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CROSSLINKED POLY{ALLYLAMINE) POLYMER PHARMACEUTICAL
COMPOSITIONS

[0001] The present disclosure relates {0 crosslinked poly(aliviamine) polymers
comprising the residues of 2-propen-~-1-ylamine, or a salt thereof,
1,3-bis{allylamino)propana, or a sait thereof, and 1,2-dichloroethane, preferably
veverimer, that may be used as a nonabsorbed pharmaceutical for a therapeutic
application, for example, tfreating metabolic acidosis. More specifically, it relales o
pharmaceutical compositions comprising such polymers, pharmaceutical products
comprising such polymers or pharmaceutical compositions thereof, and (o a process for

the preparation of such polymers.

(00021 InU.S. Patent No. 8,205,107, Klaerner et al. disclose crosslinked
poly(allylaming) polymers that may be used to treat metabolic conditions in which
removal of protons and/or chioride ions from the gastrointestinal tract would provide
physiological benefits such as increasing serum bicarbonate concentrations. A rangs of
crosslinked amine polymers are disclosed therein, including crosslinked poly{aliylaming)
polymers prepared by simultaneocus polymerization of allvlamine and crosslinking the

polymer with a diallylamine.

(00031 Veverimer is g crosslinked poly(allylamine) polymer that may be used
to freat metabolic conditions. Wesson et af. "Long-term safety and efficacy of veverimer
in patients with metabolic acidosis in chronic kidney disease: a multicentre, randomised,
blinded, placebo-controlled, 40-week extension”, The Lancet, Volume 394, Issue 10186,
FP396-406, 2019 and Bushinsky &f af. “Randomized, Controlied Trial of TRC101 to
Increase Serum Bicarbonate in Patients with CKD”, Clin. J. Am. Soc. Nephrol. 13: 26—
35, 2018, which are incorporated herein by reference, disclose the treatment of

metabolic acidosis with veverimer.

(00041 One way of making the polymeric drug veverimer is described in
Exemplary Synthesis A of WO2019/236638 A1 and in WO2016/094685 A1. The
veverimer polymer made in this way is unigue 1D 018070-A3 FA in Table 5-1 of
Exemplary Synthesis A of WO2018/236636 A1, Disclosed herein is an improved
veverimer polymer, for exampie due to its improved stablilty in the presence of oxygen,
as well as processes by which it can be made, and packaged veverimer designed to

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

and a diallylamine as described by Bianchi et al., Inoue et al. and Klaemer et al. provide
ceriain advantages over crossiinking a linear poly(allylamine} with epichiorohydrin, the
resulting crosslinked amine polymers may have undesirable process-related impurities
or degradation products such as allylamine or derivatives thereof. In some instances,
incomplete incorporation of diallylamine or multiallylamines, such as 1,3-
bis{allvlamino)propane, or a sall thereof, can lead {0 unsaturated substifuents covalently
attached i the polymer backbone that can cause stability limiting generation of
allylamine and related impurities during the work up including drying of the
poly{allylamine) or upon storage. 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.

(00061 One approach to improve the purity profile and stability profile of a
polymer, such as veverimer, comprising the residues of Z-propen-1-ylamine, or a salt
thereof, and 1,3-bis(allylamino)propane, or a sait thereof, is to improve the
polymerization efficiency {(i.e., improve conversion of the allyl 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

not limited {o;

a} increasing the concentration of 2-propen-1-yiamine, or a salt
thereof, and 1,3-bis(ailylaminoipropane, or a salt thereof, in the monomer droplet

solution,

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

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

Any one, or combination, of these or other methods could improve crossiinking
efficiency as measured by residual polymer backbone attached (i.e., pendent) alivl
groups in ¢ NMR and reduced allylamine 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

resulting polymer, preferably veverimer, can be improved.

[0007] Among the various aspects of the present disclosure, therefore, may
be noted a process for the preparation of compositions having therapeutic applications.

The process comprises

(a) in a first step, forming a poly{aliviamine) polymer inthe form of beads in a
concurrent polymerization and crosshinking reaction mixture comprising 2-propen-1-
ylamine, or a sall thereof, 1, 3-bis(allylaminojpropane, or a sall 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(aliylamine) polymer are sp® allyl carbons, and

(b} in a second step, further crossiinking the poly(allylamine} polymerin a
reaction mixiure comprising 1,2-dichloroathane, a swelling agent for the poly{allivlamine)
polymer, and a dispersing solvent system to form a crosslinked poly{aliylaming) polymer

having a swelling ratio of less than 2.

[0008] A further aspect of the presant disclosure is a crosslinked
poly(alivlamine) polymer in bead form comprising the residues of Z-propen-~-1-ylamine, or
a salt thereof, 1,3-bis(aliylamino)propans, or a salt thereof, and 1, 2-dichioroethane
wherein sp? allyl carbons pendent to the crosslinked poly{aliylamine) polymer backbone
constitute less than 1.0% of the total number of carbon atoms comprised by the
crosslinked poly{allylamineg) polymer and the crosslinked poly(aliylamine) polymer has a

swealing ratio of less than 2.

[0002] A further aspeact of the present disclosure is a pharmaceutical
compaosition comprising a crosslinked poly(aliviamine) polymer described herein, in

particular veverimer,

[0010] Thea composition, nonabsorbable composition, pharmaceutical
composition or crosslinked poly{allylamine) polymer of the present invention can
comprise, or consist essentially of, or be a polymer as defined anywhere herein. For
example, the composilion, nonabsorbable composition, pharmaceutical composition or
crosslinked poly(allylamine) polymer 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:

[0012] Vevearimer can be poly(alvlamine-co-N N'-diallyl-1, 3-diaminopropane-
co-1,2-diaminosthane).

(00131 More specifically, veverimer can be a poly[(N' N-di{prop-2-en-1-
yhpropane-1,3-diamine)-co-prop-2-en-1-aming], crosslinked with N N ethane-1,2-diyl
bridges (the mole ratio is = 2:5:2 (l.e. it is about 2 about 5: about 2 of N N*-di{prop-2-
en-T-yhpropane-1,3-diamine : prop-Z-en-t-amine | N N'-ethanea-1,2-diy! bridges))

polymer.

(00141 A structural representation of veverimer can be Formula &

C

N

H L/ *
\.—l )I‘f i

£7

Formula &,
wherein
a = residue of N N'dialiyl-1,3-diaminopropane dihydrochioride,
b = residue of allylamine,

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

of many possible linkages betweaen amines,

m = a large number indicating an extended polymer network.
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[0015] 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{alivlamino)propane, or a sait thereof),
b} 50-60 mol% residue of Z-propen-1-viamine, or a salt thereof, and
c) 20-25 mol% residue of 1, 2-dichloroethans,

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

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

maore fully described elsewhere herein.

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

under physiological conditions.

[oo1i8] Veverimer can have a median particle size of greater than 1
micrometer and less than 1 millimeter. The particle size of veverimer may be measured

by wet laser diffraction using Mie theory.
[0018] Veverimer may be prepared as follows:

[0020] Veverimer is obtainable by first copolymerizing 2-propen-1-ylamine, or
a sali thereof, and 1,3-bis{allylamino)propane, or a sall thereof, o form a
poly(allylaming) polymer, followed by crossiinking the poly(allylamine) polymer with 1,2+

dichloroethane.

[0021] Forexample, veverimer is oblainable by first copolymerizing 2-propen-
1-yvlamine hydrochloride and 1,3-bis(allylaminoipropane dihydrochionde to form a
poly(aliylamine) polymer, followed by crossiinking the poly(allylamine) polymer with 1,2-
dichlorosthane.

SUMMARY OF THE INVENTION

(00227 An aspect of the present disclosure is a composition comprising a

crosslinked poly(aliylamineg) polymer described herein, in particular veverimer, wherein
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less than 1.0% of the total number of carbon atoms present in the crosslinked

poly{allylamine) polymer are sp? allyl carbons.

[0023] A further aspect of the present disclosure s a composition comprising
a crosslinked poly(allylamine) polymer described herein, in particular veverimer,
wherein when tested with the Heated Stability Assay (Stability Assay 2) the allviamine
(H2C=CHCHZNH2) content of the crossiinked poly{allylamine) polymer increases by

less than 2.6 ppmilday allylamine.

(00241 A further 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, wherain 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(allylamineg) polymer
described herein, in particular veverimer, the sealed enclosure comprising a multi-layer
laminate of an inner contact layer, an outer laver; 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/m4/day.

[0026] A further aspect of the present disclosure is a composition comprising
a crossiinked poly{allylamine) polymer described herein, in particular veverimer, for use

in therapy.

[0027] A further aspect of the presant disclosure Is a composition comprising
a crossiinked polylallylaming) polymer described herein, in particular veverimer, for

treating an acid base disorder.

[0028] A further aspect of the present disclosure is a composition comprising
a crossiinked poly{allylamine) polymer described herein, in particular veverimer, for use

in treating metabolic acidosis.

(00291 A further aspect of the present disclosure is a composition comprising
a crossiinked polylallylaming) polymer described herein, in particular veverimer, for use

in slowing kidney diease prograssion.
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[0030] A further aspect of the present disclosure is a composition comprising

a crosslinked poly(allvlamineg) polymer described herein, in particular veverimer, for use

in slowing chronic kidney digase progression.

(00311 A further aspect of the present disclosure is a composition comprising
a crosslinked poly(allylamine) polymer described herain, in particular veverimer, for use
in slowing kidney diease progression in a patient with metabolic acidosis associated

with chronic kidney disease.

[0032] A further aspect of the present disclosure is a composition comprising
a crosslinked poly(allylamine) polymer described herein, in particular veverimer, for use

in improving the physical function of a patient.

[0033] A further aspect of the present disclosure is a composition comprising
a crosslinked poly{allylaming) polymer described herein, in particular veverimer, for use

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

[0034] A further aspect of the present disclosure is a composition comprising
a crosslinked poly(allylamine) polymer described herein, in particular veverimer, for use

in improving the quality of life of a patient.

(00357 A further aspect of the present disclosure is a composition comprising
a crosslinked poly(allviamineg) polymer described herein, in particular veverimer, for use

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

({00361 A further aspect of the present disclosure is a crosslinked
poly(aliylamine} polymer as described hereain, in particular veverimer, in a sealed

container.

[0037] Afurther aspect of the present disclosure is a pharmaceutical product
comprising a crossiinked poly(allylamineg) polymer as described herein, in particular

vevearimer, in & sealed container comprising a moisture barrier.

(00387 A further aspect of the present disclosure is a pharmaceutical product
comprising a crossiinked poly(allylaming) polymer as described herein, in particular

veverimer, in a sealed container comprising an oxygen barrier,

(00391 A further aspect of the present disclosure is a pharmaceutical product
comprising a crossiinked poly(allylamine) polymer as described herein, in particular

veverimer, in a sealed container comprising a moisture barrier and an oxygen barrier.
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[0040] A further aspect of the present disclosure is a pharmaceutical product

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

yeverimer, in a sealed sachet.

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

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

(00421 Afurther aspect of the present disclosure is a pharmaceutical product
comprising a sealed container containing a crosslinked poly(allylaming) polymer as

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

[0043] A further 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 & multi-layer laminate of an inner contact layer, an ocuter layer; and a barriar

layer disposed between the contact layer and outer layer.

(00447 A further aspect of the present disclosure is a pharmaceutical product
comprising a sealed container and a crosslinked poly{allylaming) 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 ocuter layer; and an

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

[0045] A further aspect of the present disclosure is a pharmaceutical product
comprising a sealed container and a crosslinked poly{allylaming) polymer as described
herein, in particular veverimer, within the sealed container, the sealed container
comprising & multi-layer laminate of an inner contact layer, an outer layer, and a

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

(004681 A further aspect of the present disclosure is a pharmaceutical product
comprising a sealed container and a crosslinked poly{allylaming) polymer as described
herein, in particular veverimer, within the sealed container, the sealed container
comprising & mulli-layer laminate of an inner contact layer, an outer layer; and an
oxygen-barrier layer and a moisture-barrier layer disposed between the contact laver

and outer layer.

[0047] A further aspect of the presant 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 mulli-layer laminate of an inner contact layer, an outer layer; and an

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

[oco48] A further aspect of the present disclosure is a method of freating an
acid/base disorder in an animal by oral administration of a pharmaceutical composition

comprising a crossiinked poly(allylaming) 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 baseline serum
bicarbonate value of less than 22 mEg/l, the method comprising oral administration of a
daily dose of a pharmaceutical compaosition comprising a crosslinked poly(aliviamine) as
described herein, in particular veverimer, to increase the patient’s serum bicarbonate
value by at least 1 mEog/l from baseling within a treatment period not greater than 1

month.

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

out hereinafter.

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 o
conventional usage by those of ordinary skill in the relevant art. The term "absorption
capacity” as used herain in connaction 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) absorbed during a period of at least 16 hours at room
temperature by a given amount of a dry poiymer {e.g., in the form of a dry bead)

immersed 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 (CH2CHCH2NH:z)
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AA atrelease | The amount of allylamine upon first

isclating the polymer at the point of

completion of manufaciure

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

AME at release | The amount of allyimethylether
{CHOHCH0CHSs) upon first isolating
the polymer at the point of completion of

manufacture

AOH at release | The amount of allylaicohol
{CH2CHCH20H) upon first isolating the
polymer at the point of completion of

manufacture

DCE 1,2-dichioroethane (CICH2CH:CH)

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

completion of manufacture

DCF 1, 3-dichioropropans (CICH2CH2CH:CH)

[0053] The term “alicyclic” means a saturated monocyclic group of 310 8

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

[0054] The term "alkyl group” as used, either alone or within other terms,
gncompasses saturated inear 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 embodiments, alkyl groups are "lower alkyl” groups having one to about

six carbon atoms. Examples of such groups include, but are not limited thereto, methyl,
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ethyl, n-propyl, isopropy!, ni-butyl, isocbutyl, sec-butyi, tert-butyl, pentyl, isc-amyl, hexyl
and the like. In more specific embadiments, lower alky! groups have one to four carbon

atoms.

{00551 The term “aliyl” as used herein denotes a moiety having the structural
formula H2C=CH-CHz-+, where * denoctes the point of attachment ¢f the moiety to the
remainder of the molecule. In some embodiments, the point of attachment " is o a

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

[0056] The ferm “allyl equivalents” as used herein means the total number of
moles of aliyl groups comprised by Z2-propen-1-yviamine, or a salt thereof, and 1,3-

bis(allylaming)propane, or a sall thereof, in combination, present in a reaction mixiure.

[0057] The terms "alivlaming” and AAH denote a moiaty having the structural
formula H2C=CH-CHzNH:.

(00581 The term "agueous solid content” refers to the concentration of solids
in the agqueocus phase at the start of polymerization = (mass AAH + mass DAPDA +
mass initiator (e.g. V-80)) / {(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 aqueous solid content as a wit%, the value is muitipled by 100,

(00581 The term "aromatic groug” or "aryl group” means an aromatic group
having one or more rings wherein such rings may be attached together in a pendert
manner or may be fused. In particular embodiments, an aromatic group 8 ong, two or
three rings. Monocyclic aromatic groups may contain 5 1o 10 carbon atoms, typically 5
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, preferably 8 to 10 carbon atoms in the rings.
Examples of aromatic groups include, but are not limited to, phenyl, naphthyl,

tetrahydronaphthyl, indanyt, biphenyl, phenanthryl, anthryt or acenaphthyl.

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

point of compietion of manufacture.

[0061] A “batich process’ as used herein denotes a process in which the
reactanis are fed into a reactor, the reaction is caried 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 {o describe a crosslinked polymer that is

substantially spherical in shape.

[0063] The ferm “Dicarbonate equivalent” is used {0 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 a
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.

[0065] In certain embodiments, the term “clinically significant increase” as
used herein in connection with a treatment refers to a treatment that improves or
provides a worthwhile change in an individual from a dysfunctional state back to a
relatively normal functioning state, or moves the measurement of that state in the
direction of normal functioning, or at least a marked improvement to untreated. A
number of methods can be used to calculate clinical significance. A non-exhaustive list
of methods for calculating clinical significance includes: Jacobson-Truax, Guliiksen-
Lord-Novick, Edwards-Nunnally, Hageman-Arrindell, and Hierarchical Linear Modeling
{(HLM).

[0066] 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 emerges 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-dichloroethane, 1,2-dibromoethane, 1,2-dilodosthane,

1. 2-difluoroethane, 1-chioro-2-icdosthans, 1-chioro-2-bromoethane, 1-chioro-
2-fluorosthane, 1-bromo-2-iodosthane, 1-flucro-2-icdoethansa and 1-fluorc-
2-promoethane. Any reference herein to 1,2-dichiorosthane could be replaced with any

sthylene crosslinker, including those disclosed in this paragraph.
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[00e8] The term “diallvlaming” denotes an amino moiety having two allyl

Groups.

[0062] The ferms “dry bead” and “dry polymer” rafer {0 beads or polymers that
contain no more than 5% by weight of a non-polymer swelling agent or solvent. Often
the swelling agent/solvent is water remaining at the end of a purification. This is
generally removed by lyophilization or oven drying before storage or further crosslinking
of a preformed poly(alivlamine) polymer. The amount of swelling agent/solvent can be
measured by heating (e.g., heating to 100-200°C) and measuring the resuiting change

i weight. This is referred {0 a "loss on drying” or “LOD

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

irregular shape.

[0071] The term "hetercaryl” means a monocychc or bicyclic aromatic radical
of & to 10 ring atoms, unlass otherwise stated, where one or more, (in ong embodimeant,
one, two, or three), ring atoms are heteroatom selected from N, O, or 8, the remaining
ring atoms being carbon. Representative examples include, but are not limited {o,
pyrroivi, thienyl, thiazolyl, imidazolyl, furanyl, indolyl, iscindolyl, oxazolyl, isoxazolyl,
benzothiazolyl, benzoxazolyl, quinoling, Isoguinclinyl, pyridiny!, pyrimidiny, pyrazinyl,
pyridazinyl, triazolyl, tetrazolyi, and the like. As defined herein, the terms "hetercaryl”

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

(00721 The term "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

cortaining more than one hetercatom may contain different hetercatoms.

[0073] The term “heterocyclo,” "heterocyclic,” or heterocyciyl” means a
saturated or unsaturated group of 4 10 8 ring atoms in which one or two ring atoms are
heteroatom such as N, O, B, P and S(O)n, where n is an integer from 0 to 2, the
remaining ring atoms being carbon. Additionally, one or two ring carbon atoms inthe
heterocyclyl ring can optionally be replaced by a -C{O)- group. More specifically the
term heterccyelyl includes, but is not limited to, pyrrolidino, piperidino, homaopiperidine,
2-oxopyrrolidinyl, 2-oxopiperidinyl, morpholine, piperazino, tetrahydro-pyranyi,
thiomorpholino, and the like. When the heterocycivi 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 contains at least one nitrogen atom, it is also referred {o herein as

heterocycloamino and is a subset of the heterocyclyl group.

[0074]  Cinitiator’ is a term used to describe a reagent that initiates a

polymaerization.

[0075] The mole percentage or ‘mol%” of a particular component of the

crasslinked poly{aliylamineg) polymer can be calculated as follows:

number of moles of compornent

x 100

total number of moles of crosslinked poty(atlylamine) polymer components

wherein the crosslinked poly(aliylamine) polymer components are the residues
specified in a given embodiment. For example, the residues of 2-propen-1-ylamineg, ora

salt theraof, 1,3-bis(allylamino)propane, or a salt thereof, and 1,2-dichloroethane.

[0076] The crosslinked poly{allylaming) polymer may be defined by the mol%
of the components of the crosslinked poly{aliylamine) polymer (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{allylamino)propane, or a salt
thareof, plus the mol% of 2-propen-1-ylamine, or a salt theraof, plus the moi% of 1,2-

dichloroethane is £ 100 mol%.

(00771 A worked example of how the mole ratio and mol% may be calculated
is provide below. This example uses the known input mole ratio of Z-propen-1-ylamine,
or a salt thereof and 1,3-bis(allylamincipropane, or a salt thereof, used 1o produce the
intermediate poly(allylamine) polymer and the amount of HCI generated by the second
step 1,2-dichloroethane (DCE) crosslinking of the poly{allvlamine) polymer to calculate

the moi% of each component in the final crosslinked poly(allylaming) polymaer.

(00781 This example is based on the principle that DCE can react with 2
aming groups so creates 2 equivalents of HCl when it introduces an sthylene residue
into the crosslinked poly(allylaming) polymer. Thus the amount of HC! produced
indicates how many ethylene residues have been incorporaied into the crosslinked

poly(allylaming) polymer.

(00791 This example is performed on a sample of crude crossiinked

poly{allylamine) polymer (i.e. immediately after DCE crosslinking). The HCl is extracted

14



WO 2022/186813 PCT/US2021/020265
from the sample of crude crosslinked poly(aliviamine) polymer with sedium hydroxide

solution and Cl is analysed by anion chromatography.

[oo80] More specifically, about 2 grams of crude crosslinked poly{alivlaming)
polymer was sampled immediately after DCE crosslinking reaction. The sample was
washed with 20 mbL of methanol 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 mg of methanclkwashed crude crosslinked
poly(allvlamine} polymer was accuraiely weighed into a vial and 10 mL of aquecus 50
mM sodium hydroxide solution was added. Cl was extracted from the polymer for 16
hiours 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 the
supernatant. The IC (e.g. Dionex ICS-5000, Thermo Scientific) method consists of a
AG1Y guard column and AS18 analytical 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 mb/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

(00811 Chioride concentration in mM in the samples solutions was calculated

as follows:
1{]
C= ;;): K (:ﬁ
Whaerein:
C= concentration of chioride in the sample solution, mM;
Cs= concentration of chioride in Chiloride Standard, mb;
= peak araa of the sample;
Ps= average peak area of 8 injections of Chioride Standard,

(00821 This calculation can be performed by the chromatography data system.
(00831 Determination of poly(aliviamine) polymer mass exiracted:

We x (100 - L0D) O x0.01x9896
100 2

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

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

(00841 Determination of Reacted DCE:

o minol Cl Y xo0e
Reacted DCE - —— 2
g poly(allylamine) polymer We
wherein:
C= Concentration of chioride in the exiraction filfrate, mM;
We = Mass of poly{allylamine) polymer calcuiated above, mg;

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

[o0851 Calculation of the weight percent of sthylense crosslinks per gram
poly{allylamine) polymer

For exampie, the following amount of ethyiene may be calculated using the

method described above: 3.97 mmol ethylene / g poly{allylamine) polymer.

