a salt thereof, o (i) the residue of 1,3-bis(allylaminoipropane, or

a salt thereof, in the crosslinked poly{allvlamineg) polymer is less than 9.1, respectively.

[0112] Embodimeant 364, The process or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the mole ratio of {i) the residue of 2-
propen-1-ylamine, or a salt thereof, to (i} the residus of 1,3-bis(allvlamincipropans, or

a salt thereof, in the crosslinked poly(alivlamine) polymer is less than 8.1, respectively.

[0064981 Embodiment 3685, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embadiment wharein the mole ratio of (i) the residus of 2-
propen-1-ylamine, or a sait thereof, to (i) the residue of 1,3-bis(allylamino)propane, or a

salt thereof, in the crosslinked poly(aliviamine) polymer is less than 7.1, respectively.

[00650]1 Embaodiment 365, The process or crossiinked poly(aliylaming) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamine, or a salt thereof, {0 (i) the residue of 1, 3-bis(allylamincipropane, or a

salt thereof, in the crosslinked poly{allvlamine) polymer is less than 6.1, respectively.

(006511 Embodiment 367. The procsss or crosslinked poly(alliylamine) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-viamine, or a sait thereof, to (i) the residue of 1, 3-bis(allylamino)propans, or a

salt theraof, in the crosslinked poly(aliylaming) polymaer is less than S:1, respectively.
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[00652] Embodiment 368. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodimeant wherein the mole ratio of {i) the residue of 2-
propen-1-ylamine, or a salt thereof, to (ii) the residue of 1,3-bis(aliylamino)propane, or a

salt thereof, in the crosslinked poly(allviamine) polymer is less than 4.1, respectively.

(006531 Embodiment 3689. The process or crosslinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamine, or a sait thersof, 1o (i) the residue of 1,3-bis(aliylamino)propane, or a

salt thereof, in the crosslinked poly(aliviamine) polymer is less than 3.1, respectively.

[00654] Embodiment 370. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the mole ratio of {i) the residus of 2-
propen-1-vlamine, or a salt thereof, {o (i) the residue of 1,3-bis(allylamino)propane, or a

salt thereof, in the crossiinkad poly{allylamine) polymer is less than 2.1, respectively.

[00655] Embodiment 371, The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamine, or a sait thereof, to (i) the residue of 1,3-bis(allvlaminojpropans, or s

salt thereof, in the crosslinked poly(allylamine) polymer is at least 1:1, respectively.

[00656] Embodiment 372. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamine, or a salt thereof, to (i) the residue of 1,3-bis(allylamino)propane, or a

salt theraof, in the crosslinked poly{allvlamine) polymer is at least 2.1, respectively.

[00657]1 Embodiment 373. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamine, or a salt thereof, to (i) the residue of 1,3-bis{allylaminc)propane, or a

salt thereof, in the crosslinked poly(alivlamine) polymer is at least 3:1, respectively.

(006581 Embodiment 374. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embadiment wharein the mole ratio of (i) the residus of 2-
propen-1-ylamine, or a sait thereof, to (i) the residue of 1,3-bis(allylamino)propane, or a

salt thereof, in the crosslinkad poly(allvlamineg) polymer is at least 4.1, respectivaly.

[00659] Embodiment 375. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-vlamine, or a salt thereof, {o (i) the residue of 1, 3-bis(allylamincipropane, or a

salt thereof, in the crosslinked poly{allylamineg) polymer is at least 5:1, respectively.
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[00660] Embodiment 376. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodimeant wherein the mole ratio of {i) the residue of 2-
propen-1-ylamine, or a salt thereof, to (ii) the residue of 1,3-bis(aliylamino)propane, or a

salt thereof, in the crosslinked poly(allylamine) polymer is at least 6.1, respectively.

[006611 Embodiment 377. The process or crosslinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamine, or a sait thersof, 1o (i) the residue of 1,3-bis(aliylamino)propane, or a

salt thereof, in the crosslinked poly(aliviamine) polymer is at least 7:1, respectively.

[00662] Embodiment 378. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the mole ratio of {i) the residus of 2-
propen-1-vlamine, or a salt thereof, {o (i) the residue of 1,3-bis(allylamino)propane, or a

salt thereof, in the crossiinked poly{allylamine) polymer is at least 8.1, respeclively.

[00683] Embodiment 379, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(alivlamine)
polymer contains the residue of N N'-diallyl-1,3-diaminopropans or a salt thereof, the

residue of 2-Propen-1-ylamine or a sall thereof, and the residue of 1,2-dichiorosthane.

(006641 Embodiment 380. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(alivlamine)
polymer comprises (i) 10-35 mol% residue of N, N'-diallyl-1, 3-diaminopropane or a salt
thereof, (ii} 30-80 mol% residue of 2-Propen-1-ylamine or a salt thereof, and {iii) 10-35

mol% residue of 1,2-dichloroethans.

[00665] Embodiment 381, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(alivlamine)
polymer comprises (i) 15-30 mol% residue of N, N'-diallyl-1,3-diaminopropane or a salt
thereof, (ii} 40-70 mol% residue of 2-Propen-1-ylamine or a salt thereof, and {iii) 15-30

mol% residue of 1,2-dichloroethans.

[00666] Embodiment 382, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly{allvlamine)
polymer comprises (i) 20-25 mol% residue of N, N'-diallyl-1, 3-diaminopropane or a salt
thereof, (ii} 50-80 mol% residue of 2-Fropen-1-ylamine or a salt thereof, and {iii) 20-25

mol% residue of 1,2-dichloroethans.
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[00667] Embodiment 383. The process or crosslinked poly(allvlamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer comprises the residus of N N'-diallyl-1 3-diaminopropane or a salt theregof, the

residue of 2-Propen-1-ylaming or a salt thereof, and the residue of 1,2-dichlorosthane.

(006681 Embodiment 384. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylaming)
polymer is 1,3-Propanediamine, N' N3-di-2-propen-1-yi-, polymer with 1,2-

dichloroethane and 2-propen-1-amine.

[00669] Embodiment 385. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a chioride ion binding capacity of atleast 25 mEgigin a

SiB assay.

[00670] Embodiment 385. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(alivilamine)
polymer is characterized by a chioride ion binding capacity of at least 3 mEg/g ina SIB

assay.

[006711 Embodiment 387. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinkad poly(alivlamine)
polymer is characterized by a chioride ion binding capacily of at least 3.5 mEgigina

SiB assay.

[00672]1 Embodiment 388. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamine)
polymer is characterized by a chioride ion binding capacity of at least e mEag/g ina SIB

assay.

[006731 Embodiment 389. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(alivlaming)
polymer is characterized by a chioride ion binding capacity of at least 4. 5 mEg/igin a

SiB assay.

[00674] Embodiment 390. The process or crosslinked poly(allylamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allviamine)
polymer is characterized by a chioride ion binding capacity of at least 5 mEg/gin a SIB

assay.
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[00675] Embodiment 391. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a chioride ion binding capacity of at least 55 mEg/gin a

518 assay.

(006761 Embodiment 382, The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wharein the crosslinked poly{allylaming)
polymer is characterized by a chioride ion binding capacity of at least 8 mEg/g in a SIB

assay.

[00677] Embodiment 303. The process or crosslinked poly{allylamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 1.1, respectively.

(006781 Embodiment 394. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 1.25:1, respectively.

[00679] Embodiment 385. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinkad poly(aliviamine)
polymer is characterized by a chioride ion o phosphate ion binding ratio in a SIB assay

of at least 1.5:1, raspectively.

[00680] Embodiment 396. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamine)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 1.75:1, respectively.

(006811 Embodiment 397. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(allylaming)
polymer is characterized by a chioride ion to phosphate ion binding ratic in & SIB assay

of at least 2.1, respectivsly.

[00682] Embodiment 398. The process or crosslinked poly(allylaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allviamine)
polymer is characterized by a chioride ion to phosphate lon binding ratio in a SIB assay

of at least 2.25:1, respectively.
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[00683] Embodiment 399. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a chiorids ion to phosphaie ion binding ratio in a SIB assay

of at least 2.5:1, respectively.

[006841 Embodiment 400. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wharein the crosslinked poly{allylaming)
polymer is characterized by a chioride ion to phosphate ion binding ratic in 2 SIB assay

of at least 2,751, respectively.

[00685] Embodiment 401. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 3.1, respectively.

[o068&] Embodiment 402. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the ratio of the amouni of bound

chioride to bound phosphate in a SIB assay is at least 4.1, respectively.

[00687] Embodiment 403. The pracess or crosslinkad poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamine)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 5.1, respectively.

(006881 Embodiment 404. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(allylaming)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in
Simulated Gastric Fluid of at least 7 mEg/g in a SGF assay.

[00689]1 Embaodiment 405, The process or crossiinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allviamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in

Simulated Gastric Fluid of at least 8 mEg/g in a SGF assay.

(006201 Embodiment 406. The procsss or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in

Simulated Gastric Fluid of at least 9 mEg/g in a SGF assay.
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[00691] Embodiment 407. The process or crosslinked poly(allylamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a proton-binding capacity and a chloride binding capacity in

Simulated Gastric Fluid of at least 10 mEg/g in a SGF assay.

(006521 Embodiment 408. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wharein the crosslinked poly{allylaming)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in
Simulated Gastric Fluid of at least 11 mEg/g in a SGF assay.

[00693] Embodiment 408. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a profon-binding capacity and a chioride binding capacity in

Simulated Gastric Fluid of at least 12 mEg/g in a SGF assay.

(006941 Embodiment 410. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in

Simulated Gastric Fluid of at least 13 mEg/g in a2 SGF assay.

[00685] Embodiment 411, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinkad poly(aliviamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
after 1 hour in SGF that is at least 50% of the proton-binding capacity and the chloride
binding capacity, respectively, of the crosslinked poly(allylamine) polymer at 24 hours in
SGF.

[00696] Embodiment 412. The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(alivlamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
after 1 hour in SGF that is at least 60% of the proton-binding capacity and the chloride
binding capacity, respectively, of the crosslinked poly{allylaming) polymer at 24 hours in
SGF.

[00697] Embodiment 413. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
after 1 hour in SGF that is at least 70% of the proton-binding capacity and the chloride
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binding capacity, respectively, of the crosslinked poly(allylamine) polymer at 24 hours in

SGF.

(006981 Embodiment 414, The process or crosslinked poly(alivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allvlamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
after 1 hour in SGF that is at least 60% of the proton-binding capacity and the chioride
binding capacity, respectively, of the crosslinked poly{allylaming) polymer at 24 howrs in
SGF.

[00699] Embodiment 415. The process or crosslinked poly{allylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
after 1 hour in SGF that is at least 70% of the proton-binding capacity and the chioride
binding capacity, respectively, of the crosslinked poly(allylamine) polymer at 24 hours in
SGF.

(0070071 Embodiment 416, The process or crosslinked poly{aliviaming) polymer
of any previous enumerated embodiment wharein the crosslinked poly{allylaming)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
after 1 houwr in SGF that is at least 80% of the proton-binding capacity and the chloride
binding capacity, respectively, of the crosslinked poly(aliylamine) polymer at 24 hours in
SGF.

[00701] Embodiment 417. The process or crosslinked poly(allvlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymer is characterized by a proton-binding capacity and a chiloride binding capacity
after 1 hour in SGF that is at least 90% of the proton-binding capacity and the chloride
binding capacity, respectively, of the crosslinked poly{alliylaming) polymer at 24 hours in
SGF.

(007021 Embodiment 418, A process or crossiinked poly(allylaming) polymer of
any previous enumerated embodiment wherain the crosslinkad poly(allvlamine) polymer
is a 1,3-Propanediaming N1, N3-di-2-propen-1-yl-, polymer with 1,2-dichlorosthane and

2-propen-1-aming.

[00703] Embodiment 419, A process or crosslinked poly(allylamine) polymer of

any previous enumerated embodiment wherein the crosslinked poly(alivlamine) polymer
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is an extended polymer network having the molecular formula (CebieNz . CaHN |

CaHaCla)x.

[00704] Embodiment 420, A pharmaceutical composition comprising a

crosslinked poly(allylamine) polymer of any previous enumerated embodiment.

[007051 Embodiment 421, A pharmaceutical product comprising a crosslinked
poly{aliviamine) polymer of any previocus enumerated embodiment in a sealed

container.

[00706]1 Embodiment 422 A pharmaceutical product comprising a crosslinked
poly(allylamineg) polymer of any previous enumerated embodiment in a sealed container

comprising a moisture barrier.

(007071 Embodiment 423. A pharmaceutical product comprising a crosslinked
poly(aliylamine) polymer of any previous enumerated embodiment in a sealed container

comprising an oxygen barrier.

[00708] Embodiment 424. A pharmaceutical product comprising a crosslinked
poly(allylamineg) polymer of any previous enumerated embodiment in a sealed container

comprising a moisture barier and an oxygen barrier.

(607021 Embodiment 425, A pharmaceutical product comprising a crosslinked

poly{aliylamine) polymer of any previous enumerated embodiment in a sealed sachet.

(007101 Embodiment 426. A pharmaceutical product comprising a crosslinked
poly(aliylamineg) polymer of any previous enumerated embodiment in a sealad container

comprising a polymer, metal, glass or ceramic material.

[007111 Embodiment 427. A pharmaceutical product comprising a sealed
container containing a crosslinkad poly(alivlamine) polymer of any previous enumerated

embodiment and an inert atmosphere,

(007121 Embodiment 428. A pharmaceutical product comprising a sealed
container and a crosslinked poly(allylamineg) polymer of any previous enumerated
embodiment within the ssaled container, the sealed container comprising a multi-layer
laminate of an inner contact layer, an outer layer, and a barrier layer disposed betwesn

the contact layer and cuter layer.

(007131 Embodiment 429, A pharmaceutical product comprising a sealed
container and a crosslinked poly(allylamineg) polymer of any previous enumerated
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embodiment within the sealed cortainer, the sealed container comprising a multi-layer

laminate of an inner contact layer, an outer layer; and an oxygen-barrier layer disposed

between the contact layer and outer layer.

[00714] Embodiment 430. A pharmaceutical product comprising a sealed
container and a crosslinked poly{aliviamine) polymer of any pravious enumerated
embodiment within the sealed cortainer, the sealed container comprising a multi-layer
laminate of an inner contact layer, an outer layer; and a moisture-barrier layer disposed

between the contact layer and outer layer.

[00715] Embodiment 431. A pharmaceutical product comprising a sealed
container and a crosslinked poly{aliviamine) polymer of any pravious enumerated
embodiment within the sealed corntainer, the sealed container comprising a multi-layer
laminate of an inner contact layer, an outer layer; and an oxygen-barrier layer and a

moisture-barrier layer disposed between the contact layer and outer layer.

[00716] Embodiment 432. A pharmaceutical product comprising a sealed
container and a crosslinked poly{aliviamine) polymer of any pravious enumerated
embodiment within the sealed corntainer, the sealed container comprising a multi-layer
laminate of an inner contact layer, an outer layer; and an oxvgen-scavenging layer

disposed between the contact layer and the outer layer.

[00717] Embodiment 433. A composition for use in a method of treating an
acid base disorder in a human patient, the compaosition comprising a crosslinked

poly(aliylamine) polymer of any previous enumerated embodiment.

(007181 Embodiment 434, The composition for use in a method of freating an
acid base disorder of any previous enumerated embodiment whersin the acid base

disorder is metabolic acidosis.

(007191 Embodiment 435. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embaodiment wharein the crosslinked poly(allylaming)

polymer comprises the residue of 1 2-dichloroethane.

(007201 Embodiment 436. The procsss or crosslinked poly(alliylamine) polymer
of any previous enumerated embodiment wherein the process further comprises any of
the features of a process disciosed in any one of enumerated embodiments 1-37 and/or
41-111 of WO2016/094685 A1
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[00721] Embodiment 437. The process or crosslinked poly(allylamine) polymer

of any previous enumaerated embodiment wherein the process further comprises the
features of a process disclosed in any one of enumerated embodiments 1-37 andfor 41-
111 of WO2016/004685 A1

(007221 Embodiment 438, A proceass, wherein the process is the process
disclosed in any of enumerated embodiments 1-8, 34, 41, 54 or 82 of WO2016/024685
Al

[00723] Embodiment 439, The process of enumerated embodiment 438,
wherein the process further comprises any of the features of any previous enumerated

embodiment.

[007241 Embodiment 440. The process of enumerated embodimeant 438,
wherein the process further comprises the process features specified in any previous

enumaerated embodiment.

(007251 Embodiment 441, The process of enumeratad embodiment 438,

wherein the process further comprises any feature disclosed herein.

(0072671 The present disclosure further includes the following enumerated

clauses.

[00727] Clause 1. A crosslinked poly{aliylamine) polymer in bead form
consisting essentially of (i} 20-25 mol% residue of 1,3-bis(allylaminolpropane, or a salt
theraof, (ii}) 50-60 mol% residue of 2-propen-1-ylamine or a salt thereof, and (iil) 20-25
moi% residue of an ethylens crosslinker e.g. 1,2-dichlorcethane, wherein (i) the
crosslinked poly(allylamine) polymer comprises sp? allyl carbon atoms and has a
swalling ratio of less than 2 and (i) less than 1.0% of the {otal number of carbon atoms

prasent in the crosslinked poly(allylamine) polymer are sp? allyl carbons.

[oo728] Clause 2. A crosslinked poly(allylamine) polymer comprising the
residues of Z-propen-t-ylamine, or a salt thereof, 1,3-bis(allylamino)propane, or a salt
thereof, and an ethylene crosslinker e.g. 1,2-dichlorosthane, wherein less than 1.0% of
the total number of carbon atoms present in the crosslinked poly(allylamine) polymer

are sp? allyl carbons.

[00729] Clause 3. A crosslinkad poly(allylamine) polymer consisting

essentially of the residuss of Z-propen-1-viamine, or a salt thereof,
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1,3-bis(allylamino)propane, or a sait thereof, and an ethylene crosslinker e.g. 1,2-

dichlorosthane, wherein less than 1.0% of the total number of carbon atoms praesent in

the crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00730] Clause 4. A crosslinked poly{alliylamine) polymer comprising a
structure corresponding to Formula 5b, wherein less than 1.0% of the total number of
carbon atoms present in the crosslinked poly(alivlamine) polymer are sp? alivl carbons,

and Formuia 5a has the following structure:

N+

Formuia 5b,
wherein
a = a residue of N N-diallyl-1, 3-diaminopropane, or a salt theraof,
b = a residue of 2-propen-1-ylamine, or a salt thereof, and

¢ = g residue of two 2-propen-1-vlamines crosslinked with an ethylene
crosslinker, e.g. 1,2-dichlorosthane, which is shown as one of many possible

crossiinkages that will be formed in the polymer.

[00731] Clause 5. A crosslinked poly{allylamine) polymer consisting of the
residues of Z-propen-t-ylamine, or a salt thereof, 1,3-bis(allylamino)propane, or a salt
thereof, and an ethylene crosslinker e.g. 1,2-dichlorosthane, wherein less than 1.0% of
the total number of carbon atoms present in the crosslinked poly(allylaming} polymer

are sp? allyl carbons.

[00732] Clause 8. A crosslinked poly{allylamine) polymer wherein the

crosslinked poly(aliylamine) polvmer is 1, 3-propanediamine, N AP-di-2-propen-1-yi-,
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polymer with an ethylene crosslinker {e.g. 1,2-dichloroethane) and 2-propen-1-amine,

and less than 1.0% of the {olal number of carbon atoms present in the crosslinked

poly(allylamine) polymer are sp? allyl carbons.

[00733] Clause 7. A crosslinked poly(alliylamine) polymer wherein the
crosslinked poly(aliylamine) polymer is N AM3-bis(prop-2-en-1-yhpropan-1,3-diamine
copolymer with an ethylene crosslinker (e.g. 1,2-dichlorosthane) and prop-2-en-1-
amine, and less than 1.0% of the total number of carbon atoms present in the

crosslinked poly(aliylamine) polymer are sp? allyl carbons.

[00734] Clause 8. A crosslinked poly{alliylamine) polymer comprising the

e B Y]
2 i v b R

residues of . wherein X, vy and z are positive
integers, and less than 1.0% of the total number of carbon atoms present in the

crosslinked poly(aliylamine) polymer are sp? allyl carbons.

[00735] Clause 8. A crosslinked poly{allylaming) polymear comprising the

ol . PRy | [CaHClR: ; iti
¢ Fosbheage [CaHaNy {CoRaClE ik y and z are positive

residues o
integers, and less than 1.0% of the total number of carbon atoms present in the

crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00736] Clause 10. A crosslinked poly{allylamine) polymer comprising a
structure corresponding to Formula 5, wherein less than 1.0% of the total number of
carbon atoms present in the crosslinked poly(allivlamine) polymer are sp? allyl carbons,

and Formula 5 has the following structure:
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Formula 5,

wherain

a = residue of M N-digllyl-1, 3-diamincpropane dihydrochioride {(monomer and

crosslinker),
b = residue of allylamine (monomer),

¢ = residua of 1 2-dichlorgethane (ethylene crosslink between two amines); an
ethylens linkage between two allylamine groups is shown as an example of one

of many possible linkages between amineas,
m = a large number indicating an extended polymer network.

[00737] Clause 11. A crosslinked poly{allylamine) polymer comprising a
structure corresponding to Formula 5a, wherein less than 1.0% of the total number of
carbon atoms present in the crosslinked poly(aliylamine) polymer are sp? allyl carbons,

and Formula 5a has the following structure:
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Formuila 5a,

wherein
a = a residue of N N-diallyl-1, 3-diaminopropane, or a salt theraof,
b = a residue of 2-propen-t-ylamineg, or a salt thereof,

¢ = g residue of two 2-propen-1-vlamines crosslinked with an ethylene

crosslinker e g. 1,2-dichioroethane, and
m = a repeating unit of the polymer.

[00738] Clause 12, A crosslinked poly(allylamine) polymer wherein the
crosslinked poly(allylamine) polymer is poly{aliviamine-co-N N'-diallyl-1,3-
diaminopropane-co-1,2-diaminosathane), and lass than 1.0% of the total number of

carbon atoms present in the crosslinked poly(alliylamine) polymer are sp? allyl carbons.

[00739] Clause 13. A crosslinked poly{allylamine) polymer comprising a
structure corresponding to Formula 4, wherain lass than 1.0% of the {otal number of
carbon atoms present in the crosslinked poly(aliylamine) polymer are sp? allyl carbons,

and Formula 4 has the following structure:
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Formula 4

wherein each R is independently hydrogen or an ethylene crosslink between two

N
nitrogen atoms of the crosslinked amine polymer (“‘i‘%?j\\”'?’1 tand a, b, ¢, and m are

integers.

[007407 Clause 14, A crosslinked pohy{allylaming) polymer in bead form
consisting essentially of (i) 20-25 mol%% residue of 1,3-bis{allylaminc)propane, or a salt
thereof, (i) 50-60 mol% residue of Z-propen-1-ylamine or a salt thereof, and {iif} 20-25
moi% residue of an ethylene crosslinker e.g. 1,2-dichicrosthane wherein (i) the
crosslinked poly(allylamine) polymer comprises sp? allyl carbon atoms and has a
swelling ratic of less than 2 and (i) when tested with the Heated Stability Assay
{Stability Assay 2} the allylamine (H2C=CHCH2NH2) content of the crosslinked

poly{allylamine) polymaear increases by less than 2.6 ppm/day allylamine.

[oo7411 Clausse 15, A crosslinked poly(allylamine) polymer consisting
assentially of the residues of 2-propen-~-1-yiamine, or a sall thereof,
1,3-bis(allvlamino)prapana, or a sait thereof, and an ethylene crosslinkere.g. 1,2-
dichlorosthane, wherein when tested with the Heated Stability Assay (Stability Assay 2)
the allylamine (HC=CHCHzNHz2) content of the crossiinked poly(allylamine) polymer

increases by less than 2.6 ppmiday allylamine.

[00742] Clause 16. A crosslinked poly{aliviamine) polymer as defined in any of

tha numbered embodimeants.

[00743] Clause 17. A crosslinked poly{aliylamineg) polymer as defined in
embodiment 149.
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[00744 1 Clause 18. A crosslinked poly{allylamine) polymer consisting of the

residues of 2-propen-1-yvlamineg, or a salt thereof, 1,3-bis(allylamincipropans, or a salt
thereof, and an ethylene crosslinker e.g. 1, 2-dichlorosthane, wherein when tested with
the Heated Stability Assay (Stability Assay 2) the aliviamine (HzC=CHCH2NH:) content
of the crosslinked poly(aliviaming) polymer increases by less than 2.6 ppriv/day

allylamine.

(007451 Clause 18. A crosslinked poly(aliylamine) polymer wherein the
crosslinked poly(aiiylamine) polymer is 1, 3-propansediamine, N7 N8-di-2-propen-1-yi-,
polymer with an ethylene crosslinker {e.g. 1,2-dichlorosthane) and 2-propen-1-amine,
and whearein when tested with the Heated Stability Assay (Stability Assay 2) the
allylamine (H:C=CHCH2NH:2) content of the crosslinked poly(allylamine) polymer

increases by less than 2.6 ppm/day allvlamine.

[00746] Clause 20, A crosslinked poly{allylamine) polymer wherein the
crosslinked poly{allylaming) polymer is N N3-bis{prop-2-en-1-ylipropan-1,3-diamine
copolymer with an ethylenea crosslinker (e.g. 1,2-dichiorosthane) and prop-2-en-1-
amine, and wherein when tested with the Heated Stability Assay (Stability Assay 2) the
aliylamine (HoC=CHCH2NH2) content of the crosslinked poly(aliylaming) polymer

increases by less than 2.6 ppmiday allylamine.