3.97 mmol ethylene / g poly(aliylaming) polymer = 1111 mg sthylene / g

poly{ailylamineg) polymer;

Wi% ethylene / ¢ poly{aliviamine) polymer = 111.1 mg ethylene / (1000 mg
poly(allvlamine) polymer + 111.1 mg ethylene) = 10 wit% sthylens or DCE

residues in the crosslinked poly(allylaming) polymer.
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(00861 Calculation of the weight percent of the residues of 2-propen-1-

ylamine, or a salt thereof, and 1,3-bis{alivlaminojpropane, or a salt thereof in the

crosslinked poly{allvlamine) polymer:

The wi% of the residues of Z-propen-1-yiamine, or a sal thereof, and 1,3-

bis(aliviamino)propane, or a sall thereof in the crossiinked poly(aliviamine)
poiymer can be calculated using the poly{aliviaming) polymer wt fraction of
crosshinked poly(ailvlamine) polymer and the known input mole ratios of 2-
propen-t-ylamine and 1,3-bis{allylamino)propane used to produce the

intermediate poly{allylamine) polymer:

For exampie, using 0.90 as the poly{allylamine} polymer wi fraction of
crossiinked poly(ailvlamine) polymer {i.e. 10% of crosslinked poly(allylamine)
polymer is ethylene, 80% is poly(allylamine)} polymer} and 35.7 wi% residues of
2-propen-t-ylamine and 64.3 wt% residues of 1,3-bis(allylamino)propane
calculated from the input mole ratios of 2-propen-1-viamine and 1,3~
bis{alivlamino)propans usad to make the poly(alivlamineg) polymer (80 mol% 2-

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

60 mol% Z-propen-t-ylamine can be convertad into a wi% in the poly{alivlaming)

polymer as follows;
(57.1x60)/ 100 = 34 .26;
(34.26 / 34.26 + 61.68) x 100 = 35.7 wi% residues of Z-propen-1-ylamineg;

40 mol% 1,3-bis(allylaminojpropane can be converted into 8 wi% in the

poiy(aliylamine) polymer as follows
(154.2 x 40}/ 100 = 61.68;
{61.68/7134.26 +61.68) x 100 = 64.3 wt% residues of 1,3-bis{aliylamino)propane;

The wi% of the residues of Z-propen-1-ylamine and 1,3-bis(aliviamino)propans in
the poly(aliylamine) polymer can be converted to a wit% in the crosslinked

poly{aliviamine) polymer as follows;

The wi% of the residues of 2-propen-1-yviamine = 0.80 x 35.7 wi% = 32.1 wi% in

the crosslinked poly{allylaming) polymer;

The wt% of the residues of 1,3-bis{allviaminojpropane = 0.90 x 84.3 wi% = 57.9

wi% in the crosslinked poly(aliviamine) polymer;
17
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(00871 Calculation of the mmoles /g of the residues of 2-propen-1-

yiamine, or a salt thereof, and 1,3-bis{allivlaminojpropane, or a salt thereof, in the
crosslinked poly{allvlamine) polymer from the weight percent of the residues of 2-
propen-i-yvlamine, or a salt thereof, and 1,3-bis{aliviaminojpropane, or a salt

thereof in the crosslinked poly{aliyvlamine) polymer:

[o088] From the wi% calculations above, in 1 g of crosslinked poly{allylamine)
polymer there is: 0.32g residues of Z-propen-1-ylamine, 0.58g residues of 1,3-

bis{allylamino)propane, 0.1g ethylene;

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

0.58¢g residues of 1,3-bis(aliylaminojpropane / 154.15 g/mol = 3.8 mmol residues
of 1, 3-bis{allylaminoipropans;

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

(00881 Calcuiation of the mol% of the residues of 2-propen-1-ylamine, or
a salt thereof, and 1,3-bis{aliviaminojpropane, or a sall thereof, 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 saltf thereof in the crosslinked

poly{aliylamine] polymer:
mol% residues of Z-propen-1-vlamine = {(5.6/(5.6+3.8+3.6) = 43%,;
mol% residues of 1, 3-bis{allviamino)propane = (3.8/(5.6+3.8+3.6) = 28%;
mol% residues of 1, 2-dichloroethane = {(3.6/(5.6+3.8+3.6) = 28%.

[0080] Ancther worked example of how the mole ratio and mol% may be
calculated is provide below. This example uses elemental analysis to determine the
weight percent of the ethylene crosslinks. The weight percent of the ethvlene crosslinks

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

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

polymer using elemental analysis

[ Moo} ¢ X 1000

Wilh—cnt
Nwt"}"o-—-.':pp! v Cpp}

4 % 12.02 x 160

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

alemental analysis;

C wit%-cpp is the weight% of carbon in the crosslinked poly{allylamine) polymer

from elemental analysis;

N wi%-pp is the weight% of nitrogen in the poly{aliviamine) polymer from

elemental analysis;

N wt%-cpp is the weight% of nitrogen in the crosslinked poly{allylamineg) polymer

from elemental analysis;

1000 is conversion from molas to millimoles;

2 x 12.02 18 ethylensa carbon mass {(weight of 2 moles of carbon};
100 is conversion from wi% o weight.

(00921 The C wit% and N wt% of the poly(alivlamine) polymer and the
crasslinked poly{allylamine) polymer may be determined using elemental analysis, for
example the elemental analysis procedure described for determining the carbon to

nitrogen weight ratio.

(00831 The term "monoallylaming” denotas an amino moiety having one allyl
group.

[0094] The term "multialiylaming” denotes an amino moiety having two or

more aliyl groups and includes, for example, diailylamines, triallylamines, eic.

[0085] 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 fract. This could be measured by any appropriate means. One
option known to the skilled person would be to examine faeces {0 see if the
nonabsorbable material is recoverad after passing through the Gl fract. As a practical
matter, the amount of a nonabsorbable material recovered in this scenario will never be
100% of the material administered. For example, about 90 — 99% of the matenal might
be recovered from the faeces. Another option known to the skilled person would be io
ook for the presence of the material in the lymph, blood, interstitial fluid, secretions from
various organs {e.g., pancreas, liver, gut, stc.) or in the body of organs {e.qg., liver,
kidney, lungs, efc.) as oral administration of a nonabsorbable material would not result
in an increase in the amount of that material in these matrices 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 to avoid
passive or active absorption through the human Gl tract. As an example,
nonabsorbable compositions is meant o imply that the substance does not enter the
tymph, blood, interstitial fluids or organs through the main entry points of the human Gl
tract, namely by paraceliular entry between gut epithelial cells, by endocylic uptake
through gut epithelial celis, or through entry via M cells comprising the gut epithelial
antigen sampling and immune surveillance system (Jung, 2000}, either through active
or passive transport processes. Thers is a known size limit for a particulate {o be
absorbed in the human Gl tract (Jung et al., Eurcpean 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. 1988, 41.809-812), so the
skilled person would know that materials that, whean in the Gl tract, have a size of at

least 1 micrometers would be nonabsorbable.

(00967 “Optional” or “optionally” means that the subsequently described event
or circumstance may but need not occur, and that the description includes instances
where the event or circumstance cccurs and instances in which it does not. For
example, "heterocyclyl group optionally substituted with an alkyl group” means that the
alkyl may but need not be present, and the description includes embodiments in which
the heterocyclyl group is substituted with an alkyl group and embodiments in which the

hetarocyclyl group is not substituted with alkyl.

(00271 The term “partially incorporated multialiylamine residue” as used herein
denoctes the residus of a multiallylamine that (i) has been incorporated info a
poly{allylamine) polymer and (i) possesses at least one pendant allyl group (e, at
least one allyl group that did not participate in a reaction {¢ become a chain atom of and
is merely “dangiing” from the poly{allylaming) polymer backbong chain). For example, a
partially incorporated disllylamine residue is the residue of a dialiylaming in which one of
the two alivl groups of the incorporaied diallvlamine is a pendant allyl group of the

polymer chain.

[0088] “Particle size” is measured by wet laser diffraction using Mie theory.
FParticles are dispersed in an appropriate solvent, such as water or methanol, and added
to the sample chamber o achieve red channel obscuration of 10-20%. Sonication may
be parformead, and a dispersing agent, such as a surfactant (.. Tween-80), may be

20



WO 2022/186813 PCT/US2021/020265
added in order to 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 parameler vaiue, determined by the laser diffraction software. The
D{0.1}, D{0.5), and D{0.9) values characterizing the particle size distribution by volume-

basis are recorded.

[0088] Forexample, the particle size is measured by wet iaser diffraction
using Mie theory as follows. Particles are dispersed in methanol, and added to the
sample chamber to achieve red channel obscuration of 10-20%. Sonication is
performed. The refractive index setling of the particles used for size distribution
calculation is selected to minimize artifacts in the resulls and the K parameter valueg,
determined by the iaser diffraction software. The D(0.1), D{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 generally safe, non-toxic and neither
biclogically nor otherwise undesirable for velerinary use and/or human pharmaceutical

use.

[00101] The term “post polymerization crosslinking” 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 to create a bead or gel that has an increased amount of

crosslinking.

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

non-covalently to the already formed beaad.

(001031 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

cortinuously {0 the reactor.

[00104] “Simuiated Gastric Fluid” or *SGF” Assay describes a test to determine
total chioride hinding capacity for a test polymer using a defined buffer that simulates
the contents of gastric fluid as follows: Simulated gasiric fluid (SGF) consists of 35 mbM

NaCl, 83 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/mi (25 mg dry mass) in 10 mL of SGF buffer.

The mixture is incubated at 37 °C overnight for ~12-16 hours with agitation on a
rotisserie mixer. Unless ancther time period is otherwise siated, SGF binding data or
binding capacities recited herein are determined in a time period of this duration. After
incubation and mixing, the tubes containing the polymer are centrifuged for 2 minutes at
500-1000Xg to peliet the test samples. Approximately 750 microliters of supernatant
are removed and fillerad using an appropriate filter, for example a 0.45 micrometsr
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 tube containing blank buffer that is processed through all of the
assay steps. With the samples arraved in the filter plate and the collection plate fitted
on the bottom, the unit is centrifuged at 1000Xg for 1 minute {o filter the samples. In
cases of small sample sets, a syringe filter may be used in lieu of the filter plate, to
retrieve ~2-4 ml of filtrale into & 15 mbL container. After filtration, the respective filtrates
are diluted 4X with water and the chioride content of the filirate 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 mohbile 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 chionde bound to the polymer, the
following calculation is completed:

{Clstart-Cleg) « 4

2.5

Binding capacily expressed as mmoi chioride/g polymer. where (! start corresponds to
the starting concentration of chiloride in the SGF buffer, Cl eg corresponds to the
equilibrium 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] “Simulatad Small Intestine Inorganic Buffer” or "SIB” is atest to
determine the chioride and phosphate binding capacity of free amine tesi polymers in a
salective specific interfering buffer assay (518). The chioride and phosphate binding
capacity of free amine test polymers was determined using the selective specific
interfering buffer assay (SIB) as foliows: The buffer used for the SIB assay comprises
36 mM NaCl, 20 mM NaH:PO4, 50 mM 2-(N-morpholino)ethanesulfonic acid (MES)
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buffered to pH 5.5 The SIB buffer contains concentrations of chioride, phosphate and

pH that are present in the human duodenum and upper gastrointestinal tract (Stevens
T, Conwell DL, Zuccare G, Van Lenie F, Khandwala F, Purich E, et al. Electrolyte
compaosition of endoscopically collecied duodenal drainage fluid after synthetic porcine
sacretin stimulation in healthy subjects. Gastrointestinal endoscopy. 2004,60(3):351-5,
Fordtran J, Lockdear T. lonic constituents and osmolality of gastric and small-intestinal
fluids after eating. Digest Dis Sci. 1966;11(7):503-21) and is an effactive measure of the
selectivity of chloride binding compared 1o phosphaie binding by a polymer. To perform
the assay, the free amine polymer baing tested is preparad at a concentration of 2.5
mgfmi (25 mg dry mass) in 10 mb of 8IB buffer. The mixture is incubated at 37 °C for 1
hour with agitation on an orbital shaker at 200 to 300 rotations per minute. Uniess
another time period is otherwise stated, SIB binding data or binding capacities recited
herein are determined in a time period of this duration. After incubation and mixing, the
tubes containing the polymer are centrifuged for 2 minutes at 1000Xg to pellet the test
samples. 750 microliter of supernatant is removed and filtered using an 800 microliter,
1 micrometer pore-size, 86-well, glass filter plate that has been fitted over a 96-well 2
mL collection plate; with this arrangement multiple samples tested in SIB buffer can be
prepared for analysis, including the standard controls of free amine sevelamer, free
amine bixalomer and a control tube 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 (0.45 micrometer) may be used in lisu of
the filter plate, 1o retrieve ~2-4 mL of filtrate into @ 15 mL vial. After filtration into the
collection plate, the respective filtrates are diluted before measuring for chioride or
phosphate content. For the measurement of chioride and phosphate, the filtrates under
analysis are diluted 4X with water. The chioride and phosphate content of the fillrate is
measured via ion chromatography (IC). The IC methad (e.g. Dionex IC5-2100, Thermo
Scientific) consists of an ASZ24A column, a 45 mM KOH mobile phase, an injection
volume of 5 microliters, with a run time of about 10 minutes, a washing/rinse volume of
1000 microliter, and flow rate of 0.3 mi/min. To determine the chioride bound to the
polymer, the following calculation is completed:

(Claar,  Clpnay) X 4

2’5

Binding capacity expressed as mmol chioride/g polymer =
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where Clsart corresponds to the starting concentration of chioride in the SIB buffer, Clanas

corresponds to the final value of chioride in the measured diluied filtrates after exposure
to the test poiymer, 4 is the dilution factor and 2.5 is the polymer concentration it mg/mi
To determine the phosphate bound to the polymer, the foliowing calculation is
completed:
(Psian ) Peinay) * 4

2'5

Binding capacity expressed as mmol phosphate/g polymer =

where Psart corresponds to the starting concentration of phosphate in the SIB buffer,
Fanat cOrresponds o the final value of phosphate in the measured diiuted filtrates after
exposure (o the test polymer, 4 is the dilution factor and 2.5 is the polymer

concentration in mg/mi.

[00106] The term “sp® allyl carbon” as used herein denotes each of the two sp?

hybridized carbon atoms comprised by an aliyi moisty.

(001071 The term "substituted hydrocarbyl,” "substituted alkyl" "substituted
alkenyl,"” "substituted aryl,” "substituted heteroccycio,” or "substituted hetercary!l” as used
herein denctes hydrocarbyl, alkyl, alkenyl, aryl, heterccyclo, or heteroaryl moisties
which are substituted 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, sulfur, or a halogen atom. These
substituents include halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy,
keto, acyl, acyloxy, nitro, amino, amido, nitro, cyvano, thiol, ketals, acetals, esters and

ethers.

(001081 “Swelling 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 Swelling Ratio is expressed as: swelling = (g swollen polymer — g dry polymer)/g
dry polymear. The methad used {o determine the Swelling Ratio for any given polymer

comprised the following:

a. 50-100 mg of dry {less than 5 weight % 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 {0 the tube containing the polymer. The tube

is sealed and tumbied for 16 hours (overnight) at room temperature. After
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ncubation, 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, anocther step of centrifugation is performed.
c. After step (b), the weight of swollen polymer plus tube (Weight B) s recorded.

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

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

[00109] A Marget o 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 {e.g. proton and chioride

binding which leads to net removal of HCH).

(001101 The term “theoretical capacity” represents the calculated, expected
binding of hydrochioric 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 crossiinker(s) are incorporated in the crosslinked polymer based on their respective
feed ratios. Theoretical capacity is thus egqual to the concentration of amine
functionalities in the polymer (mmol/g). The theoretical capacity assumes that each
amineg is available o bind the respective anions and cations and is not adjusted for the
type of amine formed (.. 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 freatment for the disease. The amount constituting a
“therapeutically effective amount” will vary depending on the polymer, the severity of the

diseasea and the age, waight, etc., of the mammal {0 be treated.

(0011271 “Treating” or “treatment” of a disease includes (i) inhibiting the diseass,
e, arresting or reducing the development of the disease or its clinical symptoms; or (i)
relieving the disease, /&, causing regression of the disease or iis clinical symptoms.

inhibiting the disease, for example, would include prophylaxis.
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[00113] The term "trigllylaming” denotes an amino moiely having three allyl

Groups.

(001141 The ferm “vinyl” denoctes a moiely having the structural formula
RiHyC=CH-* where * denotes the point of attachment of the moiety to the remainder of
the molecule, and wherein X and Y are independently O, 1 or 2, such that X+Y=Z, and R
is hydrocarbyt or substifuted hydrocarbyl. In some embodiments, the point of

attachment * is 10 a8 heteroatom in the remainder of the molecule, such as nitrogen.
[00115] The ferm “watler equivalents” means the number of moles of water.

[0011&] The term “weight percent crosslinker” represents the calculated
percentage, by mass, of a polymer sample that is derived from the crosslinker. Weight
percent crosslinker is calculated using the feed ratio of the polymerization, and assumes
full conversion of the monomer and crossiinker(s). The mass atiributed to the
crosslinker is equal 1o the expectad increase of molecular 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 Herein

[00118] Cation IC Extraction Procedure: To a tightly closing vial with
capacity between 15 and 50 mL, poiy(aliylaming) polymer (~1.0 g) is added 10 mL of
1.2 M HCL The vial is shaken at room temperature for at least 24 hours. The
suparnatant is fitered through a 0.45 micrometar 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
C819 analytical column, a methane sulfonic acid (MSA) eluent generalor, an injection
volume of 25 microliters, with a run time of about 40 minutes and flow rate of 0.2
mbimin. The MSA concentration is 2 mM for 10 minutes, followed by a ramp to 70 mM
MSA from 10 to 28 minutes, a hold at 70 mM MSA for 3 minutes, and re-equilibration at
2mM MSA for 2@ 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.

(001191 To a tightly closing vial with capacity between 15 and 50 mL,
polyallylamine polymer (~1.0 g} is added 10 mb 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 supernatant is filtered through a

0.45 micrometer syringe filter. The sample is diluted two-fold with internal standard (IS},
consisting of 10 micrograms/ml diethylaming 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% HEBA in waler and B) 0.1% HFBA in acetonitrile,
with a gradient of 0% B for 3 minutes, ramp to 100% B from 3-3.5 minutes, hold 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 spactrometer (MS) method (e.g. AP 4000 triple quadrupole
tandem MS) with electrospray ionization with source temperature approximately 500°C
and voltage of 5000 V. in positive ion, multiple reaction monitoring mode with allylamine
Q1 and Q3 masses approximaiely 587 and 58.1 amu, respeclively and IS Q1 and Q3
masses approximately 74.7 and 73.1 amu. Gas source pressure, collision energy,
declustering potential, entrance potential and exit potential are optimized for the

instrumentation employed.

[00120] Determination of percent sp? allyl carbons by quantitative 13C
solid state magic angle spinning (MAS) NMR. The guantitative °C solid state magic
angle spinning (MAS) NMR measurement is performed on a Bruker AVANCE Il 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 single pulse sxperiment is performed with a 30 degree 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
was applied during '*C data acquisition. The chemical shift is referenced to the TMS
standard. Integration of the allyl carbon peaks between 110 — 150 ppm and alkyi carbon
peaks between 0 ~ 80 ppm is used fo quantitate the percent sp? allyl carbons of the

poly(allylamine} polymer using the following formula:

% spZ allyl carbons

peak integration (110 — 150 ppm)

100

: . - X
peak integration (0 — 80 ppm) + peak integration (110 — 150 ppm )

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

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

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.e., there may be cother glements in

addition to the recited elements).

[00122] Determination of percent sp® allyl carbons by guantitative 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(ailvlamine) polymer samples using a
Redstone 360 MHz spectrometer, operating at 363.331 MHz and 91.369 MHz for H
and °C, 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 accumulated. integration of the allyi carbon peaks between
110 - 150 ppm and alkyi carbon peaks between 0 - 80 ppm 18 used to quantitate the

percent sp? allyl carbons of the poly(alivlamine) 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.

(001241 Determination of the carbon to nitrogen weight ratio of the

crosslinked poly{allylamine] polymer by elemental analysis:

[00125] Elemental analysis is a standard method for measuring carbon,
hydrogen and nitrogen content of organic substanceas that belongs to the skilled
person’s commaon general knowledge. The skilled person would appreciate that all
glemental analysis measurement methodologies yield the same resulf within the
appropriate limit of measurement accuracy. The elemental analysis may be performed
by any elemeantal analyzer suitable for measurement of organic carbon, hydrogen, and
nitrogen. The foliowing elemental analysis method is provided as an example of how the

elemental analysis may be performed.

(0012671 Carbon, Hydrogen, Nitrogen are determined using a Perkin-Elmer
2400 Elemental Analyzer. This analyzer uses combustion {0 convert the sample
elements to simple gases, i.e., CO2, H20, and Nz, 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 conduciivity. The

instrument is calibrated prior o sample analysis with a National institute of Standards
and Technology (NIST) traceable organic standard. For exampie, the siandard may
have a nitrogen content in the range of about 11-45 wt%. System suitability is confirmed
by analyzing an NIST traceable organic standard. The standard must check to within
+0.19% of its theoretical value for all three of the elements carbon, hydrogen and
nitrogen. Crosslinked poly(allylamine) polymer samples for analysis are typicaily dried

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

[0012771 The carbon to nitrogen weight ratio of the poly{aliviaming) polymer
used o make the crosslinked poly(ailylamine) polymer may aiso be determined by
glemental analysis. The procedure used to determine the carbon {o nitrogen weight ratic

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

[00128] GC-FID Extraction Procedure: To a tightly closing vial with capacity
between 10 and 20 ml., containing poly{aliviamine) polymer {~0.1g) is added 5 mL of
acetonitrile. To a sacond tightly closing vial with capacity betweean 10 and 20 mi,
containing polvaliylamine polymer (~1.5 @) is added 5 mL of methanol. The vials are
closed and shaken at room temperature at 200 RPM for 24 hours. The supermnatant is
filtered through a 0.45 micrometer syringe filter before being analyzed by gas
chromatography with flame ionization detection (GC-FIB). 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 diameter, with
constant helium flow of 2.5 mi/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 § minute
hold at 40°C, followed by a 10°C/min ramp to 180°C, followed by a 20°C/min ramp o

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} Inio two separate tightly
closing vials with capacity between 15 and 50 mL, is massed poly{allylamineg) polymer
(1.0 g each). The sample from one vial is extracied directly (o delermine 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 60°C. After 72
hours, the samples are removad from the oven, cooled to 4°C, and then exiracted in the

same way described by Cation 10 Extraction Procedure.
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[00130] impurity Analysis at Release Assay. Info three separate tightly

closing vials with capacity between 15 and 50 mL, 18 massed dried poly{allylamine)
polymer (1.0 g inthe 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 extracied to determine
the starting allylamine content according to the Cation IC Extraction Procedurs. The
remaining iwo samples are extracted to determine the starting allyl methyl ether, and

allyt alcohol content according to the GC-FID extraction procedure.

[00131] in-Alr Stability Assay {Stability Assay 1} To a 35 mL HDPE bottle
is added 4.5 g of poly{alivlamine) polymer. The botlle is closed, and then stored in a
50% humidity controlled chamber held at 25°C for 7 days. The botlle is removed from
the chamber and the polymer sample extracted to determine ailylamine content

according to the Cation IC Extraction Procedure.

[00132] Stability assessment when packaged in a MylarFoll sachet assay
{Stability Assay 3): To a 3-side sealed approximaiely 2.5” x 3" sachet composed of a
laminate containing & metal foil layer, is added about 3 g of poly(allvlamine) polymer
and then the sachet is heat sealed. Multiple sachets of poly(aliylamineg) polymer are
prapared and then placed into individual test chambers that were controlled at 25°C and
60% relative humidily, and 40°C and 75% relative humidity for up to 6 months. At the
desired time, sachets are remaoved from each test chamber and the polymer samples
are exiracted {o determine allylamine conient according to the Cation IC Extraction

Procadure.
DESCRIPTION OF FIGURES

[00133] Figure 1A Allylamine {(AA) concentration (ppm ) present when
veverimer is packaged in packet malerials A, B and € at 25°C/60% RH over © weeks.
Unit dosage forms A, B and C were storad at 25°C/60% RH for 6 weeks and the
allylamine concentration was measured at TO (initial) and at weeks 1, 2, 4, and 6. On
Figure 1A, unit dosage form A is depictad by squares (e.g. the {op line al waek 6), unit
dosage form B is depicted by circles (e.g. the bottom line at week §), and unit dosage
form C is depicted by crosses (x} {e.g. the middle line at week 8}, and. Unit dosage

form A shows an increasing concentration of allylamine over the 6 week period not seen

with unit dosage forms B and C.
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[001347] Figure 18: Allylamine (AA) concentration (ppm) present when

veverimer is packaged in unit dosage forms A, B and C at 40°C/75% RH over 6 weeks.
Unit dosage forms A, B and C were stored at 40°C/75% RH for 8 weeks and the
allvlamine conceniration was measured at TO (initial) and at weeks 1, 2, 4, and 6. On
Figure 1B, unit dosage form A is depicted by squares {(e.g. the top line atweek 6}, B is
depicted by circles {e.g. the middle line at week 6), and C is depicted by crosses ()
{e.q. the bollom ling at week 8). Unit dosage form A shows an increasing concentration
of allylamine over the & week period under the conditions not seen with unit dosage

forms B and C.

(001357 Figure 2: Allylaming (AA) concentration (ppm) in 1.5, 3.0 and 4.5 g unit
dosage forms at 25°C/H0% RH over 3 months. The 1.5, 3.0 and 4.5 g unit dosage forms
were storad at 25°C/60% RH for 3 months and the allylamine concentration was
measured at TO (initial) and monthly thereafter. On Figure 2, 1.5 ¢ is depicted by circles
{2.g. the {op line at month 3), 3.0 g is depicted by squares {e.g. the middle line at month
3}, and 4.5 g is depicted by triangles (g.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. Allylamine (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 ¢ is depicted by circles
{e.g. the top line at month 3), 3.0 g is depicted by squares {e.g. the middie 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.

(0013771 Figure 4. Allvlamine (AA) concentration (ppm) in 1.5 g unit dosage
forms with an oxygen scavenger at 25°C/60% RH and 40°C/75% RH over 6 months.
The allylamine concentration in the unit dosage form was measured at TO and at
various intervals thereafter. On Figure 4, the 1.5 g unit dosage form at 25°C/60% RH is
depicted by crosses (X) {(e.g. the top line at month 2), and the 1.5 g unit dosage form ai
40°C/75% RH is depicted by triangles (e.g. the bottom line at month 2). The unit dosage

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

(0013871 Figure 5. Allylamine (AA) concentration {ppm) in 1.5 g unit dosage
forms with environments of air, 8% oxygen and 92% nitrogen, and 99+% nitrogen

25°C60% 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.¢. the top line at month 6}, the 1.5 g unit dosage
form in 8% oxygen and 92% nitrogen is depicted by triangles {e.¢. the middie line at
month 8), and the 1.5 g unit dosage form in 98+% nitrogen is depicied by circles (e.g.
the botiom line at month 8). The unit dosage forms show that the concentration of AA s

approximately constant over 8 months.

[00139] Figure 6. Allylamine (AA) concentration {ppm) in 1.5 g unit dosage
forms with environments of air, 8% oxygen and 92% nitrogen, and 98+% nitrogen
40°CI75% RH over 6 months. The allylamine concentration in the unit dosage form was
measured at TO and at various intervals thereafter. On Figure 6, the 1.5 g unit dosage
form in air is depicted by crosses (X {&.¢. the top line at month 6}, the 1.5 g unit dosage
form in 8% oxygen and 92% nitrogen s depicted by triangles {&.¢. the middie ling at
month 8), and the 1.5 g unit dosage form in 99+% nitrogen is depicted by circles (e.g.
the botiom line 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
synthesis of a crosslinked poly{allylamineg) polymer, such as veverimer, unincorporated
2-propen-1-ylamine monomer and/or partially incorporated 1,3-bis{allylaminojpropans
monomer residues, can be a source of allylamine impurities (i.e., allylamine and
derivatives thereof such as allylalkylethers and allylaicohols) in the poly(allylamineg)
product. Those monomers may be presert as a salt. Without wishing to be bound by
theory, it is thought that the residual unincorporated 2-propen-1-ylamine monomer
andfor partiaily incorporated 1,3-bis(allylaminoipropane monomaer residues presant in
the crosslinked poly(allylamine) polymer, such as veverimer, may react with oxygen
after the polymer has been made and thus produce allylamine impurities {(e.q.
H2C=CHCHzNH2). For example, it was found that the veverimer polymer referred to as
unique 1D 012070-A3 FA in Table S-1 of Exemplary Synthesis A of WO2019/236636 A1
produced HxC=CHCH2NH:2 when exposed to oxygen. High levels of impurities, such as
H2C=CHCH2NHz, are undesirable in the final product to be administered o patients,

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

H2C=CHCH2NHz in a crosslinked poly(allylamine) polymer (e.g. veverimer) are

disclosed herain.

[00142] One approach disclosed herein is {0 produce a crosslinked
poly(allylamine} polymer, such as veverimer, that contains less unincorporated 2-
propen-1-yviamine monomer, or a salt thereof, and/or partiaily incorporated 1,3-
bis(aliylamino)propane monomer residues, or a salt thereof. Reducing the amount of
such unincorporated and/or partially incorporated monomers can reduce the amournt of
allylamine impurities present in the final product. Therefore, disclosed herein are
meathods for making a crossiinked poly(alivlamine) polymer {e.q. veverimer) with
reduced levels of such unincorporated andfor partially incorporated monomers, for
example as measurad by reference to the levels of sp2 carbons present in the product.
Also disclosed herein are crosslinked poly(allylamine) polymers (e.g. veverimer} with
reduced levels of such unincorporated and/or partially incorporated monomers, for
example as measured by reference to the levels of sp2 carbons present in the product.
Such products are shown {o have desirable properties, e.g. the levels of allylamine

impurities (e.g. H2C=CHCH2NH2) in such products are reduced.

[00143] Ancther approach disclosed herein is t0 package the crosslinked
poly(alivlamine} polymer, e.g. veverimer, in such a way that is exposure {o oxygen is
reduced. The approach of using packaging to mitigate concerns regarding impurities,
such as the levels of aliylamine impurities (2.g. H2C=CHCHaNH2), can be used in
combination with any crosslinked poly(allylamine) polymer, e.g. veverimer, disclosed

herein or known from the prior art.

[001447 In accordance with one aspect of the present disclosure, the
crosslinked poly{allylamineg) polymers disclosed herein, in particular veverimer, may be
used therapeutically. In one embodiment, the crosslinked poly(aillvlamineg)} 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 crossiinked poly{alivlaming) polymer {0 achigve a therapeautic or

prophylactic benefit.

(001451 Methods of reatment and medical uses of the crosslinked
poly(allylamine} polymers disclosed herein, in particular veverimer, are described in

WO2014/107725 A1, WO2016/084685 A1, WO2017/193050 A1, WO2017/193064 A1,
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WO2ZO17/183024 A1, WO2019/080176 A1, WOZ019/080177 A1, WO2019/23663% A1,

WO2019/2366368 A1 and WO2019/236124 A1, which are incorporated herain by

reference.

[0014¢] In accordance with one aspect of the present disclosure, the
crasslinked poly{aliylamine) polymers disclosed herein, in particular veverimer, are for
use in any of the methods of treatment or medical uses described in any of
WO2014/197725 A1, W0O2016/094685 A1, WO2017/193050 A1, WO2017/192064 A1,
WO2017/193024 A1, WO2018/020176 A1, WO2018/080177 AT, WO2018/236639 A1,
WQO2019/236636 A1 and W0O2019/236124 A1,

[001477 In accordance with one aspect of the present disclosure, a crosslinked
poly(allylamine) polymer may be formed in sieps: a (first) concurrent polymaerization
and crosslinking step (sometimes referred to as the “first crosslinking step” or, more
simply, the “first step”) and, optionally, a (second) post-polymaerization crosslinking step
(sometimes referred {0 as the “second crossiinking step” or, more simply, the “second
step”}. In the first step, the crosslinking is preferably capacity-sparing, i.e., free amine
sparing, crosslinking from carbon to carbon. in the second step, the crosslinking is
aming-consuming and is directed towards tuning for selectivity for the targst species.
Based on the desired high capacity, the C-N weight ratio is preferably optimized to
maximize amine functionaiities for target species binding, while still maintaining a
spherical polymer particle of controlled particle size {0 ensure non absorption and
acceptable mouth feel that is stable under Gi 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 between the “first step” and the “second step.”

[00148] In the first step, 2-propen-1-vlaming, or a salt thereof, and 1,3~
bis(aliylamino)propane, or a salt thereof, are concurrently polymerized and crosslinked
in a heterogeneous reaction mbdure comprising 2-propen-1-yvlamine, or a salt thereof,
the 1,3-bis{allylamino)propane, or a salt thereof, a radical initialor, water and an organic
solvent 1o form a polymer network that is crosslinked through a carbon backbone.
Advantageously, each crosslinking reaction in this step forms a carbon-carbon bond (as
opposed o substitution reactions in which a carbon-hetercatom bond is formed during
crosslinking), and the amineg functionalities of the 2-propen-1-yvlamine, or a sall thereof,
and the 1,3-bis(alivlaminojpropane, or a sait 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-

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

with1, 2-dichlorosthane.

[00149] As previously noted, unincorporated 2-propen-i-ylaming, or a salt
thereof, (i.e., 2-propen-t-ylamine, or a salt thereof, that is not covalently incorporated
into the poiymer) and partially incorporated 1,3-bis{allylamino)propane, or a salt thereof,
residues can be a source of allylamine impunities (i.e., allvlamine and derivatives thereof
suich as alivlalkylethars and allylalcohols) in the poly(alivlaming) product. in accordance
with one embodiment of the present disclosure, process parameters may be controlied
to limit the amount of aliyl impurities (i) released by the crosslinkad poly{alivlamine)
polymer in the as-manufaciured state (i.e., upon compietion of the second step, also
sometimes refarred 10 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 s preferred that the crosslinked poly(aliviamine) polymer
corntain less than 20 ppm alivlaming in the as-manufactured state. For example, inone
embodiment the crosslinked poly{allvlamine) polymer contains iess than 15 ppm
allylaming 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{allylamineg) polymer contains less than 10 ppm
allylamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly(allylamineg) polymer contains less than 7.5 pom
allylamine in the as-manufaciured siate. By way of further example, in one such
embodiment the crosslinked poly{aliylamine) polymer contains less than 5 ppm
allylamine in the as-manufactured state. By way of further example, in one such
embodiment the crosslinked poly{allylamineg) polymer containg 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 state. By way of further example, in one such
embodiment the crosslinked poly{allylamineg) polymer contains less than 2 ppm

allylamine in the as-manufaciured 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{allylamine) polymer contains iess than 500 ppb
allylamine in the as-manufactured stale. By way of further example, in one such
embodiment the crosslinked poly(allylamineg) polymer containg less than 100 ppb
allylamine in the as-manufaciured siate. By way of further example, in one such
embodiment the crosslinked poly{aliylamine) polymer contains less than 50 ppb
allylamine in the as-manufactured stale. By way of further example, in one such
embodiment the crosslinked poly{allylamineg) polymer contains less than 1 ppb
gllylamine in the as-manufaciured 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 imit for allylamine in the as-manufaciured state. In each such
axemplary embodiment reciied in this paragraph, the sllylamine content may be
determinad by the Impurity Analysis at Releass Assay followed by the Cation IC

Exdraction Procedure.

(001511 iInone embodiment, the crosslinked poly(alivlaming) polymer contains
less than 20ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C
after manufacture. In one embodiment, the crosslinked poly{aliylamine) polymer
contains less than 20 ppm allvlamine upon storage in a sealed enclosure for 8 months
at 25°C after manufacture. In one embodiment, the crosslinked poly(allylamine) polymer
containg less than 20 ppm allylaming upon storage in a sealed enclosure for @ months
at 25°C after manufacture. In one embodiment, the crosslinked poly(allylamine) polymer
contains less than 20 ppm aliviamine upon storage in a sealed enciosure for 12 months
at 25°C after manufacture. In one embodiment, the allylamine content of the crosslinked
poly(allylamineg) polymer increases less than 20 ppm allylamine upon storage ina
sealed enclosure for 3 months at 25°C. In one embaodiment, the allylamine content of
the crosslinked poly{allvlamine) 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 allvlamine content of the crosslinked poly{ailvlamine) polymer

ncreasas less than 20 ppm allylaming 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

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

[00152] To faciitate the concurrent polymerization and crosslinking reaction,
the Z-propen-1-vlamine, or a sait thereof, and the 1,3-bis(aliylaming)propane, or a salt
thereof, are preferably protonated in the reaction mixture. In one embodiment,
therefore, the Z-propen-1-ylamine, or a sait thereof, andfor the 1,3~
bis(alylamino)propane, or a salt thereof, are introduced to the reaction mixture as their
respective acid salts {(e.g., hydrochioric acid, phosphoric acid, sulfuric acid or
hydrobromic acid salt form). Allermnatively, the Z-propen-1-yviamine, or a salt thereof,
andfor the 1, 3-bis(allylamino)propane, or a salt thereof, may be introduced {o the
reaction mixture in their free amine form{s) and acid can be separately added to the
reaction mixture. For example, the acid may be sulfuric acid, phosphoric acid or
hydrochioric acid (HCH. By way of further exampile, the acid is HCL In either
embodiment, the reaction mdure comprises sufficient acid to maintain the 2-propen-1-
viaming, or a salt thereof, and the 1,3-bis(alivlamino)propane, or a salf thereof, in the
aqueocus 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 sall of the Z-propen-1-yvlamine, or a salt thereof, and/or the
1,3-bis{allylamino)propane, or a sait thereof, or whether it was separately added to the
reaction mixture). In ceriain embodiments, the reaction mixture will contain at least 0.75
equivalents of acid per aliviamine equivalent in the reaction mixture. In ceriain
embodiments, the reaction mixture will contain at least 1 equivalent of acid per

allylamine equivalent in the reaction mixure.

(001531 2-Fropen-1-yviamine and 1,3-Bis(allylamino)propane are listed in
Table C. As illustrated, 2-Propen~1-ylamine and 1,3-Bis(allylamino)propane are in the
HCI salt form. As previously noted, each of 2-Fropen-t-ylamine and 1,3-
Bis{allylamino)propane may be introduced to the reaction mixture in a saltform (.g., as
a hydrochloric acid salt, suifuric acid salt, phosphoric acid salt, hydrobromic acid salt or

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

Table

Abbhreviation Commaon name HUPAC name RAWY
{g/mol}
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DAPDA Dialivipropyldiamine 1.3- . 227.17
Bis{allvlamino)propa v\ﬂw\ﬁw
ne HCl HC!
AAH Allylamine 2-Propen-1-ylaming Het 93.5
“///-\/Nﬁz

(001541 The concurrent polymerization and crosslinking step reaction mixture
comprises a radical polymerization initiator in addition to the 2-propen-1-ylaming, or a
sait thereof, and the 1,3-bis{allylamino)propane, or a sait thereof,. The initiator may be
selected from any of a wide range of initiators, including cationic and radical
polymerization initiators. Exemplary polymerization initiators for the concurrent
polymaerization and crossiinking 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-
eneischutyramidine)dihvdrochloride, 2,2"-azobis(2-
methyipropionamidine)dinydrochionde, 2,2 -azobis(2-amidinopropane dihydrochioride,
2,2 -azobis(N N'-dimethyleneisobutyramidine}, 1,1-azo bis(i-cyclchexanecarbo-nitrile),
4 4'-azobis(4-cyanopeniancic acid), 2,2 -azobis(iscbutyramide)dihydrate, 2, 2-azobis{2-
methylpropane), 2,2"-azobis(2-methylbutyronifrile), VAZO 67, cyanopentanoic acid, the
peroxypivalates, dodecylbenzens peroxide, benzoy! peroxide, di-t-butyl hydroperoxide,
t-butyl peracetate, acetyl peroxide, dicumyl peroxide, cumylhydroperoxide, dimethyl
bis(butylperoxyhexane. For example, the radical polymerization initiator is V-50 (2,2~

azobis(Z-methyipropionamidine Jdihydrochloride).

[00155] Experience {o-date has shown that the amount of initiator relative to
the amount of Z-propen-1-vlamine, or a salt thereof, and 1,3-bis{allvlamino)propane, or
a salt thereof, in the reaction mixture has an influence on the characteristics of the
resulting polymer. For example, the amount of partially incorporated 1,3
bis(allylaminoipropanes, or & salt thersof, tends 1o increase as the ratio of the number of
allyl equivalenis to the number of initiator eguivalents in the reaction mixture incregses.
Typically, thersfore, the ratio of the number of aliyl equivalents possessed by the 2-
propen-1-ylamine, or a sait thereof, and 1,3-bis(allylamino)propane, or a sall thereof, in
combination, to the number of initiator equivalents introduced to the reaction mbdure will
be in the range of about 6:1 to about 70:1, respectively. For example, in one such

embodiment, the ratio of the number of allvl eguivalents possessed by the Z-propen-1-
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viaming, or a sait thereof, and 1,3-bis(allylamincipropane, or a salt thereof, in

combination, to the number of initiator equivalents introduced to the reaction mixture will
be about 7:1 to about 601, respectively. By way of further example, in one such
embodiment, the ratio of the number of allyl equivalents possessed by the Z-propen-1-
viamineg, or a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, in
combination, {o the number of initialor equivalents introduced to the reaction mixture will
be about 8.1 {0 about 50:1, respectively. By way of further example, in one such
embodiment, the ratio of the number of allyl equivalents possessed by the Z-propen-1-
viaming, 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 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 aliyl equivaients possessed by the Z-propen-1-
ylamine, or a salt thereof, and 1,3-bis(allvlamino)propane, or a sall theredf, in
combination, to the number of initiator equivalents introduced 1o the reaction mbture will
be about 1&:1 to about 40:1, 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 sait thereof, and 1,3-bis{allvlamino)propane, or a salt thereof, in
combination, to the number of initiator eguivalents introduced 1o the reaction mbdure will
be about 17.5:1 1o about 351, respectively. By way of further example, in one such
embodiment, the ratio of the number of aliyvl equivalents possessed by the Z-propen-1-
ylamine, or a sal thereof, and 1,3-bis{allvlamino)propane, or a salt thereof, in
combination, to the number of initiator sguivalents introduced 1o the reaction mixture 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 allvi eguivalents possessed by the 2-propen-1-
viarmine, or a sait thereof, and 1,3-bis{allivlamino)propane, or a salt thereof, in
combination, to the number of initiator eguivalents introduced 1o the reaction mixiure will
be about 22.5:1 to about 30:1, respectively. 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 sait thereof, and 1,3-bis{allylamino)propane, or a salt thereof, in
combination, to the number of initiator equivalents introduced to the reaction mixture will

be about 25:1 to about 27.5:1, respectively.

[00158] Experience to-date has also shown that the combined amount of 2-

proper-1-ylaming, or a salt thereof, and 1,3-bis{allylamino)propane, or a salt thergof,
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relative 1o the amount of water in the reaction midure has an influence on the

characteristics of the resulting polymer. Typically, therefore, the weight ratio of the
combined amount of 2-propen-1-ylamine, or a salt thereof, and 1,3~
bis(allylamino)propane, or a sall thereof, to the amount of water in the reaction mixiure
will be in the range of about 0.01 {o about 3, respectively. For example, in one
embodiment the weight ratic of the combined amount of Z-propen-1-viamine, or a salt
thereof, and 1,3-bis{aliviamino)propane, or a salt thereof, to the amount of water in the
reaction mixiure 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 combinad amount of 2-
propen-1-ylaming, or a sailt thereof, and 1,3-bis(aliylamino)propane, or a salt thereof, {o
the amount of water in the reaction mixture will be in the range of about 0.07 {o about
2.5, respectively. By way of further example, in one such embodiment the weight ratio
of the combined amount of 2-propen-i-ylaming, or a sall thereof, and 1,3-
bis(allylaminoipropane, or a salt theraof, 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,
it one such embodiment the waight ratio of the combined amount of Z-propen-1-
ylamine, or a sait thereof, and 1,3-bis{allvlamino)propane, or a sall thereof, to the
amount of water in the reaction mixiture will be in the range of about 0.15 {o about 2,
respeactively. By way of further example, in one such embodiment the weight ratio of the
combined amount of 2-propen-1-ylamine, or a sall thereof, and 1,3-
bis{allylamino)propane, or a 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(allvlamino)propane, or a salt thereof, (o the
amount of water in the reaction mixture will be in the range of about 8.25 to about 1.5,
respectively. By way of further example, in one such 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 salt thereof, o the amount of water in the reaction mixture
will be in the range of about 0.25 to about 1.25, respectively. By way of further
example, in one such embodiment the weight ratio of the combined amount of 2-
propen-1-yviamine, or a salt theredf, and 1,3-bis{alivlaminoipropanse, or a sall thereof, {o
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-1-ylamine, or a salt theraof, and 1,3-
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bis(allylaminoipropane, or a salt thereof, {0 the amount of water in the reaction mixture

will be in the range of about 0.35 to about 0.75, respectively. By way of further
example, it ong such embodiment the weaight ratio of the combined amount of 2-
propen-1-viamine, or a sait thereof, and 1, 3-bis(aliviamino)propane, or a salt thereof, to
the amount of water in the reaction mbiture 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 salt thereof, and 1,3-bis(aliylamino)propane, or a salt
thereof, species are in their respeclive free amine forms for purposes of the weight ratio

calculation.

[001571 Experience to-date has further shown that the ratio of the number of
allyl equivalentis to the number of water equivalents in the reaction mixiure has an
influence on the characteristics of the resulting polymer. Typically, tharefore, the ratio of
the number of ailyl equivalents possessed by the Z-propen-1-yviamine, or a sall thereof,
and 1,3-bis{allylamingipropane, or a salt theredf, in combination, 1o the number of water
equivalents introduced o the reaction mixiure will be in the range of about 0.01:1 {o
about 1.1, respectively. For exampie, in one such embodiment, the ratio of the numbaer
of allyl equivalents possessed by the 2-propen-t-ylamine, or a salt thereof, and 1,3-
bis(allylamino)propane, or a sall thereof, in combination, to the number of water
equivalents introduced to the reaction mixiure will be about 0.015:1 to about 0.75:1,
respectively. By way of further example, in one such embodiment, the ratio of the
number of allyl equivalents possessad by the 2-propen-1-yiaming, or a salt thereof, and
1,3-bis{allvilaminojpropane, or a sait thereof, in combination, {c the number of water
equivalents introduced o the reaction mixture will be about 0.02:1 to about 0.5:1,
respeactively. 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 theredf, and
1,3-bis{allvlamino)propane, or a sait thereof, in combination, to the number of water
equivalents infroduced to the reaction mixture will be about 0.03:1 to about 0.4:1,
respactively. By way of further example, in one such embodiment, the ratic of the
rnumber of allyl equivalents possessed by the 2-propen-1-yviamine, or a sall thereof, and
1,3-bis{allivlamino)propane, or a salt thereof, in combination, to the number of water
equivalenis introduced to the reaction mixture will be about 0.04:1 to about 0.3:1,
respactively. By way of further example, in one such embodimeant, the ratic of the

number of allyl equivalents possessed by the Z2-propen-1-ylamine, 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

equivalents infroduced (o the reaction mixiure will be about 0.05:1 to about 0.25:1,
respectively. By way of further example, in one such embadiment, the ratio of the
number of allyl equivalents possessed by the Z-propen-1-ylamine, or a salt thereof, and
1,3-bis{allylamino)propana, or a sait thereof, in combination, o the number of water
equivalents iniroduced i the reaction midure will be about 0.06:1 to about 0.2:1,
respectively. By way of further example, in one such embadiment, the ratio of the
number of allyl equivalents possessed by the Z-propen-1-ylamine, or a salt thereof, and
1,3-bis{allylamino)propana, or a sait thereof, in combination, to the number of water
gquivalents introduced to the reaction mixiure will be about 0.07:1 to about 0.175:1,
respectively. By way of further example, in one such embodiment, the ratio of the
number of allyl equivalents possessed by the 2-propen-1-ylaming, or a salt thereof, and
1,3-bis{alliviamino)propane, or a sait thereof, in combination, {o the number of water
squivalents introduced to the reaction mixture will be about 0.08:1 to about 0.15:1,

respectively.