[00747]1 Clause 21. A crosslinked pohy{allylaming) polymer comprising the

residues of , wherein x, y and z are positive
integers, and wherein when tested with the Heated Stability Assay {Stability Assay 2)
the allylamine (H:C=CHCH:NH2) content of the crosslinked poly{allylaming) polymer

increases by less than 2.6 ppmiday allvlamine.

(007487 Clause 22, A crosslinked poly{allylamineg) polymer comprising the

residues of osHalNs]e | G  JCaH TRk

, wherein x, y and z are positive
integers, and whersin when tested with the Heated Stability Assay (Stability Assay 2)
the allylamine (H:C=CHCH:2NH2) content of the crasslinked poly(allylamina) polymer

increases by less than 2.6 ppmiday allylamine.
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[00749] Clause 23. A crosslinked poly{allylaming) polymer comprising a

structure corresponding to Formula 5, wherein when tested with the Heated Stability
Assay (Stability Assay 2) the alivlamine (HzC=CHCH2NH2) content of the crosslinked
poly{allylamine) polymer increases by less than 2.6 ppm/day allylamine, and Formula 5

has the following structure:

Formula &,

wherain

a = residue of M N-digllyl-1, 3-diamincpropane dihydrochioride {(monomer and

crosslinker),
b = residue of allylamine (monomer),

¢ = residug of 1,2-dichioroethane (ethylene crossiink between two amines); an
ethylene linkage between two allylamine groups is shown as an example of one

of many possible linkages between amineas,
m = a large number indicating an extended polymer network.

[00750] Clause 24. A crosslinked poly{allylamine) polymer comprising a
structure corresponding to Formula 53, wherein when tested with the Heated Stability
Assay (Stability Assay 2) the allylamine (H2C=CHCH2NH2) content of the crosslinkad
poly(allvlamine) polymer increases by less than 2.6 ppm/day allylamine, and Formula

5a has the following structure:
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Formuila 5a,
wherein
a = a residue of N N dialiyi-1, 3-diaminopropane, or a salt thereof,
b = a residue of 2-propen-t-ylamineg, or a salt thereof,

¢ = g residue of two 2-propen-1-yvlamines crosslinked with an ethylene

crosslinker e g. 1,2-dichioroethane, and
m = a repeating unit of the polymer.

(007511 Clause 25, A crosslinked poly(allylamine) polymer wherein the
crosslinked poly(allylamine) polymer is poly{aliviamine-co-N N'-diallyl-1,3-
diaminopropans-co-1,2-diaminosthane), and wherein when tested with the Heated
Stability Assay (Stability Assay 2) the allylamine (H2C=CHCHzNH:z) content of the

crosslinked poly{aliylamine)} polymer increases by less than 2.6 ppm/day allylamine.

[00752] Clause 26. A crosslinked poly(allylamine) polymer comprising a
structure corresponding to Formula 4, wherein when tested with the Heated Stability
Assay (Stability Assay 2) the allylaming (H2C=CHCHoNH2) content of the crosslinked
poly{alivlamine) polymer increases by less than 2.6 ppm/day alivlamine, and Formula 4

has the following structure:
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Formula 4

wherein each R is independently hydrogen or an ethylene crosslink between two

N
nitrogen atoms of the crosslinked amine polymer (“‘i‘%?j\\”'?’1 tand a, b, ¢, and m are

integers.

[00753] Clause 27. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylaming) polymer in bead form consisting
essentially of (i) 20-25 mol% residue of 1,3-bis(allylamino)propane, or a sait thereof, (i)
50-60 mol% residue of 2-propen-1-ylamine or a salt thersof, and (i) 20-25 mol%
residue of an sthylene crosslinker e.g. 1,2-dichicroethane, wherein the oxygen transfer
rate betwean the exterior and interior of the unit dosage form is less than about 0.050
CCim2iday.

(0075471 Clause 28 A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allvlamineg) polymer comprising the residues of 2-
propen-1-yiamine, or a salt thereof, 1,3-bis{ailviamino)propane, or a sait thereof, and an
sthylene crosslinker e.g. 1,2-dichloroethane, wherein the oxygen transfer rate between

the exterior and interior of the unit dosage form is less than about 0.050 CCim?/day.

[00755]1 Clause 29, A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamineg) polymer consisting essentially of the
residues of Z-propen-t-ylamine, or a salt thereof, 1,3-bis(allylamino)propane, or a salt
thareof, and an ethylene crosslinker e.g. 1,2-dichlorosthang, wherein the oygen
transfer rate between the exterior and interior of the unit dosage form is less than about
0.050 CCim4day.
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[00756]1 Clause 30. A unit dosage form comprising the crosslinked

poly(alivlaming) polymer as defined in any of the numberad embodiments.

[00757] Clause 31, A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer consisting of the residues of
2-propen-1-ylamine, or a sait thereof, 1,3-bis{allylaminojpropane, or a sait thersof, and
an ethylene crosslinker e.g. 1,2-dichlorcethane, wherein the oxygen fransfer rate
between the exterior and interior of the unit dosage form is less than about 8.050
CCim2day.

(007587 Clause 32. A unit dosage form having an exterior and interior, the
interior comprising a crossiinked poly(ailylamineg) polymer whearein the crosslinked
poly(aliylamine) polymer is 1,3-propanediamine, N7 AN3-di-2-propen-1-yl-, polymer with
an ethylene crosslinker (e.g. 1,2-dichloroethane) and Z-propen-1-amine, wherein the
oxygen transfer rate between the exierior and interior of the unit dosage form is less
than about 0.050 CC/m%/day.

[00759] Clause 23. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer wherein the crosslinked
poly(allylamine} polymer is N7 N-bis{prop-2-en-1-ylpropan-1,3-diamine copolymer with
an ethylene crosslinker (e.g. 1,2-dichiorosthane) and prop-2-en-1-aming, wharein tha
oxygen transfer rate between the exdsrior and interior of the unit dosage form is less
than about 0.050 CC/m?/day.

[007601] Clause 34. A unit dosage form having an exterior and interior, the

interior comprising a crosslinked poly(allylamineg) polvmer comprising the residues of

. wherein x, y and z are positive integers,
wherein the oxygen transfer rate between the exterior and interior of the unit dosags
form is less than about 0.050 CC/im%day.

(007617 Clause 35, A unit dosage form having an exterior and interior, the

interior comprising a crosslinked poly(allylamine) polymer comprising the residues of

{ieabaaho]y | oo . [02HeClk: . e
: y =, wherein X, y and z are positive integers, and
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wherein the oxygen transfer rate between the exterior and interior of the unit dosage

form is less than about 0.050 CC/m%day.

[00762] Clause 36. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer comprising a structure
corresponding to Formula 5, wherein the oxygen transfer rate between the axterior and
interior of the unit dosage form is less than about 0.050 CC/m&/day, and Formula & has

the following structure:

Formula 5,

wherein

a = residus of N N'-diallyl-1 3-diaminopropane dihydrochloride {(monomer and

crosstinker),

b = residue of allylamine (monomer)

¢ = residue of 1,2-dichlorosthane (ethylene crosslink between two amines); an
gthylens linkage between two allylaming groups is shown as an example of one

of many possible linkages between amines,
m = a large number indicating an extended polymer network.

[00763]1 Clause 37, A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer comprising a structure

corresponding to Formula 5a, wherein the oxygen transfer rate between the exterior and
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interior of the unit dosage form is less than about 0.050 CC/m%/day, and Formula 5a has

the following structure:

Formuia 5a,

wherein
a = a residue of N N-diallyl-1,3-diaminopropane, or a salt thereof,
b = a residue of 2-propen-t-ylamine, or a salt thereof,

¢ = a residue of two 2-propen-1-ylamines crosslinked with an ethylene

crosslinker &.g. 1,2-dichioroethane, and
m = a regpeating unit of the polymer.

[00764] Clause 28. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer wherein the crosslinked
poly(aliviaming) polymer is poly{allvlamine-co-N, N'-diailyl-1, 3-diaminopropane-co-1,2-
diaminosthane), wherein the oygen transfer rate between the exterior and interior of

the unit dosage form is less than about 0.050 CC/m%/day.

[00765] Clause 29. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer comprising a structure
corresponding to Formula 4, wherein the oxygen transfer rate belween the exterior and
interior of the unit dosage form is less than about 0.050 CC/m?/day, and Formula 4 has

the following structure:
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Formula 4

wherein each R is independently hydrogen or an ethylene crosslink between two

N
nitrogen atoms of the crosslinked amine polymer (“‘i‘%?j\\”'?’1 tand a, b, ¢, and m are

integers.

[00766] Clause 40. A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamine) polymer in bead form consisting sssentially of
{iy 20-25 mol% residue of 1,3-bis{aliviaminolpropane, or a salt thereof, (i) 50-60 moi%
residue of 2-propen-t-ylamine or a salf thersof, and (i) 20-25 mol% residue of an
ethylene crosslinker e.q. 1,2-dichloroethang, the sealed enclosure comprising a mulli-
laver laminate of an inner contact layer, an outer layer; and a barrier layer disposed
between the contact layer and outer laver, wherein the oxygen transfer rate between the

multi-layer laminate is less than about 0.050 CC/m%/day.

(007671 Clause 41. A unit dosage form comprising @ sealed enclosure
containing a crosslinked poly(aliylamine) polymer comprising the residues of 2-propen-
1-ylamine, or a sait thereof, 1,3-bis(alivlamino)propane, or a salt thereof, and an
sthylene crosslinker e.g. 1,2-dichloroethane, the sealed enclosure comprising a multi-
layer laminate of an inner contact layer, an outer layer, and a barrier layer disposed
between the contact layer and outer layer, wherein the oxygen transfer rate between the

multi-layer laminate is less than about 0.050 CC/m%/day.

[00788] Clause 42. A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allvlamine) polymer congisting sssentially of the residues
of 2-propen-1-ylamine, or a salt thereof, 1,3-bis{alivlamino)propans, or a salt thereof,
and an ethylene crosslinker e.g. 1,2-dichiorogthane, the sealed enclosure comprising a

muiti-laver laminate of an inner contact layer, an outer layer; and a barrier layer
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disposed between the contact layer and outer layer, wherein the oxygen transfer rale

between the multi-layer laminate is less than about 0.050 CC/m/day.

[00769] Clause 43. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer comprising a structure
corresponding to Formula 5b, wherein the oxygen transfer rate betwesen the exterior and

interior of the unit dosage form is less than about 0.050 CC/m&/day.

(007707 Clause 44, A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamine) polymer consisting of the residues of 2-
propen-1-ylamine, or a salt thereof, 1,3-bis{allviamino)propane, or a sail thereof, and an
ethylene crosslinker e.q. 1,2-dichloroethang, the sealed enclosure comprising a multi-
laver laminate of an inner contact layer, an outer layer; and a barrier layer disposed
between the contact layer and outer laver, wherein the oxygen transfer rate between the

multi-layer laminate is less than about 0.050 CC/m%/day.

(007711 Clause 45, A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamine) polymer wherain the crosslinked
poly(alivlamineg) polymer is 1,3-propanediamine, N7 AP-di-2-propen-1-yl-, polymer with
an ethylene crosslinker (a.g. 1,2-dichloroethane) and 2-propen-1-amine, the sealed
enclosure comprising a multi-layer laminate of an innar contact laver, an ocuter layar;
and a barrier layer disposed between the contact layer and outer layer, wherein the
oxygen transfer rate between the multi-layer laminate s less than about 0.050
CCim?day.

(007721 Clause 46. A unit dosage form comprising a sealed encloswre
containing a crosslinked poly(allylamine) polymer wherein the crosslinked
poly(allylamineg) polymer is N AP-bis{prop-2-en-1-yiipropan-1,3-diamine copolymer with
an ethylene crosslinker (e.g. 1,2-dichioroethane) and prop-Z-en-1-amine, the sealed
enclosure comprising a multi-layer laminate of an inner contact laver, an outer layer;
and a barrier layer disposed batwesn the cortact layer and outer layer, wherein the
oxygen transfer rate between the multi-layer laminate is less than about 0.050
CCim?iday.

[00773] Clause 47. A unit dosage form comprising a sealed enclosure

containing a crosslinked poly{allylamineg) polymer comprising the residues of
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, wherein X, ¥y and z are positive integers,
tha sealed enclosure comprising a multi-layer laminate of an inner contact layer, an
outer layer, and & barrier layer disposed between the contact layer and outer layer,
wherain the oxygen transfer rate between the multi-layer laminate is less than about
0.050 CC/m?%day.

(007747 Clause 48, A unit dosage form comprising a sealed enclosure

containing a crosslinked poly(allylaming) polymer comprising the residues of

[CaHaNe]y | faHwNy . [C2HeClel:

e

, wherein x, v and z are positive integers, the
sealed enclosure comprising a multi-layer laminate of an inner contact layer, an outer
layer; and a barrier layer disposed between the cortact layer and outer layer, whergin
the oxygen transfer rate between the multi-layer laminate is less than about 0.050
CCim?iday.

[00775] Clause 49, A unit dosage form comprising a sealed enclosure
containing a crosslinked poly{allylamine) polymer comprising a structure corresponding
to Formula 5, the sealed enclosure comprising a muiti-layer laminate of an inner contact
layer, an outer layer, and a barrier layer disposed batween the contact laver and outer
laver, wherein the oxygen transfer rate betwean the multi-layer laminate is less than

about 0.050 CC/m3day, and Formula 5 has the following structure:
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Formula 5,

wherain

a = residue of M N-digllyl-1, 3-diamincpropane dihydrochioride {(monomer and

crosslinker),
b = residue of allylamine (monomer),

¢ = residua of 1 2-dichlorgethane (ethylene crosslink between two amines); an
ethylens linkage between two allylamine groups is shown as an example of one

of many possible linkages between amineas,
m = a large number indicating an extended polymer network.

[c0776] Clause 50. A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamine) polymer comprising a struciure corresponding
to Formula 5a, the sealed enclosure comprising a multi-layer laminate of an inner
contact layer, an outer layer; and a barrier layer disposed hetween the contact layer and
outer laver, wherain the oxygen transfer rate batween the multi-layer laminate is less

than about 0.050 CC/m%day, and Formula 5a has the following structure:
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Formuila 5a,

wherein
a = a residue of N N-diallyl-1, 3-diaminopropane, or a salt theraof,
b = a residue of 2-propen-t-ylamineg, or a salt thereof,

¢ = g residue of two Z2-propen-1-vlamines crosslinked with an ethylene

crosslinker e.g. 1,2-dichioroethane, and
m = a repeating unit of the polymer.

[00777] Clause 51, A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamine) polymer wherein the crosslinked
poly{aliylamine)} polymer is poly{allylamine-co-N, N'-diallyl-1, 3-diaminopropans-co-1,2-
diaminosthane), the sealed enclosure comprising a multi-layer laminate of an inner
cortact layer, an outer layer, and a barrier layer disposed between the contact layer and
outer layer, whersin the oxygen transfer rate between the muiti-layer laminate is less
than about 0.050 CC/m4day.

(007787 Clause 52, A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamineg) polvmer comprising a structure corresponding
to Formula 4, the sealed enclosurs comprising a multi-layer laminate of an inner contact
layer, an outer layer; and a barrier layer disposed betwesn the contact layer and outer
layer, wherein the oxygen transfer rate between the multi-layer laminate s less than

about 0.050 CC/m?day, and Formula 4 has the following structure:
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Formula 4

wherein each R is independently hydrogen or an ethylene crosslink between two

N
nitrogen atoms of the crosslinked amine polymer (“‘i‘%?j\\”'?’1 tand a, b, ¢, and m are

integers.

[00779] Clause 583, The crosslinked poly(alivlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamineg) polymer is in

bead form.

(007801 Clause 54. The crosslinked poly(allvlaming) polymer or unit dosage
form of any preceding clause whersin the crosslinked poly{allylamine) polymer has a

median particle size of greater than 1 micrometer and less than 1 millimeter.

(007811 Clause 55, The crosslinked poly{allylamine)} polymer or unit dosage
form of clause 54 wherein the particle size of the crosslinked poly{aliviamine) polymer is

measured by wet iaser diffraction using Mie theory.

[o0782] Clause 56. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer has a
structure corresponding to Formula 4 and m is a large number indicating an extended

polymer network.

(007831 Clause 57. The crosslinked poly{allylamineg) polymer or unit dosage
form of any praceding clause wherain tha crosslinked poly(allylamine) polymer has a
structure corresponding to Formula 4 and m is a large number indicating an exiended

polymer network in which each polymer bead is considered a single molecule,

[007841 Clause 58. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
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structure corresponding to Formula 4 and the sumofa andbto ¢ {ie, athiclisinthe

range of about 1.1 to &:1.

[00785] Clause 58. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding to Formula 4 and the sumofaandbioc {fe., atbc)isinthe

range of about 1:1 to 8:1.

(007861 Clause 60. The crosslinked poly{allylamineg) polymer or unit dosags
form of any praceding clause wherain tha crosslinked poly(allylamine) polymer has a
structure comresponding to Formula 4 and the sumofaandbloc {fe, atbiclisinthe

range of about 1.1 to 7:1.

(007871 Clause 81. The crosslinkad poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding to Formula 4 and the sumofaandbtoc (e, atbc)isinthe

range of about 1.1 to 8:1.

[00788] Clause 82. The crosslinked poly(aliylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer has a
structure corresponding ic Formulad and the sumofa and bto c (i e, ath.c) is inthe

range of about 1:1to 5:1.

[co789] Clause 63. The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding to Formula 4 and the sumofa andbtoc (i e, atbiclisinthe

range of about 1.1 to 4:1.

(007907 Clause 64. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a
structure corresponding to Formula 4 andthe sumofaandbioc {ie, a+bc)isinthe

range of about 1:1 to 311,

[00791] Clause 85. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer has a
structure corresponding to Formula 4 and the sumofaand b to ¢ (e, atbic) isin the

range of about 1:1 to 2:1.
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[007921 Clause 86. The crosslinked poly(ailylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymer has a
structure corresponding to Formula 4 and the sum of aand b to ¢ (fe., a+bic) is about
11

[00793] Clause 87. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a
structure corresponding o Formuladand the sumofaand b o c (e, atbiclis inthe
range of about 1.5:1 to 4:1.

[00794] Clause 88. The crosslinked poly(alivlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding to Formula 4 and the sumofa andbto ¢ {ie, athiclisinthe

range of about 1.75:1 to 3.1,

[00795] Clause 88, The crosslinked poly(allylamineg) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a
structure corresponding to Formula 4 and the sumofaandbioc {fe, atbc)isinthe

range of about 2:1 to 2.5:1.

(007861 Clause 70. The crosslinked poly{allylamineg) polymer or unit dosags
form of any praceding clause wherein tha crosslinked poly(allylamine) polymer has a
structure corresponding to Formula 4 and the sum of a and b to ¢ {f.e., a+bic) is about
2.5:1.

(007971 Clause 71. The crosslinkad poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

structure corresponding to Formula 4 and the sumof aand b is 57 and ¢ is 24

[oo7e8] Clause 72, The crosslinked poly(aliylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding to Formula 4 wherein 50-85% of the R substituents are
hydrogen and 5-20% are an ethylene crosslink between two nitrogens of the crosslinkad

amine polymer.

[00799] Clause 73. The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

structure corresponding to Formula 4 wherein 55-80% of the R substituents are
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hydrogen and 10-45% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.

[00800] Clause 74. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding to Formula 4 wherein 60-80% of the R substituents are
hydrogen and 10-40% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.

[00801] Clause 75. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer has a
structure corresponding to Formula 4 wherein 65-80% of the R substituents are
hydrogen and 10-35% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.

[00802] Clause 76. The crosslinked poly(allylamineg) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a
structure corresponding to Formula 4 wherein 70-80% of the R substituents are
hydrogen and 10-30% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.

[00803] Clause 77. The crosslinked poly(allylamineg) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a
structure corresponding to Formula 4 wherein 75-85% of the R substituents are
hydrogen and 15-25% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.

[00804] Clause 78. The crosslinked poly(allylamineg) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a
structure corresponding to Formula 4 wherein 80-85% of the R substituents are
hydrogen and 15-20% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.

[ooB0s] Clause 79, The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer has a
structure corresponding to Formula 4 wherein about 81% of the R substituents are
hydrogen and about 19% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.
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[00806] Clause 80. The crosslinked poly(ailylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymer has a
structure corresponding to Formula 4 and the % of the R substituents that are hydrogen
and the % of the R substituents that are an ethylene crosslink between two nitrogens of

the crosslinked amine polymer add up {0 100%.

[00807] Clause 81. The crosslinked poly(alliylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratic of the residues of the 2-propen-1-
ylamine, or a salt thereof, to the residues of the 1,3-bis(allylamino)propane, or a salt

thereof, is in the range of 60:40 to 85:15, respectively.

[o0808] Clause 82. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the moile ratio of the residues of the 2-propen-1-
viamineg, or a salt thereof, 1o the residues of the 1,3-bis{allylaminoipropane, or a sait

thereof, is in the range of 60:40 to 95:5, respectively.

[00809] Clause 83. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding ciause wherein the mole ratio of the residues of the 2-propen-1-
viamine, or a salt thereof, to the residueas of the 1,3-bis{allylamino)propane, or a salt

thereof, is in the range of 60:40 {c 8010, respectively.

[00810] Clause 84, The crosslinked poly(allylamineg) polymer or unit dosags
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
yviamine, or a salt thereof, to the residuses of the 1,3-bis{allylamino)propane, or a salt

thereof, is in the range of 65:35 o 90:10, respectively,

(008111 Clause 85, The crosslinked poly{allylamineg) polymer or unit dosagse
form of any praceding clause wherein the mole ratio of the residuss of the 2-propen-1-
ylamine, or a salt thereof, to the residues of the 1,3-bis(allylamino)propane, or a salt

thereof, is in the range of 65:35 1o 85:15, raspectively.

[oog12] Clause 86, The crosslinkad poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
viamine, or a salt theraof, to the residues of the 1,3-his(allylaminc)propane, or a salt

thereof, is in the range of 65:35 to 80:20, respectively.

[00813] Clause 87. The crosslinked poly(aliylamine) polymer or unit dosage

form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
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viamine, or a salt thereof, to the residues of the 1,3-bis{allvlamino)propane, or a salt

thereof, is in the range of 65:35 {6 75:25, respectively.

[00814] Clause 88, The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-t-
yviamine, or a salt thereof, to the residues of the 1,3-bis{allylamino)propane, or a salt

thereof, is in the range of 65:35 o 90:10, respectively.

(008151 Clause 89, The crosslinked poly{allylamine) polymer or unit dosags
form of any praceding clause wherein the mole ratio of the residuas of the 2-propen-1-
ylamine, or a salt thereof, to the residues of the 1,3-bis{allylamino)propane, or a salt

thereof, is about 70 : about 30, respectively.

[oog18] Clause 90. The crosslinkad poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratic of the residues of the 2-propen-1-
viamine, or a salt theraof, to the residues of the 1,3-bis(allvlamino)propanse, or a salt

thereof, is about 71 : about 29, respectively.

(008177 Clause 91. The crosslinked poly(aliylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinkad poly(allviamine) polymer

comprises 10-35 mol% of the residue of an ethylene crosslinker e.q. 1,2-dichloroethane.

[0o818] Clause 92. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer

comprises 15-35 mol% of the residue of an ethviene crosslinker e.g. 1,2-dichloroethane.

(008197 Clause 83. The crosslinked poly{alivlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer

comprises 10-30 mol% of the rasidue of an ethylene crosslinker e.g. 1,2-dichioroethane.

(008207 Clause 94. The crosslinked poly(allylamine) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly{allylamine) polymer

comprises 15-30 mol% of the residue of an ethylene crosslinker .g. 1,2-dichlorosthane.

[o08211 Clause 85. The crosslinkad poly(allvlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer

comprises 20-25 mol% of the residue of an ethylene crosslinker e.g. 1,2-dichiorgethane.

[00822] Clause 96, The crosslinked poly(allylamineg) polymer or unit dosags

form of any preceding clause wherein the mole ratio of the residue of 2-propen-~1-
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viamine, or a salt thereof, and the residue of 1,3-bis{allviamino)propane, or a sal

thereof, is in a mole ratio of about 1.1 to about 9.1, respectively.

[00823] Clause 97. The crosslinked poly(allylamineg) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of Z-propen-1-
yviamine, or a salt thereof, to the residus of 1,3-bis(ailviaminoipropane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is less than 9.1, respectively

(008241 Clause 88. The crosslinked poly{allylamine) polymer or unit dosags
form of any praceding clause wherein the mole ratio of the rasidus of Z-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-bis{allylamincipropane, or a sait thereof,

in the crossiinked poly{allylamine) polymer is less than &1, respectivaly

[oogzs] Clause 99, The crosslinkad poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
viamine, or a salt theraof, to the residue of 1,3-bis(allvlamino)propans, or a salt thereof,

in the crosslinked poly(allylamine) polymer is less than 7.1, respectively

[o0826] Clause 100. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
viamineg, or a salt thereof, to the residue of 1,3-bis{ailvlamino)propane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is less than 6.1, respectively.

(008271 Clause 101, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause whergin the mole ratio of the residue of 2-propen-1-
viamine, or a salt thereaf, {0 the residue of 1,3-bis(allylamino)propane, or a salt thereof,

in the crosslinked poly(allylamineg) polymer is less than 5.1, respectively.