(001581 To produce polymaeric beads rather than a gel, the reaction mixture for
the concurrent polymerization and crosslinking step is preferably a helerogeneous
reaction mixiure comprising a surfactant, water and an organic solvent system (in
addition to the 2-propen-1-yiamine, or a salt thereof, 1,3-bis(alivlamino)propane, or a
salt thereof, acid and initiator). Advantageously, heterogeneous polymerization
processes produce polymer particies in the form of substantially spherical beads, whose
diameter may be controlled in the 3 to 1000 micrometer range, preferably inthe 10 {0

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

(001521 In general, the surfactant comprised by the reaction mbdure for the
concurrent polymerization and crosshinking step may be ionic or non-ionic. Exemplary
surfactants include sorbitan monociaurate, sorbitan monooleate, sorbitan monostearate,
sorbitan monopaimitaie, sthylene glycol monostearate, glvceryl monostearate,
polyethyiene glycol monostearate, polyethylene glycol hydrogenated castor oil,
polyoxyethylene sorbitan monolaurate, polyoxysthylene sorbitan monooleate,
polyethyiene glyeol and diisooctyl sulfosuccinate, branched dodecylbenzenesulfonic
acid, linear dodecylbenzenesulfonic acid, scdium branched alkylbenzenesulfonate,

sodium branched dodecyibenzenesulfonate, sodium alpha olefin sulfonate, sodium
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linear alkylbenzenesulfonate, isopropylamine branched alkylbenzenesulfonate, sodium

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

[00160] The organic solvant system comprised by the concurrent
polymaerization and crosslinking step reaction mixiure may be any of a wide range of
water-immiscible organic solvents that may be used to disperse an aqueous phase.
Exemplary organic solvent systems may comprise hexane, cyclohexane, heptane,
octane, decane, petroleum sther, liguid paraffin, chicrobenzene, toluene, xyienes, ethyl
acetate, propy! acetate and isopropy! acetate, or a combination of two or more thereof.

For example, the organic solvent system may comprise heptane.

[001611 The concurrent polymerization 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 mixture contains a mineral acid or an
organic acid. Exemplary mineral acids include hydrochloric acid, suifuric 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 hydrochloric
acid, phosphoric acid, sulfuric acid, acetic acid, meathylphosphoric acid, formic acid,
citric acid, and combinations therecf. In one embodiment, the concurrent polymerization
and crossiinking reaction step reaction mture comprises an acid selected from the
group consisting of hydrochloric acid, phosphoric acid, sulfuric acid, and combinations
thereof. In one embodiment, the concurrent polymerization and crossiinking reaction
step reaction mixture comprises hydrochiornc acid. In general, the concurrent
polymerization and crosslinking reaction step reaction mixture comprises at least 0.4
equivalents of acid per aliyl amine equivalent. For example, in ong embodiment the
concurrent polymerization and crosshinking reaction step reaction mixture comprises at
least 0.6 equivaients of acid per allvl amine equivalent. 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 example, in one such embodiment the concurrent polymerization and
crosslinking reaction step reaction mixture comprises at least 0.9 equivalents of acid per
allyl 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 mixture comprises at least 1.0 equivalents of acid per allyl amine equivalent.
By way of further example, in one such embodiment the concurrent polymerization and
crosshinking reaction siep reaction mixture comprises at least 1 eguivalent of acid per

allyl amine equivalent.

(001621 In each of the foregoing embodiments, the acid may be introduced to
the concurrent polymerization and crosslinking reaction step reaction mixture
independent of the addition of the Z-propen-1-yiamine, or a saii thereof, and 1,3-
bis(allylaming)propane, or 3 sall thereof, 1o the first step reaction mixture. Alternatively,
in each of the foregoing embaodiments, the acid may be introduced 1o the concurrent
polymerization and crosslinking reaction step reaction mixture as a component of the
acid salt of the 2-propen-1-yiaming, or a salt thereof, the 1,3-bis(alivlamino)propane, or
a salt thereof, or both the Z-propen-1-ylamine, or a salt thereof, and the 1,3-

bis(allylaming)propane, or a8 salt thereof,

[00163] Tha concurrent polymerization 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 camed out at a
temperature in the range of about 30 °C to aboui 85 °C. In some embodiments, the
concurrent polymerization and crosslinking reaction step will be caried aut at a
temperature in the range of about 35 °C to about 85 °C. In some embodiments, the
concurrent polymerization and crosshinking reaction step will be carmied out at a
temperature in the range of about 40 °C to about 85 °C. In some embodiments, the
concurrent polymerization and crosslinking reaction step will be carried cut at a
temperature in the range of about 45 °C {o about 85 °C. In some embodiments, the
concurrent polymerization and crosslinking reaction step will be carried out at a
tamperature of about 60-80 °C. In general, the temperature may be hald relatively
constart over the course of the reaction or it may be ramped in & continuous or step-~

Wise manner.

[00164 1 The concurrent polymerization and crosslinking reaction step may be
carried out for a reaction time of at least about 2 hours. Typically, the concurrent
polymearization and crosslinking reaction step will be carried out for a reaction time of at
feast about 5 hours. In some embodiments, the concurrent polymerization and
crasshinking reaction step will be carriad out for a reaction time of at least about 10
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hours. In some embodiments, the concurrent polymerization and crosslinking reaction

step will be carried out for a reaction time of al 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. I 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 embodimeants, the concurrent
polymerization and crosslinking reaction step will be carried out for a reaction time of at
least about 30 hours. In some embodiments, the concurrent polymerization and
crasslinking reaction step will be carriad 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,
however, the concurrent polymerization and crosslinking reaction step will be carried out

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

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

content is about 43 wi%.

(0016871 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 biocks of monomers, or
combinations thereof. The reaction may be carried out as a batch, semi-batch or

cONtiNUOUS process.

[00167] In one embodiment, the concurrent polymerization and crosslinking
step yields preformed poly(allylamine) 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 Ratio 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, aboul 3 to 4

or about 4 to about 6.

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

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

ambadiments the preformed poly(allylamine) polymer is at least partially deprotonated
by treatment with a base, preferably a strong base such as g hydroxide base. For
example, in one embodiment the base may be NaOH, KOH, NHsOH, NaHCOs3,
NazCOs, KoCQs, LIOH, Li2CQs, CsOH or other meatal 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 {o collapse and
the 1,2-dichloroethane crosslinking agent used in the second crosshinking step may
not be able to access binding sites on the polymer unless the bead is prevented from
collapsing. One means of preventing the crosslinked polymer bead from collapsing is
the use ¢f a swelling agent such as water to swell the bead, thereby allowing the

1,2-dichloroethane second-step crosslinker {0 access binding sites.

[00168] As previously noted, 1, 3-bis(allylamino)propane, or a salt thereof,
monomers that are only partially incorporated into poly(allylamine) polymer in the first
step will introduce pendant allyt 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(allylamine) polymer backbone chain) to the poly(aliylamine) polymer. As such, a
determination of the number of sp? ally! carbons pendent to the crosslinked
poly(allylamine) polymer backbone remaining in the poly{allylamine) polymer upon
completion ¢f the concurrent polymerization and crosslinking step (i.e., the first step)
may be used to determing the amount of partially-incorporated 1,3-
bis(allylamino)propane, or a sall thereof. In general, it is preferred that the number of
sp? alivl carbons constitute a low percentage of total carbon atoms in the
poly(alivlamine) polymer. For example, in one embodiment, sp? allyl carbons pendent
to the poly(alivlamine) 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 o the poly(allylamineg) polymer backbone constitute less than 1.0% of
the total number of carbon atoms in the polymer. By way of further example, inone
embodiment sp? allyl carbons pendent to the poly{allylamine) polymer backbone
constitute less than 0.9% 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 constifute less than 0.8% of the total number of carbon atoms in the

polymer. By way of further example, in one embodiment sp? allyl carbons pendent to
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the poly(allylaming) 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? aliyl
carbons pendent {o the poly(alivlaming) polymer backbone constitute less than 0.7% of
the total number of carbon atoms in the polymer. By way of further example, in one
embaodiment sp? allyl 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 embaodiment 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(allylamineg) 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 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
embaodiment sp? allyl carbons pendent to the poly{allylamine) polymer backbone
constitute less than 0.25% of the {otal number of carbon atoms in the polymer. By way
of further example, in one embodiment sp? allyl carbons pendent to the poly(alivlamine)
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(allylamineg) polymer backbone constitute less than 0.1% of the total number of
carbon atoms in the polymer. By way of further example, in one embodiment sp? aliyl
carbons pendent {o the poly(aliviaming) 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 1o the poly(allvlamine) polymer backbone may constitute more
than 0.3% of the total number of carbon atoms in the polymer, but are less than the
higher limits exprassed above, &.¢g. 1.0%. In each of the foregoing exemplary
embodiments, the percentage of sp? ally! 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 HI 800 MHz (18.8T)
standard bore spectrometer, operating at 800.25 MHz and 201.24 MHz for 'H and *C,
respeactively, with 8 4 mm zirconia rotor system at a spinning frequency of 18 kHz as
more fully described elsewhere herein. In each of the foregoing exemplary

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

herein.

[00169] In the second crossiinking step, the preformed poly(aliviamine)

polymer is crossiinked with 1, 2-dichloroathane.

[00170] In general, it is preferred that the number of sp? allyl carbons constitute
g low percentage of total carbon atoms in the post-polymerization crosslinked polymer.
For example, in one embodiment, sp? allyl carbons pendent to the post-polymerization
crosslinked polymer backbone of the crosslinked poly(allvlamine) 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 0.8% 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 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 0.75% of the total number of carbon atoms in the
polymer. By way of further example, in one embodiment sp? allyl carbons pendent o
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 example, in one
embodiment 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 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® alivl 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? allyi carbons pendent to the post-
polymerization crosslinked polymer backbone 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? allyl carbons pendent to 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
constitute less than 0.1% of the total number of carbor 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 0.05% of the total
number of carbon aioms in the polymer. By way of further example, in one embodiment
sp® allyl carbons pendent (o the post-polymerization crosslinked polymer backbone are
not detectible in the polymer beads. In each of the foregoing exemplary embodiments,
the percentage of sp® allyl carbons pendent to the post-polymerization crosslinked
polymer backbone in the beads may be determined by quantitative "*C solid state magic
angle spinning (MAS) NMR measurement 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 as
muaore fully described elsewhare herein. In each of the foregoing exemplary
embodiments, the percentage of sp? allyl carbons pendent to the post-polymerization
crosslinked polymer backboneg in the beads may be determined by any of the methods

disclosed herein.

[00171] The resulting post-polymerization crosslinked polymer will have a ratio
of sp3 carbon 1o sp? carbon that is greater than the ratio of sp3 carbon to sp2 carbon in
the preformed poly(allylamine) polymer. Thus, the second crosslinking reaction with
1,2-dichloroathane will increase the amount of sp3 carbon in the post-polymerization
crosslinked polymer while the amount of sp2 carbon will remain unchanged relative to
the preformed poly(allylamine) polymer. In certain 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 to degrade
the signal {o noise ratio for sp2 carbon, thereby decreasing measurement sensitivity. In
ceriain embodiments, therefore, rather than directly measuring the amounts of sp
carbon and sp3 carbon in the resulting post polymerization crosslinked polymaer by
NMR, it may be advantageocus to measure the amount of sp2 carbon in the preformed
poly(allylaming) polymer, determining how much spd 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 resulting post-polymerization

crosslinked polymer. Examples are given in Tables 10 and 11 in which the percent ¢f
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sp2 carbon were experimentally determined for both preformed poly{aliylamine)

polymers and corresponding crosslinked poly(allylamine) polymers. For those in which
spZ carbon could be guantified in the preformed crosslinked poly(aliylamine) polymer,
the average ratio of the percent of sp2 carbon in crossiinked poly{ailylamineg) polymers
to the corresponding preformed poly{aliviamine) polymer was about 0.9, This facior
was applied where applicable throughout Table 11 part 2 in order to caiculale the
percent of sp2 carbon comprising certain examplas of crosslinked poly{allylaming)

polymers in Table 11.

(0017271 In embodiments, the crosslinker for the step 2 crosslinking reaction is

1,2-dichioroethane (see Tabie B).

Table B
Abbreviation Common name {UPAL name MW
{g/mol}
OCE dichloroethane 1,2- dichloroethane 98.96
Ci
\\‘//\Cf
Dee Dichioropropans 1.3-Dichloropropans 112.98
c1” "¢l

(001731 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 polv(allylamine) polymer, and a dispersing solvent system. The
dispersing solvent system comprises a sufficient amount of solvent 1o dispersa the
preformed poly{ailylaming) polymer in the reaction mixture so as to avoid inter-polymer
particle {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(alivlaming) polymer in the reaction mixture is at least 2.1
{miililiters of solvent : grams of preformed poly{aliviamine) polymer). By way of further
gxample, in one such embodiment the ratio of solvent comprised by the dispersing
solvent system to preformed poly(allylamine) polymer in the reaction mbdure is at least

3.1 {milliliters of solvent : grams of preformed poly{allylamineg) polymer)

i

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

dispersing solvent system {o preformed poly{allylamine) polymer in the reaction mbdure
is at least 4:1 (milliliters of solvent . grams of preformed poly{allylaming) polymer). By
way of further example, in one such embodiment the ratio of solvent comprised by the
dispersing solvent system o preformed poly{allylaming) polymaer in the reaction mixiure
is at least 5.1 (milliliters of solvent: grams of preformed poly{aliviamine) polymer). By
way of further example, in one such embodiment the ratio of solvent comprised by the
dispersing solvent system {o preformed poly(allviamine) polymer in the reaction mixture
is at least 7.5:1 (milliliters of solvent . grams of praformed poly(aliviamine) polymer). By
way of further example, in one such embodiment the ratio of solvent comprised by the
dispersing solvent system {o preformed poly{allylamine) polymer in the reaction mixiure
is at least 10:1 (milliliters of solvent : grams of preformed poly(allylamine) polymer). By
way of further example, in one such embodiment the ratio of solvent comprised by the
dispersing solvent system to preformed poly{allylaming) polymer in the reaction mixiure
is at least 20:1 (milliliters of solvent . grams of preformed poly(allylamineg) polymer). In
egach of the foregoing embodiments, the dispersing solvent system may comprise a
combination of (I} an inert solvent {relative 1o the preformed poly(aliviamine) polymern)
such as one of the non-polar solvents previously identified in connection with the
organic solvent system in which the preformed poly{aliylamine) polymer is formed in the
first crosslinking step and (i) 1,2-dichloroethane (DCE) as a crosslinking solvent.
Alternatively, in each of the foregoing embodiments, the dispersing solvent system may
exclusively comprise as solvents 1,2-dichiorosthane (DCE), but no inert solvent), thus
performing a duai-purpose role, as both solvent {dispersant) and crosslinker. Ina
further alternative, in each of the foregoing embodiments, the dispersing solvent system
may exclusively comprise as solvents neat 1,2-dichiorcethane (DCE) but no inert
solvent), thus performing a dusl-purpose role, as both solvent (dispersant) and

crosslinker.

[001741 As noted above, in certain embodiments a swelling agent for the
preformed poly{ailylamine) polymer is included in the second crosslinking step reaction
mixiure, i e., along with the 1,2-dichlorogthane. In general, the swelling agent and the
1,2-dichloroethane may be miscible or immiscible and the swelling agent may be any
compaosition or combination of compaositions that have the capacity to swell the

preformed poly(aliylamine) polymer. Exemplary swelling agents include polar solvents
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such as water, methanol, ethanol, n-propanol, iscpropanct, n-butanol, formic acid,

acetic acid, acetonitrile, dimethylformamide, dimethyisulfoxide, nitromethane, propylene
carbonate, or a combination thereof. For example, the sweliing agent is water.
Additionally, the amount of swelling agent included in the second crosslinking step
reaction mbdure will typically be less than absorption capacity of the preformed
poly(allylamine) polymer for the swelling agent. For example, it is generally preferred
that the weight ratio of sweliing agent to preformed polymer in the second crosshinking
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 exampile, in
some embodiments the weight ratio of swelling agent to preformed polymer in the
second crosslinking step reaction mixture will be less than 2:1. By way of further
axample, in some embodiments the weight ratio of swelling agent to preformed polymer
in the sacond crosslinking step reaction mbdure will be less than 1.1, By way of further
gxample, 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 second crosslinking step reaction mixture will be less than 0.4:1. By way
of further example, in some embodiments the weight ratio of swelling agent to
praformed 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]1 The second crossiinking step may be 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 crossiinking step will be carried out at a temperature in the
range of about 45 °C 1o about 80 °C. In soms embodiments, 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 60 °C to about 75 °C. In some embodiments, the second crosslinking
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 crosslinking step may be carried out for a period of about

2 10 20 hours. Typically, the second crossiinking step will be carried out for a period of
about 4 1o 20 h. In some embodiments, the second crosslinking step will be carried out
for a period of about 5 10 20 h. In some embodiments, the second crosslinking step will
be carried out for a period of about 6 {0 20 h. In somea embodiments, the second
crosslinking stepwill be carried out for a period of about 8 1o 20 h. In some
embodimeants, the second crosslinking step will be carried out for a period of about 1010
20 h. In some embodiments, the second crosslinking step will be carried out for a period
of about 12 t0 18 h. In some embodiments, the second crosslinking step will be carred
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 one embodiment, the resulting preformed poly{allylaming) 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
prior to the second crosslinking step. Thus, for example, the amount of the non-
protonating swelling agent may be selected to tune the subsequent degres of
crosslinking effectively forming a template that is then locked into place via the amine

consuming crosslinking step.

(001781 Tha benefits of deprofonated praformed polymer beads in the second
crosslinking step highlights the advantages of using two steps o achieve the final
product. In the Tirst crosslinking step, to form the amine polymer bead, all monomers
{Le., 2-propen-1-ylaming, 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
transfer reactions that severely limit the polymerization of non-protonated allylamine
{and derivatives). Once the bead is formed through carbon-carbon crosslinks, the bead
can then be deprotonated and further crosslinked with 1, 2-dichloroethane in the second

crosslinking step.

(001797 In one embodiment, selectivity for chioride over other competing ions is
achieved with highly crosslinked amine polymers. For example, relatively high chloride
binding capacity maybe be altained by reacling a preformed poly{allylamine) polymer
bead with neat 1,2-dichiorosthang in the presence of a swelling agent (water). While
this "non-dispersed” reaction provides access to high selechivity 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 s0 as to 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 resulting bead is not sufficiently crosslinked to have the
desired selectivity for chioride over other compeling anions. By using a crosslinking
agent (i.e. 1,2-dichioroethane) that aiso functions as a solvent (dispersant), however,
sufficient solvent (dispersant) may be included in the reaction mixiure to avoid inter-
bead reactions and aggregation without diluting the mixture {0 the point where the
degres of amine-consuming crosslinking is insufficient. For example, in an effort to
utilize the dispersing properties of a solvent (o 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 {0 have excellent dispersal properties as a solvent, when compared to
similar reactions with DCP and/or heptane. Additionally, less aggregation was observed
when the beads were first dispersed in DCE and then 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,

(0018017 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-dichioroethana may be usad in large excess
relative 1o the amount of preformed poly(allylamine) polymer in the reaction mixtures.
Stated differently, in such embodiments the 1,2-dichlorosthane is a crosslinking solvent,
ie. itis both a solvent for the reaction mixture and a crosslinking agent for the
preformed poly{ailylamineg) polymer. In such embodiments, other solvents may
optionally be included in the dispersing solvent system of the second crosslinking step
reaction mbdure, but are not required. Alternatively, the preformed poly(allvlamineg)
polymer, swaliing agent and 1,2-dichloroethane may be dispersad in a dispersing
solvent system that is miscible with the 1,2-dichloroethane 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, nitromethane, or a combination thereof. By
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way of further example, when the swelling agent comprises a polar solvent, the

dispersing solvent system for the second crosslinking step will typically comprise a non-
polar solvent such as pentane, cyclopentane, hexane, cyclohexane, benzene, {oluene,
1,4-dioxane, chioroform, diethyl ether, dichioromethane, dichioroethane,
dichioropropane, dichiorobutane, or a combination thereof. In certain embodiments, the
1,2-dichloroethane and the solvent comprised by the dispersing solvent system may be

the same.

[co1e1] it is notable that in a crosslinking solvent (2.g., & DCE-dispersed
reaction), there is a large excess of crosslinker regardiess of the amount of crosslinking
solvent (e.g., 1,2-dichicroethane (DCE)) used to disperse the bead (e.¢., both 1 g3
mLbead DCE and 1 g 10 mL:bead: DCE are a large excess of crosslinker, most of
which is not consumed during the reaction). Daspite this, the relative degres of
crosslinking, and the chioride capacity and performance in the SI1B assay is relatively
unaffected by changes in the ratio of reactive crosslinker 1o polymer bead. This is
possible because the reaction is limited by the acid-neutralizing capacity of the polymer

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

(001821 To more efficiently react with 1,2-dichlorosthane (DCE), the amines of
the preformed polymer bead preferably have a free electron pair (neutral,
deprotonated). As the free amines of the preformed polymer bead react with the 1,2-
dichlorosthane (DCE), HCI is produced and the amines become protonated, thus
imiting the reaction. For this reason, the preformed poly{aliviamine) polymer beads
preferably start as the free amine in the second crosslinking step. If the preformed
poly(allylamine) polymer bead is protonated after the first step of carbon-carbon
crassiinking, amine-consuming crosshinking in the second crosslinking step will ba
imited, thus reducing the desired selectivity for chloride over other competing ions. This
has been demonstrated by adding known guantities of HCI {o preformed
poly(allylamine) polymer beads immediately before crosslinking with DCE in the second
crosslinking step. When less than 3 mol % HCI {to amine in preformed polymer amine
bead) is added prior to crosslinking in the second crosslinking step, iotal 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 (to amine in preformed

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

lower incarpaoration of 1, 2-dichioroethane.

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

crosshnking.

[00184] Given the large excess of 1,2-dichloroethane as a dual
crasslinker/solvent, mono-incorporation of 1, 2-dichlorcethane 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
converts the alkyl-chioride to alkyl-amine functions that are hydrophilic and minimize
non-spacific interactions with undesirable solutes. Other modifications that vield more
hydrophilic groups than alkyl chioride such as -OH are suitable to quench mono-

incorporated crosslinker/solvent.

[00185] As noted above, in certain embodiments a swelling agent for the
preformed poly(ailylamine} polymer may be included in the second crosslinking step
reaction mdure for the second crosslinking step along with 1,2-dichiorosthane. In
general, the swelling 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(alivlamine) polymer. Exemplary swelling
agents include polar solvents such as water, methanoi, ethanol, n-propancl,
isopropanol, n-butanol, formic acid, acetic geid, acetonitrile, dimethylformamide,
dimethylsulfoxide, nitromethane, propylene carbonate, or a combination thereof. For
example, the swelling agent is water. Additionally, the amount of swelling agent
included in the second crosslinking step reaction mixture will typically be less than
absorption capacity of the preformed poly(ailylaming) polymer for the swealling agent.
For example, it is generally preferred that the weight ratio of swelling agent to preformed
polymear in the second crosslinking step reaction mixture be less than 4:1. By way of
further example, in some embodiments the weight ratioc 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 to

preformed polymer in the second crosslinking step reaction mixture will be less than 2:1.
By way of further example, in some embodiments the weight ratic of swelling agent to
preformed polymer in the second crosslinking step reaction mixture will be less than 1:1.
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
0.5:1. By way of further example, in some embodiments the weight ratio of swelling
agent to preformed polymer in the second crossiinking step reaction mixture will be less
than 0.4:1. 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 .31, In general, however, the weight ratio of swelling agent to
preformed polymer in the second crosslinking step reaction mixiure will typically be at

least 0.051, respectively.