(008281 Clause 102. The crosslinked poly(allylamine) polymer or unit dosage
form of any praceding clause wherein the mole ratio of the residus of Z-propen-1-
viamine, or a salt thereof, to the residuse of 1,3-bis(allvlaminolpropane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is less than 4.1, respectively.

[00829] Clause 103. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of Z-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-bis(allvlamino)propane, or a sait thereof,

in the crosslinked poly(allylamine) polymer is less than 3.1, respectively.
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[008301] Clause 104. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the mole ratic of the residue of Z-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-bis{allvlamino)propane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is less than 2.1, respectively.

(0083171 Clause 105. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
viamineg, or a salt theraof, to the residue of 1,3-bis{ailylamino)propane, or a salt thareof,

in the crosslinked poly(allylamine) polymer is at lgast 1:1, respectively.

[00832] Clause 106. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
viamine, or a salt thereof, to the residue of 1,3-bis{allylamino)propane, or a salt thereof,

in the crossiinked poly(allylamineg) polymer is at least 2.1, respectively.

[00833] Clause 107. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause whersin the mole ratio of the residue of Z-propen-1-
yviamine, or a salt thereof, to the residuse of 1,3-bis(ailviaminoipropane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is at least 3:1, respectively.

(008341 Clause 108. The crosslinked poly(allylamine) poiymer or unit dosage
form of any praceding clause wherein the mole ratio of the rasidus of Z-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-bis{allylamincipropane, or a sait thereof,

in the crossiinked poly{allylamine) polymer is at least 4.1, respectively.

[o0835] Clause 108, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
viamine, or a salt theraof, to the residue of 1,3-bis(allvlamino)propans, or a salt thereof,

in the crosslinked poly(allylamine) polymer is at least 5.1, respectively.

[00836] Clause 110. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
vlamine, or a salt thereof, to the residue of 1,3-bis(allylaminojpropane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is at least 6.1, respactively.

[00837] Clause 111. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause whergin the mole ratio of the residue of 2-propen-1-
viamine, or a salt thereaf, {0 the residue of 1,3-bis(allylamino)propane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is at least 7.1, respeciively.
185



WO 2022/186813 PCT/US2021/020265
[00838] Clause 112. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the mole ratic of the residue of Z-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-bis{allylamino)propane, or a salt thereof,

in the crosslinked poly(allylamine)} polymer is at least 8:1, respectively.

[00839] Clause 113. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mol% of the residues of Z-propen-1-ylamine,
or a salt thereof, 1,3-bis(ailviaminoipropane, or a salt thereof, and the ethylene
crosslinker e.g. 1,2-dichlorosthane are: (i) 10-35 mol% residue of
1,3-bis{allvlamino)propane, or a salt thereof, (i} 30-80 mol% residue of 2-Propen-1-
viaming, or a salt thereof, and (ili} 10-35 mol% rasidue of the ethylene crosslinker e.g.

1,2-dichiorosethane.

(0084071 Clause 114. The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause whersin the moi% of the residues of 2-propen-1-ylaming,
or a salt thereof, 1,3-bis{aliylaminojpropane, or a salt thereof, and the ethylene
crosslinker e.g. 1,2-dichloroethane are: (1) 10-35 mol% residus of 1,3~
bis(allylamino)propane, or a salt thereof, (i) 40-70 moi% residue of Z2-propen-1-yvlamine,
or a salt theraeof, and (i) 10-35 mol% residue of the ethylene crossiinker e.g. 1,2-

dichloroethane.

[o0841] Clause 115, The crosslinked poly(allylamine) polymer or unit dosage
form of any precading clause wherein the mol% of the residues of Z-propen-1-ylamine,
or a salt thereof, 1,3-bis(allylaminoc)propane, or a salt thereof, and the ethylene
crosslinker &.g. 1,2-dichloroethane are: (i) 15-30 mol% residue of
1,3-bis{allviamino)propane, or a sait thereof, (i} 40-70 mol% residue of 2-Propen-~1-
ylamine, or a salt thereof, and (i} 15-30 mol% residue of the ethvlene crosslinker e.g.

1,2-dichioroethane.

[oo842] Clause 116, The crosslinked poly(allvlamine) polymer or unit dosage
form of any preceding clause wherein the moi% of the residuas of 2-propen-1-ylaming,
or a salt thereof, 1,3-bis(allylamino)propane, or a salt thereof, and the sthylens
crosslinker e.g. 1,2-dichlorosthane are: (i) 15-30 mol% residus of 1,3-
bis(allylamino)propane, or a salt thereof, (i) 45-85 mol% residue of Z-propen-1-ylamine,
or a salt thereof, and (iii} 15-30 mol% residue of the sthylene crosslinker .g. 1,2-

dichloroethane.
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[00843] Clause 117. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the mol% of the residues of Z-propen-~1-yviaminsg,
or a salt thereof, 1,3-bis(allylamino)propane, or a sait thereof, and the sthylens
crosslinker e.g. 1,2-dichlorosthane are: {i) 20-25 mol% residue of
1,3-bis{allylamino)propane, or a salt thereof, (i) 50-60 moi% residue of 2-Propen-1-
viamine, or a salt thereof, and (iil) 20-25 mol% residue of the ethylene crosslinker e.g.

1,2-dichlorosthane.

(00844 ] Clause 118. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein If the crosslinked poly{allylamine) polymer
comprises the residues of Z-propen-i-ylamine, or a sall thereof,
1,3-bis{allylamino)propane, or a sait thereof, and an ethylene crosslinker e.g. 1,2-
dichlorosthane then the (i) mol% residus of 1, 3-bis(aliylaminolpropans, or a salt thereof,
{ii} mol% residue of 2-Propen-1-ylamine, or a salt thereof, and {iii) mol% residue of the

ethylene crosslinker e.gq. 1,2-dichloroethane add up to less than 100 mol%.

(008457 Clause 119, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein if the crosslinked poly{allylamine) polymer
consists essentially of the residues of 2-propen-t-vlaming, or a salt thareof,
1,3-bis{allylaminojpropane, or a saif thereof, and an ethylene crosslinkere.g. 1,2-
dichlorosthane then the (i) mol% residue of 1,3-bis(allylamino)propane, or a salt thereof,
(it} mol% residue of 2-Propen-1-ylamine, or a salt thereof, and (i) mol% residus of the

gthylene crosslinker e.g. 1,2-dichloroethane add up to less than 100 mol%.

[oog46] Clause 120. The crosslinked poly(allvlamine) polymer or unit dosage
form of any preceding clause whersin if the crosslinked poly{aliylaming) polymer
consists of the residues of 2-propen-1-yiamine, or a salt thereof,
1,3-bis{allylaming)propane, or a salt thereof, and an ethylene crosslinkere.g. 1,2~
dichlorosthane then the (i) mol% residus of 1,3-bis(allylamino)propans, or a salt theraof,
(i) mol% residue of 2-Propen-1-ylamine, or a salt thereof, and (il) mol% residue of the

sthylene crosslinker e.q. 1,2-dichloroethane add up to 100 moi%.

[o0847] Clause 121. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratic of the residues of 2-propen-1-
viamine, or a sait thereof ; 1,3-bis(allylamincipropane, or a salt thereof | the sthylens
crosslinker e.g. 1,2-dichlorosthane present in the crosslinked poly(aliylamine) polymer is

about 3-7 : about 0.5-3.5 : about 0.5-3.5.
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[00848] Clause 122. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the mole ratic of the residues of Z-propen-1-
ylamine, or a salt thereof : 1,3-bis(allylaminoipropang, or a salt thereof : the ethylene
crosslinker e.g. 1,2-dichlorosthane present in the crosslinked poly{aliylamine) polymer is
about 3.5-6.5 : about 0.5-3.5: about 0.5-3.5,

[00849] Clause 123. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratic of the residues of Z-propen-1-
ylamine, or a salt thereof : 1,3-bis(allylaminolpropang, or a salt thereof : the ethylene
crosslinker e.g. 1,2-dichlorosthane present in the crosslinked poly{allylamine) polymer is
about 4-6 © about 1-3 : about 1-3.

[008501] Clause 124. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratic of the residues of Z-propen-1-
ylamine, or a salt thereof : 1,3-bis(allylaminolpropang, or a salt thereof : the ethylene
crosslinker e.g. 1,2-dichloroethane present in the crosslinked poly{allylamine) polymer is
about 4.5-55: about 1.5-2.5 about 1.5-2.5

[cos51] Clause 125, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratic of the residues of Z-propen-1-
ylamine, or a salt thereof : 1, 3-bis(allylaminolpropang, or a salt thereof : the ethylene
crosslinker e.g. 1,2-dichlorosthane presant in the crosslinked poly(allylamine) polymer is

about & about 2 : about 2.

[co8521 Clause 126. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymear

comprises the residues of , wherein the ratio
of xy.zis about 0.5-3.5: about 3-7 . about 0.5-3.5.

[oo853] Clause 127. The crosslinked poly(allvlaming) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylamine) polymer
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comprises the residues of ., wherein the ratio
of xy.zis about 0.5-3.5 : about 3.5-8.5 : about 0.5-3.5.

[00854] Clause 128, The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allvlamine) polymer

R

comprises the residues of . wherein the ratio

of xv.zis about 1-3 : about 4-6 . about 1-3.

(008557 Clause 129. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamine) polymer

comprises the residues of , wherein the ratio
of xy.zis about 1.5-2.5 . about 45-5.5 . about 1.5-2.5.

(008561 Clause 130. The crosslinked poly(alivlamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylamine) polymer

comprises the residues of . whergin the ratio

of xvizis about 2 about 5 about 2.

[oos57]1 Clause 131. The crosslinked poly(allvlamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylamine) polymer
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comprises the residues of {CeRNzle . [Cshay . [CaHaI:

Xy:.zis about 0.5-3.5  about 3-7 : about 0.5-3.5.

. whersin the ratio of

(008581 Clause 132. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause whersin the crosslinked poly(allylamine) polymer

. . eH el | Bl - BlaHaClel:
comprises the residues of * Mzfe . sk, | ]

xy.z is about 0.5-3.5 . gbout 3.5-6.5: about 0.5-3.5.

, wherein the ratio of

[00859] Clause 133. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allvlamineg} polymer

[CabeNele | [OaHN] | [CaHeClz):

comprises the residuss of , wherein the ratio of

x.y.z is about 1-3 : about 4-6 : about 1-3.

[00860] Clause 134. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause comprising the residues of

{CahaNa]e . {loabih]y . [LaHeCla): , wherein the ratio of xy:z is about 1.5-2.5  about

4.5-55 about 1.5-2.5.

[oo861] Clause 135, The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause whergin the crosslinked poly{allylamine) polymer

WeHeNle . [CaHN L [OaHaCl):

comprises the residues of , wharein the ratio ¢f

xy.zisabout 2. about 5. about 2.

[00862] Clause 136. The crosslinked poly(aliviamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer
comprises a structure corresponding to Formula 5, wherein the mole ratio of the
residues of N N'-diailyi-1, 3-diaminopropane dihydrochloride | allvlamine 1,2~
dichloroethane in the crosslinked poly(allvlamine) polymer is about 0.5-3.5 : about 3-7 :
about 0.5-3.5.

(008637 Clause 137. The crosslinked poly(allvlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer
comprises a structure corresponding to Formula 5, wherein the mole ratio of the
residues of N N'-diailvi-1,3-diaminopropane dihydrochloride © allylamineg © 1,2-
dichlorosthane in the crossiinked poly{ailylamine) polymer is about 0.5-3.5 : about 3.5~

6.5 about 0.5-3.5.
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[c0864 ] Clause 138. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allvlamineg) polymaear
comprises a structure corresponding to Formula 5, wherein the mole ratio of the
residues of N N'-diailyli-1, 3-diaminopropane dihydrochloride | allvlamine © 1,2-
dichiorosthane in the crosslinkad poly{allylamine) polymer is about 1-3 © about 4-6
about 1-3.

(008651 Clause 139, The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause whersin the crosslinked poly{allylamine) polymer
comprises a structure corresponding to Formula 5, wherein the mole ratio of the
residues of N N -diailvl-1 3-diaminopropane dihydrochloride © allylamine  1,2-
dichlorosthane in the crosslinked poly{ailylamine) polymer is about 1.5-2.5 . about 4.5-
55 about 1.5-2.5.

[c0866] Clause 140. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer
comprises a structure corrasponding to Formula §, wherein the mole ratio of the
residues of N N'-diailvi-1,3-diaminopropane dihydrochioride | allylamine - 1,2-

dichlorosthane in the crosslinked poly{ailylaming) polymer is about 2 © about 5 about 2.

[00867] Clause 141, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(alivlamine) polymer
comprises a structure corrasponding to Formula 8a, whersin m is a large number

indicating an extended polymer network.

(008681 Clause 142. The crosslinked poly(allylamine) polymear or unit dosage
form of any preceding clause whersin the crosslinked poly{allylamine) polymer
comprises a structure corresponding to Formula 5a, whersin the ethylene linkags
betweaen two 2-propen-t-ylamine groups shown in ¢ of Formula Sa is an example of one

of many possible linkages between amines in the crosslinked poly(allylamine) polymer.

[00869] Clause 143. The crosslinked poly(allylamine) polymer or unit dosage
form of any praceding clause wherain tha crosslinked poly(allylamine) polymer
comprises a structure corresponding to Formula 5a, wherein the mole ratio of the
residues of N N'-diailyl-1,3-diaminopropane, or a salt thereof | 2-propen-1-ylamine, or a
salt thereof | the ethylene crosslinker e.g. 1,2-dichloroethane in the crosslinked

poly(aliylaming) polymer is about 0.5-3.5 © about 3-7 . about 0.5-3.5.
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[008701 Clause 144. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allvlamineg) polymaear
comprises a structure corresponding to Formula 5a, wherein the mole ratio of the
residues of N N'-diailyi-1, 3-diaminopropane, or a salt thereof | 2-propen-1-ylamine, or a
salt theraof | the ethylene crosslinker e.g. 1,2-dichlorosthane in the crosslinked

poly{alivlamine) polymer is about 0.5-3.5 : about 3.5-6.5 : about 0.5-3.5.

(008711 Clause 145. The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause whersin the crosslinked poly{allylamine) polymer
comprises a structure corresponding to Formula 5a, wherein the mole ratio of the
residues of N N -diallyl-1, 3-diaminopropane, or a salt thereof . 2-propen-1-ylamine, or a
salt thereof | the ethylene crosslinker e.g. 1,2-dichloroethane in the crosslinked

poly(aliylamine) polymer is about 1-3 © about 4-6 : about 1-3.

[c0872] Clause 146. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer
comprises a structure corrasponding to Formula 5a, wherain the mole ratio of the
residues of N N'-diailyl-1, 3-diaminopropane, or a salt thereof | 2-propen-1-ylamine, or a
salt thereof | the sthylene crosslinker e.g. 1,2-dichloroethane in the crosslinked

poly(allylamine) polymer is about 1.5-2.5: about 4.5-5.5 gbout 1.5-2.5.

(008737 Clause 147. The crosslinked poly(allylamine) polymer or unit dosage
form of any precading clause wherein the crosslinkad poly{allivlamine) polymer
comprises a structure corresponding to Formula 5a, wherein the mole ratio of the
residues of N N-diailyl-1,3-diaminopropane, or a salt thereof . Z-propen-i-ylamine, or a
salt thereof : the ethylene crosslinker e.g. 1,2-dichiorosthane in the crosslinked

poly{allylamine) polymer is about 2 about 5 ¢ about 2.

(008741 Clause 148, The crosslinked poly{allylamine) polymer or unit dosags
form of any preceding clause, wheregin the crossiinked poly{aillylamine) polymer
comprises x% of the residue of 2-propen-1-ylamineg, or a salt theraof, y% of the raesidus
of 1,3-bis{aliviamino)propane, or a salt thereof, and z% of the residue of the sthylene
crosslinker e.g. 1,2-dichlorosthane, or a salt thereof, as a percentage of the total

number of residues present in the crosslinked poly(alivlamine) polymer.

(0087571 Clause 148. The crosslinked poly{allylamineg) polymer or unit dosage

form of clauss 148, wherein x+y+z = 100%.

182



WO 2022/186813 PCT/US2021/020265
[00876] Clause 150. The crosslinked poly{allylamine) polymer or unit dosage

form of clauss 148, wherein x+y+z is < 100%.

[00877] Clause 151. The crosslinked poly(allylamine) polymar or unit dosage

form of clause 148, whersin x+y+z is < 100% and » 99%.

(008781 Clause 152. The crosslinked poly(allylamine) polymer or unit dosage

form of clause 148, wherein x+y+z is < 100% and > 98%.

[00879] Clause 153. The crosslinked poly{allylamine) polymer or unit dosage
form of clause 148, wherein x+y+z is < 100% and » 97%.

[oogao] Clause 154, The crosslinked poly{allylamine) polymer or unit dosage

form of clause 148, wherein x+y+z is < 100% and » 96%.

[oosa1] Clause 155 The crosslinked poly(allylamine) polymer or unit dosage

form of clause 148, wherein x+y+z is < 100% and > 85%.

(00882 ] Clause 158, The crosslinked poly{allylamine) polymer or unit dosage
form of any one of clauses 148-155, wherein x = about 30-90%, v = about 5-35%, and z
= about 5-35%.

[cosa3] Clause 157. The crosslinked poly{allylamine) polymer or unit dosage
form of any one of clauses 148-155, wherein x = about 40-80%, y = about 10-30%, and
z = about 10-30%.

[00884 ] Clause 158. The crosslinked poly{allylamine) polymer or unit dosage
form of any one of clauses 148-155, wherein x = about 50-80%, v = about 15-25%,
and z = about 15-25%.

[oog8s5] Clause 158. The crosslinked poly{allylamineg) polymer or unit dosage
form of any one of clauses 148-155, wherein x = about 50-80%, v = about 20-25%,
and z = about 20-25%.

[00886] Clause 160. The crosslinked poly(allvlamine) polymer or unit dosage
form of any praceding clause wherain the crosslinked poly(allylamine) polymeris

characterized by a chloride ion binding capacity of at least 2.5 mEg/g in a SIB assay.

[oosg7] Clause 181, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer is

characterized by a chloride ion binding capacity of at least 3 mEg/g in a 5IB assay.
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[00888] Clause 162. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymaer is

characterized by a chloride ion binding capacity of at least 3.5 mEg/g in a SIB assay.

[00889] Clause 163, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein wherain the crosslinked poly(aliylaming) polymer

is characterized by a chicride ion binding capacity of at least 4 mEg/g in a SIB assay.

(008801 Clause 164. The crosslinked poly{aliylamine) polymer or unit dosage
form of any praceding clause wherein tha crosslinked poly(allylamine) polymeris

characterized by a chloride ion binding capacity of at least 4.5 mEg/g in a SI1B assay.

[00891] Clause 165. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinkad poly(allvlamine) polymer is

characterized by a chioride ion binding capacity of at least 5 mEg/g in a SIB assay.

(008921 Clause 166. The crosslinked poly(allylamine) polymear or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymeris

characterized by a chloride ion binding capacity of at least 5.5 mEg/g in a SIB agssay.

(008933 Clause 167, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is

characterized by a chloride ion binding capacity of at least 8 mEg/g in a SIB assay.

(o084 ] Clause 188, The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer is
characterized by a chloride ion binding capacity of about 4.1 mEaq/g to about 5.4 mEg/g

in a 818 assay.

[00895] Clause 169. The crosslinked poly(allvlamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SI1B assay of at least

1:1, respectively.

[o0896] Clause 170, The crosslinked poly{aliylamine) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SI1B assay of at least

1.25:1, respectively.
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[00887] Clause 171. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylamineg) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a S1B assay of at least

1.5:1, respectively.

[oo898] Clause 172 The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer is
characterized by a chiloride ion to phosphate ion binding ratic in a SIB assay of at least
1.75:1, respectively.

[00899] Clause 173. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

21, respectively.

[o0200] Clause 174. The crosslinked poly(allylamine) polymar or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymeris
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

2.25:1, respectively.

(009011 Clause 175. The crosslinked poly{aliylamine) polymer or unit dosage
form of any praceding clause wherein tha crosslinked poly(allylamine) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

2.5:1, respectively.

[o0902] Clause 176, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a chloride ion to phosphate ion binding ratic in a SIB assay of at least

2.75:1, respeciively.

[00903] Clause 177. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinkad poly(allvlamine) polymer is
characterized by a chioride ion to phosphate ion binding ratio in a SiB assay of at least

3.1, respectively.

[00204] Clause 178. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a chiloride ion to phosphate ion binding ratio in a SIB assay of at laast
4:1, respectively.
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[00905] Clause 178. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymaer is
characterized by a chloride ion to phosphate ion binding ratio in a S1B assay of at least

&1, respectively.

[00906] Clause 180. The crosslinked poly{allylamins) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer is
characterized by a chiloride ion to phosphate ion binding ratic in a SIB assay of at least

6:1, respectively.

[009207] Clause 181. The crosslinked poly(aliylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

7.1, respectively.

[ooz08] Clause 182. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymeris
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

8.1, respectively.

(009091 Clause 183. The crosslinked poly{allylamine) polymer or unit dosage
form of any praceding clause wherain tha crosslinked poly(allylamine) polymeris
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

O:1, raspectively.

[009101] Clause 184, The crosslinked poly(allylaming} polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a chloride ion to phosphate ion binding ratic in a SIB assay of at least

10:1, respectively.

[00911] Clause 185. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer is
characterized by a chioride ion to phosphate ion binding ratio in a SiB assay of about

2.1:1, respectlively, to about 10.8:1, respectivsly.

[co212] Clause 186. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a proton-binding capacity and a chloride binding capacity in Simulated

Gastric Fluid of at least 7 mEg/g in a SGF assay.
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[00913] Clause 187. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymaer is
characterized by a proton-binding capacity and a chioride binding capacity in Simulated

Gastric Fluid of at least 8 mEq/g in a SGF assay.

[00914] Clause 188. The crosslinkaed poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer is
characterized by a proton-binding capacity and a chioride binding capacity in Simulated
Gastric Fluid of at least 8 mEqg/g in a SGF assay.

[00915] Clause 189. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a proton-binding capacity and a chloride binding capacity in Simulated

Gastric Fluid of at least 10 mEg/g in a SGF assay.

[oo916] Clause 180. The crosslinked poly(allylamine) polymar or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymeris
characterized by a proton-binding capacity and a chioride binding capacity in Simulated

Gastric Fluid of at least 11 mEg/g in a SGF assay.

(009171 Clause 181. The crosslinked poly{aliylamine) polymer or unit dosage
form of any praceding clause whersin tha crosslinked poly(allylamine) polymeris
characterized by a proton-binding capacity and a chioride binding capacity in Simulated

Gastric Fluid of at least 12 mEg/g in a SGF assay.

[00918] Clause 192, Tha crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a proton-binding capacity and a chioride binding capacity in Simulated

Gastric Fluid of about 9.0 mEg/g to about 12.6 mEg/g in a SGF assay.

[00919] Clause 183. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer has a

swelling ratio of less than 2.

(009207 Clause 194, The crosslinked poly(allylamine) polymear or unit dosage
form of any preceding clause whersin the crosslinked poly(allylamine) polymer has a

swelling ratio of less than 1.9.
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[00921] Clause 195. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymer has a

swelling ratio of less than 1.8.

[o0922] Clause 1896, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding ciause wherein the crosslinked poly{allylamine) polymer has a

swelling ratio of less than 1.7.

(009231 Clause 187. The crosslinked poly{allylamine) polymer or unit dosage
form of any praceding clause wherain tha crosslinked poly(allylamine) polymer has a

swelling ratio of less than 1.6.

[00924] Clause 198. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allivlamine) polymer has a

swelling ratio of less than 1.5.

(009257 Clause 199. The crosslinked poly(allylamine) polymear or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a

swelling ratio of less than 1.4.

[o09z6] Clause 200. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

swalling ratio of less than 1.3,

(009277 Clause 201, Tha crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

swelling ratio of less than 1.2.

[00928] Clause 202. The crosslinked poly{aliylamine) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer has a

swelling ratio of less than 1.1

[00929] Clause 203. The crosslinked poly(allylamine) polymar or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a

swelling ratio of less than 1.

[00830] Clause 204. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer has a

swelling ratio of less than 0.9,
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[00931] Clause 205. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymer has a
swelling ratio of less than 0.8.

[00932] Clause 206, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding ciause wherein the crosslinked poly{allylamine) polymer has a

swelling ratio of less than 0.7.

(009331 Clause 207. The crosslinked poly{allylamine) polymer or unit dosage
form of any praceding clause wherain tha crosslinked poly(allylamine) polymer has a

swelling ratio of about 0.7 to gbout 1.7.

[00934] Clause 208. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allivlamine) polymer has a

carbon to nitrogen weight ratio of about 2.1 to about 6.1, respectively.

(009351 Clause 209. The crosslinked poly(allylamine) polymear or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a

carbon 1o nitrogen weight ratic of about 2.5:1 10 about 5:1, respsctively.

(009367 Clause 210. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

carbon to nitrogen weight ratio of about 3.1 to about 4.5:1, respectively.

(0092377 Clause 211, Tha crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

carbon to nifrogen weight ratic of about 2.25:1 to about 4.25:1, respectivaly.

[00938] Clause 212. The crosslinked poly{aliylamine) polymer or unit dosags
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer has a

carbon to nitrogen weight ratio of about 3.4:1 {0 about 4.1, respectively.

[00939] Clause 213. The crosslinked poly(allylamine) polymar or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer has a

carbon to nitrogen weight ratio of about 3.5:1 {0 about 4.1, respectivaly.

[00840] Clause 214, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allvlamine) polymer has a

carbon to nitrogen weight ratio of about 3.6:1 o about 3.9:1, respactively.
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[009411] Clause 215. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymer has a

carbon to nitrogen weight ratio of about 3.7:1 to about 3.8:1, respectively.

[00942] Clause 216, The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the carbon {0 nitrogen weight ratio of the

crosslinked poly(allylamineg) polymer may be determined by elemenial analysis.

(009431 Clause 217. The crosslinked poly{allylamine) polymer or unit dosage
form of any praceding clause wherein the carbon to nitrogen weaight ratio of the
crosslinked poly(allylamine) polymer may be determined using a Perkin-Eimer 2400

Elemental Analyzer.

[00944 ] Clause 218, The crosslinked poly(allylaming} polymer or unit dosage
form of any preceding clause wherein the carbon {o nitrogen weight ratio of the
crosslinked poly(allylamine) polymer may be determinad using the slemental analysis

method in the description.

[00945] Clause 219. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinkad poly(allvlamine) polymer is
obtainable by first copolymerizing Z2-propen-1-ylamine, or a salt thereof,
1,3-bis{allylamino)propane, or a salt thereof, to form a poly(alivlamine) polymer,
followed by crosslinking the poly{aliylaming) polymer with an sthylene crosslinker e.g.

1,2~dichioroethane.

[00948] Clause 220, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause, wherein the crossiinked poly{allylamine) polymer is
obtainable by crosslinking a poly(allvlamine) polymer comprising the residues of 2-
propen-1-ylamine, or a salt thereof and 1,3-bis{allviamino)propane, or a sait thereof,

with an ethylene crossiinker e.¢g. 1,2-dichiorosthane.

[00947]1 Clause 221. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause, wherein the crossiinked poly{allylamine) polymer is
obtainable by crosslinking poiyiN? AP-di(prop-2-en-1-yhpropane-1, 3-diamine-co-prop-2-

en-1-amine] with an ethylene crosslinker e.g. 1,2-dichlorosthane,

[00948] Clause 222, The crosslinked poly(allylamine) polymer or unit dosage

form of clause 221, wherein polyiNT N3-di{prop-2-en-1-yhpropane-1,3-diamine-co-prop-
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2-en-1-aminel] is cbtainable by radical polymerization of 2-propen-1-ylamine, or a salt

thereof, and 1,3-bis{allylaminojpropane, or a salt thereof,

[00949] Clause 223. The crosslinked poly(allylamine) polymer or unit dosage
form of clause 221, whersin polyiN' M3-di{prop-2-en-t-yhipropane-1,3-diamine-co-prop-
Z2-en-1-amine] is oblainable by radical polymerization of 2-propen-1-vlamine and

1,3-bis(allylamino)propane.

(0095071 Clause 224. The crosslinked poly(allylamins) poiymer or unit dosage
form of any praceding clause, wherein the crosslinked poly(allylaming) polymer is

obtainable from a process comprising

1) afirst step, wherein a poiy(aliylamine) polymer is prepared by radical
polymerization of 2-propen-1-ylamine, or a salt thereof, and 1,3-bis(allylamino)propane,

or a sait thereof, and

2} a second step, whersin the poly(aliylamine) polymer is crosslinked with an

ethylene crosslinker e.g. 1,2-dichlorosthane.

[00951] Clause 225 The crosslinked poly(allylamine) polymer of any
preceding clause wherein the crosslinked poly{allylamine)} polymer further comprises a

feature from any one of numbered embodiments 1-441.

[00852] Clause 226. A crosslinked poly(ailylamine) polymer wherein the
crosslinked poly(allylamine) polymaer is veverimer, and lass than 1.0% of the {otal
number of carbon atoms present in the crosslinked poly(allylamine) polymer are sp? allyl

carbons.

[00953] Clause 227. A crosslinked poly(allylaming) polymer wherein the
crosslinked poly(alivlaming) polymer is veverimer, and wherein when tested with the
Heated Stability Assay (Stability Assay 2) the aliylaming (H2C=CHCH:NH2) content of

the crosslinked poly(allylamine) polymer increases by less than 2.6 ppmiday allylamine.

[00954] Clause 228. The crosslinked poly(allylamine) polymer of clause 226 or
clause 227 wherein the crosslinked polv{allylamine) polymer consists essentially of the
residues of 2-propen-t-ylamineg, or a salt thereof, 1,3-bis(allylamino)propane, or a salt
thereof, and an ethylene crosslinker e.g. 1, 2-dichioroathane, whergin the mole ratio of

the residues of 1,3-bis(allylaminojpropane, or a salt therseof | 2-propen-t-ylamine, or a
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salt thereof : the ethylene crosslinker e.q. 1,2-dichloroethane in the crosslinked

poly(alivlaming) polymer is about 2 : about 5 about 2.

[00955] Clause 229. The crosslinked poly(allylamine) poiymer of clause 226 or
clause 227 wherein the crosslinked poly(allylamine) polymer consists essentially of (i)
20-25 mol% residue of 1, 3-bis{ailvlamincipropans, or a salt thereof, (i) 50-60 mol%
residue of 2-propen-1-ylamine, or a salt thereof, and (iil) 20-25 mol% residue of an
ethylene crosslinker e.g. 1,2-dichloroethane, whersin the (i} mol% residue of
1,3-bis{allylaminojpropane, or a saif thereof, (i) mol% residue of 2-propen-1-ylamine, or
a salt thereof, and (il mol% residue of the ethylene crosslinker e.g. 1,2-dichicrosthane

add up to less than 100 mol%.

[00956] Clause 230. The crosslinked poly(allylamine) polymer of clause 226 or
clause 227 wherein the crosslinked poly{aliylamine) polymer consists of the residuas of
2-propen-1-ylamine, or a salt thereof, 1,3-bis(allylamino)propane, or a salt thereof, and
an ethvlene crosslinker e.g. 1,2-dichiorosthane, wherein the mole ratio of the residues
of 1,3-bis{allylamino)propansg, or a sait thereof | 2-propen-1-yvlamine, or a salt thersof
the ethylene crosslinker e.g. 1,2-dichioroethane in the crosslinked poly(allylamineg)

polymear is about 2 . about 5 about 2.

[00957] Clause 231. The crosslinked poly(allylamine) poiymer of clause 226 or
clause 227 wherein the crosslinked polv{allvlamine) polymer consists of (i) 20-25 mol%
residus of 1,3-bis{allylaminolpropans, or a salt thereof, (i) 50-60 moi% residue of 2-
propen-1-ylamine, or a salt thereof, and (i) 20-25 moi% residue of an ethylene
crosslinker &.g. 1,2-dichloroethane, wherein the (i) mol% rasidus of
1,3-bis{allvlamino)propane, or a sait thereof, {il) mol% residue of 2-propen-1-ylamine, or

add up to 100 mol%.

[00958] Clause 232. The crosslinked poly{allylamine) polymer of clause 226 or
clause 227 wherein the crosslinked poly{allylaming) polymer consists essentially of the
residues of 2-propen-t-ylamine, or a salt thereof, 1,3-bis(allylamino)propane, or a salt
thareof, and an ethylene crosslinker e.g. 1,2-dichloroethaneg, wherein the crosslinked
poly(allylamine) polymer has a carbon to nitrogen weight ratio of about 3.7:1 to about

3.8:1, respactively.
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[00959] Clause 233. The crosslinked poly(allylamine) polymer of clause 226 or

clause 227 wherein the crosslinked poly{aliylamine) polymer consists of the residuas of
2-propen-1-ylamine, or a salt thereof, 1,3-bis(allylamino)propane, or a salt thereof, and
an ethvlene crosslinker e.g. 1,2-dichlorosthane, wherein the crosslinked poly(ailylamine)

polymer has a carbon {o nitrogen weight ratio of about 3.7:1 1o about 3.8:1, respectively.

[009601 Clause 234. The crosslinked poly(alliylamine) polymer of clause 233
wherein the carbon to nitrogen weight ratio of the crossiinked poly{allylamineg) polymer

may be determined by slemental analysis.

[00961] Clause 235 The crosslinked poly(allylamine) polymer of any one of
clauses 233-234 wherein the carbon to nitrogen weight ratio of the crosslinked
poly(allylamine) polymer may be determined using a Perkin-Eimer 2400 Elemental

Analyzer.

[00962] Clause 236. The crosslinked poly(allylaming) polymaear of any one of
clauses 233-235 wherein the carbon {o nitrogen weight ratio of the crosslinked
poly(allylamine} polymer may be determined using the elemental analysis method in the

description.

(009631 Clause 237. The crosslinked poly{allylamine) polymer of any
praceding clause wherain the crosslinked poly(allylamine) polymer comprises sp? allyl

carbon atoms.

[00964] Clause 238. The crosslinked poly(allylamine) polymer of any one of
clauses 14, 15, 18-26 or 227 wherein less than 1.0% of the otal number of carbon

atoms present in the crosslinked poly(aliyilamine) polymer are sp? aliyi carbons.

(009651 Clause 239. The crosslinked poly(allylamine) polymer of any
preceding clause wherein less than 0.9% of the total number of carbon atoms present in

the crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00966] Clause 240, The crosslinked poly(allylamine) polymer of any
preceding clause wherein less than 0.8% of the total number of carbon atoms present in

the crosslinked poly{allylamine) polymer are sp? ally! carbons.

[00967] Clause 241. The crosslinked poly(ailylamine) polymer of any
preceding clause wherein less than 0.7% of the total number of carbon atoms present in

the crosslinked poly(allylamine) polymer are sp® allyl carbons.
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[00968] Clause 242. The crosslinked poly(allylamine) polymer of any

preceding clause wherein less than 8.6% of the total number of carbon atoms present in

the crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00969] Clause 243. The crosslinked poly(allylamine) polymer of any
precading clause wherein less than 0.5% of the {otal number of carbon atoms prasent in

the crosslinked poly{allylamine) polymer are sp? allyl carbons.

(009707 Clause 244. The crosslinked poly{allylamine) polymer of any
preceding clause wherein less than 0.4% of the total number of carbon atoms present in

the crosslinked poly{alivlamine) polymer are sp® allyl carbons.

[00971] Clause 245, The crosslinked poly(allylamine) polymer of any
preceding clause wherein more than C.3% of the total number of carbon atoms present

in the crosslinked poly{allylamine} polymer are sp? allyl carbons.

(009721 Clause 246. The crosslinked poly(allylamine) polymer of any
preceding clause wherain less than 0.3% of the total number of carbon atoms present in

the crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00973] Clause 247. The crosslinked poly(alivlamine) polymer of any preceding
clause wherein less than 0.2% of the total number of carbon atoms present in the

crosslinked poly(allylaming) polymer are sp? allyl carbons.

[Q0874] Clause 248, The crosslinked poly(aliylaming) polymar of any preceding
clause wherein less than 0.1% of the total number of carbon atoms present in the

crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00975] Clause 249. The crosslinked poly(aliylamine) polymer of any preceding
clause wherein less than 0.05% of the otal number of carbon atoms present in the

crosslinked poly(allylamine) polymer are sp? allyl carbons.

[Q08786] Clause 250, The crosslinked poly(allylamine) polymer of any preceding
clause wherein the percentage of sp? allyl carbons can be determined by measuring the

percantage of sp? allyl carbons in the crosslinked poly(allylamine) polymer.

[C0977] Clause 251, The crossiinked poly(ailviamine) polymer of any preceding
clause wherein the percentage of sp? allyl carbons can be determined by calculating the

percentage of sp? aliyl carbons in the crosslinked poly(allylamine) polymer from the
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percentage of sp? aliyl carbons measured in the poly(allylamine) polymer that is

crosslinked to make the crosslinked poly{allylamine) polymer.

[oce78] Clause 252, Thea crosslinked poly(allylaming) polymer of clause 251
wherein the percentage of sp? allyl carbons in the crosslinked poly(aliylamine) polymer
can be determined by multiplying the percentage of sp? allyl carbons in the
poly{allylamine) polymer by the ratio of the carbon to nitrogen weight ratio of the
poly(alivlaming) polymer to the carbon o nitrogen weight ratic of the crosslinked

poly{allylamineg) polymer.

[00979] Clause 253. The crosslinked poly(ailylamine) polymer of clause 252
wherein the ratio of the carbon 1o nitrogen weight ratio of the poly(aliviaming) polymer to
the carbon to nitrogen weight ratio of the crosslinked poly(allylamine) polymer is about
0.9.

[QCe80] Clause 254, Thea crosslinked poly(allylaming) polymer of clause 252 or
clause 253 wherein the carbon to niirogen weight ratio of the poly(allylamine) polymer
and the carbon 1o nitrogen weight ratio of the crosslinked poly{ailylamineg) polymer may

be determined by slemental analysis.

[00981]) Clause 255. The crosslinked poly{aliviamine) polymer of any preceding
clause wherein the percentage of sp? allyl carbons in the poly(allylamine) polymer can
be determined by SC NMR.

(0098821 Clauses 256-262 are left blank

[00983] Clause 263. The crosslinked poly(alivlamine) polymer of any preceding
clause wherein the percentage of sp? allyl carbons in the crosslinked poly{aliylamine)

polymer can be determined by C NMR.

(009841 Clause 264. The crosslinked poly(allviaming) polymer of clause 255 or
clause 263 wherein the integration of the sp? allyl carbon peaks between 110 — 150
ppm and alkyl carbon peaks between 0 — 80 ppm is used o quantitate the percentage

of sp? allyl carbons using the formula

veak integration (110150 ppm)

X 106,

% sp2 allyl carbons = - P~ - P~
- peak integration (0—80 ppm)+peak integration (110—-150 ppn)

[Q0e85] Clause 265. The crosslinked poly(aliylaming) polymar of any one of
clauses 255, 263 or 284 wherein the *C NMR is quantitative "*C solid state magic

angle spinning (MAS) NMR.
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[00986] Clause 266. The crosslinked poly(ailylamine) polymer of clause 265

wherein the guantitative *C solid state magic angle spinning (MAS) NMR is performed

as described in the description.

[00887] Clause 267. The crossiinked poly(allylamineg) polymer of clause 265
wherein the quantitative 1°C solid state magic angle spinning (MAS) NMR measurament
is performed on a Bruker AVANCE 1l 800 MHz (18.8T) standard bore spectrometer,
operating at 800.25 MHz and 201.24 MHz for 'H and 3C, respectively, with a 4 mm

zirconia rotor system at a spinning frequency of 16 kHz

[00988] Clause 268. The crosslinked poly(ailylamine) polymer of clause 267
wherein a single puise experiment is performed with a 30 degres excitation puise of 1.2
Ls using an 8 s relaxation delay, which is optimized for quantitative analysis, an 8.6 ms
acquisition time, and an acumination of about 20,000 scans, 100 kHz proton decoupling
is applied during *C data acquisition and the chemical shift is referenced to a TMS

standard.

[0098%5] Clause 269. The crosslinked poly(ailylamine) polymer of any one of
clauses 255, 263 or 264 whersin the 1°C NMR is quantitative *C solid state cross-

polarization magic angle spinning (CPMASY NMR.

(00880} Clause 270. Thea crosslinked poly(allylamineg) polymer of clause 269
wherein the quantitative 1*C solid state cross-polarization magic angle spinning
(CPMAS) NMR is performed as described in the description.

(00991} Clause 271. The crosslinked poly(ailylamine) polymer of clause 269
wherein the guantitative "*C solid state cross-polarization magic angle spinning
{CPMAS) NMR measuremaeant is performed on a Redstong 360 MHz spectrometer,
operating at 363.331 MHz and 91.3689 MHz for "H and °C, respectively, with a 7 mm

zirconium probe at a spinning frequency of 7 kHz.

[00992] Clause 272. The crosslinked poly(ailylamine) polymer of clause 271
wherein the cross-polarization experiment is performed with a 90 degree 'H excitation
pulse of 5 us, 2.5 ms contact time, and 3 s recycle delay, which is calibrated for
crosslinked poly(allylamine) polymer analysis based on guantitative single-pulse
spectra, proton decoupling of 12V and 18V and line broadening of 35 Hz are used, and

about 3500 speciral acquisitions are accumulated.
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[00983] Clause 273. The crossiinked poly(alivlamine) polymer of any preceding

clause wherein the number of sp? aliyi carbons, if any, comprised by the crossiinked

poly{allylamine) polymer is less than the detection limit as determined by °C NMR.

[00894] Clause 274. The crossiinked poly(ailylamineg) polymer of any preceding
clause wherein the crosslinked poly(aliviaming) polymer contains less than 20 ppm

allylamine (H:C=CHCH2NH2) as an impurity.

[00995] Clause 275. The crosslinked poly{aliviamine) polymer of any preceding
clause wherein the crosslinked poly{aliviaming) polymer contains less than 15 ppm

aliylamine (H2C=CHCH2NHz2) as an impurity.

[008986] Clause 276. The crosslinked poly{ailylamine) polymer of any preceding
clause wherein the crosslinked poly{aliylamine) polymer contains less than 10 ppm

allylamine (HoC=CHCH2NH2) as an impurity.

[Q0887] Clause 277. The crosslinked poly(aliviamine) polymer of any preceding
clause wherein the crosslinked poly{allylaming) polymer contains less than 5 ppm

aliylamine (H2C=CHCH:NHz) as an impurity.

[00998] Clause 278. The crosslinked poly(alivlamine) polymer of any preceding
clause wherein the crosslinked poly(alivlamine) polymer contains less than 1 ppm

allylamine (HoC=CHCH2NH2) as an impurity.

[Q0829] Clause 279. The crosslinked poly(aliylaming) polymar of any preceding
clause wherein the crosslinked poly{allylaming) polymer contains less than 100 ppb

allylaming (H2C=CHCHaNHz2) as an impurity.

[oo10001  Clause 280. The crosslinkad poly(aliviamine) polymer of any praceding
clause wherein the crosslinked poly{allviamine) polymer contains less than the detection
limit for allylamine (H2C=CHCH2NH2).

[oo1001] Clause 280A. Tha crosslinked poly{allylaming) polymer of any one of
clauses 274-280 wherein the allylamine content may be determined by the Cation IC

Exiraction Procedure.

[oo1002]  Clause 281. The crossiinked poly(alivlamine) polymer of any preceding
clause wherein when tasted with the Heated Stability Assay (Stability Assay 2) the
aliylamine content of the crosslinked poly(allylaming) polymaer increases by less than 2.5

ppn/day allylamine.
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[o010031 Clause 282. The crossiinked poly(alivlamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay {Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 2.4

ppnifday allylamine.

[oo10041 Clauss 283. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein when {ested with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamineg} polymaer increases by less than 2.3

ppmfday allylamine.

(0010051 Clause 284. The crosslinked poly(aliylamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 2.2

ppm/day allviamine.

[001006] Clause 285, The crosslinked poly(aliylamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Slability Assay 2) the
alivlamine content of the crossiinked poly(aliylamineg) polymer increases by lass than 2.1

ppmiday allylamine.

(0010071  Clause 286, The crosslinked poly{ailvlamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamineg) polymer increases by less than 2.0

ppm/day allylamine.

[oo1o0o8]  Clause 287, The crossiinked poly(allylamine) polymer of any preceding
clause wherein when fested with the Heated Stabiiity Assay {Stability Assay 2) the
alliylamine content of the crosslinked poly(allylamine) polymer increases by less than 1.9

ppm/day allylamine.

[oo1008] Clause 288. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein when {estad with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylaming) polymer increases by less than 1.8

ppm/day allylamine.

[oc1010]  Clause 289. The crosslinked poly(aliylamineg) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
aliylamine content of the crosslinked poly(allvlamine) polymer increases by less than 1.7

ppm/day allvlamine.
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[oo1c11]  Clause 290. The crossiinked poly(alivlamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay {Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 1.6

ppnifday allylamine.

[oo1g121 Clauss 291. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein when {ested with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamineg} polymaer increases by less than 1.5

ppmfday allylamine.

(0010131 Clause 292. The crosslinked poly(aliylamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
allylamine content of the crosslinked poly{allylamineg) polymer increases by less than 1.4

ppm/day allviamine.

[0010141 Clause 293. The crosslinked poly(aliylamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2) the
alivilamine content of the crosslinked poly(aliylamine) polymer increases by less than 1.3

ppmiday allylamine.

(0010151  Clause 284, The crosslinked poly{ailvlamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamine)} polymer increases by less than 1.2

ppm/day allylamine.

[oo1o16]  Clause 2895, The crossiinked poly(aliylamine) polymer of any preceding
clause wherein when fested with the Heated Stabiiity Assay {Stability Assay 2) the
alivlamine content of the crosslinkad poly(allylamine) polymer increases by less than 1.1

ppm/day allylamine.

0010171 Clause 296. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein when testad with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamineg) polymer increases by less than 1.0

ppm/day allylamine.

[oc1018]  Clause 297. The crosslinked poly(aliylamineg) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
aliylamine content of the crosslinked poly{allvlamine) polymer increases by less than 0.8

ppm/day allvlamine.
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[oo1c19]  Clause 298. The crossiinked poly(alivlamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay {Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 0.8

ppnifday allylamine.

[oo10z201 Clauss 299. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein when {ested with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamineg)} poiymaer increases by less than 0.7

ppmfday allylamine.

[oo10211  Clause 300. The crosslinked poly(aliylamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
allylamine content of the crosslinked poly{allylaming) polymer increases by less than 0.6

ppm/day allviamine.

[oo1o221 Clause 301. The crosslinked poly(aliylamine) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Slability Assay 2) the
alivlamine content of the crosslinked poly(aliylamine) polymer increases by less than 0.5

ppmiday allylamine.

(0010231  Clause 302, The crosslinked poly{ailvlamineg) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 0.4

ppm/day allylamine.

[oo1oz41  Clause 303, The crosslinked poly(aliylamine) polymer of any preceding
clause wherein when fested with the Heated Stabiiity Assay {Stability Assay 2) the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 0.3

ppm/day allylamine.

[oo1025] Clause 304. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein when {estad with the Heated Stability Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamine) poiymer increases by less than 0.2

ppm/day allylamine.

[001026]1 Clause 305. The crosslinked poly(aliylamineg) polymer of any preceding
clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
aliylamine content of the crosslinked poly{allvlamine) polymer increases by less than 0.1

ppm/day allvlamine.
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[o010271 Clause 306. The crossiinked poly(alivlamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay {Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than

0.05 ppmiday allylamine.

fooigzs] Clauss 307. The crosslinked poly{allylamine) polymer or unit dosage form
of any preceding clause wheregin the residue of 2-propen-1-ylamine, or a salt thereof, is
the residue of: the free base of Z-propen-1-yiamine, a Z2-propen-1-ylamine hydrochioric
acid salt, a Z-propen-1-ylamine sulfuric acid salt, a 2-propen-1-ylamine phosphoric acid

salt, a 2-propen-1-viamine hydrobromic acid salt or a combination thereof,

fooigzel Clauss 308. The crosslinked poly{allylamine) polymer or unit dosage form
of any preceding clause wheregin the residue of 2-propen-1-ylamine, or a salt thereof, is

the residue of the free base of Z-propen-i-ylamine.

[oo103c] Clause 309. The crosslinked poly(allylamine) polymer or unit dosage form
of any preceding clause wherein the residue of 2-propen-1-ylaming, or a salt thereof, is

the residue of a 2-propen-1-ylamine hydrochioric acid salt.

[oo10311  Clause 310. The crosslinked poly(allylamine) polymer or unit dosage form
of any preceding clause wherein the residue of 1,3-bis{allylamincipropane, or a salt
thereof, is the rasidus of. the free base of 1,3-bis(allylamincipropane, 2 1,3-
bis{allylamino)propane hydrochioric acid salt, a 1,3-bis{allylamino)propane sulfuric acid
salt, & 1,3-bis{alivlamino)propane phosphoric acid salt, a 1,3-bis{allylamino)propane

hydrobromic acid salt or a combination thereof.

(0010321 Clause 311, The crosslinkad poly(allylaming) polymer or unit dosage form
of any preceding clauss wherein the residus of 1,3-bis{(aliylamino)propane, or a salt

thereof, is the residue of the free base of 1,3-bis(allylamino)propane.

[oo10331 Clause 312. The crosslinked polv{allylamine) polymer or unit dosage form
of any preceding clause wheregin the residue of 1,3-bis{alivlamino)propane, or a salt

thereof, is the residue of a 1,3-bis{allylamino)propane hydrochioric acid salt.