(001861 When the swelling agent comprises water, the weight ratic of waler (o
preformed poly(allylaming) polymer in the second crossiinking step reaction mixture will
typically be less than about 4.1 {water to polymer). For exampie, 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(ailylaming) polymer in the
second crosshinking step reaction mixture 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 {0 preformed
poly(allylamine) polymer in the second crosslinking step reaction mixiure will typically be
fess than about 3:1. 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{allylaming) polymer in the second crosslinking step
reaction mixiure will typically be less than about 2.5:1. 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{allvlamine) 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
mixture comprises water as a swelling agent and the weight ratio of water to preformed
poly(alivlamine) polymer in the sacond crosslinking step reaction mdure 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 water as a swelling agent and the weight

ratio of water to preformed poly(allylamine) polymer in the second crosslinking step
reaction mixiure will typically be less than about 1:1. 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(ailylamine) polymer in the
second crosshinking 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
mixture comprises water as a swelling agent and the weight ratio of water to preformed
poly(alivlamine) polymer in the sacond crosslinking step reaction mixture will typically be
less than about 0.5:1. By way of further example, in one such embodiment the second
crosslinking step reaction mixiure comprises waier 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 general, however, when
water is employed as a swelling agent the weight ratio of water {0 preformed
poly(aliylamine) polymer in the second crosslinking step reaction mixture will typically be
at least about 0.15:1 {(water {o polymer) but less than the water absorption capacity of
the preformed poly(allylamine) polymer. 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(alivlaming) polymer. By way of further
example, in ong embodiment the weight ratio of water to preformed poly(aliylamine)
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(aliviamine)
polymer. By way of further example, in one embodiment the weight ratic of water o
praformed poly(aliylaming) polymer in the second crossiinking step reaction mixture will
typically be at least about 0.5:1 but less than the water absorption capacity of the
preformed poly(ailylaming) polymer. By way of further exampie, in ong embodiment the
weight ratio of water to preformed poly{aliviamine) polymer in the second crosslinking
step reaction mixture will typically be at least about 0.75:1 but lgss than the water
absorption capacity of the preformed poly(ailylamine) polymer. By way of further
axample, in one embodiment the weight ratio of water {o preformed poly(ailylamine}
polymer in the second crosslinking step reaction mbdure will typicaily be at least about
1.1 but less than the water absorplion capacity of the preformed poly{allylaming)

polymear. By way of further example, in one embodiment the weight ratio of water to
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preformed poly(ailvlaming) polymer in the second crossiinking step reaction mixture will

typically be at least about 1.5:1 but less than the water absorplion capacity of the
preformed poly{ailylamine) polymer. By way of further exampie, in one embodiment the
weight ratio of water io preformed poly(aliylamine) polymer in the second crosslinking
step reaction mixiure will typically be at least about 2:1 but less than the water
absorption capacity of the preformed polviailylamineg) polymer. By way of further
example, in ong embodimeant the weight ratio of water to preformed poly(ailylamine)
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(allyiaming)
polymer. By way of further example, in one embodiment the weight ratio of water {o
preformed poly(ailylaming) 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{ailylamine) polymer. By way of further exampie, in one embodiment the
weight ratio of water to preformed poly(aliviamine) polymer in the second crossiinking
step reaction mixiure will typically be al least about 3.5:1 but less than the waier
absorption capacity of the preformed poly(allylamineg) polymer. Thus, in certain
embodiments the weight ratio of water to preformed poly(allylamine) polymer will be in
the range of about 0.15:1 to about 4.1, By way of further example, in certain
embodiments the weight ratio of water {0 preformed poly(allylamine) polymer will be in
the range of sbout 0.2:1 to about 3.5:1. 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 3:1.

(001871 The second crossiinking step reaction mixture may contain a wide
range of amounts of 1, 2-dichiorogthane. For example, in one embodiment the 1,2-
dichlorosthane may be used in large excess relative to the amount of preformed
poly{allylaming) polymer in the second crosslinking step reaction mixiures. Stated
differently, in such embaodimenis the 1,2-dichlorosthane is a crosslinking solvent, f.e., it
is both a solvent for the second crosslinking step reaction mixture and a crosslinking
agent for the preformed poly(allylamine) polvmer. In such embodiments, other solvents
may optionally be includad in the second crosslinking step reaction mixture but are not
required. Aliernatively, the preformed poly{ailvlamine) polymer, swelling agent and 1,2-
dichiorosthane may be dispersad in a solvent that is miscibie with the 1,2-

dichioroethane and immiscibie 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-propanol,
iscpropanct, formic acid, acetic acid, acetoniirile, dimethylformamide, dimethyisulfoxide,
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 peniang,
cyclopentane, hexane, cyclohexane, benzene, toluene, 1, 4-dioxane, chioroform, disthyi
ether, dichloromethane, dichloroethane, dichloropropane, dichiorobutane, or a
combination thereof. In certain embodiments, the crosslinker and the solvent may be

the same; i.e., the solvent is 1,2-dichiorosthane.

[00188] In those embodiments in which the second crosslinking siep reaction
rixture comprises a swelling agent, it is someatimes preferred to combine the preformed
poly(allylamine) polymer with the solvent (sometimes aliernatively referred to as a
dispersant) before the preformed poly(aliviamine) polymer is combinad with the swelling
agent in the second crosslinking step reaction mixtura. In certain embodiments, the
resulting crosslinked polymer tends 10 be less aggregated when the preformed
poly(allylamine) polymer is combined with a solvent {dispersant) that is immiscible with
the swelling agent before the preformed poly{alivlamine) 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
arg aggregated into agglomerates. For example, in some embodiments less than 20%
of the particles in a representative sample of a population of post polymerization
crosslinked amine particles are aggragated 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 agglomerates. By way
of further example, in some embodimenits less than 5% of the particles in a
represantative sample of a population of post polymerization crosslinked amine particles
are aggregated into agglomerates. By way of further example, in some embodiments
less than 1% of the particies in a representative sample of a population of post

polymerization crosslinked amine particles are aggregated inte agglomerates.

60



WO 2022/186813 PCT/US2021/020265
Aggregation can be evaluated using microscopy or other means of measuring particle
size distribution. Lack of aggregation can be defined as generally separated, free-
flowing beads lacking macroscopic and/or microscopic clumps. 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(allylamine) polymer increases
after the crossiinking step relative to the preformed poly(aliylamineg) polymer breads as

praviously described.

(001881 In one embodiment, a preformed poly{ailylamine) polymer is formed in
a first step and the preformed poly{aliviamine) polymer is further crosslinked in a second
crosslinking step without isolating the preformed poly(aliviamine) polymer between the
first and second crosslinking steps (sometimes referred to as a “one-pot synthesis”™).
For example, in one such embodiment a preformead poly(alivlamine) polymer is formed
in a first step reaction midure {as previously described herein) and, without isclating the
preformed poly{ailylamine) polymer formed in the first step reaction mixiure, the
preformed poly(allvlamine) polymer is then crosslinked using 1,2-dichloroethane). 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 to this reaction mixture. I one such exemplary
embodiment, the crosslinker and the solvent is 1,2-dichloroethane, and the swelling
agent comprises water. In each of the foregoing embaodiments, the preformed polymer
is an amine-containing polymer containing the residues of 2-propen-1-ylamine, or a salt

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

(00180171 In one exemplary embodimeant, 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~
dichlorcethane (DCE)) is used as the dispersant, high chioride binding selectivities are

achieved, as demonstrated, for example, in SIB.

(001911 Inone embodiment, an aming polymer can be formead and then further
crosslinked in the same reaction flask and in one reaction series. A crossiinked amine
polymear can be prepared under, for example, suspension conditions to generate g
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 s adjusied to the targeted amount

such that a second crosslinking reaction can be conducted to produce a final polymer

with the desired properties and characteristics.

(001821 In one embodiment, the crossiinked poly{allvlamine) amine polymer
formed in a second crosslinking step (as previously described) is treated to reduce the
concentration of any residual aming-reactive groups {(i.e., alky! chicride functional
groups) introduced to the crosslinked polymer by 1,2-dichioroethane. For example, in
one such embodiment the crosslinked poly(allvlamine) polymer is treated with a
guenching agent such as a base, washed, heated, or otherwise treated (o remove or
gquench the amina-reactive groups. By way of further example, in one such embodiment
the crosslinked poly(allylamine) 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(aliylamineg) polymer is heated in a conventional or in a
vacuum oven at a temperature above room temperature for a period of time, for
example 680°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.

Crosslinked Polviallviamine) Polvmers

[00183] As previously noted, the crosslinked poly{allylamineg) polymers having

the medical uses described herein possess the capacity to remove HCL

(001241 In some embodiments, the crosslinkad poly{alivlamine) polymer of the
present invention is in bead form and consists essentially of () 20-25 mol% residue of
1,3-bis{alliviamino)propane, or a sait thereof, (i) 50-60 mol% residue of 2-propen-1-
viamine or a salt thereof, and (i) 20-25 mol% residue of 1,2-dichioroethane wherein (i)
the crosslinked poly(allylamine) polymer comprises sp? allyl carbon atoms and has a

swelling ratio of less than 2.

[00185] In some embodiments, the crosslinked poly(allylamine) polymer of the
present invention comprises the residues of Z-propen-1-ylamine, or a salt thereof,

1,3-bis{allylamino)propane, or a salt thereof, and 1,2-dichloroethane.
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[001868] In some embodiments, the crosslinked poly(allylamine) polymer of the

present invention consists essentially of the residues of 2-propen-t-ylamine, or a salt

thereof, 1,3-bis(aliviaminolpropane, or a salt thereof, and 1,2-dichlorosthans.

[00187] In some embodiments, the crosslinked poly{allylaming)} polymer of the
present invention consists of the residues of Z-propen-1-ylamine, or a salt thereof,

1,3-bis{allylamino)propane, or a salt thereof, and 1,2-dichloroethane.

(0018871 In some embodiments, the crosslinked poly{ailvlamineg) polymer of the
prasent invention is 1,3-propanediaming, NT NS-di-2-propen-1-yl-, polymer with

1,2-dichloroethane and 2-propen-1-amine.

(0019987 In some embodiments, the crosslinked poly(allylamine) polymer of the
present invertion is N7 N2-bis(prop-2-en-1-yDpropan-1,3-diamine copolymer with

1,2-dichloroethane and prop-2-en-1-amineg.

(00200171 In some embodiments, the crosslinkad poly{allvlaming) polymer of the
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present invention comprises the residues of

, wherein X, v and z are positive integers.

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

present invention comprises the residues of i ke b =

wherein X, y and z are positive integers.

(002021 In some embodiments, the crosslinked poly(allylamine) polymer of the

present invention comprises a struciure corresponding to Formula 5a:
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Formula 5a,

wherein
a = a residue of N N dialiyl-1 S-diaminopropane, or a sall thereof,
b = a residue of 2-propen-t-ylamineg, or a salt theraof,

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

and
m = a repeating unit of the polymer.

[00203] In some embodiments, the crosslinked poly(allylaming)} polymer of the

present invention comprises a structure corresponding to Formula 5b:

MNH

Formula 5B,

wherain
B4
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a = aresidue of N Ndiallyl-1 3-diaminopropane, or a salt thereof,

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

¢ = aresidue of two 2-propen-1-ylamines crosslinked with an ethylene
crossiinker, e.g. 1,2-dichlorosthans, which is shown as one of many possible

crossiinkages that will be formed in the polymer.

(002047 In some embodiments, the crosslinked poly{allylamine) polymer of the
present invention is poly(aliylamine-co-N N'-diallyl-1, 3-diaminopropane-co-1,2-
diaminosthane).

[00205] In some embodiments, the crosslinked poly(aliylamine) polymer of the

present invention comprises a structure corresponding to Formula 4:

Formula 4

wherein each R is independently hydrogen or an ethylene crosslink between two

e

nitrogen atoms of the crosslinked aming polymer (N?{\"& yand a, b, ¢, and m are

integers.

[0020&] In some embodiments, the crosslinked poly(allylaming)} polymer of the

present invention comprises the residues of [(CaHN)-s (Col1gNz)-2 (CakisN2)-2ln, n = oo,
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(002071 In some embodiments, the crosslinked poly(allylamine) polymer of the

present invention comprises the residues of

.......... ¥

(002081 In some embodiments, the crosslinkad poly{ailvlaming) polymer of the
present invention is a non-absorbed free-flowing powder composed of low-swelling,
spherical beads, approximately 100 micrometers in diameter;, gach bead is a single

crasslinked, high molecular weight molecule.

[0020%] In some embodiments, the crosslinked poly(allvlaming) polymer is

vevarimer.

[0101] In general, the crosslinked poly{allylamine) polymer has a preferred
pariicle size range that is (i) large enough to avoid passive or active absorption
through the Gl tract and (i) small enough {0 not cause grittiness or unpleasant mouth
feel when ingested as a powder, sachet andf/or chewable tablet/dosage form with a
mean particle size of at least 3 microns. For example, in one such embodiment 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 crosshinked 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 {0 500
microns. By way of further example, in one such embodiment the crosslinked
poly(allylamineg) polymer comprisas a population of particles having a mean particle
size (volume distribution) in the range of 10 1o 400 microns. By way of further
example, in one such embodiment the crosslinked poly{allylamine) polymer comprises
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a population of particles having a mean particle size (volume distribution) in the range

of 10 {o 300 microns. By way of further example, in one such embodiment the
crossiinked 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 example, in one such ambodiment the crosslinked 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(alivlaming) 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,
i1 such embodiments less than 5% of the particles 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 2.5% of the particles in the particles in the
population {on a number basis) have a diameter less than 10 microns. By way of
furthar 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 examplary embodiments recited in this paragraph, the particles are preferably in

the form of beads.

(002107 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, 11 one such embodiment the crosslinked poly(aliviamine) polymer has a
Swelling Ratio of less than 2. By way of further exampie, in one such embodiment the
crosslinked poly(aliylamine) polymer has a Swelling Ratio of less than 1.9, By way of
further example, in one such embodiment 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{alivlamine) polymer has a Swelling Ratio of less than 1.7. By way
of further example, in one such embodiment the crosslinked poly(allylamine) polymer
has a Swelling Ratio of less than 1.6, By way of further example, in one such
embodiment the crosslinked poly(allylamine) polymer has a Swelling Ratio of less than
1.5, By way of further exampla, 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(allyiamine) polymer has a

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

further example, in one such embaodiment the crosslinked poly(allylaming) polymer has
a Swelling Ratio of less than 1. By way of further example, in one such embodiment the
crosslinked poly(aliylamine) polymer has a Swelling Ratio of less than 0.9, By way of
further example, in one such embodiment the crosslinked poly(allylamine) polymer has
a Swelling Ratio of less than 0.8, By way of further exampie, in one such embodiment
the crosslinked poly(aliviamine) polymer has a Swelling Ratio of less than 0.7, By way
of further example, in one such embodiment the crosslinked poly(allylamine) polymer
has a Swelling Ratio of less than 0.6, By way of further example, in one such
embodiment the crosslinked poly(allylamine) polymer has a Swelling Ratio of at least
0.5 and less than 2. By way of further exampile, in one such embodiment the crosslinkad

poly(allylamine) polymer has a Swelling Ratio of about 0.7 to about 1.7,

(002117 In general, the crosslinked poly(aliviamine) 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/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 8.5 mEg/g.
By way of further example, in some embodiments the crosslinked poly(allvlamine)
polymer will have a theoretical binding capacity for protons of at least about @ mEg/g.
By way of further example, in some embodiments tha crosslinked poly(allylaming}
polymer will have a theoretical binding capacity for protons of at least about 8.5 mEg/g.
By way of further example, in some embodiments the crosslinked poly{alivlamine)
polymer will have a theoretical binding capacity for protons of at least about 10 mEg/ig.
By way of further example, in some embodiments the crosslinked poly(allvlaming)
polymer will have a theoretical binding capacity for protons of at least about 10.5 mEdg/g.
By way of further example, in some embodiments the crosslinked poly(aliylamine}
polymer will have a theoretical binding capacity for protons of at least about 11 mEg/g.
in general, the crosslinked poly(allylamine) polymer will typically have a theoretical
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(aliylamine)

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

capacities for chionde ions, independently and individually, and not the sum thereof,

[00212] Phosphate, bicarbonate, bicarbonate equivalents, the conjugate bases
of bile and fatty acids are potential interfering anions for chioride or other conjugate
hases 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 fatty acids in the small intestine is desirable and the SIB
assay may be used {o determine kinetics and preferential binding. Since the transit time
of the colon is slow (2-3 days) relative o the small infestine, and since conditions in the
colon will not be encountered by an orally administerad crosslinked poly{aliylamine)
polymer until after stomach and small intesting conditions have been encountered,
kinetics of chioride binding by a crosslinked poly{allylamine) polymer do not nead {o be
as rapid in the colon or under in vilro conditions designed o mimic the Iate small
intestine/colon. it is, however, desirable that chioride binding and selectivity over other

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

[00213] In one embodiment, the crosslinked poly(allvlamineg) polymer is
charactarized by a chloride ion binding capacity of at least 2.5 mEg/g in a Simulatad
Small intesting Inorganic ("SIB”) assay. For example, in one such embodiment the
crasslinked poly{alivlaming) polymer is characterized by a chionde on binding capacity
of at least 3 mEg/g in a SIB assay. By way of further example, in one such embodiment
the crosslinked poly(allylamine) polymer is characterized by a chioride ion binding
capacity of at least 3.5 mEqg/g in a SIB assay. By way of further example, in one such
embodiment the crosslinked poly{allylamine) polymaer is characterized by a chioride ion
binding capacity of at least 4 mEqg/g in a SIB assay. By way of further example, in one
such embodiment the crosslinked poly{allylamine) polymer is characterized by a
chioride ion binding capacity of at least 4.5 mEg/g in a S1B assay. By way of furthar
example, in one such embodiment the crosslinked poly(aliviamineg) 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(allylamine)
polymer is characterized by a chioride ion binding capacity of at least 5.5 mEg/gin a
SiB assay. By way of further example, in one such embodiment the crosslinked
poly(allylamine} polymer is characterized by a chioride ion binding capacity of al least

& mEa/g in a SIB assay. By way of further exampie, in one such embodiment the
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crosslinked poly{aliylamine) polymer is characterized by a chioride ion binding capacity

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

[0102] In one embodiment, the crossiinked poly(alivlamine) polymer binds a
significant amount of chloride relative to phosphate as exhibited, for example, in a SIB
assay. For exampie, in one embodiment the ratio of the amount of bound chioride to
bound phosphate in a S1B assay is at least 1.1, respectively. By way of further
example, in one such embodiment the ratio of the amount of bound chicride to bound
phosphate in a SIB assay is at least 2:1, respectively. By way of further exampile, in
one such embodiment the ratio of the amount of bound chioride {0 bound phosphate
i a SiB assay is at least 2.25:1, 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 2.5:1, respectively. By way of further example, in one such
embodiment the ratio of the amount of bound chioride o bound phosphate in a SIB
assay is at least 2,751, respectively. By way of further example, in one such
embodiment the ratio of the amount of bound chicride to bound phosphate in a SIB
assay is at least 31, respectively. By way of further example, in one such
embodiment the ratio of the amount of bound chioride o bound phosphate in a SIB
assay is at least 4.1, respectively. By way of further example, in ong 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 exampie, in one such
embadiment the ratio of the amount of bound chioride to bound phosphate in a SIB

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 proton-binding capacity and a chioride binding capacity in Simulated
Gastric Fluid of at least 7.5 mEqg/g in a SGF assay. For example, in one such
embodiment the crosslinked poly{alivlamine) polymer 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(allylamine)
polymer is characterized by a proton-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{allylamine) 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(alivlamine)

70



WO 2022/186813 PCT/US2021/020265
polymer is characterized by a proton-binding capacity and a chioride binding capacity in
a SGF assay of at least 9.5 mEg/g. By way of further example, in one such
embodiment the crosslinked poly{allylamine) polymer is characterized by a proton-
binding capacity and a chloride binding capacity in a SGF assay of at least 10 mEg/g.
By way of further example, in oneg such embodimeant the crosslinked poly{allylamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in
a SGF assay of at least 10.5 mEg/g. By way of further examplg, in one such
embodiment the crosslinked poly(allylamineg) polymer is characterized by a proion-
binding capacity and a chioride binding capacity in a SGF assay of at least 11 mEd/g.
By way of further example, in one such embodiment the crosslinked poly(allyiamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in
a SGF assay of at least 11.5 mEg/g. By way of further example, in one such
embodiment the crosslinked poly{allylamineg) polymaer is characterized by a proion-
binding capacity and a chioride binding capacity in a SGF assay of at least 12 mEd/g.
By way of further example, in one such embodiment the crosslinked poly(allyiamine)
polymaer is charactaerized 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{allylamineg) polymaer is characterized by a proion-
binding capacity and a chioride binding capacity in a SGF assay of about 9.0 mEg/g to
about 12.6 mEafg.

(002151 By way of further example, in one such embodiment the crosshinked
poly(allylamine} 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 chioride binding capacity, respectively, of the crossiinked poly(aliyiaming)
polymer at 24 hours in SGF. By way of further example, in one such embodiment the
crosslinked poly(aliylamine) 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, respectively, of the crosslinked
poly(allylamine) 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 chloride binding capacity after 1 hour in SGF that is at least 70%
of the proton-binding capacity and the chioride binding capacity, raspectively, of the

crosslinked poly(allylamine) polymer at 24 hours in SGF. By way of further example, in
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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 chioride binding capacity, respectively,
of the crosslinked poly(allvilamine) polymer at 24 hours in SGF. By way of further
example, in one such embodiment the crosslinked poly(allylaming) polymer is
characterized by a proton-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.

(002167 In those embodiments in which the crosslinked poly{allylaming)
polymer binds chioride ions, it is generally preferred that the crosslinked poly(alivlamine}
polymer selectively bind chioride ions relative to other counter ions such as bicarbonale
equivalent anions, phosphate anions, and the conjugate bases of bile and falty 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 (it} remove more chloride ions than phosphate anions, and (i) remove more
chioride ions than the conjugate bases of bile and fatty acids. Advantageousiy,
therefore, freatment with the crosslinked poly{allylaming) polymer does not induce or
exacerbaie hypophosphatemia {(i.e., a serum phosphorous concentration of less than
about 2.4 mg/dL, does not significantly elevate low density lipoproteins ("LDL"Y, or

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

(002171 In some embodiments, the carbon 10 nitrogen weight ratio of the
crosslinked poly(aliylamine) polymaers of the present invention may range from about 2:1
to about 6:1, respectively. For example, in one such embodiment, the carbon to
nitrogen weight ratio of the crosslinked poly{aliviaming) polymaears of the present
invention may range from about 2.5:1 10 about 5.1, respectively. By way of further
example, in ona such embodiment, the carbon to nitrogen weight ratio of the crossiinked
poly(allylamine) poivmers of the present invention may range from about 3:1 to about
451, respectively. By way of further example, in one such embodiment, the carbon to
nitrogen weight ratio of the crosslinked poly{aliylamine) polymers of the present
nvention 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 crosslinked
poly(allvlamine} polymers of the present invention may range from about 3.4:1 1o about

4:1, respectively. By way of further example, in one such embodiment, the carbon to
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ritrogern weight ratio of the crosslinked poly{aliylamine) polymers of the present

nvention may range from about 3.5:1 10 about 4:1, respectively. By way of further
example, in ong such embodiment, the carbon to nitrogen weight ratio of the crosslinked
poly(allylamine} polymers of the present invention may range from about 3.6:1 o about
3.9:1, respectively. By way of further example, in one such embodiment, the carbon to
ritrogen weight ratio of the crosslinked poly{aliylamine) polymers of the present
nvention 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
slemental analysis. For example, the carbon to nitrogen weight ratio may be determined
by elemental analysis using a Perkin-Elmer 2400 Elemental Analyzer as more fully

dascribed slsewhere herein.