(0010341 Clause 313. The crosslinked poly{allylamine) polymer or unit dosage form
of any preceding clause wherein the residue of 2-propen-1-ylaming, or a salt thereof, is
the residue of g 2-propen-1-ylamine hydrochloric acid salt and the residue of 1,3-
bis{allylamino)propane, or a salt theraof, is the residue of a 1,3-bis(allylamino)propane

hydrochloric acid salt,
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[00103581 Clause 314. The crosslinked poly(allylamine) polymer of any preceding

clause wherein the crosslinked poly{allylamine) polymer is veverimer and the
crosslinked poly(allylamine) polymer is obtainable by first copolymerizing 2-propen-1-
ylamine, or a salt thereof, and 1,3-bis(aliylaminolpropane, or a sali thereof, to form a
poly{aliviamineg) polymer, followed by crosslinking the poly(alivlamine) polymer with an
sthylene crosslinker e.g. 1,2-dichloroethane, wherein the residue of 2-propen-1-ylamine,
or a salt theraof, is the residus of. the free base of Z-propen-1-ylamine, a 2-propen-1-
yiamine hydrochloric acid salt, a 2-propen-1-ylamine sulfuric acid salt, a 2-propen-1-
viamine phosphoric acid salt, a 2-propen-1-ylamine hydrobromic acid salt or a
combination thereof, and the residue of 1,3-bis{allylaminc)propane, or a salt thereof, is
the residue of: the free base of 1,3-bis(allviamino)propane, a 1,3-bis(allvlamincipropans
hydrochloric acid salt, a 1,3-bis(allvlamino)propane sulfuric acid salt, a 1,3-
bis{allylamino)propane phosphoric acid salt, a 1,3-bis{allylamino)propane hydrobromic

acid salt or a combination thereof

[001036] Clause 315. The crosslinked poly(allylamine) polymer of clause 314
wherein the residue of 2-propen-1-ylaming, or a salt theredf, is the residue of the free

base of 2-propen-1-ylamine.

[0010371 Clause 316. The crosslinked poly(allylamine) polymer of clause 314
wherein the residue of 2-propen-1-ylamine, or a salt theredf, is the residue of a 2-

propen-1-ylamine hydrochioric acid salt.

[oc10381 Clause 317. The crosslinked poly(allylamine) polymer of clause 314
wherein the residue of 1,3-bis{allylaminolpropane, or a salt thereof, is the residue of the

free base of 1,3-bis(allylamino)propane.

[0010381 Clause 318. The crosslinked poly(allylamine) polymer of clause 314
whaerein the rasidue of 1,3-bis(allylamino)propane, or a sall thereof, is the residus of &

1,3-bis{allylamino)propane hydrochioric acid salt.

[oo1040]  Clause 319 The crosslinkad poly(allylamine) polymer of clause 314
wherain the residue of 2-propen-1-ylamine, or a salt thereof, is the rasidue of a2 2-
propen-1-ylamine hydrochloric acid salt and the residue of 1,3-bis{allylamino)propans,

or a salt thereof, is the residue of a 1,3-bis{allvlamino)propang hydrochloric acid salt.

[oo1c411  Clause 320. The crosslinked poly(allylamine) polymer of any preceding

clause where the ethylene crosslinker is dichloroethanea.
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[o010421 Clause 325. The crosslinked poly(alivlamine) polymer or unit dosags form

of any preceding clause wherein the crosslinked poly{ailvlaming) polymer is obhtainable

from any process disclosed herein.

[0010431 Clause 326. A composition comprising the crosslinked poly(allylaming)

polymer of any preceding clause.

[oo10441  Clause 327, A pharmaceutical composition comprising the crosslinkad

poly(allylamine) polymer of any preceding clause.

(0010451 Clause 328. A method of treating an individual afflicted with a disease or
disorder, the method comprising oral adminisiration of the crosslinked poly(allylamine)

polymer of any preceding clause, or a pharmaceutical composition thereof.

[oci04e]  Clause 329. The method of clause 328, wherein the disease or disorder is

any disease or disorder disclosed hersin.

(0010471 Clause 330, The method of clause 328, wherein the disease or disorder is

metabolic acidosis.

[oo1048] Clause 331. Use of the crosslinked poly{allylamine) polymer of any

preceding clause for the manufacture of a medicament for therapy.

fooi10491  Clause 332, Use of the crosslinked poly{allylamineg) polymer of any
preceding clause for the manufacture of a medicament for treating any indication

disclosed herein.

[oo1050]  Clause 333, Use of the crosslinked poly{allylamine) polymer of any

preceding clause for the manufacture of a medicament for treating metabolic acidosis,

[oo1051]  Clause 334. The crosslinked poly(aliylaming) polymer of any any

preceding clause for use in therapy.

[oo10521  Clause 335, The crosslinkad poly(aliviamine) polymer of any praceding

clause for use in a method of treating metabolic acidosis.

(0010531 Clause 336, The crossiinked poly{aliviamine) polymaer of any preceding

clause for use in a method of slowing Kidney disease progression.

[oo10541  Clause 337, The crosslinked poly(ailylamine) polymer for use according
to clause 336 wherein the patient has metabolic acidosis associated with chronic kidney

disease.
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[o0105581 Clause 338. The crossiinked poly(alivlamine) polymer of any preceding

clause for use in treating cancer.

[001056] Clause 339. The crosslinked poly(aliylamine) polymer of any preceding

clause for use in slowing the progression of cancer.

(0010571 Clause 340. The crosslinked poly{aliviamine) polymer of any preceding

clause for use in treating disbetes.

[oo10581  Clause 341, The crossiinked poly(ailvlamine) polymer for use according
to any one of clauses 334-340 whersin the crosslinked poly{aliylamine) polymer is

administered crally at a once daily dose of 3 g

[oo1058]  Clause 342, The crossiinked poly{allylaming) polymer for use according
to any one of clauses 334-340 wherein the crosslinked poly(alivlaming} polymer is

administered orally at & once daily dose of 6 ¢.

[oc1060]  Clause 343, The crosslinked poly{aibviamine) polymer for use according
to any one of clauses 334-340 wherein the crosslinked poly{allylamine) polymer is

administered orally at a once daily dose of S ¢.

[oo10e1] Clause 344, The crosslinked poly(ailylamine) polymer for use according

{0 any one of clauses 334-340 wherein the starting dose is B g,

[o010821 Clause 345 The crosslinked poly(ailylamine) polymer for use according
to clause 344 wherein the dose is adjusted inincrements of 3 g, upto 8 g, ordownto 3

g once daily to achisve the desired serum bicarbonate level

[001063]1 Clause 346. The crosslinked poly(ailylamine) polymer for use according
{o any one of clauses 334-345 wherein the crosslinked poly(allylamineg} polymaer is

administered with food.

(0010641 Clause 347. A method of making the crosslinked poly{allylamine) polymer

of any preceding clausa.

(0010651  Clause 348, The method of clause 347, whersin the method is

substantially as described in the description and/or drawings.

[oc1066]  Clause 349. The method of clause 347, wherein the method is as

described in the description and/or drawings.
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(0010671 Clause 350. The method of clause 347, wherein the method comprises

the process any one of numbered embodiments 1-441.

[oo1068] Clause 351, A unit dosage form having an exterior and interior, the
interior comprising the crossiinked poly(alivlamine) polymer of any preceding clause,
wherein the oxygen transfer rate between the exterior and interior of the unit dosage
form is less than about 0.050 CC/m%day.

(0010691 Clause 352 A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylaming) polymer wherein the crosslinked
poly{allylamineg) polymer is veverimer, and wherein the oxygen transfer rate between

the exterior and interior of the unit dosage form is less than about 0.050 CC/m?/day.

fooro701  Clause 353. A unit dosage form comprising a sealed enclosure
containing the crosslinked poly(aliylamine) polymer of any preceding clause, the seaied
enclosure comprising a multi-layer laminate of an innar contact laver, an ocuter layar;
and a barrier layer disposed between the cortact layer and outer layer, wheregin the
oxygen transfer rate between the multi-layer laminate is less than about 0.050
CCim2iday.

(0010711  Clause 354, A unit dosage form comprising a sealed enclosure
containing a crosslinked poly{allylamine) polymer wherein the crosslinked
poly{allylamine) polymer is veverimer, the sealed enclosure comprising a mulli-layer
laminate of an inner contact layer, an outer layer; and a barrier layer disposed between
the cortact layer and outer laver, wherein the oxygen transfer rate between the multi-

layer laminate is less than about 0.050 CC/m%day.

[oo10721 Clause 355, Thea unit dosage form of any praceding clause whersain the

unit dosage form comprises about 3-9 g of the crosslinked poly(allylamine) polymer.

[0010731 Clauss 356. The unit dosage form of any preceding clause wherein the

unit dosage form comprises about 3 g of the crosslinked poly(allylamine) polymer,

[oo10741 Clause 357, The unit dosage form of any preceding clause wherein the

unit dosage form comprises about 6 g of the crosslinked polv{allylamine) polymer.

[oc10751  Clause 358 The unit dosage form of any preceding clause wherein the

unit dosage form comprises about 8 g of the crosslinked poly{allylamine) polymer.
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[0010761 Clause 359. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.049 CC/m%/day.

[0010771 Clause 360. Thea unit dosage form of any praceding clausa whersin the

oxygen transfer rate is less than about 0.048 CC/m?/day.

[ooi1o78] Clause 361. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.047 CC/m?/day.

[oo10791  Clause 362 The unit dosage form of any preceding clause whersin the

oxygen transfer rate is less than about 0.046 CC/m%/day.

[ocio801  Clause 363 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.045 CC/m?/day.

[ooio81] Clause 364. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than aboui 0.044 CC/m%/day.

[oo10821 Clause 365. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.042 CC/m?/day.

(0010831 Clause 366, The unit dosags form of any preceding clause wherain the

oxygen transfer rate is less than about 0.040 CC/m?/day.

[ooioe4] Clauss 367. The unit dosage form of any preceding clause whersin the

oxygen transfer rate is less than about 0.038 CC/m¥/day.

[oo10851 Clause 368. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.036 CC/m?/day.

(00108481 Clause 369 The unit dosage form of any preceding clause wherain the

oxygen transfer rate is less than about 0.034 CC/m/day.

fooio871  Clausse 370. The unit dosage form of any preceding clause whersin the

oxygen transfer rate is less than about 0.032 CC/mP/day.

foo1o88] Clause 371. The unit dosage form of any preceding clause whersin the

oxygen transfer rate is less than about 0.030 CC/m%/day.

[ooio8e]  Clause 372 The unit dosags form of any preceding clause wherein the

oxygen transfer rate is less than about 0.025 CC/m*/day.

[001090]1 Clause 373. The unit dosage form of any preceding clause whersin the

oxygen transfer rate is less than about 0.020 CC/m?/day.
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[0010811 Clause 374 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.015 CC/m2/day.

[oo1g92] Clause 375, Thea unit dosage form of any praceding clausa whersin the

oxygen transfer rate is less than about 0.010 CC/m2/day.

(0010931 Clause 376.  The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.009 CC/m?/day.

[oo10%41 Clause 377. The unit dosage form of any preceding clause whersin the

oxygen transfer rate is less than about 0.007 CC/m%/day.

[ocio951  Clause 378 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.005 CC/m?/day.

[oo10961 Clause 379. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than aboui 0.003 CC/m%day.

[00109871 Clause 380. The unit dosage form of any preceding clause wherein the
container or package comprises a muiti-laver laminate of an inner contact layer, an

outer layer; and a barrier layer disposad between tha contact layer and outer layer.

[ocio98] Clause 381. The unit dosage form of any preceding clause wherein the
container or package comprises a muiti-layer laminate, the multi-layer laminate

comprising one or more adhesive layers andfor a print layer.

(0010891 Clause 382. The unit dosage form of any preceding clause wherein the
inner contact layer comprises polyethylene, polypropylens, poly(ethylena terephthalate)

Al

polyester, nylon and/or polyvinyl chioride.

(0011001 Clauss 383. The unit dosage form of any preceding clause whersin the

inner contact layer comprises polyethyiene.

[oo11011  Clause 384, The unit dosage form of any precading clause wherein the

inner contact layer is linear low-density pelyethylene.

[oo1102]  Clause 385 The unit dosage form of any preceding clause wherain the

inner contact layer is low-density polyethylene.

(0011031 Clause 386. The unit dosage form of any preceding clause wherein the

thickness of the inner layer is about 30-40 g/m?.
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(0011041 Clause 387. The unit dosage form of any preceding clause wherein the

thickness of the inner layer is about 34 g/im?2

[001105] Clause 388, Thea unit dosage form of any praceding clausa whersin the
outer layer comprises polyethylene, polypropylene, poly(ethyiene terephthalate),

polyester, nylon, polyvinyi chloride andfor paper.

foo11o6)  Clause 389 The unit dosage form of any preceding clause wherein the

outer layer is poly(ethylene terephthalate).

[o011071 Clause 380, The unit dosage form of any preceding clause wherein the

thickness of the outer layer is about 20-30 pm.

[oo1108] Clause 391. The unit dosage form of any preceding clause wherein the

thickness of the outer layer is about 23 um.

[oo11091 Clause 382, The unit dosage form of any preceding clause wherein the
enclosure, container or packaging comprises aluminum, ethylene vinyt alcohol, glass,

polyester {(e.g. polysthylene terephthalate) and polyvamides {e.g. nylon).

[oo1i1c]  Clause 393, Tha unit dosage form of any praceding clausa whersin the
enclosure, container or packaging comprises aluminum, ethylene vinyl alcohol, glass,
polyester (&.¢. polyethylene terephthalate) and/or polyamides (e.g. nylon), which

achieve the oxygen transfer rate.

[ooi11i]  Clause 394 The unit dosage form of any preceding clause wherain the

unit dosage form comprises at least one aluminum layer.

[oc11121 Clause 395 The unit dosage form of any preceding clause wherein the

barrier layer comprises an aluminum layer.

[oo1ri3y  Clause 396. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is greater than 5 um.

[0011141 Clause 387, The unit dosags form of any preceding clause whereain the

thickness of the aluminum layer is greater than 8 um.

[001115] Clause 398 The unit dosage form of any preceding clause whersin the

thickness of the aluminum layer is greater than 10 um.

foorriel  Clause 399 The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer greater than 12 um.
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[o011171 Clause 400. The unit dosage form of any preceding clause wherein the

thickness of the aluminum laver greater than 15 um.

[oo11181 Clause 401. Thea unit dosage form of any praceding clausa whersin the

thickness of the aluminum layer is greater than 18 um.

[ooi1iie] Clause 402, The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is greater than 20 um.

[oo11201  Clause 403, The unit dosage form of any preceding clause whersin the

thickness of the aluminum laver is greater than 25 um.

[oc11211  Clause 404 The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is @ — 20 um.

[oo11221 Clause 405. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is 15 - 20 um.

[o011231  Clause 406. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is about 15-25 um.

[oo11241 Clause 407, The unit dosags form of any preceding clause wherain the

thickness of the aluminum layer is about 18 um.

[oo1125] Clause 408. The unit dosage form of any preceding clause wherein the
saaled enclosure further comprises a low density polysthylene (LDPE) layer betwaen

the outer layer and the barrier layer.

[oo11261]  Clause 409, The unit dosage form of clause 408 wherein the thickness of
the low density polysthylens (LDPE) layer between the outer layer and the barrier layer

is about 5-15 g/m?2.

[oo11271  Clause 410, The unit dosage form of clause 408 whersin the thickness of
the low density polyethylene (LDPE) layer betwsen the culer layer and the barrier layer

is about 12 g/m2

(0011281  Clause 411, The unit dosage form of any preceding clause further

comprising a moisture barrier.

(0011291 Clause 412. The unit dosage form of any preceding clause wherein the

saaled enclosure further comprises a moisture barrier.
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[oo1130] Clause 413. The unit dosage form of any preceding clause wherein the

water vapor transfer rate between the mulli-ayer laminate is less than about 0,10
g/m?iday.

[00112311 Clause 414, The unit dosage form of any preceding clause whersin the
water vapor transfer rate between the mulli-layer laminate is less than about 0.08

g/m*day.

[ooi11321 Clause 415, The unit dosage form of any preceding clause wherein the
watar vapor transfer rate between the multi-layer laminate is less than about 0.08

g/m?/day.

[0011331 Clausse 416. The unit dosage form of any preceding clause wherein the
water vapor transfer rate between the multidayer laminate is less than about 0.07

g/miday.

[0011341 Clause 417, The unit dosage form of any preceding clause wherain the
water vapor transfer rate between the multi-layer laminate is less than about 0.06
gimday.

[0011351 Clauss 418. The unit dosage form of any preceding clause wherein the
water vapor transfer rate between the multi-layer laminate is less than about 0.05
g/méiday.

(0011381 Clause 419. The unit dosags form of any preceding clause wherein the

unit dosage form comprises an inert atmosphere.

(0011371 Clause 420. The unit dosage form of any preceding clause wherein the

sealed enclosure comprises an inert atmosphers.

(0011381 Clause 421. The unit dosage form of any preceding clause wherein the

inert atmosphere comprises nitrogen.

(0011391 Clause 422 The unit dosage form of any preceding clause wherein the

inert atmosphere comprises argon.

[001140] Clause 423, The unit dosage form of any preceding clause wherein the

inert atmasphere comprises a mixture of nitrogen and oxygen.

[oo11411 Clause 424, The unit dosage form of any preceding clause wherein the

inert atmosphere comprises a mixture of argon and oxygen.
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(0011421 Clause 425. The unit dosage form of any preceding clause wherein the

inert atmosphere comprises less than 15% oxygen.

[001143]1 Clause 426. The unit dosage form of any preceding clause wherein the

inert atmosphere comprises less than 10% oxygen.

(0011441 Clause 427. The unit dosage form of any preceding clause wherein the

inert atmasphere comprises less than 5% oxygen.

[oo11451 Clause 428, The unit dosage form of any preceding clause whersin the

dosage form is a vial, botlle, tube, jar, hox, tub, blister pack or sachet {including a stick

pack).

[oo1148] Clause 429. The unit dosage form of any preceding clause wherein the

unit dosage form comprises a sealed sachet.

[oo11471  Clause 430, The unit dosage form of any preceding clause wherein the

sealed enclosure is a sealed sachel.

[o011481 Clause 431, The unit dosage form of any preceding clause wherein the

unit dosage form s a sachet.

[001148]1 Clause 432. The unit dosage form of any preceding clause wherein the
unit dosage form is a sachet, the sachet having a height (h) and a width {w}, wherein

the total volume of the sealed sachet is defined according to Formula X
[001150] V=w? (;?: ~0.142(1 10(‘h/‘”"))) Formula X.
(0011511 Clause 433. The unit dosage form of any preceding clause wherein the

unit dosage form comprises an oxygen scavenger.

(0011521 Clause 434, The unit dosags form of any preceding clause wherein the

OXYger scavenger is an oxygen scavenging layer.

[0011531 Clause 435. The unit dosage form of any preceding clause wherein the
unit dosage form includes one or more oxygen-scavenging layers comprising an oxygsn

scavenger.

(0011541 Clause 436, The unil dosage form of any preceding clause wherein the

oxygern scavenger is any material that absorbs oxygen.
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[o0115581 Clause 437. The unit dosage form of any preceding clause wherein the

oxygen scavenger is one or more of the following: iron {e.q. iron powder or activated
iron), ferrous oxide, iron oxide powders, ferrous sails such as ferrous suifate or ferrous
chioride, sulfites, bisuffites, reducing sulfur compounds such as dithionite, ascorbic acid
andfor their salts, Pd, Cu, ZN, Mg, Mn, Co(lh), Zn, ascorbic acid, ascorbic acid salts,
isoascorbic acid, tocopherol, hydroguinone, catechol, rongalit, sorbose, lignin, gallic
acid, gallic acid and potassium carbonate, erythorbic acid, quinonas, catechol, butylated
hydroxytoluene (BHT), butylated hydroxyanisole (BHA), polyunsaturated fatty acids,

glucose oxidase, laccase, and ethanol oxidase.

foo1158]  Clauss 438. The unit dosage form of any precading clause whersin the

OXygen scavenger is iron.

(0011571 Clause 439, The unil dosage form of any preceding clause wherein the

oxygen scavenging layer is AGELESS™,

(0011581 Clause 440. The unit dosage form of any preceding clause wherein the

OXygen scavenger is in a separate enclosure.

[oo1ise1  Clause 441, The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is from {

cm? to 120 cm?.

[001160] Clause 442, The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is from 10

om? to 110 omd.

[oo1161]  Clause 443, The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is from 20

om® to 100 cm?,

[oo1162] Clause 444. The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is from 20

om?® to 40 om?®.

[o011831 Clause 445, The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is from O

om® to 20 om®.
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[o011841 Clause 446. The unit dosage form of any preceding clause wherein the

unit dosags form comprises a head space, wherein the head space volume is from 50

cmd {0 70 om?®.

[001165] Clause 447. The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is less than

70% of the total volume of the unit dosage form.

(0011661 Clause 448, The unil dosage form of any preceding clause wherein the
unit dosage form comprises g head space, wherein the head space volume is less than

&5% of the total volume of the unit dosage form.

(0011671 Clause 448. The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein tha head space volume is less than

60% of the total volume of the unit dosage form.

[oo11é8] Clause 450. The unif dosage form of any preceding clause wherein the
unit dosags form comprises a head space, wherein the head space volume is less than

55% of the total volume of the unit dosage form.

[0011681 Clauss 451, The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is less than

45% of the total volume of the unit dosage form.

(0011701 Clause 452, The unit dosages form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is less than

35% of the total volume of the unit dosage form.

[oo11711  Clause 453, The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is less than

25% of the total volume of the unit dosage form.

[oo11721 Clause 454. The unit dosage form of any preceding clauss wherein the
unit dosage form comprises a head space, wherein the head space volume is less than

15% of the total volume of the unit dosage form.

[oo11731  Clause 455, The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume is less than

5% of the total volume of the unit dosags form.
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(0011741 Clause 456. The unit dosage form of any preceding clause wherein the

crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
irt an amount of at least 0.01 g per cm? of the head space volume of the unit dosage

form.

[o011751 Clauss 457. The unit dosage form of any preceding clause whersin the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.02 g per cm® of the head space volume of the unit dosage

form.

[0011761 Clause 458. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.03 g per om® of the head space volume of the unit dosage

form.

[0011771 Clause 459. The unit dosage form of any preceding clauss wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.04 g per cm® of the head space volume of the unit dosage

form.

[ooi11781  Clause 460, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.05 g per cm? of the head space volume of the unit dosage

form.

[oo1r781  Clause 4681, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
it an amount of from 0.01 g to 0.5 g per cm?® of the head space volume of the unit

dosage form.

foo1iec] Clause 462, The unit dosage form of any preceding clause wherein the
crosslinked poly(allvlamineg) polymer or a2 pharmaceutical composition thereof is present
in an amourtt of from 0.01 g {0 0.2 g per cm?® of the head space volume of the unit

dosage form.

[ociiei]  Clause 463, The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine} polymer or a pharmaceutical composition thereof is present
in an amount of from 0.05 g to 0.2 g per cm® of the head space volume of the unit

dosage form.
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[o011821 Clause 464. The unit dosage form of any preceding clause wherein the

crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
irt an amount of from 0.05 g to 0.15 g per om® of the head space volume of the unit

dosage form.

[oo1183] Clauss 465, The unit dosage form of any preceding clause whersin the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of 3 g and wherein the head space volume of the unit dosage form is less
than 80 cm?.

[oo11841 Clause 466. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine} polymer or a pharmaceutical composition thereof is present
in an amourt of 3 g and wherein the head space volume of the unit dosage form is less

than 75 cm3,

[oo11851 Clause 467. The unit dosage form of any preceding clauss wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of 3 g and wherein the head space volume of the unit dosage form is less

than 80 cm?.

[ooi1186]  Clause 468, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
it an amount of 3 g and wherein the head space volume of the unit dosage form is less

than 45 cm?.

[oo11871 Clause 4689, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
i an amount of 8 g and wherein the head space volume of the unit dosage form is less
than 120 cm?.

fooi1ies] Clause 470. The unit dosage form of any preceding clause wherein the
crosslinked poly(allvlamineg) polymer or a2 pharmaceutical composition thereof is present
in an amount of 6 g and wherein the head space volume of the unit dosage form is less
than 105 cm?®,

[ociies]  Clause 471, The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine} polymer or a pharmaceutical composition thereof is present
in an amount of 6 g and wherein the head space volume of the unit dosage form is less

than 90 cmS.
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[oo11s01]  Clause 472. The unit dosage form of any preceding clause wherein the

crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
it an armount of 6 g and wherein the head space volume of the unit dosage form is less

than 75 cm?.

foo1191] Clauss 473. The unit dosage form of any preceding clause whersin the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of 9 g and wherein the head space volume of the unit dosage form is less
than 140 cm?.

(0011921 Clause 474. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
in an amourt of 9 g and wherein the head space volume of the unit dosage form is less
than 125 cm?®,

[0011931 Clause 475. The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of 8 g and wherein the head space volume of the unit dosage form is less
than 110 cm?®.

[ooi110e41 Clause 476, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
it an amount of 8 g and wherein the head space volume of the unit dosage form is less

than 95 cm?.

[oo11es1  Clause 477, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.02 g per cm?® of the total volume of the sealed unit dosage

form.

[oo119s] Clause 478. The unit dosage form of any preceding clause wherein the
crosslinked poly(allvlamineg) polymer or a2 pharmaceutical composition thereof is present
in an amourtt of at least 0.03 g per cm?® of the total volume of the sealed unit dosage

form.

[0011971 Clause 479. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine} polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.04 g per om?® of the total volume of the sealed unit dosage

form.
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[o011981 Clause 480. The unit dosage form of any preceding clause wherein the

crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
irt an amount of from 0.03 g to 0.07 g per om® of the total volume of the sealed unit

dosage form.

fooi1iss] Clauss 481. The unit dosage form of any preceding clause whersin the
crosslinked poly(alivlamine) polymer or a pharmaceutical composition thereof is present
in an amount of from 0.04 g {0 0.08 g per om® of the total volume of the sealed unit

dosage form.

(0012001 Clause 482. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
in an amount of 3 g and wherein the sealed total volume of the unit dosage form is less
than 100 cm?®,

[0012011 Clause 483. The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of 3 g and wherein the sealed total volume of the unit dosage form is less

than 80 cm?.

[ooiz021  Clause 484, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
it an amount of 3 g and wherein the sealed total volume of the unit dosage form is less

than 80 cm?.

[oo12031  Clause 485, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
i an amount of 3 g and wherein the sealed total volume of the unit dosage form is less

than 70 cm?.

(0012041 Clause 486. The unit dosage form of any preceding clause wherein the
crosslinked poly(allvlamineg) polymer or a2 pharmaceutical composition thereof is present
in an amount of 6 g and wherein the total volume of the sealed unit dosage form is less
than 180 cm?®,

(0012051 Clause 487. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine} polymer or a pharmaceutical composition thereof is present
in an amount of 6 g and wherein tha total volume of the sealed unit dosage form is lass

than 150 cm?.
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(0012061 Clause 488. The unit dosage form of any preceding clause wherein the

crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
it an amount of 6 g and wherein the {otal volume of the sealed unit dosage form is less

than 140 cm®.

(0012071 Clauss 489. The unit dosage form of any preceding clause whersin the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of 8 g and wherein the total volume of the sealed unit dosage form is less
than 130 cm?.

(0012081 Clause 490. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine)} polymer or a pharmaceutical composition thereof is present
in an amourt of 8 g and wherein the total volume of the sealed unit dosage form is less
than 200 cm?®,

[001209]1 Clause 491. The unit dosage form of any preceding clauss wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of 9 g and wherein the total volume of the sealed unit dosage form is less
than 190 cm?®.

[ooiz2101  Clause 482, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
it an amount of 8 g and wherein the {otal volume of the sealed unit dosage form is less
than 180 cm®.

[oo12111  Clause 483, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylamine) polymer or a pharmaceutical composition thereof is present
i an amount of 8 g and wherein the sealed total volume of the unit dosage form is less
than 170 cm?.

[oo1zi121] Clause 494. The unit dosage form of any preceding clause wherein the

head space gas is nitrogen.

[oo12131  Clause 485, The unit dosage form of any preceding clause wherein the

head space gas is argon.

(0012141 Clause 4968, The unit dosags form of any preceding clause wherein the

head space gas is helium.
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[o0121581 Clause 497. The unit dosage form of any preceding clause wherein the

head spacs gas is neon.

[001216] Clause 498. The unit dosage form of any preceding clause wherein the

head space gas is carbon dioxide.

(0012171 Clause 498. The unit dosage form of any preceding clause wherein the

head space gas is nitrogen.

[oo1z2181  Clause 500. The unit dosage form of any preceding clause wherein the

head space gas is a mixture of gases mentioned herain.

[oc12181  Clause 501, The unit dosages form of any preceding clause wherein the

head space gas is a mixture of inert gases.

(0012201 Clause 502. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 21%.

[oo12211 Clause 503. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 20%.

[oo12221 Clause 504. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 18%.

[ooi12231 Clause 505, The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 16%.

[oo12241 Clause 506. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 14%.

(0012251  Clause 507. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 12%.

[ooi1z2z261  Clause 508. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 10%.

foo1zz71  Clausse 509. The unit dosage form of any precading clause whersin the

percentage of oxygen present in the head space gas is less than 8%.

[ooi1z2281  Clause 510, The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 6%.

(0012291 Clause 511. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 4%.
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[o012301 Clause 512. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 2%.

(0012311 Clause 513. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 1%.

[ooi1zaz2y] Clause 514. The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 0.5%.

(0012331  Clause 515, The unit dosage form of any preceding clause wherein the

head space gas is a mixture of oxygen and a second gas.

(0012341 Clause 518, The unit dosags form of any preceding clause wherein the
head space gas is <20% oxygen (02} and >80% nitrogen (N2).

(0012351 Clause 517. The unit dosage form of any preceding clause wherein the

head space gas is <18% 02 and >82% N2.

[0012361 Clause 518. The unit dosage form of any preceding clause wherein the
head space gas is <16% 02 and >84% N2.

(0012371 Clause 519. The unit dosage form of any preceding clause wherein the
head space gas is <14% 02 and >86% N2.
[oociz23g]  Clause 520. The unit dosage form of any preceding clause wherein the

head space gas is <12% 02 and >88% N2.

(0012391 Clause 521. The unit dosage form of any preceding clause wherein the
head space gas is <10% 02 and >80% N2.

(0012401 Clause 522, The unit dosage form of any preceding clause wherein the
head space gas is <8% 02 and >82% N2.
[oo12411 Clause 523. The unit dosage form of any preceding clause wherein the
head space gas is <6% 02 and >94% N2,
foo1z421  Clausse 524. The unit dosage form of any precading clause whersin the

head space gas is <4% 02 and >96% N2.

(0012431 Clause 525, The unil dosage form of any preceding clause wherein the
head space gas is <2% 02 and >98% N2.

[0012441 Clause 526. The unit dosage form of any preceding clause wherein the

head space gas is <1% 02 and >99% NZ.
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(00124581 Clause 527. The unit dosage form of any preceding clause wherein the

head space gas is <0.5% 02 and »99.5% NZ.

[001246] Clause 528. The unit dosags form of any preceding clause wherein less
than 1.0% of the total number of carbon atoms present in the crosslinked

poly(aliylamine) polymer are sp? allyl carbons.

[oo12471  Clause 529, The unit dosage form of any preceding clause whersin more
than 1.0% of the total number of carbon atoms present in the crosslinked

poly(allylamine) polymer are sp? allyl carbons.

[oci2481 Clause 530. The unit dosage form of any preceding clause wherein more
than 0.3% of the total number of carbon atoms present in the crosslinked

poly(aliylamine) polymer are sp? allyl carbons.

[oo1z2491  Clause 531, A pharmaceutical product comprising the unit dosage form of

any preceding clausea.

(0012501 Clause 532. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises a plurality of unit dosage forms.

[oo12511 Clause 533. The pharmaceutical product of clause 531 wherein the

pharmacsutical product comprises at least 5 unit dosage forms.

[o012521 Clause 534. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 5 unit dosage forms.

[oo12531  Clause 535. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 10 unit dosage forms.

(0012541 Clause 536. The pharmacsutical product of clause 531 wherein the

pharmacsutical product comprises 10 unit dosage forms.

[oo12531  Clauss 537. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 15 unit dosage forms.

(0012541 Clause 538. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 15 unit dosage forms.

(0012571 Clauss 539. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 20 unit dosage forms.
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[oo12581 Clause 540. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 20 unit dosage forms.

[0012591 Clause 541. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 25 unit dosage forms.

(0012601 Clause 542. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 25 unit dosage forms.

[oo1261]  Clause 543, The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 28 unit dosage forms.

[oc12621 Clause 544, The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 30 unit dosage forms.

(0012631 Clause 545. The pharmaceutical product of clause 531 wherein the

pharmacsutical product comprises 30 unit dosage forms.

[oo12s841 Clause 546. The pharmaceutical product of any preceding clause whersin

the pharmaceutical product comprises an oxygen scavenger.

[oo1z26s]  Clause 547. The pharmaceutical product of any preceding clause whersin

the oxygen scavenger is the oxygen scavenger of any preceding clause.

[ooizee]  Clause 548. The pharmaceutical product of any preceding clause, wherein

tha pharmaceutical product is packaged with a package leaflst.

[o012671 Clause 549. The pharmaceutical product of clause 548, wherein the

package leaflet indicates the Market Authorisation holder.

[oo12681 Clause 550, The pharmaceutical product of clause 548 or clause 548
whersin the package leaflet indicates the manufacturer of the crosslinked
poly{aliylamine)} polymer.

[ooi1zee] Clause 551. The pharmaceutical product of any one of clauses 548-550,
wherein the package leaflet states that the pharmacsutical product has been

authorised.

[oci1270]  Clause 552, The pharmaceutical product of any one of clauses 548-551
wherein the package leaflet indicates how to administer the crosslinked poly{aliviamine)

polymer.
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[o012711 Clause 553. The pharmaceutical product of any one of clauses 548-552

wherein the package leaflet indicates how 1o store the crosslinkad poly{allylamine)

polymer.

[oo1z721 Clause 554. The pharmaceutical product of any one of clauses 548-553
wherein the package leaflet indicates the side effects of the crosslinked poly(aliviaming)

polymer.

(0012731 Clause 555, The pharmaceutical product of any one of clauses 548-554
wherain the package leaflet indicates the safety and/or efficacy of the crosslinked

poly{allylamine) polymer in chiidren (below the age of 18 years).

[oo12741 Clause 556. A method of promoting the sale of the pharmaceutical

product of any preceding clauss.

[001275] Having described the invention in detail, if will be apparent
that modifications and variations are possible without departing the scope of the
invention defined in the appendead claims. Furthermore, it should be appreciated that all

examples in the present disciosure are provided as non-liimiting examples.

EXAMPLES

[001276] The foliowing norn-limiting examples are provided to
further illustrate the prasent invention. t should be appreciated by those of skill in the
art that the technigues disclosad in the examples that follow represent approaches the
inventors have found function well in the practice of the invention, and thus can be
considared to constitute examples of modes for its practice. Howeaver, those of skill in
the art should, in light of the present disclosure, appreciate that many changes can be
made in the specific embodiments that are disclosed and still obtain a like or similar

result without departing from the spirit and scope of the invention.
Example 1 — chemistry examples

(0012771 The following chemistry examples arg presented in six

categorias based on the process parameter manipulated:

{a) water content (Table 10_1 polymers 1-6, 12-16, 56-57; Table 10_2 polymers
35-39)

(b} reaction time (Table 10_1 polymers 7; Table 10_2 polymers 29-34, 40-43)
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(¢} reaction temperature (Table 10_1 polymers 8-11 Table 10_2 polymers 24-28)

(d) initiator content in the radical polymerization {Table 10_1 polvmers 17-23,
583

(e} ratio of DCE o poly(allylamine) polymer (Table 10_2 polymers 44-51)
(f} Ratio of AAH to DAPDA {Table 10_1 polymers 53 - 55)
{(g) container closure {(Table 10_2 polymer 52).

[001278] A general polymerization procedurs is described and in
sach case specific examples are called out with reference to tables of synthesis
parameters that were varied within the general procedure. Tables of the
physicochemical performance characteristics of the resulting polymers are aiso

provided.

General polymerization procedure for beads formed by radical polymerization
{addition/chain growth) and post-polymerization crosslinking of poly{aliyiamine)
beads

[001279] Ay aqueous stock solution was prepared by dissolving 2-
propen-1-ylamine, or a sait thereof, and 1,3-bis{allylamino)propane, or a salt theredf, in
water. A reactor equipped with a stirrer was charged with agueous stock solution and
surfactant dissolved in a hydrophobic organic suspending solvent. A solution of radical
initiator was prepared. The two mixiures were independently sparged with nitrogen.
The initiator solution was added o the reaction mixiure while stirring, and subsequently
heatad for up to 48 hours. A second portion of initiator may be added to the reaction
mixture if necessary depending on the polymerization kinetics. After cooling the vessel
to room temperature, the organic phase was removed and the beads were purified. The
beads were dried. Examples of conditions that are suitable for the synthesis of polymers
described in this example include, but are not limited to, the combinations shown in
Table 10 part 1. These polymers were then subjected to post-polymerization

crosslinking procedures as described below and in Tabie 10 part 2.

(0012801 The resuiting dried polyamine dascribed in the procedurs
above was placed into a reactor and 1,2-dichloroethane, which could optionally act as

the solvent, was added. A swelling agent was added 1o the resulting slurry. The mixture
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was heated with stirring for a required amount of time {o reach completion. The reaction

mixture was cooied and the beads were purified by washing and filtration and dried unti]
no further water was removead and the weight remained constant. Examples of post-
polymerization crosslinking described in this example include, but are not limited to, the
polymers shown in Table 10, Part 2. Table 11 describas key physicochemical

properties of the polymer exampies shown in Table 10,

Exampls 1 {a-1) Specific procedure for polymer prepared with variable

water contents

(0012811 An aqueous stock solution was prepared by dissolving
alivlamine hydrochioride (2-Propen-1-viamine, "AAH" (371.1 g) and 1,3~
Bis{ailvlamino)propane dihydrochloride ("DAPDA™) {(388.0 g) in water (757.1 g). A
reactor equipped with an overhead stirrer and nitrogen inlet, was charged with agueocus
stock solution and surfactant (branched dodecylbenzene sulfonate, 36.0 g) dissolved in
heptane (3264 g, “Solvent System 17). In a separate vessel, a solution of 2,2-azobis(2-
meathylpropionamidine)dihydrochloride (V-50) (76.8 ¢} in water (435.3 g) was prepared.
The two mixtures were independently sparged with nitrogen. Under inert atmosphere,
the initiator solution was added to the reaction mixture while stirring, and subsaquently
heated to 67°C for 16 hours. After cooling the vessel {o room temperature, the organic
phase was removed by decanting, and the beads were purified by washing and filtration
with 1 M NaOH (1:1 waterMeOH, viv), water until filtrate approached neutral pH, IPA,
and finally heptane, and then dried for 48 hours. This polymer is shown in Table 10 _1

and Table 11_1 as polymer 12.

(001282} 1,2-Dichlorethane (*DCE") (750 g) was added to a reactor
charged with the above resulting polvamine beads {100 g} and equipped with overhead
stirring. The beads were dispersed before adding water (25 g) and heated to 65°C for
186 hours. The cooled beads wers purified by washing and filtration with 1 M NaOH {1:1
waterMeOHM, viv), water until filtrate approached neutral pH, and finally methanol, and
then dried for 24 hours. This polymer is shown in Table 10_Part 2 and Table 11 as

polymer number 14,

Example 1 {8-2) Specific procedurs for post-crosslinked polymer prepared

with variable water contents
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[001283] An agueous stock sclution of AAH was prepared by

dissolving allylamine hydrochloride {(2-Propen-1-ylamine, "AAH"} (402.8 g) in water
(207.5 g). Ar aqueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis{ailylamino)propane dihydrochioride ("DAPDA’, 418.0 g) inwater (418.0¢g). Intoa®d
L, glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddls,
nitrogen inlet and addition funnel, was charged surfactant {branched dodecylbenzene
sulfonate, 60.0 g) dissolved in heptane {3284 g) and both aqueous stock solutions. Ina
separate vessel, a solution of V-50 (83 .4 g) in water (472.6 g) was prepared. The two
mbdures were independently sparged with nitrogen. Under inert atmosphere, the
initiator solution was added i the reaction mixiure while stirring, and subsequently
heated o 67°C for 18 hours. Six hours after the first addition of V-50, an additional
solution of V-80 {41.7 g in 236.3 g H20) is prepared, sparged with nitrogen, and added
to the reaction mixture. After coocling the vessel to room temperature, the organic phase
was removed by decanting, and the beads were purified by washing and filtration once
with methanoi, 4 times with 1 M NaOH (1.1 waterMeOH, viv), water until the pH of the
solution after washing was 9, and twice with methanol. The beads were driedina
vacuum oven at 60°C for 48 houwrs. This polymer is shown in Table 10_1 and Table

11_1 as polymer 37.

[001284] The following procedure was performed using different

amounts of water (ie. 6, 8, 10, 12, or 14 g, respeciively).

[001285] 1,2-Dichloraethane ("DCE") (200 g) was added o a
jacketed reactor charged with the above resuiting polyamine beads (40 g) and equipped
with overhead stirring. The beads were dispersed bsfore adding water (10 g) and
heatad {0 65°C for 16 hours. The siurry was drained, and the crude product was
isolated by filiration. The beads were purified by washing and filirgtion (4 times with 1N
NaOH (1:1 water:MeOH, v/v), water until the pH of sclution after washing was 9, and
once with methanol). The purified beads were dried in a vacuum oven at 80°C for 24
hours. The driad polymer is packaged in a haermetically sealed container which
provides a barrier to oxygen and moisture. This polymer is shown in Table 10_2 and

Table 11_2 as polymer 37.

Exampie 1 {b-1) Specific procedure for post-crosslinked polymer prepared

with variable reaction time
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[001286] An agueous stock sclution was prepared by dissoclving

allylamine hydrochloride (2-Propen-1-ylamine, *AAH") (402.8 g} and 1,3~
Bis{ailylamino)propane dihydrochloride ("DAPDA™) (412.0 g) inwater (727.4 g). A
reactor equipped with an overhead stirrer and nitrogen inlet, was charged with aguesous
stock solution and surfactant (branched dodecylbenzene sulfonate, 80.0 g) dissolved in
heptane (3261.6 g, “Solvent System 17). In a separate vessel, a solution of ¥-50

{83.4 g} inwaler (472.6 ¢) was prepared. The two mixtures were indepeandently
sparged with nitrogen. Under inert atmosphere, the initiator solution was added to the
reaction mbture while stirring, and subsequently heated to 87°C for 186 hours. After
cooling the vessel to room temperaiure, the organic phase was removed by decanting,
and the beads were purified by washing and filtration with 1 M NaOH (1.1 waterMe(OH,
viv), water until filtrate approached neultral pH, IPA finally heptane, and dried for 48

hours. This polymer is shown in Table 10_1 and Table 11_1 as polymer 28,

[001287] 1,2-Dichlorethans ("DCE") (799.8 g) was added to a
reactor charged with the above resuiting polyamine beads (133.3 g) and eguipped with
overhead stirring. The beads were dispersed before adding water {(33.3 g} and heated
to 65°C for 10 howrs. The cooled beads were purified by washing and filtration with 1 M
NaOH (1:1 water:MeOH, viv), water until filtrate approached neutral pH, and finally
methanol, and dried for 24 hours. This polymer is shown in Table 10_Part 2 and Table

11 as polymer number 28

Exampis 1 {b-2) Specific procedure for polymer prepared with variable

reaction time

[001288] To prepare a 56 wt% agueous allylamine hydrochloride
(2-Propen-1-ylamine, “AAH"} solution, aliylamine (2-Fropen-1-yvlaming, "AA”, 614 kg
was slowly added to a cooled 34 wi% hydrochioric acid solution (1002 L) so that the
tamperature was between -10°C and 30°C. The solution was stirred for a minimum of
30 minutes. An agueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis{ailylamino)propane dihydrochloride ("BAPDA’, 825 kg) in waler (825 kg). Into a
glass jacketed reactor equipped with an overhaad stirrer, glass anchor stir paddle, and
nitrogen inlet, was charged surfactant (branched dodecylbenzene sulfonate, 43 kg)
dissolved in heptana (2346 kg), 596 kg DAPDA solution, and 514 kg of AAH solution. in
a separate vessel, a solution of V-50 (80 kg) in water (291 kg) was prepared. The two
miures were independently sparged with nitrogen. Under inert atmosphere, the
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initiator solution was added to the reaction mixiure while stirring, and subsequently

heated o 67°C for 18 hours. Six hours after the first addition of V-50, an additional
solution of V-80 (30 kg in 145 kg Hz0) is prepared, sparged with niirogen, and added to
the reaction mixture. After cooling the vessel to room temperature, the organic phase
was removead by decanting, and tha beads were purified by washing with 1 M NaOH
{1:1 water:MeOH, v/v), water until the pH of the solution after washing was 11, and with
methanol. The beads were dried in a vacuum oven at 80°C for 48 hours. This polymer

is shown in Table 10_1 and Table 11_1 as polymer 41.

(0012891 The following procedure was performed using different

reaction times. Reactions were heated to 85°C for either 12, 16, or 20 hours.

[001280] 1,2-Dichlorethane ("DCE”) (175 g) was added to a
jacketed reactor chargsd with the resulting polvamine beads (35 g) and equipped with
overhead stirring. The beads were dispersed before adding water (8.75 g) and heated
to 65°C for 16 hours (see note above regarding reaction time). The slurry was drained,
and the crude product was isolated by filtration. The beads were purified by washing
with 1 M NaOH (1.1 waterMeOH, viv), water until the pH of the solution after washing
was 11, and with methanol. The purified beads were dried in a vacuum oven at 60°C
for 24 hours. The dried polymer is packaged in a hermetically sealed container which
provides a barrier o oxygen and moisture. This polymer is shown in Table 10_2 and

Table 11_2 as polymer 41,

Exampis 1 {-1) Specific procedure for polymer prepared with variable

reaction temperature in the radical polymerization step

[001291] A aqueous stock solution was prepared by dissolving
allylamine hydrochloride {2-Propen-1-yiamine, "AAH" (87.1 g) and 1,3-
Bis(ailvlamino)propane dihydrochloride ("DAPDA™Y (89.8 g} in water (121.2 g). A reactor
equipped with an overhead stirrer and nitrogen inlet, was charged with agueous stock
solution and surfactant (branched dodecyibenzene sulfonate, 10.0 ) dissolved in
heptane (543.6 g, “Solvent System 17). In a separate vessel, a solution of V-50 (13.9 g)
inwater (78.8 g) was prepared. The two mixiures were independently sparged with
nitrogen. Under inert atmosphere, the initiator solution was added to the reaction
mixture while stirring, and subsequently heated to 75°C for 16 hours. After conling the
vessel (o room temperature, the organic phase was removed by decanting, and the

beads were purified by washing and filtration with 1 M NaQOH solution (1.1 water MeGH,
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vivy, water until filirate approached neutral pH, IPA, and finally heplane, and dried for 48

hours. This polymer is shown in Table 10_1 and Table 11_1 as polymer 11.

[001292] 1,2-Dichlorethane ("DCE") (500.3 g) was addad to a
reactor charged with the above resulting polyamine beads (66.7 g) and equipped with
overhead stirring. The beads were dispersed before adding water (16.7 g) and heated
to 85°C for 16 hours. The cooled beads were purified by washing and filtration with 1 M
NaOH (1.1 water:MaOH, wv), water until filtrate approachad neutral pH, and finally
methanol, and dried for 24 hours. This polymer is shown in Table 10_Part 2 and Table

11 as polyvmer number 11,

Example 1 {c-2) Specific procedure for post-crosslinked polymer prepared

with variable reaction temperature

[001293] An agueous stock solution was prepared by dissolving
allylamine hydrochloride (2-Propen-1-yiamine, "AAH") (402.8 g) and 1,3-
Bis(ailylamino)propane dihydrochloride ("DAPDA™) (419.0 g) inwater (727.4 g). A
reactor equipped with an overhead stirrer and nifrogen inlel, was charged with aguesous
stock solution and surfactart (branched dodecylbenzene suifonaie, 80.0 g) dissolved in
heptane (3261.8 g, “Solvent System 17). In a separate vessel, a solution of V-50
(83.4 g) inwatar (472.6 g) was preparad. The two mixtures were independently
sparged with nitrogen. Under inert atmosphere, the initiator solution was added {o the
reaction mxture while stirring, and subsequently heated to 67°C for 16 hours. After
cooling the vessel o room temperature, the organic phase was removed by decanting,
and the beads were purified by washing and filtration with 1 M NaOH solution (1:1
waterMeOH, viv), water unti filtrate approached neutral pH, IPA, and finally heptane,
and dried for 48 hours. This polymer is shown in Table 10_1 and Table 11_1 as polymer
28.

[001294] 1,2-Dichlorethane (“DCE”} (750 g) was added o a reactor
charged the above rasulting polyamine beads (100 g} and equipped with overhead
stirring. The beads were dispersed before adding water (25 g) and heated fo 75°C for
16 hours. The cooled beads were purified by washing and filtration with 1 M NaQOH (11
waterMeOH, v/v), watsr until filtrate approached neutral pH, and finally methanol, and
dried for 24 hours., This polymer is shown in Table 10_Part 2 and Table 11 as polymer

number 28,
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Exampie 1 {d-1) Specific procedure for polymer prepared with variable

initiator content

[001295] Arn aqueous stock solution was prapared by dissolving
allylamine hydrochloride {(2-Propen-1-ylamine, "AAH") (64.3 g) and 1,3-
Bis{allylamino)propane dihydrochloride ("DAPDA™) {(66.9 g} in water (242.3). A 3-neck
round bottom flask with four side baffles equipped with an overhead stirrer, Dean Stark
apparatus and condenser, and nitrogen inlet, was charged with agueous stock solution
and surfactant {(branched dodecylbenzene sulfonate, 19.6 g) dissolved ina 74:26
chiorobenzene/heptane solution {1120 g, “Solvent System 27). In a separate vessel, a
solution of V-5 (8.7 @) in water (37.7 g} was prepared. The two mixtures were
independently sparged with nitrogen. Under inert atmospherg, the initiator solution was
added to the reaction mixture while stirring, and subsegquently heated {0 67°C for 18
hours. After cooling the vessel to room temperature, the organic phase was removed
by decanting, and the beads were purified by washing and filtration twice with methanoi,
water, twice with 1 M HCI, water, 4 times with 1 M NaOH (1.1 water:MeOH, v/v), and
water untit the pH of the solution after washingwas 7. The beads were drisdina
fyophilizer for 48 hours. This polymer is shown in Table 10_1 and Table 11 _1 as

polymer 21,

[001296] 1,2-Dichiorethane ("DCE" (75.0 g) was addad to a
reactor charged with the above resulting polyamine beads (10.0 g) and equipped with
overhead stirring. The beads were dispersed before adding water {2.5 g) and heated {0
65°C for 16 hours. The cooled beads were purified by washing and filtration twice with
methanol, water, twice with 1 M HC!, water, 4 times with 1 M NaOH (1.1 waterMa(OH,
vivy, and water until the pH of solution after washing was 7. The polymer was dried in a
tvophilizer Tor 48 hours. This polymer is shown in Table 10 _Part 2 and Table 11 as
polymer 21,

Example 1 {d-2} Specific procedure for polymer prepared with variable

initiator content

(0012971 An aqueous stock solution was prepared by dissolving
allylamine hydrochloride (2-FPropen-1-ylaming, "AAH" (11.0g) and 1,3-
Bis(ailylamino)propane dihydrochloride ("BAPDA™) (11.4 g) in water (37.1 g). A 3-neck
round bottom flask with four side baffies equipped with an overhead stirrer, Dean Stark

apparatus and condanser, and nitrogen iniet, was charged with agueocus stock solution
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and surfactant (branched dodecylbenzens sulfonate, 3.0 g) dissolved in a 7426

chiorobenzene/heptane solution {300 g, “Solvent System 27)

e

In a separate vessel, a
solution of V-50 (2.4 g) in water (13.6 g) was prepared. The two mixiures were
independently sparged with nitrogen. Under inert atimosphere, the initiator solution was
added {o the reaction mixiure while stirring, and subsequently heated to 67°C for 16
hours. A second portion of initiator solution (16.0 g} and the reaction mixiure were
degassed and combined before increasing the temperature to 115°C for a final
dehydration step. After cooling the vessel to room temperature, the organic phase was
removed by decanting, and the beads were purified by washing and fiitration twice with
methanol, water, twice with 1 M HCI water, 4 times with 1 M NaOH (1:1 water:MeOH,
viv), and water until the pH of the solution after washing was 7. The beads were dried
in a lyophilizer for 48 hours. This polymer is shown in Table 10 1 and Table 11 _1 as

polymer 23.