[00218] In one embodiment, the crosslinkad poly(allvlamine) polymeris a

crosslinked poly{allylamine) polymer comprising a struciure corresponding to Formula 4

Formula 4
wherein each R is indepandently hydrogen or an ethylene crosslink between two

nitrogen atoms of the crosslinked amine polymer (N?{\\}{N) and a, b, ¢, and m are
integers. Typically, mis a large integer indicating an extended polymer natwork in
which each polymer bead is considered a single molecule. Stated differently, when
maolecular waight is calculated using the volume of a polymer baad 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. In one such embodiment, araticofthesumofaandbtoc{ie, atbe)isinthe
range of about 1.1 {0 91, For example, in one such embodiment a ratio of the sum of a

andbtoc{ie, atbe)is inthe range of about 1:1 to 8:1. By way of further example, in
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one such embodiment the sum ofaand b to c (i e, atbic) is in the range of about 1:1 to

7.1, By way of further example, in one such embodiment the sumofaandbioc{ie,,
at+b:.c} is in the range of about 1:1 to 6.1, By way of further example, in one such
ambodiment aratio of the sum of aand b o ¢ (f e, at+bic) is in the range of sbout 1.1 1o
5:1. By way of further example, in one such embodiment the sumofaandbloc{ie,
a+b:c) is in the range of about 1:1 1o 4:1. By way of further example, in one such
embodiment the sum of aandbtoc (fe, a+bic) is inthe range of about 1110 3:1. By
way of further example, in one such embodimentthe sumcfaandbtoc (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, a+bc)is about 1:1. By way of further example, in one
such embodiment araticof the sum of aand b to ¢ (e, a+bic} 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
andbtoc{ie, atbe)is inthe range of about 1.75:1 10 311, 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 polymer network. In each of the foregoing embodimenis a ratio of the sum
of aand bitoc (e, atbic) may be in the range of about 2:1 10 2.5:1. For example, in
such embodiments the ratio of the sum of a and 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 embaodiments the ratio of the
sum of aand bio ¢ (e, ath.c) may be in the range of about 2.2:1 {0 2.3:1. By way of
further example, in such embodiments therativ of the sum of a and b lo ¢ {iLe., a+b.c)
may be inthe range of about 2.3:1 10 2.4:1. By way of further example, in such
ambodiments the ratio of the sum of a and bio ¢ {i.e., a+b:c) may be in the range of
about 2.4:1 to 2.5:1. In each of the foregoing embodiments, each R may independently
be hydrogen or an ethylene crossiink between two nitrogen atoms. Typically, however,

35-95% of the R substituents will be hydrogen and 5-85% will be an ethylensa crosslink (
s N
N:ﬁ{\’% ). For exampile, in one such embodiment, 50-85% of the R substituents will be

N
hydrogen and 5-50% will be an ethylene crossiink (N%\\}'L 3. For example, in ong such

embodiment, 55-80% of the R substituents are hydrogen and 10-45% are an ethyiene

L rN
crasshink (hﬁz?j\\:cal 3. By way of further example, in one such embodiment, 80-80% of
the R substituents are hydrogen and 10-40% are an ethylene crossiink. By way of

further example, in one such embaodiment, 65-80% of the R substituents are hydrogen

N
and 10-35% are an sthyleneg crosslink. (Ngﬁ/\\}l }. By way of further example, in one
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such embodiment, 70-90% of the R substituents are hydrogen and 10-30% are an

ethylene crosslink. By way of further example, 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, 65-75% of the R substituents are hydrogen and 25-
35% are an ethylene crosslink. By way of further example, in one such embodiment,
55-65% of the R substituents are hydrogen and 35-45% are an ethyiene crosslink. It 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
sthylens 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 Formuia 4 may range from about 2:1 {6 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 {0 about 51, 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 3:1 {0 about 4.5:1, respectively. By way of
further example, in one such embadiment, the carbon to nitrogen weight ratio of the
polymer of Formula 4 may range from about 3.25:1 1o 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 {0 nitrogen weight ratio of
the polymer of Formula 4 may range from about 3.5:1 {0 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
gach of the foregoing embodimenits recited in this paragraph, the polymer of Formula 4
is derivaed from monomers and crosslinkers, sach of which comprise less than 5 wi%

oxygen.

[0103] inan exemplary embodiment, the crosslinked poly{allylamine} polymer
i$ a crossiinked poly(aliylaming) polymer comprising the residue of (i} 2-Propen-1-
viamine or a salt thereof, (i) 1,3-Bis(aliviamino)propane or a salt thereof, and (iii) the
rasidus of 1 2-dichloroethane, whersin the mole ratio of 2-Propen-1-yvlaming {or salt(s)
thereof) to 1,3-Bis(allylamino)propane {(or salt(s) thereof) is in the range of 60:40 {0
955, respectively. In another exemplary embodiment, the crosslinked

poly{ailylamine) polymer is a crossiinked poly{ailvlaming) polymer comprising the
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residue of (i} 2-Propen-1-ylamine or a salt thereof, (i) 1,3-Bis{allylamino)propang or a
Propen-1-ylamine {or salt{s) thereof to 1,3-Bis(allvlamino)propane (or sait{s) thereof)
is in the range of 65:35 to 9010, respectively. in another exemplary embodiment, the
crosslinked poly(ailylamineg) polymer is a crosslinked poly(allylamineg) polymer
comprising the residue of (i) 2-Propen-t-ylamine or a sait thereof, (i) 1,3-
Bis(allylamino)propanes or a salt thereof, and (i) the residue of 1,2-dichloroethans,
wherein the mole ratio of 2-Propen-1-vlamine (or sali{s) thereof) i 1,3-
Bis{allylamino)propane {(or sali(s) thereof) is in the range of 6535 10 75:25,
respectively. For example, in each of the foregeing exemplary embodiments recited in
this paragraph, the residue of the 2-propen-t-vlamineg, or g sall thereof, and/or the
rasidue of the 1, 3-bis(allylaminc)propane, or a salt thereof, may be residue of 3
hydrochloric acid salt, sulfuric acid salt, phosphoric acid sall, 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-ylamine, or a
salt thereof, and/or the residue of the 1 3-bis{aliviamino)propaneg, or a sailt thereof, s 3

residue of a hydrochioric acid salt.

[0104] in an exemplary embodiment, the crosslinked poly(aliviamine) polymer
comprises (i} 10-35 mol% residue of 1,3-bis{allylamino)propane, or a salf thereof, (i)
30-80 mol% residue of 2-Propen-1-ylamine, or a salt thereof, and (i) 10-35 mol%
rasidus of 1 2-dichloroethane, whersin the (1) mol% residue of
1,3-bis{allylamino)propane, or a salt thereof, (i) mol% residue of 2-Propen-~-1-ylamineg,
or a salt thereof, and (iil) mol% residue of 1 2-dichiorosthane add up to less than 100
mol%. In another exemplary embodiment, the crosslinked poly{allylamine) polymer
comprises (i} 10-35 mol% residue of 1,3-bis{allylamino)propane, or a salt thereof, (i)
40-70 mol% residue of 2-propen-1-ylaming, or a salt thereof, and (i) 10-35 moi%
residue of 1, 2-dichlorosthane, wherein the (i) mol% residue of
1,3-bis{allylaminolpropane, or a salt thereof, (i) mol% residue of 2-Propen-1-ylamineg,
or a sall thereof, and (il mol% residue of 1, 2-dichloroethane add up to less than 100
mol%. In ancther exemplary embodiment, the crosslinked poly{alivlamine) polymer
comprises (i} 15-30 mol% residue of 1,3-bis{allivlamino)propane, or a salt thereof, {ii)
40-70 mol% residue of 2-Propen-1-ylaming, or a salt thereof, and (i) 15-30 mol%

residue of 1,2-dichioroethane, wherein the (i) mol% residue of
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1,3-bis{allylaminc)propane, or a salt 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
mol%. I another exemplary embodiment, the crosslinked poly{allylamine) polymer
comprises (i) 15-30 mol% residue of 1,3-bis{allylamino)propane, or a salt thereof, (i)
45-85 mol% residue of 2-propen-1-viamine, or a salf thereof, and (i} 15-30 moi%
residue of 1 2-dichlorcethane, wherein the (i) mol% residue of
1, 3-bis(allylaminolpropane, or a salt thereof, (it mol% residue of 2-Propen-1-ylamine,
or a salt thereof, and (iil) mol% residue of 1 Z2-dichlorgethane add up 1o less than 100
mol%. In ancother exemplary embaodiment, the crosslinked poly{allylaming) polymaer
comprises (i} 20-25 mol% residue of 1,3-bis{allylaminoipropane, or a salf thereof, (i}
H0-60 mol% residue of Z-propen-1-ylamine, or a salt theredf, and (i) 20-25 mol%
residue of 1 2-dichlorosthane, wherein the (i) mol% residue of
1,3-bis{allylaminolpropane, or a salt thereof, (i} mol% residue of 2-Propen-1-ylaming,
or a salt thereof, and {(iil) mol% rasidus of 1 2-dichlorosthane add up to less than 100

mol%.

[0105] In an exemplary embodiment, the crosslinked poly(aliviamine) polymer
consists essentially of (i) 10-35 moi% residue of 1, 3-bis(aliylaminc)propane, or a salt
thereof, (if) 30-80 moi% residue of 2-Propen-1-ylamine, or a salt thereof, and (i) 10~
35 mol% residue of 1 2-dichloroethane, wherein the (i) mol% residue of
1,3-bis{allylamino)propane, or a sall thereof, (i) mol% residue of 2-Propen-1-ylamine,
or a salt thereof, and (i) molS residue of 1, 2-dichloroethane add up 1o less than 100
mol%. In another exemplary embodiment, the crosslinked poly{alivlamine) polymer
consists essentially of (i) 10-35 mol% residue of 1,3-bis(allvlamino)propane, or a salt
thereof, (il) 40-70 moi% residue of 2-propen-1-yiamine, 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, (i) mol% residue of 2-Propen-1-ylamine,
mol%. In another exemplary embaodiment, the crosslinked poly{allylaming) polymaer
consists essentially of {i) 15-30 moi% residue of 1,3-bis(allylamino)propane, or a salt
theraof, (i) 40-70 moi% residue of Z-Propen-1-ylamine, or a salt thersof, and (i) 15-
30 mol% residue of 1 2-dichlorosthane, wherein the (i) mol% residue of
1,3-bis{allylaminolpropans, or a salt thereof, (i) mol% residue of 2-Propen-1-ylamineg,

or a sall thereof, and (iil) mol% residue of 1,2-dichioroethane add up to less than 100
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mol%. In ancther exemplary embodiment, the crosslinked poly{allylamine) polymer

consists essentially of (i) 15-30 mol% residue of 1,3-bis(aliylamino)propane, or a salt
thersof, (it} 45-85 moi% residue of Z-propen-1-yiamine, or a salt thereof, and (i) 15-30
mol% residue of 1 2-dichloroethane, wherein the (i) mol% residue of
1,3-bis{allylaminolpropane, or a sal thereof, (i) mol% residue of 2-FPropen-1-ylamineg,
or a sall therecf, and {iil} mol% residue of 1, 2-dichloroethane add up to less than 100
mol%. In ancther exemplary embodiment, the crosslinked poly(aliviamine) polymer
consists essentially of (1) 20-25 mol% residue of 1, 3-bis(aliylamino)propaneg, or a salt
thereof, (if) 50-60 mol% residue of 2-propen-1-yiamine, or a salt thereof, and (i) 20-25
mol% residue of 1, 2-dichloroethane, wherein the (i) mol% residue of

1, 3-bis{allylaminoipropane, or a sali thereof, (i) mol% residue of 2-Propen-1-ylamine,
or a salt thereof, and (i) mol% residue of 1, 2-dichlorcethane add up to less than 100

mol%.

[0106] In an exemplary embodiment, the crosslinked poly{aliylamine) polymer
consists of (i) 10-35 mol% residue of 1,3-bis{allylamino)propane, or a sait thereof, (i)
30-80 mol% residue of 2-Propen-1-ylamine, or a salt thereof, and {iil) 16-35 mol%
raesidue of 1 2-dichlorosthane, wherein the (1) mol% residue of
1,3-bis{allylamino)propane, or a salt thereof, (i) mol% residue of 2-Propen-~-1-ylamine,
or a salt thereof, and (iil) mol% residue of 1 2-dichioroethane add up to 100 mol%. In
another exemplary embodiment, the crosslinked poly(allylamineg) polymer consists of
(i) 10-35 mol% residue of 1,3-bis(alivlamino)propane, or a salt thereof, (i) 40-70 moi%
residue of Z-propen-i-ylamine, or a salt thereof, and (iil) 10-35 mol% residue of 1 2-
dichioroethanea, wherein the (i) mol% residue of 1,3-bis(allvlamino)propans, or a salt
thereof, (i) mol% residue of 2-Propen-1-ylamine, or a sailt thereof, and (iil) mol%
raesidue of 1 2-dichlorocethane add up ¢ 100 mol%. In another exemplary embodiment,
the crossiinked poly(allylamine) polymer consists of (i} 15-30 moi% residue of
1,3-bis{allylaminolpropane, or a salt thereof, {ii) 40-70 mol% residue of 2-Propen-1-
viamine, or a salt thereof, and {iii) 15-30 mol% residue of 1,2-dichloroethans, wherein
the (i) mol% residue of 1, 3-bis{aliylamino)propane, or a salt thereof, (il mol% residue
of 2-Propen-1-yvlamine, or a salt thereof, and {iil) moi% residue of 1 2-dichioroethane
add up 1o 100 mol%. in ancther exemplary embodiment, the crossiinked
paoly(aliylamine) polymer consists of (i) 15-30 moi% residue of 1,3-

bis{allylamino)propane, or a salt thereof, (i) 45-65 mol% residue of 2-propen-1-
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viamine, or a salt thereof, and (i) 15-30 mol% residus of 1, 2-dichioroethane, wherein

the (i) mol% residue of 1,3-bis{aliviamino)propane, or a salt thereof, (i) mol% residue
of 2-Propen-1-yvlamine, or a salt thereof, and {iii) moi% residue of 1, 2-dichioroethane
add up 1o 100 mol%. In ancther exemplary embodiment, the crosslinked
poly(aliylamine) polymer consists of (1) 20-25 moi% residue of 1,3-
bis{allylamino)propane, or a salt thereof, (i) 50-60 mol% residue of 2-propen-1-
yiaming, or a salt thereof, and (i) 20-25 mol% residue of 1,2-dichlorosthane, wherain
the (i) mol% residue of 1,3-bis{aliviaminojpropane, or a salt thereof, (i) mol% residue
of 2-Propen-1-ylaming, or a salt thereof, and (i) moi% 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-1-ylamine, or a salt thereof,
and/or the residue of the 1, 3-bis(allylamino)propane, or a sall thereof, may be residue
of a 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 the above paragraphs, the residue of the Z-propen-
1-viamine, or a sall thereof, andfor the residue of the 1, 3-bis{allylamincipropane, or a

sall thereof, is a residue of a hydrochloric acid sait.

Pharmaceutical Compositions & Administration

[00219] In general, the dosage levels of the crosslinked poly{allvlamine)
polymers, in particular veverimer, for therapeutic and/or prophylactic uses may range

from about 3 g/day 1o about 9 gi/day.

(002201 Optionally, the daily dose may be administered as a single dose (i.e.,
one time a day), or divided into multiple doses {g.g., two, three or more doses) over the

course of a day. Preferably, the daily dose is administered 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 severily of the underlying disease.
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[00222] Forexample, in one embodiment, the recommended starting dose of

the crosslinked poly(allylamine) polymer, in particular veverimer, for therapeutic and/or
prophviactic uses is about 6 g/day. in one embodiment, the starting dose is adjusied in
increments of about 3 g, up to about 9 g/day or down to about 3 giday. In one
embodiment, the dose adjustment is performed {0 achieve a dasired serum bicarbonate

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

(002231 In one embodiment, the crosslinkad poly(aliviaming) polymer, in
particular veverimer, is administered with food. In one embodiment, the crosslinked
poly(allylamine} polymer, in particular veverimer, is administered orally as a suspension

in water,

(002241 The effectiveness of the crosslinked poly{allylamine) polymer may be
gstablished in animal models, or in human volunteers and patients. In addition, in vitro,
ex vive and in vivo approaches are useful to establish HC! or other target species
binding. /n vifro binding solutions can be used to measure the binding capacity for
proton, chioride and other ions at different pHs. Ex vivo exiracts, such as the
gastroiniestinal lumen conterts from human volunteers or from model animals can be
used for similar purposes. The selectivity of binding andfor retaining certain ions
preferentially over others can also be demonstrated in such in vitro and ex vive
solutions. In vivo models of metabolic acidosis can be used {0 {est the effectiveness of
the crosslinked poly(allylamine) polymer in normalizing acid/base balance - for example
5/6 nephrectomized rats fed casein-containing chow (as described in Phisitkul S,
Hacker C, Simoni J, Tran RM, Wesson DE. Dietary protein causes a decline in the
glomerular filtration rate of the remnant kidney mediated by metabolic acidosis and
endothelin receptors. Kidney international. 2008,73(2):192-8}, or adenine-fed rats (Teral
K, KMizukami and M Okada. 2008, Comparison of chronic renal failure rats and
modification of the preparation protocol as a hyperphosphatemia model. Nephrol, 13:
139-146).

(0022571 Metabolic acidosis, regardless of eliclogy, lowers exiraceliular fluid
bicarbonate and, thus, decreases axtracellular pH. The relationship between serum pH

and serum bicarbonate is described by the Henderson-Hasselbalch eguation

pH = pK’ + log [HCO2Y{(0.03X PaC0z)]
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where 0.03 is the physical solubility cosfficient for COz, [HC O3] and PaC0: are the

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

[00226] There are several laboratory tests that can be used to define metabolic
acidosis. The tests fundamenrtally measure sither bicarbonate (HCOs7) or proton (HY)
concentration in various biological samples, including venous or arterial biood. These
tests can measure either bicarbonate (HCOs7) or proton (H*) concentration by enzymatic
methodology, by ion selective elecirodes or by blood gas anailysis. 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

equation.

[0108] In one embodiment, the crossiinked poly{allvlaming) polymers are
provided (by oral administration)} to an animal, including a human, in a dosing regimen
of one, two or even multipie (/.e., at least three) doses per day o treat an acid-base
disorder (e.g., metabolic acidosis) and achieve a sustained increase of serum

bicarbonate or other target species as previously describad.

(002271 The crosslinked poly{allylamineg) polymer disclosed herein may be
provided in any form appropriate for oral administration. Such forms include powders,
tablets, pills, iozenges, sachets, cachets, elixirs, suspensions, syrups, gels, soft or hard
gelatin capsules, and the like. In one embodiment, the pharmaceutical composition
comprises only the crosslinked poly{aliviamine) polymer. Alternatively, the
pharmaceutical composition may comprise a carrier, a diluent, or excipient in addition {o
the crosslinked poly{alivlamine) polymer. Examples of carriers, excipients, and diluents
that may be used in these formulations as well as others, include foods, drinks, lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, alginaies, tragacanth,
gelatin, calcium silicate, microcrystalline celivlose, polyvinylpyrrolidone, cellulose,
methyl cellulose, methylhydroxybenzoates, propylihydroxybenzoates,
propythydroxybenzoates, and talc. Pharmaceutical excipients useful in the
pharmaceutical compositions further include a binder, such as microcrystalline
cellulose, colioidal silica and combinations thergof (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 fatly acids; and, optionally, a disiniegrant, such
as croscarmealiose sodium, gellan gum, low-substituted hydroxypropyl ether of cellulose,
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sodium starch glycolate. Other additives may include plasticizers, pigments, talc, and

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

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

[00228] In one embodiment, the crosslinked poly{allivlamine) polymer may be
co-administered with other active pharmaceutical agents depending on the condition
being treated. This co-administration may include simultaneous administration of the
two agents in the sames dosage form, simultanecus administration in separate dosage
forms, and separate administration. For example, for the treatment of metabolic
acidosis, the crosslinked poly(allylaming) polymer may be co-administered with
commaon treatments that are required to treat underlying co-maorbidities including but not
limited to hypertension, diabstes, cobesily, heart fallure and complications of Chronic
Kidney Disease. These medications and the crosslinked poly(aliviamine) polymer can
be formulated together in the same dosage form and adminisiered simultaneously as
long as they do not display any clinically significant drug-drug-interactions.
Alternatively, these treatmenis and the crosslinked poly(aliylaming) polymer may be
separately and seguentially administered with the administration of one being followed

by the administration of the other.

(002291 In one embodiment, the daily dose of the chronic metabcolic acidosis
freatment is compliance enhancing (3 g/day, 6 g/day or 8 gfday of the crosslinked
poly(aliylamine) polymer, in particular veverimer) and achievas an increase of serum
bicarbonate of approximately 3 mEo/l at these daily doses. The non-absorbed nature
of the polymer and the lack of sodium load and/or introduction of other deleterious ions
for such an oral drug enable 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 overicad. Another benefil is further slowing of the
prograssion of Kidney disease and time 1o onset of lifelong renal replacemaeant therapy
{(End Stage Renal Disease “ESRD’ including 3 times a week dialysis) or need 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 Siates alone,
approximately 20 % of the 400,000 ESRD patients die and 100,000 new patients start

dialysis every year.

(0023071 A further aspect of the present disclosure is a pharmaceutical product
comprising a sealed package and the crosslinked poly{allylaming) polymer of the
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present disclosure, e.g. veverimer, within the sealed package. The unit dosage forms

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

exemplary embodimeant, the unit dosage form is a sachet.

[00231] As disclosed herein, the crosslinked poly{allylamine) polymer of the
present disclosure, e.g. veverimer, may generate certain impurities when exposed {o
oxygen, e.g. HeC=CHCH:2NH2 The unit dosage form may include features {o address or
reduce such potential impurities, e.g. feature 10 reducing the amount of oxygen that

comes into contact with the polymer during storage.

[00232] Packaging approaches to 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
cortaining gasses other than air inside the unit dosage form and/or a unit dosage form
comprising an oxygen absorbing component, .9. 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 crosslinked poly(allylaming) polymer of the present disclosure, &.g. veverimer,
andfor any polymer from a publication referanced herein, and all such combinations are
disclosed. For example, one or more of the packaging approaches disclosed hersin o
address or reduce potential impurities, e.g. 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.g. veverimer, with low
levels of sp2 carbons as disclosed herein, {(e.g. 1ess than 1.0% of the {otal number of
carbon atoms present in the crossiinked poly(allylaming) polymer are sp® aliyl carbons).
Such a pharmaceutical product may provide acceptable or improvead shelf life as
defined anywhere herein. In another example, one or more of the approaches disclosed
herein to address or reduce such potential impurities, e.g. the approacheas summarized
in this paragraph, could be used to provide a pharmaceutical product comprising the
crosslinked poly{alivlamine) polymaer of the present disclosure, e.g. veverimer, with
higher levels of sp2 carbons as disclosed herein and/or disclosed in the references
provided herein (e.g. not less than 1.0% of the total number of carbon atoms present in

the crosslinked poly(allylaming) polymer are sp? allyl carbons). Such a pharmaceutical
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product may provide acceptable or improved shelf life despite the presence of higher
levels of sp2 carbons, for example because the approach, or combination of packaging

approaches, used limils the amount of oxygen that contacts the polymer and s0 limits

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

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

poly{alliylamine) polymer in the container.

(002341 The container size used {o form the unit dosage form, and/or the
amount of pharmaceutical compaosition in the container can be selected to 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 mare gasas, for example an inert gas such as nitrogen or a
mixture of gases such as air. By minimising the volume ¢f the head space the stability of
the crosslinked poly(allvlamine) polymer of the present disclosure, e.¢. veverimer, can

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

(0023571 In some embodiments the unit dosage form comprises the
pharmaceutical compaosition and the haad space, whersin the head space volume is
from O cm® to 120 cm®. in some embodiments the unit dosage form comprises the
pharmaceutical composition and the head space, wherein the head space volume is
from 10 cm® to 110 cm?®. In some embodiments the unit dosage form comprises the
pharmaceutical compaosition and the head space, wherein the head space volume is
from 20 cm? to 100 om®. 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 om®. 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 om® to 70 cmd.

[00236&] In some embodiments the unit dosage form comprises the

pharmaceutical 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 embodiments the

unit dosage form comprises the pharmaceutical composition and the head space,
wherein the head space volume is less 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 60% 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 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
tess than 35% of the {otal 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 25% of the total volume of the unit dosage
form. In some embodiments the unit dosage form comprisas the pharmaceautical
compaosition and the head space, wherein the head space volume is less than 15% 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 5% of the total volume of the unit dosage form.

(002371 In some embodiments the head space is minimised by compressing
the unit dosage form prior 1o the sealing of the pharmaceutical composition inside the

unit dosage form.

[00238] A unit dosage form having a relatively low head space will have a
refatively high number of grams of pharmaceutical composition relative to its head
space volume. In somea 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
same 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 pharmacsutical compaosition, wherein the pharmacsutical

composition 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 pharmaceutical compaosition, wherein the pharmaceutical composition is present in
an amount of at least 0.04 g per ecm® of the head space volume of the unit dosage form.
In some embodimentis, the unit dosage form comprises the pharmaceutical composition,
wherein 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 om? 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 embodiments, the unit dosage form comprises the pharmaceutical
compaosition, wherein the pharmaceutical composition is present in an amount of from
0.05 gto 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 pharmaceutical compaosition is present in an amount of from 0.05 g to 015 g per

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

(002397 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
a0 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 om®. In
same 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 composition, wherein the
pharmaceutical compaosition is present in an amount of 3 g and wherein the head space

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

(0024071 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 om® In some embodiments the unit dosage form comprises the pharmaceutical
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composition, wherein the pharmaceutical composition is presert in anamount of 6 g

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 & 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?,

[0024171 In some embodiments the unit dosage form comprises the
pharmaceutical compaosition, wherein the pharmaceautical composition 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
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 125 cm®. In
some embodiments the unit dosage form comprises the pharmaceutical composition,
wherein the pharmaceutical composition is present in an amount of @ g and wherein the
head space volume of the unit dosage form is less than 110 em®. 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 95 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 ifs total
volume. in some embodiments, the unit dosage form comprises the pharmaceutical
compaosition, wherein the pharmaceautical composition is present in an amount of at
least .02 g per cm?® of the total volume of the sealed unit dosage form. In some
embodimeants, the unit dosage form comprises the pharmaceutical composition, 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 pharmaceutical 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 compriseas the
pharmaceutical compaosition, wherein the pharmaceutical compaosition is present in an

amount of from 0.01 g to 0.5 g per cm?® of the total 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 s present in an amount of from
0.01 g to 0.25 g per om® 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 C.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 pharmacsutical
composition is present in an amount of from 0.02 g to 0.1 g per om? of the total volume
of the sealed unit dosage form. In some embodimeants, 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 embodiments, the unit dosage form comprises the pharmaceutical
compaosition, wherein 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 composition is present in an amount of from 0.02 g to 0.2 g per em®
of the total volume of the sealed unit dosage form. In some embodiments, the unit
dosage form comprises the pharmacsutical compaosition, wherein the pharmaceutical
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 composition, wherein the pharmaceutical composition is present in
an amount of from 0.06 g to .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 total volume of the unit dosage form is less than
100 em® In some embodiments the unit dosage form comprises the pharmaceutical
compaosition, wherein the pharmaceutical composition is present in anamount of 3 g
and wherein the sealed total volume of the unit dosage form is less than 90 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 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?.

[002441 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 total volume of the sealed unit dosage form is less than
180 om® In some embodiments the unit dosage form comprises the pharmaceutical
composition, wherein the pharmaceutical composition is present inan amountof 6 g
and wherein the total volume of the sealed unit dosage form is less than 150 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
total volume of the sealed 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 6 g and wherein the fotal volume

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

[00245]1 In some embodiments the unit dosage form comprises the
pharmaceutical composition, wherein the pharmaceutical composition is present in an
amount of 9 g and wherain the total volume of the sealed unit dosage form s less than
200 cm®. In some embodiments the unit dosage form comprises the pharmaceutical
compaosition, wherein the pharmaceutical composition is present inanamountof 8 g
and wherein the total volume of the sealed unit dosage form is less than 180 om®. 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
total volume of the sealed unit dosage form is less than 180 cm?. In some embodiments
the unit dosage form comprises the pharmaceutical composition, whearein the
pharmaceutical composition is present in an amount of 9 ¢ and wherein the sealed total

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

[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 strateh, the {otal volumea of the sealad sachet can be sstimated
according to Formula X

V= wd (i;-— —0.142(1 - 10(“’2/“’3}) Formula X.

W J
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(002477 Formula X can be used to define a tolal volume of the sealed unit

dosage form, when the dosage form is a sachet. 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 8 g and wherein 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 pharmaceutical
composition in an amount of 3 g, 8 g, 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 cm. In some embodiments, the
unit dosage form is a sachet comprising the pharmacesutical compaosition 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 am. In some embodiments, the unif dosage form is a
sachet comprising the pharmaceutical composition inan amount of 3 g, 6 g, or 8 g and
wherein the width of the sachet is less than 10 cm and the height of the sachet is less

than 15 om.

(002497 In some embodiments, the unit dosage form is a sachet comprising the
pharmaceutical compaosition in an amount of § g and wherein the width of the sachetl 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 pharmaceutical composition in an
amourt of 8 g and wherein the width of the sachet is less than 20 om and the height of
the sachet is less than 25 cm. In some embodiments, the unit dosage form is a sachat
comprising the pharmaceutical composition in an amount of 8 g and wherein the width
of the sachet is less than 15 om 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 sachet is less than 10 om
and the height of the sachet is less than 15 om. 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 9 om and the height of the sachet is less

than 12 com.

(002507 In some embodiments, the unit dosage form I8 a sachet comprising the
pharmaceutical compaosition in an amount of 6 g and wherein the width of the sachetl is
a0
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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 pharmaceutical composition in an
amourt of 8 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 om 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 an amount of & g and wherein the width of the sachet is less than 10 om
and the height of the sachet is less than 15 om. In some embodiments, the unit dosage
form is a sachet comprising the pharmaceutical composition in an amount of 6 g and
wherein the width of the sachet is less than 8 om and the height of the sachet is less

than 11 om.

(002517 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 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 pharmaceutical 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 om 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 sachet is less than 10 cm
and the height of the sachet 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 less than 8 cm and the height of the sachet is less
than 10 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 sachet is

fess than 8 cm and the height of the sachet is less than S cm.

(002521 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 referrad {6 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 niirogen. In some

embodiments the head space gas is a mixiure of gases mentioned herein. For example,
in some embodiments, the head space gas is a mixture of inert gases, e.g. a mbdure of
nitrogen and carbon dioxide. in some embodiments, a reference to the head space gas
being a particular gas means that the head space gas consists essentially of or consisis

of the recited gas.

(0025371 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 less than 20%. In some embodiments, 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 embodiments, the percentage 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 space gas is less than 4%.
In some embodiments, the percentage of oxygen present in the head space gas is less
than 2%. In some embodiments, the percentage of oxygen prasent 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%.

(002541 In some embodiments, the the head space gas is a mixture of oxygen
and a segcond 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
smbodiments the head space gas is <14% 02 and >868% N2. In some embodiments the
head space gas is <12% 02 and >88% NZ. In some embodiments the head space gas
is <10% 02 and >80% N2. In some embodiments the head space gas is <8% 02 and

>02% N2. In some embodiments the head space gas is <6% 02 and >84% NZ. 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% Q2 and >98% NZ2. In some embodiments the head space gas is
<1% 02 and >98% N2. In some embodiments the head space gas is <0.5% 02 and
>89.5% NZ2. 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, e.¢. via a valve in the packaging.

[00256] Container material of construction used for the unit dosage forms
disclosed herein can be chosen {o minimize the moisture and oxygen ingress inside the
container after packaging. For example, poly(ailvlamine) polymer, &.g. veverimer, may
be packaged in a multilayer sachet containing at least one or more layer that serves as
a barrier layer to moisture and oxygen ingress. In ancther example, the poly(alivlamineg)
polymer may be packaged in a single layer or multilayer plastic, metal or glass container
that has at least one or more barrier lavers incorporated in the structure that limits
oxygen and/or moisture ingress after packaging. For example, in one such embodiment
the sachet (or other container or package) may comprise a multi-layer laminate of an
inner contact layer, an outer layer; and a barrier layer disposed between the contact
laver and outer layer. in such embodiments, the mullti-laver laminate may also comyprise
one or mare adhesive layers and/or a print layer. For example, the laminate may
comprise the following layers in the following order: an inner contact layer, an adhesive,
a barrier layer, an adhasive, a print layer and an cuter layer. In some embodiments, ona
or more of the layers of any multi-laminate disclosed herein may be attached ic each
other via an adhesive and/or lamination {e.¢. lamination by extrusion). In some
embodiments, the layers of any mulli-laminate disclosed herein are attached to gach
other via an adhesive and/or lamination {e.g. lamination by extrusion). In some
embodiments, the layers of any multi-laminate disciosed herein are be attached o each
other via an adheasive. In some embodiments, the layers of any mulii-laminate

disciosed herein are attached to each cther via lamination {e.g. lamination by extrusion).

(0025771 In one embodiment, the unit dosage form is made from, or comprises,
a plastic. For example, the plastic may be polysthvlene (e.¢. linear low-density
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polyethylene or low-density polysthylene), polypropyiene, poly{ethylene terephthalate)

polyester, nylon or polyvinyl chioride. In such embodiments, the plastic may be in the
form of a film or sheel. For example, when the unit dosage form is a sachet, the sachet
may be made out of any one of polvethviene, polypropylene, poly{sthyvlene
terephthalate), polyester, nylon or polyvinyl chioride, optionally as part of a multilayer
laminate. In one embodiment, the sachet (or other container or package) comprises a
multi-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
the layers may be made from any of the recited plastics. More specifically, the inner
contact layer may comprise any one of poiyethylene, polypropylene, poly{ethylene
terephthalate), polyester, nylon or polyviny! chioride. In one embodiment, the inner
contact layer comprises polyethylene. In ong embodiment, the inner contact layer is
finear low-density polyethylene. In one embodiment, the inner contact layer is low-
density polyethylens. More specifically, the outer layer may comprise any one of
polyethylene, polypropylene, poly(ethylene terephthalate), polyester, nylon, polyvinyl
chioride or paper. In one embodiment, the outer layer is poly(ethylene terephthalate). In
one embodiment, the barrier laver may be any aluminum layer disclosed herein. In one
embodiment the barmer layer may include any plastic layer disclosed herain 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 sachet made from a laminate of the following
componeants in the following order: an inner contact layer made from low-density
polyethylene, a barrier layer made from aluminium film followed by low-density
polyethylene, a print laver made from ink and an outer layer made from poly{ethylene
tarephthalate), optionally with adhesives betwesn any of these layers, optionaily
wherein the aluminium film is about 18um thickl In one exemplary embodiment, the unit
dosage form disclosed herein is a sachet made from a laminate of the following
components in the following order: an inner contact layer made from low-density
polyethylene, a barner layer made from aluminum film followed by low-density
polyethylene, a print layer made from ink and an outer layer made from poly{ethyiene
tergphthalate), optionally where those layers are laminated {ogether 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 crosslinkad poly(allvlamineg) polymer, e.g. veverimer, wherain the
oxygen 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).

(0025971 In one aspect, the unit dosage form comprises a sealed enclosure
containing the crosslinked poly(ailylamine) polymer, e.¢. veverimer, the sealed
gnclosure 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 cubic

centimetes per meter squared per day (CC/meiday).

(002601 In any aspect, the oxygen transfer rate specified is, in some
embodiments, less than about 0.030 CC/m4/day. In any aspect, the oxygen transfer rate
specified is, in some embodiments, less than about 0.010 CC/m%day. In any aspect, the
oxygen transfer rate specified is, in some embodiments, less than about 0.009
CCim2iday. In any aspect, the oxygen transfer rate specified is, in some embodiments,
less than about 0.007 CC/m?/day. In any aspect, the oxygen transfer rate specified is, in
some embodiments, less than about 0.008 CC/m/day. In any aspect, the oxygen

transfer rate specified is, in some embodiments, less than about 0.003 CCim#day.

[002611 Where the oxygen transfer rate is specified for a unit dosage form
disciosed herein, that transfer rate can be controlled by selecting appropriate materials,
and an appropriate thicknesses of those materials, when consiructing the unit dosage
form. Materials can that be used to control the oxygen transfer rate of the unit dosage
form include aluminum, ethvilene vinyl alcohol, glass, polyester (e.g. polyethylene
terephthalate) and polyamides {e.g. nylon). One or more of these materials may be

used to achieve the specified oxygen transfer rate.

[00262] For example, one or more layers of aluminum can be used to control
oxygen transfer rates. Therefore, in one embodiment, 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 laver may consist of any of the aluminum lavers disciosed herein. In some
as
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embodiments, barrier layer and/or the aluminum layer has any one of the oxygen

transfer rates disclosed herein when measured aione.

(002631 In one embodiment, the thicknass of the aluminum layer disclosead
herein is greater than 5 um. In one embodimert, the thickness of the aluminum layer
disclosed herein is greater than 8 um. In one embadiment, the thickness of the
gluminum layer disciosed herein is greater than 10 um. In one embodiment, the
thickness of the aluminum layer disclosed herein is greater than 12 um. Inone
embodiment, the thickness of the sluminum 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 herain is
greater than 20 um. In one embodiment, the thickness of the aluminum laver disclosed
herein is greater than 25 um. In one embodiment, the thickness of the aluminium layer
is 9~ 20 um. In one embodiment, the thickness of the aluminium layeris 15~ 20 um. In

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

[002841 In any aspect, the unit dosage forms are made from one consistent
material, for example a sachet made from a single type of sheetl or mulli laminate. In
some embodimeants, the unit dosage form may comprise different materials at different
parts {e.g. ends) of the unit dosage form. iIn such scenarios, the requiremenis specified
herain for the unit dosage form may apply (o one or more of such parts. Or, in such
scenarios, the requirements specified herein for the unit dosage form may apply o
substantially all of such parts. Or, in such scenarios the requirements specified herein
for the unit dosage form may apply to all of such parts. Therefore, for example, unit
dosage forms disciosed herein include sealed vials (8.g. made from plastic or glass)
sealed 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 CC/m%day. In such an example, the
closed vial may have 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/m2/day.

(002657 In any aspect, the unit dosage form may comprise layers that form the
dosage form, for example the inner contact layer, the cuter layer and the barrier layer
and potentially further layers. Any of these layers may alone, or together, be responsibie
for the specified oxygen 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 exemplary embodiment, the unit dosage form includes one or more
Oxygen-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(aliylamine} polymer, e.g. as an excipient. In one embodiment the oxygen
scavenger is present in the interior of the unit dosage form, e.g. in a separate insert. In
one embodiment, the oxygen scavengear is in communication with the interior of the unit

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

(0028671 The oxygen scavenger as disclosed herein could be any material that
absorbs oxygen. In one 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 {e.q. iron powder or activated iron), farrous oxide, iron oxide
powders, ferrous salts such as ferrous sulfate or ferrous chiloride, suffites, bisulfites,
reducing sulfur compounds such as dithionite, ascorbic acid and/or their salts, Pd, Cu,
ZN, Mg, M, Co(ih), Zn, ascorbic acid, ascorbic acid salls, iscascorbic acid, tocopherol,
hydroquinone, catechol, rongalit, sorbose, lignin, gallic acid, gallic acid and potassium
carbonate, erythorbic acid, quinones, catechol, butylated hydroxytoluene (BHT),
butylaied hydroxyanisole (BHA), polyunsaturaied fatty acids, glucose oxidase, laccase,
and ethanol oxidase. Further oxygen scavengers are available, e.g U.S. Patent
Publication Nos. 20060076536,20070084144 and 20060260967 . Oxygen scavengers
are commarcially available e.g., StabilOx® (MullisorbTechnologies), cycichexens
methyl acrylated (EMCM) polymer (Chevron-Phillips Chemical Company) or Ciba's
Specialty Chemical's SHELFPLUS. TM.). In one exemplary embodiment the scavenger
is iron.

[00268] In one embodiment, the oxygen scavenger the unit dosage form
includes one or more oxygen-scavenging layers comprising an oxygen scavenger. Such
layers are known in the art, for example see Gaikwad et al., Environmental Chemistry
Letters volume 18, pages 523-538(2018). In one 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 Gakkwad et al., or combinations thereof. In one
embodiment, the unit dosage forms disclosed herein comprise a layer (film) as
disclosad in Table 3 of Gaikwad &t al, or combinations thereof. In one embodiment, the

unit dosage forms disclosed herein comprise a layer (film) as disclosed in Gaikwad et

a7



WO 2022/186813 PCT/US2021/020265
al., specifically any one of those disclosed in the "multilayer active films” section, or

combinations thereof. Indeed, such layers are already commercially available, for
exampie 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),
ZERQOZ (Visy industries) and 051000 (Cryovac Sealed Air). In one exemplary
embodiment, the unit dosage form disclosed herein comprises Oxy Vanish-Dry Film
{(Mitsubishi).

(0026971 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 or more oxygen scavengers as defined herein. For example, the product may
include a separate container comprising an oxygen scavenger in addition to the 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 embodimeant, the
product and/or the unit dosage form includes a statement that the product has a shelf
life of one year. In one embodiment, the product and/or the unit dosage form includes a
statement that the product has a shelf life 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 and/or the unit dosage form includes a
statement that the product has g shelf life of at least three years. In one embodiment,
the product andfor the unit dosage form includes a statement that the product has a
shelf life of three years. In one embodiment, the product and/or the unit dosage form
ncludes a statement that the product has a shelf life of at lsast four years. 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 embaodiment, the product and/or the unit
dosage form includes a stalement that the product has a sheflf life of at least five years.
in one embaodiment, the product and/or the unit dosage form includes a statement that

the product has a shelf life of at five years.

(002711 In any such embodiment, the statement regarding the shelf life may
specify that the shelf Iife starts from the date of manufacture (&.¢. the statement may
specify that the product should be used within two years of manufaciure). Andior in any
such 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 years in the future, relative to the date on which it is read, in which case the

shelf life would be more than two years).

(0027271 The unit dosage forms disclosed herein may exhibit a high degree of
stability. For example, the crossiinked poly(allylamine} polymer, e.¢. veverimer, will not
contain a significant amount of impurities even after storage for an extended period of

time, e.¢. at least one, two, three, four or five years.

(0027371 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 CH:CHCH2NH: 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.g. veverimer, such that the polymer will have
less than 15 ppm CHCHCHzNH? at least five years after being placed into the unit
dosage form. In ong embodiment, the unit dosage form disclosed herein protects the
crosslinked poly{aliylamineg) polymer, e.¢. veverimer, such that the polymer will have
less than 20 ppm CH2CHCH2NH: at least four vears after baing placed into the unit
dosage form. in one embodiment, the unit dosage form disclosed herein protects the
crasslinked poly{alivlamineg) polymer, e.g. veverimer, such that the polymer will have
less than 15 ppm CH:CHCH2NH: at least four years after being placed inio the unit
dosage form. in one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(aliylamine) polymer, e.g. veverimer, such that the polymer will have
less than 20 ppm CH2CHCH:zNH: at least three vears after being placed into the unit
dosage form. In one embodiment, the unit dosage form disclosed herein protects the
crosslinked poly(aliylamineg) polymer, e.¢. veverimer, such that the polymer will have
less than 15 ppm CH2CHCH2NH: at least thrae years after being placed into the unit
dosage form. In one embodiment, the unit dosage form disclosed hersin protects the
crosslinked poly{allylamine) polymer, e.g. veverimer, such that the polymer will have
less than 20 ppm CH:CHCH2NH: 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.g. 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 protects the
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crosslinked poly{aliylamine) polymer, e.¢. veverimer, such that the polymer will have

less than 20 ppm CH:CHCH2NH2 at least 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
tess than 15 ppm CH2CHCH2NH: at least one year after being placed into the unit
dosage form. In all such embodiments, the purity requirement referred o 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 af vear X.

Methods of treatiment and medical uses of the crosslinked polviallviaminel

polymers

[00274] Methods of treatment and medical uses of the crosslinked
poly(allylamine) polymers disclosed herein, in particular veverimer, are described in
WO2014/197725 A1, WO2016/094685 A1, WO2017/193050 At, WO2017/193064 A1,
WO2017/183024 A1, WO2019/020176 A1, WO2019/000177 A1, WO2019/236630 A1,
WQO2(19/236636 A1 and WO2019/2368124 A1, which are incorporated harein 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
WQO214/197725 A1, WO2016/004685 A1, WO2017/193050 A1, WOZ2017/193064 A1,
WO2017/183024 A1, WO2019/080176 A1, WO2019/000177 A1, WO2019/236639 A1,
WO2019/236636 A1 and WO2019/236124 A1,

[0027&] For example, the crosslinked poly(allylamine) polymers disciosed
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 WO2014/197725 A1,
W02016/084685 A1, WO2017/183050 A1, W02017/193064 A1, WO2017/183024 A1,
WO2019/020176 A1, WO2019/000177 A1, WO2019/236639 A1, WO2019/236636 A1
and WO2019/236124 At

(002771 The baseline serum bicarbonate value may be the serum bicarbonate
concentration determined at a single time point or may be the mean or median vaiue of
two or more serum bicarbonale concenirations determined at two or more time-points.

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

baseling serum bicarbonate valug is used as a basis {0 determine an acute acidic
condition requiring immediate treatment. In ancother embodiment, the baseline serum
bicarbonate freatment 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 baseline serum bicarbonate treatment value is
the mean value of the serum bicarbonate concentration for serum samples drawn on
different days (e.g., at least 2, 3, 4, & or more days, that may be conseculive or
separated by one or more days or even weeks). By way of further example, in one such
embodiment the baseline serum bicarbonate freatment value is the mean value of the
serum bicarbonate concentration for serum samples drawn on two consecutive days

preceding the initiation of treatment.

(002787 In one embodiment, the baseline serum bicarbonaite value is the valus
of the serum bicarbonate concentration determined at a single time point. In ancther
embodiment, 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 example, the baseling serum bicarbonate value is the mean or median
value of at least two serum bicarbonate concentrations for serum sampies drawn on
non-consacutive days. By way of further example, in one such method the non-
consecutive days are separated by al least two days. By way of further example, in one
suich meathod 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.

(002797 In certain embodiments, the individual is freated with the daily dose for
a period of at least one day. For example, in one such embodiment the individual is
treated with the daily dose for a period of al least one week. By way of further example,
in one such embaodiment the individual is treated with the daily dose for a period of at
least one month. By way of further exampie, in one such embodiment the individual is
treated with the daily dose for a period of at least two months. By way of further

example, 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 embodiment

the individual 18 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

(002807 Gillies of al. (BBA - Reviews on Cancer 1871 (2019) 273-280)
describes the effect of acidosis on cancer progression and diabetes. The acidification of
the surrounding microenvironment of tumours results in important sequela for cancer
progression including increased invasion and metastasis. Acidification also affects
diabetes by preventing insulin from binding to s receptor, leading o peripheral

resistance and an exacerbation of symptoms.

(0028171 Gillies ef al. proposes acidosis as a relevant thereapeutic target for the
treatment of cancer and describes three approachas for targeting: buffers,
nanomedicine, and proton pump inhibitors. Gillies ef &/, concludes that targeting the
extraceliuiar acidity directly has been shown {0 provide preclinical or clinical benefit in
cancer and diabetes. A number of therapeutic agents are proposed, including a
commaercially available mix of bicarbonate and carbonate salls to control melanoma

growth.

(002821 Veverimer (TRC101) is mentioned in Gillies ef a/. as an alternative
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.

(002831 In aspects, the cancer is associated with acidosis. In aspects the

acidosis is metabolic acidosis. in aspects the acidosis s lactic acidosis.

(002841 A further aspect of the present disclosure is a composition comprising
a crossiinked poly(allylamine) polymer dascribed herein, in particular veverimer, for use

in treating diabetes.

(0028571 In aspects, the diabstes is type 1 diabetles. In aspects, the disbetes is

type 2 diabeles.
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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(aliylamine) polymer comprising

{(a) in a first step, forming a poly{aliylamine) polymer in the form of beads in a
concurrent polymerization and crosslinking reaction mixture comprising 2-propen-1-
viamine, or a sait thereof, 1 3-bis{allylamincipropane, 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 iotal number of carbon atoms comprised by the

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

(b} in a second step, further crosslinking the poly(allylamine) polymerin a
reaction mixture comprising 1,2-dichloroethane, a swelling agent for the poly(allylamine)
polymear, and a dispersing solvent system {o form a crosslinked poly{allylaming) polymer

having a swelling ratio of less than 2.