[001298] 1,2-Dichlorethans (‘DCE") (75.0 g) is added to a reacior
charged with the above resulting polyamine beads (10.0 g) and equipped with overhead
stirring. The beads are dispersed before adding water (2.5 g) and heated to 85°C for 18
hours. The cooled beads are purified by washing and filtration twice with methanol,
water, twice with 1 M HCI, water, 4 times with 1 M NaOH (1.1 waterMeOH, v/v}, and
water until the pH of solution after washing was 7. The polymer is dried in a lyophilizer

for 48 hours. This polymer is shown in Table 10_Part 2 and Table 11 as polymer 23.

Exampis 1 {d-3) Specific procedure for polymer preparsd with variable

initiator content

(0012991 The following procedure was performed using different
amounts of V-50 in the first addition (i.e. 48, 7.4, and 9.1 g, respectively}. A 15 weight

% solution of V-50 is always used, and water addition is adjusted accordingly to

maintain same total amount of water.

[001300] A agueous stock solution of AAH was prepared by
dissolving allylamine hydrochioride (2-Propen-1-ylamine, “"AAH"} (46.2 ) in water (23.8
g). An agueous stock solution of DAPDA was prepared by dissolving 1,3~
Bis(aliylamino)propane dihydrochloride ("DAPDA” 480 ¢g) inwater (48.0¢g). Intoa 1L,
glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddle,
nitrogen inlet and addition funnel, was charged surfactant (branched dodecyibenzene

sulfonate, 6.6 g) dissolved in heptane {359 g), both agueous stock solutions, and water
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{19.3 g). In a separate vessel, a solution of V-50 (8.1 g) in water (51.6 g) was prepared.

The two mixiures were independently sparged with nitrogen. Under inert atmosphere,
the initiator solution was added to the reaction mixture while stirring, and subsequentiy
heated 1o 67°C for 16 hours. Six hours after the first addition of V-50, an additional
solution of V-850 (4.6 g in 26.3 g H20) is prepared, sparged with nitrogen, and added o
the reaction mixiure. After cooling the vessel to room temperature, the organic phase
was removed by decanting, and the beads were purified by washing and filtration once
with methanol, 4 times with 1 M NaOH (1:1 waterMeOH, viv), water until the pH of the
solution after washing was 8, and twice with methanol. The beadswere driedin a
vacuum oven at 80°C for 48 hours. This polymer is shown in Table 10_1 and Table

11_1 as polymer 18,

[601301] 1,2-Dichicrathane ("DCE") (200 g) was added to a
jacketed reactor charged with the resulting polyvamine beads (40 g) and equipped with
overhead stirring. The beads were dispersed before adding water (10 g) and heated {0
85°C for 16 hours. The slurry was drained, and the crude product was isolated by
filtration. The heads were purified by washing and filtration (4 times with 1N NaOH {11
waterMeOHM, viv), water until the pH of solution after washing was 11, and once with
methanol). The purified beads were dried in a vacuum oven at 60°C for 24 hours. The
dried polymer is packaged in a hermetically sealed container which provides a barrier to
oxygen and moisture. This polymer is shown in Table 10_2 and Table 11_2 as polymer
19.

Example 1 {e-1} Specific procedure for polymer prepared with variable DCE

to polylaliviamine) polymer ratios

(0013021 An aqueous stock solution of AAH was prepared by
dissoiving allylamine hydrochloride (2-Propen-1-ylamine, “"AAH") (263.0 g) in water
{263.0 g). An agueous stock solution of DAPDA was preparsd by dissolving 1,3-
Bis(aliylamino)propane dihydrochloride ("BAPDA 273.6 g) inwater (2736 g). Intoas
L, glass jacksted reactor equipped with an overhead stirrer, glass anchor stir paddie,
nitrogen inlet and addition funnel, was chargead surfactant (branched dodecylbenzens
sulfonate, 84.0 g) dissclved in heptane {3284 ¢) and both agueous stock solutions. Ina
separate vessel, a solution of V-50 (54.5 g) in water (308.6 ¢) was prepared. The two
mixiures were independently sparged with nitrogen. Under inert atmosphere, the
initiator solution was added o the reaction mixiure while stirring, and subsequently
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heated to 67°C for 16 hours. After cooling the vessel to room temperature, the organic

phase was removed by decanting, and the beads were purified by washing and filtration
twice with methanol, water, twice with 1 M HCI, water, 3 times with 1 M NaOH (1.1
waterMeOH, v/v), water until the pH of the solution after washing was 9, twice with
isopropancl, and twice with heptane. The purified beads were dried in & vacuum oven
at 80°C for 48 hours. This polymer is shown in Table 10_1 and Table 11_1 as polymer
49,

[001303] The following procedure was performed using different
amounts of polyamine and water, 1o adjust the DCE: polymer ratio without affecting the
overall voiume of the reaction or the water: polymer ratio. Reactions were performed
with the following amounts of polyamine and waier (80 ¢ polvamine, 22.5 g water, 80 g,
154g,36¢,9g 18g, 45¢9).

[001304] 1,2-Dichiorethane ("DCE") (450 g) was added to a
jacketed reactor charged with the resulting polvamine beads (80 g) and equipped with
overhead stirring. The beads were dispersed before adding water (15 g} and heated to
85°C for 16 hours. The slurry was drained, and the crude product was isolated by
filtration. The beads were purified by washing and filtration {wice with mathanol, water,
twice with 1 M HCI, water, 4 times with 1 M NaOH (aq), water until the pH of the solution
gfter washing was 9, and once with methanol). The purified beads were dried in a
vacuum oven at 40°C for 48 hours. The dried polymer is packaged in & hermetically
sealed container which provides a barrier to oxygen and moisture. This polymer is

shown in Table 10 2 and Table 112 as polymer 48,

Example 1 {s-2) Specific procedure for polymer prepared with variable DCE

to polylaliyiamine) polymer ratios

[C01305] An aqueocus stock solution of AAH was prepared by
dissolving allylamine hydrochloride (2-Propen-1-ylamine, “"AAH") (402.8 g) in water
(207.5 g). An agueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis{ailylamino)propane dihydrochloride ("DAPDA, 418.0 g) inwater (418.0¢q). Intoa®
L, glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddie,
nitrogen inlet and addition funnel, was charged surfactant (branched dodecylbenzene
sulfonate, 60.0 g) dissolved in heptane (3284 g) and both agueous stock solutions. Ina
separate vessel, a solution of V-50 (83.4 g) in water (472.6 ¢) was prepared. The two

mixtures were independently sparged with nitrogen. Under inert atmosphere, the
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initiator solution was added to the reaction mixiure while stirring, and subsequently

heated to 67°C for 16 hours. After cooling the vessel {o room temperature, the organic
phase was removed by decanting, and the beads were purified by washing and filtration
{3 times with 1 M NaOH (1.1 waterMeOH, viv), water until the pH of the solution after
washing was 7, twice with isopropano! and twice with heptane. The beads were dried in
a vacuum oven at 80°C for 48 hours. This polymer is shown in Table 10_1 and Table

11 1 as polymer 45

[0013086] The following procedure was performed using different
amounts of polyamine and water, 1o adjust the DCE: polymer ratio without affecting the
overall voiume of the reaction or the water: polymer ratio. Reactions were performed
with the following amounts of polyamine and waier (80 ¢ polvamine, 22.5 g water, 80 g,
154g,36¢,9g 18g, 45¢9).

[001307] 1,2-Dichiorethane ("DCE") (450 g) was added to a
jacketed reactor charged with the above resulting polvamine beads (60 g) and equipped
with overhead stirring. The beads were dispersad before adding water (15 g) and
heated to 65°C for 16 hours. The slurry was drained, and the crude product was
isolated by filtration.  The beads were purifisd by washing and filtration (4 times with 1N
NaGH (1:1 water:MeOH, viv), water until the pH of solution after washing was 8, and
once with methanol}. The purified beads weare dried in a vacuum oven at 40°C for 48
hours. The dried polymer is packaged in a hermetically sealed container which
provides a barrier {o oxygen and muoisture. This polymer is shown in Table 10_2 and

Table 11_2 as polymer 45,

Example 1 {1} Specific procedure for polymer stored with variable

container closurs

[001308] To prapare a 56 wt% aqueous allylamine {(2-Propen-1-
viamine, AAH) hydrochloride solution, allylamine (2-Propen-t-ylamine, AA, 305 kg) was
slowly added to a cooled 34 wi% hydrochloric acid solution (585 kg) so that the
temperature was between -10°C and 30°C. The solution was stirred for a minimum of
30 minutes. An agueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis(aliylamino)propane dihydrochloride ("DAPDA”, 568.2 kg) in water (86.2 kg). Into a
glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddle, and
nitrogen inlet, was charged surfactant (branched dodecylbenzene sulfonate, 8.0 kg)

dissolvad in heptane (437 kg), the DAPDA solution, and 96 kg of AAH solution. Ina
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separate vessel, a solution of V-50 (11.2 kg) in water (63.5 kg) was prepared. The two

mixtures were independently sparged with nitrogen. Under inert atmosphere, the
initigtor solution was added to the reaction mixture while stirring, and subsequently
heated 1o 67°C for 16 hours. Six hours after the first addition of V-50, an additional
solution of V-850 (5.6 kg in 31.7 kg H20) is prapared, sparged with nitrogen, and added
to the reaction mixture. After cooling the vessel to room temperature, the organic phase
was removed by decanting, and the beads were purified by washing with 1 M NaOH
{1:1 waterMeOH, v/v), water until the pH of the sclution after washing was 11, and with
meathanol. The beads wers dried in a vacuum oven at 80°C for 48 hours. This polymer

is shown in Table 10_1 and Table 11_1 as polymer 52.

[001309] 1,2-Dichlorethane ("DCE”) (322 kg) was added o a
jacketed reactor chargsd with the resulting polvamine beads (65.7 kg) and equipped
with overhead stirring. The beads were dispersed before adding water {(15.6 kg) and
heatad to 85°C for 16 hours {sees note above regarding reaction time). The slurry was
drained, and the crude product was isolated by filtration. The beads were purified by
washing with 1 M NaOH (1.1 waterMeOH, viv), water until the pH of the solution after
washing was 11, and with methanol. The purified beads were dried in a vacuum oven
at 60°C for 72 howrs. The dried polymer is packaged in a hermetically sealed container
which provides g barrier to oxygen and moisture. This polymer is shown in Table 10_2

and Table 11_2 as polymer 52,

(0013101 More frequently, the sp2 carbon content of
poly(allylamine) polymers comprised of allylamine hydrochloride and 1,3-
Bis{ailylamino)propana hydrochloride was measured prior to crosslinking with 1,2-
dichlorosthane. As discussad elsewhere, i is advantageous to determing the sp2
carbon content of such preformed poly(alivlamine) polymers because a higher signal o
noise may be obtained for sp2 carbon by 13C ssNMR at this stage. All values of
percent sp2 allyl carbon given in Table 11 part 1 are directly measured. In some cases
the percent sp2 allyl carbon in crosslinked poly(allvlamine) polymers given in the
examples was measured directly by NMR, and these are indicated in Table 11 part 2.
Alternatively, the percent sp2 alivl carbon present in the crosslinked poly{aliviaming)
polymers given in the example was calculated by multiplying the percent sp2 allyl

carbon in the corresponding preformed poly{allviamine) polymer by a factor of 0.8, The
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factor is derived from the addition of sp3 carbon during crossiinking of the preformed

poly(aliviaming) polymer with 1,2-dichioroethane.
Example 1 {g-1} Specific procedure for variable ratio of DAPDA to AAH

[001311] The following procedure was performed using different
relative amounts of the AAH and DAPDA. Reactions were performed with the following
amounts of AAH and DAPDA (38.9 g AAH, 50.8 g DAPDA,; 44.0 g AAH, 45.8g DAPDA,
49.7 g AAH, 40.2 g DAPDA).

[0oizizi To prepare a 56 wit% aquacus allylamine hydrochioride
(2-Propen-1-vlamine, AAH) soiution, allylamine (2-Propen-t-ylamine, AA, 614 kg) was
slowly added o a cocled 34 wi% hydrochioric acid solution (1002 L) so that the
temperatura was between -10°C and 30°C. The solution was stirred for & minimum of
30 minutes. An aqueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis(ailylamino)propane dihydrochioride ("DAPDA” 925 kg) inwater (825 kg). Intoa 1L,
glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddie,
nifrogen inlet and addition funnel, was charged surfactant (branched dodecyibenzene
sulfonate, 6.6 g) dissolved in heptane (357 g), AAH stock solution (38.8 g), and BAFPDA
stock solution (50.8 g). In a separate vessel, a solution of V-50 (8.1 g) in water (51.8 g}
was prepared. The two mixtures were independently sparged with nitrogen. Under inert
atmosphere, the initiator solution was added {o the reaction mixiure while stirring, and
subsaquently haated to 67°C for 16 hours. Six hours after the first addition of V-850, an
additional solution of ¥-50 (4.5 g in 25.8 g H20) is prepared, sparged with nitrogen, and
addead to the reaction mbdure. After cooling the vesssl {0 room temperature, the organic
phase was removed by decarting, and the beads were purified by washing with 1 M
NaOH (1:1 water:MeOH, v/v), water until the pH of the sclution after washing was 11,
and with methanol. The beads were dried in a vacuum oven at 60°C for 48 hours. This

polymer is shown in Table 10_1 and Table 11_1 as polymer 53,

[601313] 1,2-Dichiocrathane ("DCE") (200 g) was added to a
jacketed reactor charged with the resulting polvamine beads (40 g) and equipped with
overhead stirring. The beads were dispersed before adding water (10 g} and heated to
85°C for 16 hours. The slurry was drained, and the crude product was isolated by
filtration. The heads were purified by washing with 1 M NaOH (1.1 waterMeaQH, viv),
water urtil the pH of the solution after washing was 11, and with methanol. The purified

beads were dried in a vacuum oven at 60°C for 24 hours. The dried polymer is
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packaged in a hermetically sealed container which provides a barrier 1o oxygen and

moisture. This polymer is shown in Table 10_2 and Table 11_2 as polymer 53.

Example 2 - comparative polymers made by a process disclosed in
WO2016/094885 AT

[0013141 Three comparative poly{allylaming) polymers and three
comparative crosslinked poly{aliviamine) polymers (polymers 62, 63 and 64 in the
tables below) were tested for sp? carbon % and the amount {(ppm) of allylamine formed

per day in the Heated Stability Assay (Stability Assay 2).

[001315] The comparative poly{allylaming) polymers and
crosslinked poly(allylaming) polymers were prepared using the process disclosad in
paragraphs [0385], {0386], and [0388] of WO2016/094885A1, which is incorporated

herein by referencs.

[601316] The sp® carbon % of the poly(allylamine) polymers 82, 63
and 64 was measured using the "*C CPMAS ssNMR (quantitative 3C solid state cross-
polarization magic angle spinning (CPMAS) NMR) method and the sp? carbon % of the
crosslinked poly(allylamine) polymers 62, 63 and 64 was measured using the 3C MAS

ssNMR {guantitative °C solid state magic angle spinning (MAS) NMR) method.

(0013171 The crosslinked poly(allylamine) polymers 62, 63 and 64
were also subjected to the Heated Stability Assay (Stability Assay 2).
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[001319] Table 10_Part 2: Synthesis of post-crosslinked radical

polymerization crosslinked poly(allylamineg) polymer beads {Contd.}

Post-
crosslinked | - Polymer DCE {g} Water {g} | Temp {°C) Time {(h)
polymer {2}
number
1 133.3 1000 33.3 &5 16
2 45 337.5 113 85 16
3 45 3375 1i.3 85 16
4 45 337.5 113 65 16
5 45 3375 113 65 16
8 NP NP NP NP NP
7 45 3375 1i3 85 16
2 40 300 10 65 16
9 40 300 16 65 16
10 20 150 5 85 16
11 66.7 500.3 i8.7 a5 16
12 50 375 125 65 16
13 a0 450 15 65 i6
14 100 750 25 85 16
15 45 337.5 ii3 85 16
16 45 337.5 113 &5 16
17 NP NP NP NP NP
18 NP NP NP NP NP
18 40 200 10 a5 16
20 40 300 10 &5 16
21 10 75 2.5 65 16
22 133 997.5 33.3 85 16
23 NP NP NP NP NP
24 133.3 1000 33.3 65 16
25 66.7 500 16.7 55 16
26 66.7 500 16.7 & 16
27 45 337.5 113 70 16
28 66.7 5030 18.7 75 16
29 133.3 799.8 33.3 65 10
30 66.7 500 16.7 85 20
31 100 750 25 85 10
32 66 495 185 85 10
33 268.7 2000 66.7 65 16
34 266.7 2000 &66.7 &5 16
35 40 200 & 85 16
36 40 200 8 85 16
37 40 200 10 65 16
38 40 200 12 65 16
39 40 200 14 85 16
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Post-
crosslinked Po!’ymer DCE {g) Water {g} | Temp {°C} Time {h}

polymer {g}

number
40 35 175 8.75 685 12
41 35 175 8.75 &5 16
42 35 175 8.75 85 16
43 35 175 8.75 65 20
44 a0 450 22.5 65 16
45 &0 450 15 &5 16
46 36 450 9 85 16
47 18 450 45 85 16
48 a0 450 22.5 65 16
45 60 450 15 65 16
50 36 450 9 85 16
51 18 450 45 85 16
52 65700 322000 15600 &85 16
53 40 200 1C 65 16
54 44 200 10 &5 16
55 40 200 10 85 16
56 380G0 28600 950 &85 16
57 63200 450000 15800 55 16
58 54600 300000 16200 &5 16
58 638400 3204000 160000 64 16
&0 61000 320000 15400 a5 16
61 641300 3202000 160000 55 16

Polymers made using the process in W02016/094685 Al

62 15.00 112.5 3.75 70 16
63 15.00 112.5 3.75 70 16
64 15.00 1125 3.75 70 18

NP = not performed

[001320]

Table 11_Part 1. Properties of radical polymerization

poly(aliylaming) polymer beads

Polymer | swelling 5GF % sp2

number {gfg) | {mmolfg) carbons
1 3.4 14.4 NP
2 4.2 138 1.6%
3 4.9 13.8 1.4%
4 4.2 13.8 1.2%
5 4.3 14.1 1.2%
& 3.5 14 1.2%
7 3.5 14.2 NP
8 3.3 14.6 NP
2] 3.2 14.1 NP
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Polymer | swelling SGF % sp2

number {g/g) | {mmol/g) carbons
10 3.3 14.6 2.3%
i1 3.6 14.8 2.7%
12 NP 14.1 NP
13 4.9 134 NP
14 3.8 14.1 NP
15 3.1 14.2 NP
16 2.7 14 0.7%
17 3.7 14.4 1.4%
18 3.8 14.1 0.8%
19 4.1 135 0.6%
20 4.4 14.4 3.2%
21 NP 14.1 3.4%
22 NP 14.1 1.8%
23 NP 135 1.2%
24 3.5 14.1 NP
25 3.5 141 NP
26 3.5 14.1 NP
27 3.5 14.1 NP
28 3.5 14.1 NP
28 3.9 136 NP
30 3.6 134 NP
31 3.9 136 NP
32 3.9 13.6 NP
33 3.5 14 1.2%
34 3.5 14 1.2%
35 3.7 14.0 0.8%
36 3.7 14.0 {.8%
37 3.7 14.0 0.8%
38 3.7 14.0 0.8%
39 3.7 14.0 (.8%
40 3.6 14.0 0.7%
41 3.6 14.0 0.7%
47 3.6 14.0 C.7%
43 3.6 14.0 0.7%
44 3.9 13.6 NP
45 3.9 136 NP
46 3.9 136 NP
47 3.9 13.6 NP
48 NP 13.7 NP
49 NP 13.7 NP
50 NP 13.7 NP
51 NP 137 NP
52 3.8 13.4 0.9%
53 4.1 13.7 (0.8%
54 4.2 13.7 0.8%
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Polymer | swelling SGF % sp2
number {g/g) | {mmol/g) carbons
55 4.2 14.2 0.6%
56 4.6 135 1.5%
57 4,1 13.7 1.9%
58 3.7 136 0.9%
59 3.8 14.0 0.6%
80 3.7 138 0.7%
51 3.6 13.7 0.5%
Polymers made using the process in
WO2016/094685 Al
52 NP NP 1.2%
63 NP NP 1.2%
&4 NP NP 1.2%

NP = not performed
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[001323] Table 12. Properties of post-crosslinkad radical
poiymarization beads from Stability Assay 3

Al {ppmy}
Time {Months} 25°C/ 60%RH A0°C/TE%RH
0 4 4
1 4 4
3 3 3
) 5 4
RH = relative humidity

Example 3 ~ examples relating to the stability of the crosslinked poly{aliviamine}
polymer with respect to oxygen with different packaging approaches

[001324] The following examples demonstrate several approaches o
reducing the exposure of the crosslinked poly(allylamine) polymer disciosed herain o
oxygen, thereby reducing or eliminating degradation, by measuring the allylamine
concentration. Thus, these approaches also relate {0 increasing the stability of the polymer
disciosed herain,

General

[001325] The following examples are involve unit dosage forms
produced from loading a crossiinked poly(allylamine) polymer disclosed herein in a packet
material, Packet materials are known and Table AQ provides details of commercially
available packet materials. The packet materials can comprise aluminum foil laminate
films. An example packe! material, can be formed from a 4-layer laminate web stock
{composed of polyethylene terephthalate (PET/ow densily polyethylens
(LDPETOIVLDPE). The packet material can be heat-sealed on four sides to form a packet.
The outer layer/surface of the packet can be PET, and the inner layer or surface in contact
with crosslinked poly(aliylamine) polymer disclosed herein can be LDPE. Packet materals
may not contain adhasive layers if produced by extrusion lamination. Other packst
materials can be produced from a 4-layer laminate web stock and adhesive layers.

[001326] For the packet materials described hersin, oxygen transfer
rate can be measured by the method defined in standard: ASTM D3885 (e.g. DOL

10.1520/D3885-17). For the packet materials described herein, water vapor transfer rate
258
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can be measured by the method defined in standard: ASTM F1248 (e.g.

DOL 10.1520/F1249-20),

Table AC: example packet materials suitable for unit dosage forms disclosed herein.

Packet material Supplier

RFE-005 Amcor Flexibles Europe & Americas
RFE-0086 Amcor Flexibles Europe & Americas
RFE-011 Amacor Flexibies Eurcpe & Americas
RFE-G13 Amecor Flexibles Europe & Americas
RFE-015 Amcor Flexibles Europe & Americas
RFE-016 Amgcor Flexibles Europe & Americas
RFE-(22 Amcor Flexibles Europe & Americas
RFE-024 Amgcor Flexibles Europe & Americas
RFE-040 Amgcor Flexibles Europe & Americas
RFE-(70 Amacor Flexibies Eurcpe & Americas
RFE-071 Amcor Flexibles Europe & Americas
RFE-074 Amocor Flexibles Europe & Americas
RFE-083 Amgcor Flexibles Europe & Americas
RFE-(84 Amgcor Flexibles Europe & Americas
RFE-207 Amcor Flexibles Europe & Americas
EFQO 181-001 Glenroy

48503X FPC Flexible Packging Corp.
NeoCarta Gualapack Group

Sterifoil Gualapack Group

FLEXA Constantia Flexibles

DIVIDUA Constantia Flexibles

VELAR Constantia Flexibles

FRUGH Constantia Flaxibles

ALUTA Constantia Flexibles

OxyVanish-Dry Film Mitsubishi Gas Chemicals America fnc.
PAKVF4 Impak Corporation

Example 3 {a} Impact of packet material on stability

introduction

{001327]

As mentioned above, g crosslinked poly(allylamineg) polymer

disclosed herein is veverimer. Veverimer can be provided in 3 g, 6 g and 9 g dosage

strengths which reguire packaging in a packet material to form the unit dosage form. It was
postulated that if the packel material minimized the exposure of veverimer to atmospheric
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oxygen, then it would increase the stability (e.q. the shefif life/long term slorage) of

veverimer inside the packet material,

{001328]
confaining 1.5 g of veverimer were subjected {0 a stability study in order to defermine the

To investigate this, three different packet materials

effact of the packel malerial on minimizing the degradation of veverimer by oxygen under

various condifions {e.g. temperature and/or relative humidily over time).
Packet materials for testing

[001329] Packel materials which had barrier properties for oxygen and
watler ingress were selected for testing. Three commercially-available packet materials

comprised of aluminum foil laminate films were sourced (detlails in Table A1),

[001330] Further technical information about the packet materials for
testing, e.g. structure, oxygen transfer rate (O2TR}, and water vapor transfer rate (WVTR)

is also presented in Table A1

Tabie A1 Information on the aluminum foil laminate films evaluated as a packet material

Aluminmm
foil laminate
films (Packet

materiails)

Construction
{from oufer surface io product
contact surface)

Oxygen
Transfer
Rate
{CCimiday)

Water Vapor
Transfer
Rate
{g/m*iday)}

Paper (32.5 gim%)

Adhesive (4.0 g/m?)

Polyester (32.7 g/m?)

PE Reasin {12.5 g/m?

Aluminum Foil (24.3 g/m?) = 8 um
PE Resin (24.5 g/m?)

RTEN

0.02e

PET (32.4 g/m?)

ink® (1.5 g/m?

Adhesive (3.5 g/m?)

Aluminum Foil (48.0 g/m?) = 18 um
Adhesive (2.5 g/im?3)

LLDPE (23.1 g/m?)

<{.005¢

0.0t

PET (23.0 um)

ink®

White LDPE (12.0 g/m®)
Aluminum Foil (18.0 pm)
LDPE (34.0 g/m?)

<(.045¢

016

N/A = Not available; PE = polyester; LLDPE = linear low density pelyethylene; CC = cubic cantimeters

* Measured at 38°C, 100% RH
v Aluminum foil faminate films used in this study do not contain an ink layer
¢ Measured at 23°C, 50% RH
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¢ Measured at 38°C, 90% RH
Measured at 23°C, 0% RH
T Measured at 38°C, 100% RE

Manufacture of veverimer packets

[001331] Veverimer (1.5 g) was packaged in 7.62 cm x 1016 am (3" X
47} packets prepared from the aluminum foil laminate films described in Table A1, which
yieldad the unit dose forms for testing. For aluminum foil laminate films B and C, 3-side
sealed packets of size 7.62 cm x 10.16 cm (37 x 47) were loaded with veverimer and the
remaining (fop) side was manually heat sealed with portable heat sealer at Tricida. For A, a
3-side sealed packet of size ~7.62 om x ~10.16 cm (~3” x ~4") were prepared at Tricida by
heat sealing and the remaining (top) side was heat sealed afler adding veverimer. Thus,
unit dosage form forms made from the A, B and C packet materials were produced.

Stability Study With Different Aluminum Foil Laminate Films

[001332] Having manufactured the unit dosage forms for testing, 2
stability study was iniliated. The study measured the concentration of allylaming {(a
degradation product} over a period of six weeks in unit dosage forms A, Band C at
25°C/80% relative humidity (RH) and 40°C/75% RH. The concentration (ppm) of
allylamine (AA) in the unit dosage form was determined by cation exchange ion
chromatography (as per the protocol described herein under the “Cation IC Exiraction

Procedure”).

[001333] The cumulative concentration of allylamine in unit dosage
forms A, B and C over six weeks at 25°C/80% RH is displayed in Table A2. The cumulative
concentration of ailylamine in unit dosage forms A, B and C over six weeks at 40°C/75%
RH is displayed in Tabie A3, Lower limit of detection (LOD) data is also included for the
studies at 25°C/680% RH and 40°C/75% RH in Tables A4 and AS respectively.

Table A2: Concentration (ppm) of AA in veverimer unit dosage forms at 25°C/B0% RH

Tine {Weeks}
Unit dosage form 8 | 1 | 2 ] 4 [ 8
Concentration of AA (ppm}
A <1.3 4.0 7.2 13.3 13.5
B8 <1.3 34 4.4 57 4.8
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Time {Weeks}
Unit dosage form 8 | 1 | 2 | 4 | 8
Concentration of AA (ppm}
C <13 | 44 | 41 | 53 | 61
[001334] Note: Guantitation Limit (QLs) for AA measurement is 1.3

ppm. The AA vaiue at TO was estimated 1o be 0.9 pom for calculalion/graphing purposes.

Table A3: Concentration {ppm) of AA in veverimer unit dosage forms at 40°C/75% RH

Time {Weeks}
Unit dosage form 8 i | 2 | 4 | &
Concentration of AA {ppm}
A <1.3 7.5 12.0 18.1 17.1
B <1.3 4.8 4.8 50 4.0
C <1.3 4.3 4.5 4.5 3.5
[{001335] Note: Quantitation Limit (QLs) for AA measurementis 1.3

ppimt. The AA value at TO was estimated to be 0.9 ppm Tor calculation/graphing purposes.

Table Ad: LOD data for veverimer unit dosage forms at 25°C/80% RH

Time {Weeks}
Unit dosage form 8 | 4 | 2 [ 4 | 8
Conceniration of A& {ppm}
A 1.8 34 4.2 4.5 4.7
B 1.8 32 2.4 4.0 2.5
c 1.8 2.2 24 2.4 2.4

Table AS: LOD data for veverimer unit dosags forms at 40°C/75% RH

Time {Weeks}
Unit dosage form 8 | 1 | 2 | 4 | 8
Concentration of AA {ppm}
A 1.9 47 4.8 58 8.3
B 1.@ 28 22 34 3.0
C 1.@ 2.4 2.0 1.8 25
[001336] The data from Table 2A is presented in Figure 1A, The data

from Table A3 is presented in Figure 18,

Discussion of resulis
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[001337] The data in Table 24 and Figure 1A shows thal the
concentration of aliylamineg Is increasing over time for unit dosage form A This is suggests
that oxygen, the form of air, is entering the unit dosage form and causing veverimer {o
degrade and form allylamine. The data in Table 2A and Figure 1A shows that the
concentration of allylamine is substantially constant after one week for unit dosage forms B
and C (c.f. the LOD data from Table A4). This suggests that minimal or no oxygen is
entering the unit dosage form. Similar trends are observed for the data in Table A3 and
Figure 1B. Any slight increase in AA concentration could be attributable due {o oxygen
already present in the unit dosage form, &.¢. because the unit dosage form was produced

in air so air was present in the head space.

[{001338] In view of the data for unit dosage forms B and C from Table
A3 and Figure 1B being oblained under more stressful conditions (40°C/75% RH) than the
data in Table AZ and Figure 1A (25°C/80% RH), it's notable that the results are
supstantially the same, .g. a constant ~5 ppm of aliylamine. This suggests that unit
dosage forms B and C are effective at preventing oxygen from entering the unit dosage
form. The B and C packets (.g. aluminum foil laminate films) have an Oxygen Transfer
Rate (CC/m?#/day) of <0.045 and <0.005 respectively. These data would suggest that a
crosslinked poly{allylamineg) polymer disclosed herein (e.g. veverimer) in a packet material
with an Oxygen Transfer Rate (CC/m#/day) of 0.05 or less may be suitable for producing a
stable unit dosage form.

Example 3 {b) Impact of packset head space on stability
introduction

[001339] Example 3 (a8) demonstrates that unit dosage forms with B or
C as the package material (or a material with an Oxygen Transfer Rate (CC/m?/day) of
0.05 or less) prevents oxygen from entering the unit dosage form. Consequenily, the
crosslinked pely(allylamineg) polymer (e.g. veverimer) does not appreciably degrade and is
stable over long periods of time.

[001340] The unit dosage form has a fixed volume. Different amounts
{e.g. 3¢, 6 gor?gdosages) of the crosslinked poly(allylamine) polymer (e.g. veverimer)
can be loaded into the packet material to produce the unit dosage form. The different
264
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amounts {or mass) of the crosslinked poly(alivlamine) polymer (2.g. veverimer) will have
different volumes. Thereforg, a unit dosage form containing less drug substance (e.g. the
crosslinked poly{allylamineg) polymer such as veverimer) will have a larger head space, It
follows that a unit dosage form containing more drug substance will have a smaller head
space. In this context, the head space can be considered the volume of the sealed packst
material minus the volume of the drug subsiance inside the packet. If the unit dosage form
is produced in gir, the amount of oxygen in the unif dosage form will vary depending on the

amount of drug substance.

[001341] Thus, this example investigates the effect of different
amounts of oxygen in the head space of the unit dosage form on the stability of the drug

substance (e.g. the crossiinked poly(allylamine) polymer such as veverimer).
Manufacture of veverimer packets {unit dosage forms)

[001342] The procedure described in Example 3 (a) was foliowed to
produce the unit dosage forms for this Example. Veverimer in 1.5, 3.0 and 4.5 g amounts
was packaged in 6.35 om x 7.94 cm {2.5" x 3.125") packets of packet material B to
produce 1.5, 3.0 and 4.5 g unit dosage forms. As mentioned above, as the amount of
veverimer in the packet increases, the head space velume:veverimer mass ratio decreases
since the dimensions and therefore the volume of the packet is fixed.

[001343] For reference, the head space of a sealed packet can be
estimated according to known methods, e.g. Formula X described elsewhere herein. For
example, 3 g of veverimer packaged in a 6.35 om x7.94 om (2.5" = 3.1257) packet, the
gstimated head space volume is 29 cm?, and the ratio of head space volume:veverimer
mass is 10 om¥/g.

Stability study with different head space volumes

[001344] Having manufactured the unit dosage forms for testing, a
stability study was initiated. The study measured the concentration of aliylamine (a
degradation product) over a period of three months in the 1.5, 3.0 and 4.5 g unit dosage
forms at 25°C/80% relative humidity (RH) and 40°C/75% RH. The concentration (ppm) of
aliylamine (AA) in the unit dosage form was determined by cation exchange ion
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chromatography (as per the protocol described herein under the “Cation IC Extraction
Procedure”).

{001345]
and 4.5 g unit dosage forms over three months at 25°C/80% RH is displayed in Table AB.

The cumulative concentration of alivlamine in the 1.5, 3.0

The cumulative conceniration of allylamine in the 1.5, 3.0 and 4.5 g unit dosage forms over
three months at 40°C/758% RH is displayed in Tabla A7,

Table AS: Concentration {ppm) of AA in vaverimer unit dosage forms at 25°C/680% RH

. . . Time {(Months)
Amaount (g} of veverimer in the unit
- ¢ | 1 1 2 | 3
dosage form {packet material B} -
Concentration of AA {ppm}

1.5 0.8 28 2.8 3.4
3 0.8 2.0 2.8 3.0
4.5 0.8 1.7 2.2 2.3

Table A7: Conceniration {ppm) of AA in veverimer unit dosage forms at 40°C/75% RH

. . ) Time {Months}
Amount (g} of veverimer in the unit
. 0 | 1 | 2 | 3
dosage form {packet material B} .
Concentration of AA {ppm})

1.5 0.8 2.4 3.1 3.2
3 0.8 1.7 2.5 2.8
4.5 0.8 1.5 1.9 2.5

[001346] The daia from Table AG is presented in Figure 2. The data

from Table A7 is presanted in Figure 3.
Discussion of resulls

[001347] The data in Table AB and Figure 2 shows that the
concentration of allylamine is steadily increasing from about 1 ppm to about 2-3 ppm over
time the 1.5, 3.0 and 4.5 ¢ unit dosage forms. This suggesis that a small amount of the
polymear within the unit dosage form is being degraded by oxygen {o form allvlaming. For
the 1.5, 3.0 and 4.& ¢ unit dosage forms, the rate of formation of allvlamine dacreases over
the three month study. This suggests that the oxygen in the unit dosage form is being

consumed and not replaced, e.g. from air outside the unit dosage form, which would agree
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with the results from Example 3(a) that unit dosage form B prevents oxygen from entering
the unit dosage form.

[001348] As discussed above, the head space in the packet of the unit
dosage form decreases with increasing amounts of drug substance in the packet of the unit
dosage form. Therefore the amount of oxygen in the 1.5, 2.0 and 4.5 g unit dosage forms
shouid be the most for the 1.5 g unit dosage form and the least for the 4.5 g unit dosage
form. The data in Table AS and Figure 2 shows that highest concentration of AA was
measurad in the 1.5 g unit dosage form. By contrast, the lowest concentration of AA was
measured in the 4.5 g unif dosage form. These resulls show that less oxygen in the unit

dosage form resuits in less formation of AA and therefore less degradation by oxygen.

{001349] Similar trends are observed for the data in Table A7 and
Figure 3.
[001350] Therefore, the data shows that minimal polymer degradation

due to oxygen already present in the unit dosage form occurs inthe 1.5, 3.0 and 4.5 g unit
dosage forms. The most degradation, as measured by the concentration of AA, occurs in
the 4.5 g unit dosage form which is due to this unit dosage form having the largest head
space, and therefore, the most oxygen present.

[001351] To conclude, this example demonstrates that an approach 1o
increase the stability of the crosslinked poly{allylaming) polymer {e.g. veverimer} is
reducing the volume of the head space in the unit dosage form.

Example 3 {¢} Impact of an oxygen scavenger in the unit dosage form
introduction

[001352] Example 3 (b) demonstrates that a residual amount oxygen
in the unit dosage form, e.g. due {o the unit dosage form being produced in air, resulfs in
some degradation of the crosslinked poly(allviamine) polymer disclosed herein (e.g.
vaverimer). Example 3(b) also demonstrates that if the amount of oxygen is reduced, e.¢.
by reducing the head space in the unit dosage form, degradation of the polymer is further

minimized.
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[001353] it was postulated that if there was no oxygen present in the
unit dosage form then no degradation of the crosslinkad poly{allylamine) polymer disclosed
herein (2.9, veverimer) would be observed. it was further postulated, that an oxygen
scavenger would reduce the amount of oxygen in the unit dosage form such that no
oxygen mediated degradation (as measured by allylamine concentration) of the polymer

oceurred.

[001354] Thus, this example investigates the effect of an oxygen
scavenger in the unit dosage form on the siability of the drug substance (e.g. the

crosslinked poly{allylamine) polymer such as veverimer).
Manufacture of veverimer packets {unit dosage forms)

[001355] The procedure described in Example 3(a) was followed to
produce the unit dosage forms for this Example. Veverimer in a 1.5 g amount was
packaged in 6.35 om x 7.94 om (2.8 x 3.125%) packets of paket material D. Packet
material D comprisies an oxygen scavenger. Packet material D has a composition of PET
{12 pmyAluminum foil {12 wm) Oxygen scavenger layer (70 pm)/adhesive. Packet material
D has an oxygen absorption volume of greater than or equal to 0.01 ml/om? at 25°C/0%RH
for 7 days {0%RH can be achieved under dry conditions using a desiccant).

Stability study with oxygen scavenger

[001358] Having manufactured the unit dosage form for testing, a
stability study was initiated. The study measured the concentration of allylamine over a
period of six months in the 1.5 g unit dosage form with an oxygen scavenger at 25°C/60%
relative humidity (RH) and 40°C/75% RH. The concentration (ppm) of allylamine (AA) in
the unit dosage form was determined by cation exchange ion chromatography (as per the
protocol described herein under the “Cation IC Exdraction Procedure”).

[001357] The cumulative concentration of allvlamine in the 1.5 g unit
dosage form with an oxygen scavenger over six months at 25°C/60% RH and 40°C/75%

RH is displayed in Table AS. The data from Table A8 is presented in Figure 4.

Table A8: Concentration (ppm} of AA in veverimer unit dosage form at 25°C/H60% RH and
40°CI75% RH
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1.8 g unit dosage form Time {(Months}
with an oxygen g | o5 1 7 2 1 4 ] 8
scavenger Concentration of AA {ppm}
25C#B0% RH 3 14 1.3 1.2 1.3 0.9
40CF75% RH 1.3 1.2 1.1 0.8 1.2 0.8
Discussion of resulis
[001358] The data in Table A8 and Figure 4 shows that the

concentration of allylamine is constant over six months for the 1.5 g unit dosage form with
an oxygen scavenger at 25°C/60% RH and 40°C/75% RH. This suggests that no
significant degradation has occurred because the concentration of aliylamine has not

increased.

[001359] To conclude, this example demonstrates that an approach to
increase the stability of the crosslinkad poly{allylamineg) polymer disclosed herein (8.¢.
vaeverimer) can be removing oxygen from the unit dosage form, which can be achieved with

an oxygen scaverger.
Example 3 {d} impact of unit dosage form envirenment on stability
introduction

[001360] Example 3 (¢) demonstrates that if oxygen in the unit dosage
form is removed, e.g. by an oxygen scavenger, degradation of the crosslinked
poly(aliviamine) polymer disclosed herein {e.g. veverimer) is minimized. In Example ¢}, the
unit dosage form was produced in air which explaing why some oxygen is prasent in the
unit dosage form.

[001361] It was postulated that if there was no oxygen present in the
unit dosage form whan it was produced, then no degradation of the crosslinked
poly{allylamine) polymer disclosed herein {(e.g. veverimer) would be observed. H was
further postulated, that producing the unit dosage form in low oxygen environments or an
environment with no oxygen, would result in less or no degradation (as measured by

aliylamine concentration) of the polymer by exposure (o oxygen.
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[001362] Thus, this example investigates the effect of no or low
oxygen environmeanis in the unit dosage form on the stability of the drug substance {e.g.
the crosslinked poly(allylamine) polymer such as veverimer).

Manufacture of veverimer packets {unit dosage forms)

[Q01363] The procedure described in Example 3 (a) was followed to
produce the unit dosage forms for this Example. Veverimer in a 1.5 g amount was
packaged in 2.54 cm x 7.62 om (1" x 3") packetls prepared from packet material £ under
three different environments. The environments were air, 8% oxygen and 82% nitrogen,
and 99+% nitrogen. Thus, three 1.5 g unit dosage forms were produced, each with an
internal environment of air, 8% oxygen and 82% nitrogen, or 88+% nitrogen. Packet
material E is a lamination of film foll and polyethylens. In particular, Packet material Eis a
PET/adhesiveffoil/adhesive/LLDPE laminate having an oxygen transfer rate of 0.001
CCim?lday and a water vapor transfer rate of < 0.0005 g/100in*/day.

Stability study with different environments

0013641 Having manufactured the unit dosage form for testing, a
stability study was initiated. The study measured the concentration of allylamine over a
period of six months in the 1.5 unit dosage forms at 25°CA60% relative humidity (RH) and
40°CI75% RH. The concentration {(ppm) of allviamine (AA) in the unit dosage form was
determined by cation exchange ion chromatography (as per the protocol described herein
under the “Cation iC Extraction Procedure™).

[001385] The cumulative concentration of aliylaming in the 1.5 g unit
dosage forms with different environments over six months at 25°C/60% RH is displayed in
Table AD. The cumulative concentration of aliylamine in the 1.5 g unit dosage forms with
different environmeris over six monihs at 40°C/75% RH is displayed in Table A10.

Table AB: Conceniration (ppm) of AA In veverimer unit dosage form at 25°C/60% RH

- i . t of 1.5 Tine {Months)
nternal environmentof 1.5 g B Y | i l 3 ' 3 &
unit dosage form i . :
Concentration of AA {ppm}
Air 0.4 3.2 30 2.8 238 25
8% Oxygen and 92% nitrogen 0.4 2.5 23 1.9 2.3 1.8
89+% Nitrogen 0.4 1.0 1.7 0.8 1.3 0.8
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Table A10: Concentration (ppm) of AA in veverimer unit dosage form at 40°C/75% RH

- i . ¢ of 1.5 Time {(Months)
nternal environment of 1.5 g 5 Y i . l 2 . T s
unit dosags form i . ]
Concentration of AR {ppm}
Alr 0.4 3.9 34 35 52 2.7
8% Oxygen and 82% nitrogen 0.4 2.3 23 1.8 2.3 14
98+% Nitrogen 0.4 1.1 1.1 1.1 1.4 0.8
[001368] The data from Table A9 is presented in Figure 5. The data

from Table A10 is presented in Figure 6.
Discussion of resulis

[001367] This example demonstrates that an gpproach to ensure the
stability of the crosslinked poly(allylamine) polymer disclosed herein {e.g. veverimer) can
be achieved by removing oxygen from the unit dosage form or by decreasing the amount of
oxygen in the unit dosage form. Oxygen can be removed the unit dosage form by
producing the unit dosage form in an inert environment. A nitrogen environment is an

exampie of an inert environment.
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What is claimed is:

1. A crosslinked poly(allylamine) polymer wherein the crosslinked poly(allylamineg) polymer
is veverimer, and lass than 1.0% of the total number of carbon atoms present in the

crosslinked poly(aliylamine) polymer are sp? allyl carbons.

2. The crosslinked poly{allylamine)} polymer of claim 1 wherein leas than 0.9% of the {otal
number of carbon atoms present in the crosslinked poly(allylamine) polymer are sp? aliyl
carpons.

3. The crosslinked poly{allylaming) polymer of any preceding claim whereain iess than 0.8%
of the total number of carbon atoms present in the crosslinked poly{allylaming) polymer are
sp? allyl carbons.

4. The crosslinked poly{aliylamine} polymer of any preceding claim wherein less than 0.7%
of the total number of carbon atoms present in the crosslinked poly{allylamine) polymer are

sp? allyl carbons.

&. The crosslinked poly(allylaming) polymer of any preceding claim wherein less than 0.6%
of the {otal number of carbon atoms present in the crosslinked poly{allylamineg) polymer are
sp? allyl carbons.

6. The crosslinked poly(allylamine} polymer of any preceding claim wherein more than
0.3% of the total number of carbon atoms present in the crosslinked poly(allylamine)

polymer are sp? allyl carbons.

7. The crosslinked poly{allylaming) polymer of any preceding claim whersin the
parcentage of sp allyl carbons can be determined by measuring the percentage of sp® alivl
carbons in the crosslinked poly(allylamine) polymer.

8. The crosslinked poly{allylamine) polymer of any one of claims 1-7 wherein the
percentage of sp? allyl carbons can be determined by calculating the percentage of sp? allyl
carbons in the crosslinked poly(allylamine) polymer from the percentage of sp? allyi
carbons measured in the poly{allylamine) polymer that is crosslinked o make the
crosslinked poly(allylamine) polymer.
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8. The crosslinked poly(allylamine) polymer of claim 8 wherein the percentage of sp? allyl
carbons in the crossiinked poly(allylamine) polymer can be determined by mulliplying the
percentage of sp? allyl carbons in the poly{allylaming) polymer by the ratio of the carbon to
nitrogen weight ratio of the poly{allylamineg) polymaer to the carbon to nifrogen weight ratio
of the crosslinked poly(allylaming) polymer.

10. The crosslinked poly{aliviamine) polymer of claim 8 wherain the ratio of the carbon to
nifrogen weight ratio of the poly(aliylamine) polymer to the carbon {0 nitrogen weight ratio

of the crosslinked poiy(aliylamine) polymeris about 0.8,

11. The crosslinked poly{aliylaming) polymer of claim 8 or claim 10 wherein the carbon {o
nitrogen weight ratio of the poly(allylaming) polymer and the carbon to nitrogen weight ratio
of the crosslinked poly(allylamine) polymer may be determined by elemental analysis.

12. The crosslinked poly(aliviamine) polymer of any one of claims 1-7 wherein the
percentage of sp? allyl carbons in the crosslinked poly(allylamine) polymer can be
determined by *C NMR.

13. The crosslinked poly(allylaming) polymer of any one of claims 8-11 wherein the
percentage of sp allyl carbons in the poly(allylaming) polymer can be determined by °C
NMR.

14. The crosslinksd poly(aliylamine} polymer of claim 12 or claim 13 wherein the
integration of the sp? allyl carbon peaks between 110 ~ 150 ppm and alkyl carbon peaks
between 0 — 80 ppm is used to guantitate the percentage of sp? allyl carbons using the
formula

peak integration (110130 ppm)

x 160.

% sp2 allvi carbons = _ o - - ; :
- veak intagration (0-80 ppm)+peak integration (110—~150 ppm)

15, The crosslinked poly(allylamine) polymer of any one of claims 12-14 wherein the C

NMR is guantitative 13C solid state magic angle spinning (MAS) NMR.

16, The crosslinked poly(allylamine) polymer of any one of claims 12-14 wherein the BC
NMR is quantitative 13C solid state cross-polarization magic angle spinning (CPMAS) NMR.
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17. The crosslinkad poly(allylamineg) polymer of any preceding claim wherein the
crosslinked poly(allylamine) polymer contains less than 20 ppm aliylamine
{H2C=CHCH2NH2) as an impurity.

18. The crosslinked poly(allylamine) polymer of claim 17 whereain the allylamine content
may be determined by the Cation IC Extraction Procedure.

19, The crosslinked poly(aliviamineg) polymer of any preceding claim wherein when tested
with the Heated Stability Assay (Stability Assay 2) the aliylamine content of the crosslinked

poly(aliylamine) polymer increases by lass than 2.5 ppm/day allylamine.

20. The crosslinkad poly(aliylaming) polymer of any preceding claim whearein when testad
with the Heated Stability Assay (Stability Assay 2) the allylaming content of the crosslinked
poly{allylaming) polymer increases by less than 2.0 ppm/day allylamine.

21. The crosslinked poly(alivlamine) polymer of any preceding claim wherein when tested
with the Healed Stability Assay (Stability Assay 2) the alivlamine content of the crosslinked

poly(aliylamine} polymer increases by less than 1.5 ppm/day allylamine.

22. The crosslinked poly{aliylamineg) polymer of any preceding claim for use in @ method of

freating metabolic acidosis.