[0109] Embodiment 2. The process of any previous enumerated embodiment
wherain sp? allyl carbons comprised by the poly(aliylamine) polymer constitute less
than 1.0% of the tolal number of carbon atoms comprised by the poiy{aliylamineg)

polymer formed in the first step.

[cozes] 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(alivlamine) polymer

formed in the first siep.

(002891 Embodiment 4. The process of any pravious enumerated embodiment
wherein sp? allyl carbons comprised by the poly{allylaming) polymer constitute less than
0.8% of the total number of carbon atoms comprised by the poly(aliylamine) polymer

formed in the first step.

(0029071 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 comprised by the poly(aliylamine) polymer

formed in the first step.
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[00281] Embodiment 8. The process of any previous enumerated embodiment

wherein sp? allyl carbons comprised by the poly{allylamine) polymer constitute less than
0.7% of the total number of carbon atoms comprised by the poly{aliylamine) polymer

formed in the first step.

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

formed in the first step.

(0029831 Embodiment 8. The process of any previous enumerated embodiment
wherein sp® allyl carbons comprised by the poly(allylamine) polymer constitute less than
0.5% of the total number of carbon atoms comprised by the poly(aliylamine) polymer

formed in the first siep.

(002241 Embodiment 8. The process of any praevicus enumerated embaodiment
wherein sp? allyl carbons comprised by the poly{allylamine) polymer constitute less than
0.4% of the total number of carbon atoms comprised by the poly(alivlamineg) polymer

formed in the first step.

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

polymer formed in the first step.

(002881 Embodiment 11, The process of any pravious enumerated
embodiment wherein sp? allyl carbons comprised by the poly(allylamine) polymer
constitute less than 0.3% of the total number of carbon atoms comprised by the

poly(allylamine) polymer formed in the first step.

(002971 Embodiment 12. The process of any previous enumerated
embodiment wherein sp® allyl carbons comprised by the poly(allylaming) polymer
constitute less than 0.25% of the {otal number of carbon atoms comprised by the

poly(allylamine) polymer formed in the first step.

(002981 Embodiment 13. The process of any previous enumerated
embodiment wherein sp?® allyl carbons comprised by the poly{allylamine) polymer
constitute less than 0.2% of the total number of carbon atoms comprised by the

poly(aliviamineg) polymer formed in the first siep.
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[00289] Embodiment 14. The process of any pravious enumerated

embodiment wherain sp? allyl carbons comprised by the poly(ailylamine) polymer
constitute less than 0.1% of the total number of carborn atoms comprised by the

poly(allylamine) polymer formed in the first step.

(0030071 Embodiment 15, The process of any previous enumerated
embodiment wherein sp® allyl carbons comprised by the poly(allylamineg) polymer
constitute less than 0.05% of the {otal number of carbon atoms comprised by the

poly(aliylamine} polymer formed in the first step.

(003011 Embodiment 16, The process or poly{ailylamine) polymer of any
previous enumerated embodiment wherein the number of sp? aliyt carbons, if any,
comprised by the poly{aliviaming) polymer is less than the detection limit as determined
by NMR.

(003021 Embodiment 17. The process of any previous enumerated
embodiment wherein the percentage of sp? allyl carbons comprised by the
poly(aliylamine) polymer is determined by NMR; optionally wherein integration of the sp?
ally! carborn peaks between 110 — 150 ppm and alkyi carbon peaks between 0 — 80 ppm
is used to quantitate the percent sp? alivl carbons of the poly(allylaming) polymer using

the formula

. peuk integration {110-150 ppm) -
% sp2 allyl carbons = : p— — - — - x 100
peak integration {0-80 ppim)+peak integration {(110-150 ppm)

(003031 Embodiment 18. The process of any pravious enumerated
embodiment wherein the percentage of sp? allyl 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? aliyl
carbon peaks between 110 — 150 ppm and alkyl carbon peaks between O~ 80 ppm is
used to guantitate the percent sp? allyl carbons of the poly(allylamine) polymer using the

formula

peak integration {(110-150 ppm)

# 100.

% sp2 allyl carbons = : —— - - o -
peak integration {§—80 ppmi+peak integration (110150 ppm}
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[00304] Embodiment 19. The process of any pravious enumerated

embodiment wherein the poly(allylamineg) polvmer 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 &

(003061 Embodiment 21. The process of any previous enumerated
embodiment wherein the poly(allylamine) polymer formed in the first step has a swelling

ratio of less than 8.

(003071 Embodiment 22. The process of any previous enumeraled
embodiment whearein the poly(allylamine) polymer formed in the first step has a swelling

ratio of less than 7.

(003081 Embodiment 23. The process of any previous enumerated
embodiment wherein the poly(allylamine) polymer formed in the first step has a swelling

ratio of less than ©.

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

ratio of less than &

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

ratio of at least 4.

[00311] Embodiment 26. The process of any pravious enumerated
embodiment wherein the poly(allylamineg) 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 poly(allylamine) polymer contains less than 20

ppm allylamina.

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

free-radical polymerization initiators.
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(003141 Embodiment 29. The process of any pravious enumerated

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

polymerization initialors and azo polymerization initiators.

(003151 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-eneisobutyramidine)dihydrochiornide, 2,2'-
azobis(Z-methylpropionamidine Jdihydrochloride, 2,2-azobis(2-
amidinopropaneldinydrochioride, 2, 2-azobis{N N'-dimsthylensiscbhutyramiding), 1,1'-
azo bis(l-cyclohexanecarbo-nitrile), 4,4"-azobis(4-cyanopentanocic acid), 2,2'-
azobis(isobutyramide)dihydrate, 2 2'-azobis{Z-methylpropane), 2,2-azobis{2-
methylbutyronitrile), VAZO 67, cyanopentanoic acid, the peroxypivalates,
dodecyibenzene peroxide, benzoyi peroxide, di-i-butyl hydroperoxide, t-butyi
peracetate, acetyl peroxide, dicumyl peroxide, cumyihydroperoxide, and dimethyl

bis(butylperoxythexane.

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

crosslinking reaction mixture is in the range of about 6:1 to about 70:1, respectively.

(003171 Embodiment 32. The process of any previous enumeraled
embodiment wherein the number of allyl equivalents possessed by the Z2-propen-1-
viaming, or a sait thereof, and 1,3-bis(allylamincipropane, or a salt thereof, in
combination, to the number of initiator equivalents in the concurrent polymerization and

crosslinking reaction mbdure is in the range of about 7:1 to about 60:1, respectively.

(003181 Embodiment 33. The process of any previous enumerated
embaodiment wherein the number of allyl equivalents possessed by the Z-propen-1-
viaming, or a sait thereof, and 1,3-bis(allylamincipropane, or a salt thereof, in
combination, to the number of initiator equivalents in the concurrent polymerization and

crosslinking reaction mixdture is in the range of about 8:1 to about 50:1, respectively.
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[00319] Embodiment 34. The process of any pravious enumerated

embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
yiamine, or a sal thereof, and 1,3-bis{allvlamino)propane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crassliinking reaction mixture is in the range of about 141 to about 451, respectively.

(003201 Embodiment 35. The process of any pravious enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
yiamine, or a sait thereof, and 1,3-bis{allylamino)propane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crosslinking reaction mixture is in the range of about 15:1 to about 40:1, respectively.

(003211 Embodiment 38. The process of any pravious enumerated
embodiment wherein 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 initiator eguivalents in the concurrent polymerization and

crassiinking reaction mixture is in the range of about 17.5:1 to about 351, respeactively.

(003221 Embodiment 37. The process of any previous enumerated
embodiment wherain the number of allyl equivalents possessed by the 2-propen-1-
yviamine, or a sal thereof, and 1,3-bis(allvlamino)propane, or a sall therecf, in
combination, to the number of initiator equivalents in the concurrent polymerization and

crasshinking reaction mixture is in the range of about 20:1 to about 301, respectively.

[00323] Embodiment 38. The process of any pravious enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
yiamine, or a sal thereof, and 1,3-bis{(allylamino)propane, or a salt thereof, in
combination, to the number of initiator equivalents in the concurrent polymerization and

crasshinking reaction mixture is in the range of about 22.5:1 to about 301, respeactively.

(003241 Embodiment 38. The process of any pravious enumerated
embodiment wherein the number of allyl equivalents possessed by the 2-propen-1-
viamine, or a salt thereof, and 1,3-bis(alivlaminojpropane, or a salt thereof, in
combination, to the number of initiator eguivalents in the concurrent polymerization and

crasslinking reaction mixture is in the range of about 251 to about 27.5:1, respectively.

(003251 Embodiment 40. The process of any pravious enumerated

embodiment wherein the weight ratio of the combined amount of 2-propen-1-ylamine, or
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a salt thereof, and 1,3-bis(allylamino)propane, 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-vlamine and 1,3-bis(aliylamino)jpropane in their respective free

amine forms.

[00326] Embodiment 41. The process of any pravious enumerated
embodiment wherein the weight ratio of the combined amount of 2-propen-1-ylamine, or
a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, 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, respeactively, whersin the weight ratio is caiculated using
the weight of Z-propen-~-1-vlamine and 1,3-bis(allylaminolpropane in their respective free

amine forms.

(003271 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{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 0.07 {0 about 2.5, respectively, wherain the weight ratio is caicuiated using the
weight of 2-propen-t-vlaming and 1,3-bis(allylaminolpropane in their respective free

amine forms.

[00328] Embodiment 43. The process of any pravious enumerated
embodiment wherein the weight ratio of the combined amount of 2-propen-1-ylamine, or
a sglt thereof, and 1, 3-bis(allylaminoipropane, or a salt thereof, relative {o the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.1 {0 about 2.25, respectively, wherein the weight ratio is calculated using the
weight of Z-propen-1-ylamine and 1,3-bis(aliylamino)propaneg in their respective free

amine forms.

[00329] Embodiment 44, The process of any previous enumerated
embodiment wherein the weight ratio of the combined amount of Z2-propen-1-ylamine, or
a salt thereof, and 1,3-bis{allylamino)propane, or a salt thereof, relative to the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.15 {0 about 2, respectively, wherein the weight ratio is calculated using the
weight of 2-propen-1-vlamine and 1,3-bis(aliylamino)propane in their respective free

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

embodiment wherein the weight ratio of the combined amount of 2-propen-1-ylamine, or
a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, 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, whearein the weight ratio s calculated using the
weight of Z-propen-1-ylamine and 1,3-bis(aliylaming)propaneg in their respective free

amina forms.

[00331] Embodiment 46. The process of any previous enumerated
embodiment wherein the weight ratio of the combinad amount of 2-propen-1-ylamine, or
a salt thereof, and 1,3-bis(allylamino)propane, or a salt thereof, relative to the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.25 {0 about 1.5, respectively, wherain the weight ratio is caicuiated using the
weight of 2-propen-1-vlamine and 1,3-bis(allylaminojpropane in their respective free

amine forms.

(003321 Embodiment 47. The process of any pravious enumerated
embodiment wherein the weight ratio of the combined amount of 2-propen-1-ylamine, or
a sglt thereof, and 1, 3-bis(allylaminoipropane, or a salt thereof, relative {o the amount of
water in the concurrent polymerization and crosslinking reaction mixiure is in the range
of about 0.25 10 about 1.25, respectively, wherain the weight ratio is calculated using
the weight of Z-propen-1-ylamine and 1,3-bis(allylaminoipropane in their respective free

aminga forms.

(003331 Embodiment 48. 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{allylamino)propane, or a salt thereof, relative 1o the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.2 to about 1, respectively, wherein the weight ratic is calculated using the
weight of 2-propen-1-ylamine and 1,3-bis(allylamino)propane in thelr respective free

amine forms.

[003341 Embodiment 48, The process of any previous enumerated
embodiment wherein the weight ratio of the combined amount of 2-propen-1-ylaming, 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 0.35 {0 about .75, respectively, wherain the weight ratio is calculated using
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the weight of Z-propen-1-ylamine and 1,3-bis(allylaminoipropane in their respective free

amina forms.

(003351 Embodiment 50. 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{allylamino)propane, or a salt thereof, relative 1o the amount of
water in the concurrent polymerization and crosslinking reaction mixture is in the range
of about 0.4 1o about 0.5, respectively, wherein the weight ratio is calculated using the
weight of 2-propen-1-vlamine and 1,3-bis(aliylamino)propane in their respective free

amine forms.

(003361 Embodiment 51. The process of any previous enumerated
embodiment wherein the ratio of the number of aliyt equivalents {o the number of water
gquivalents in the concurrent polymerization and crossiinking 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
gquivalents in the concurrent polymerization and crossiinking reaction mixture is in the

range of about 0.015:1 to about 8.75:1, respectively.

[00328] Embodiment 53, The process of any previous enumerated
embodiment wherein the ratio of the number of ailyl equivalents to the number of water
aquivalents in the concurrent polymerization and crosslinking reaction mixiure is in the

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

[00339] Embodiment 54, The process of any previous enumerated
embodimeant whersin the ratio of the number of aliyl equivalents to the number of water
equivalenis in the concurrent polymerization and crossiinking reaction mixiure is in the

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

(003407 Embodiment 55, The process of any pravious enumerated
embodiment wherein the ratio of the number of aliyl equivalents o the number of water
gquivalents in the concurrent polymerization and crossiinking reaction mixture is in the
range of about 0.04:1 to about $.3:1, respectively.

(003411 Embodiment 58. The process of any previous enumeraled

embodiment whearein the ratio of the number of allyl equivalents {o the number of water
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squivalents in the concurrent polymerization and crossiinking reaction mixture is in the

range of about 0.05:1 to about 0.25:1, respectively.

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

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

(003431 Embodiment 58. The process of any previous enumerated
embodiment wherein the ratio of the number of aliyt equivalents to the number of water
equivalenis in the concurrent polymerization and crossiinking reaction mixiure is in the

range of about 0.07:1 to about 0.175:1, respectively.

[00344 1 Embodiment 59. The process of any pravious enumerated
embodiment wherein the ratio of the number of aliyl eguivalents o the number of water
equivalents in the concurrent polymerization and crossiinking reaction mixture is in the

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

(003451 Embodiment 60. The process of any previous enumeraled
embodiment whearein the surfactant comprisad by the concurrent polymerization and

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

(003461 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 82, The process of any previous enumerated
embodiment 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 monocleate, sorbitan monostearate,
sorbitan monopaimitate, ethylene glycol monosiearate, glyceryl monostearate,
polyethylens glycol monostearate, polyethylene glycol hydrogenated castor oil,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monooleaie,
polyethylene glyeol and diisoociyl sulfosuccinate, branched dodecylbenzenesulfonic

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

inear alkylbenzenesulfonate, isopropylamine branched alkylbenzenesulfonate, and

sodium lauryl sulfate.

[00348] Embodiment 64. The process of any previous enumerated
embodiment wherein the surfactant comprised by the concurrent polymerization and

crosslinking reaction mixture is branched dodecyibenzenesuifonic acid.

(003501 Embodiment 685. The process of any previous enumerated
embodiment wherein the organic solvent system comprised by the concurrent
polymerization and crosslinking reaction mixture comprises a water-immiscible organic

solvent.

[003511 Embodiment 68, The process of any pravious enumerated
embodiment wherein the organic selvent sysiem comprised by the concurrent
polymearization and crosslinking reaction mbdure comprisas hexane, cyclochaxane,
heptane, octane, decane, petroleum ether, liquid paraffin, chiorobenzeng, tolueng,
xyienes, ethyl acetate, propyl acelate and isopropy! acetaie, or a combination of two or

more thereof.

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

polymerization and crossiinking reaction mixture comprises heptane.

[00353] Embodiment 68. The process of any previous enumeraled
embodiment whearein the organic solvent system comprised by the concurrent

polymerization and crosslinking reaction mixiure consists of heptane.

(003541 Embodiment 689, The process of any previous enumerated
embodiment whersin 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
embodiment 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

heated to a temperature in the range of about 35 °C to about 85 °C.
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[00357] Embodiment 72. The process of any pravious enumerated

embodiment wherein the concurrent polymerization and crosslinking reaction mixture is

heated o 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 mbdure is
heated to about 45 °C to about 85 °C.

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

(003607 Embodiment 75, The process of any previous enumeraled
embodiment whearein the temperature of the concurrent polymerization and crosslinking

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

(003611 Embodiment 76. The process of any previous enumerated
embodiment wherein the temperature of the concurrent polymerization and crosslinking
reaction mixiure is ramped in a continuous or step-wise manner over the course of the

reaction.

[00362] Embodiment 77. 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 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.

[00364] 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 af least about 10 hours.

(003651 Embodiment 80. The process of any previous enumeraled
embodiment whearein the concurrent polymerization and crosslinking reaction step is

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

(003661 Embaodiment 81. The process of any previous enumerated
embodimeant whersin the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of at least gbhout 20 hours.

114



WO 2022/186813 PCT/US2021/020265
[00367] Embodiment 82. The process of any pravious enumerated

embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out for a reaction time of af 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 8 reaction time of at least about 30 hours.

[00369%] Embodiment 84. 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 ghout 35 hours.

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

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

(003711 Embodiment 86. 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 ghout 50 hours.

1003721 Embodiment 87. The process of any of enumerated embodiments 77-
80 wherein the concurrent polymerization and crosslinking reaction step is carried out

for g reaction time of less than 16 hours.

(003731 Embodiment 88. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step is

carried out as a baich process.

[003741 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

carriad out as a continuous process.

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

reaction mixiure comprises at least 0.4 equivalents of acid per allyl amine equivalent.
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(003771 Embodiment 92. The process of any pravious enumerated

embodiment wherein the concurrent polymerization and crosslinking reaction step

reaction mixiure 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 mxture comprises at least 0.8 eguivalents of acid per allyl amine equivalent.

(003791 Embodiment 94. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step

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

(003807 Embodiment 95, The process of any previous enumeraled
embodiment wherein the concurrent polymerization and crosslinking reaction step

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

(003811 Embodiment 6. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step

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

(0038271 Embodiment 87. The process of any previous enumerated
embodiment wherein the concurrent polymerization and crosslinking reaction step

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

(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, methyiphosphoric acid, formic acid,

citric acid, and combinations thereof.

(003841 Embodiment 89. The process of any previous enumerated

embodiment wherein the acid is a minera! acid.

(003851 Embodiment 100. The process of any previous enumerated
embodiment wherein the acid comprises hydrochioric acid, sulfuric acid, or phosphoric

acid.

(003861 Embodiment 101, The process of any pravious enumerated

embodimeant whersin the acid comprises hydrochioric acid.
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(003871 Embodiment 102. The process of any previous enumerated

embodiment wherein the acid is hydrochloric acid,

(003881 Embodiment 103, The process of any previous enumerated
embodiment wherein the acid is introduced {o the first step reaction mixture
independent of the addition of the Z2-propen-1-viamine, or a sall thereof, and 1,3-

bis(allylaminoipropane, or a salt thereof, o the first step reaction mbdure.

[00389%] Embodiment 104. The process of any previous enumerated
embodiment wherein the acid s introduced {o the first step reaction mixture as a
component of the acid salt of the Z2-propen-1-ylamine, or a salt thergof, the 1,3-
bis(allylaming)propans, or a salt thereof, or both the 2-propen-1-yvlamineg, or a salt

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

(003801 Embodiment 105, The process of any previous enumerated

embodiment whersin the agueous solid content is about 20 to about 60 wi%.

(0039211 Embodiment 1068, The process of any previous enumerated

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

1003821 Embodiment 107. The process of any previous enumerated

embodiment wherein the aquecus sclid content is about 30 to about 45 wit%.

(003831 Embodiment 108. The process of any previous enumerated

embodiment whersin the aguaous solid content is about 43 wi%.

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

step for the swelling agent.

(0039251 Embodiment 110, The process of any previous enumerated
embodiment wherein the poly(allylamine) polymer has an absorplion capacity for the
swelling agent, tha poly{allylamine) polymaer is swollen with the swelliing agent, and the
poly(allvlamine) polymer is deprotonated with a base before it is swollen with the

swelling agent.

[0032¢6] 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 enumerated

embodiment wherein the dispersing solvent system comprises a solvent that is

chemically inert to the preformed poly{alivlamine) polymer.

[00398] Embodiment 113. The process of any previous enumerated

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

[00382] Embodiment 114, The process of any of enumerated embodiment

wherein the dispersing solvent sysiem is neat 1,2-dichioroethane.

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

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(allylamineg)

polymer in the second step reaction mixture is less than 31,

(004031 Embodiment 118. The process of any previous enumaerated
embodiment wherein the weight ratio of the sweiling agent to the poly(allylamine)

polymaear in the second step reaction mbdure is less than 2.1,

(004041 Embodiment 119, 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 1.1,

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

embodiment wherein the swelling agent is a polar solvent,

(004061 Embodiment 121. The process of any previous enumerated
embodiment wherein the swelling agent s water, meathanol, ethanol, n-propanai,
isopropanct, n-butanol, formic acid, acetic acid, acstonitrile, dimethylformamide,

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

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

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

embodiment wherein the weight ratio of the swelling agent to the poly(allylamineg)

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

[00408] Embodiment 124. The process of any previous enumerated
embodiment wherein the weight ratio of the swelling agent 1o the poly(alivlamine)

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

(004101 Embodiment 125, The process of any previous enumerated
embodiment wherein the weight ratio of the swelling agent to the poly(allylaming)

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

(004111 Embodiment 126. The process of any previous enumerated
embodiment whearein the weight ratio of the swelling agent to the poly{allvlamine)

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

(004121 Embodiment 127. The process of any previous enumerated

embodiment wherein the swelling agent and the 1,2-dichloroathane are immiscible.

(004131 Embodiment 128. The process of any previous enumerated
embodiment wherein the crosslinked poly(alivlamine) polymer is combined with the 1,2-
dichloroethane and the dispersing solvent system before the polymer is swoilen with the

swelling agent.

[004141 Embodiment 129. The process of any previous enumerated
embodiment wherein the second step reaction mixture is af a temperature in the range
of about 25 °C to about 85 °C.

(004151 Embodiment 130. The process of any previous enumaerated
embodiment wherein the second step reaction is carried out at a temperature in the
range of about 35 °C to about 80 °C.

[00416] Embodiment 131. The process of any previous enumerated
embodiment wherein the second step reaction mixture is carried out at a temperature in
the range of about 45 °C to about 80 °C.

(004171 Embodiment 132. The process of any previous enumerated
embodiment wherein the second step reaction is carried out at a temperature in the

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

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

range of about 60 °C to about 75 °C.

(004181 Embodiment 134. The process of any previous enumerated
embodiment wherein the second step reaction is carmed out at a temperature in the
range of about 85 °C to about 75 °C.

(004201 Embodiment 135, The process of any previous enumerated
embodiment wherein the temperature of the second step reaction mbdure 8 held within

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

(004211 Embodiment 138. The process of any previous enumerated
embodiment whearein the temperature of the second step reaction mixiure is held

refatively constant over the course of the second step.

(004221 Embodiment 137. The process of any previous enumerated
embodiment wherein the temperature of the second step reaction mbdure i8 increased

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

1004231 Embodiment 138. The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 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.

(004251 Embodiment 140. The process of any previous enumaerated
embodiment wherein the second step reaction is carried out for a period of about 5 to
20 h.

(004261 Embodiment 141, The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about G to
20 h.

(004271 Embodiment 142. The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 8 {o
20 h.
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[00428] Embodiment 143. The process of any previous enumerated

embodiment wherein the second step reaction is carried out for a period of about 10 to
20 h.

(0042981 Embodiment 144, The process of any previous enumerated
embodiment wherein the second step reaction is carmed out for a period of about 12 to
18 h.

(004301 Embodiment 145, The process of any previous enumerated
embodiment wherein the second step reaction is carried out for a period of about 14 {o
18 h.

(004311 Embodiment 148. 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 crosslinked poly{(ailylamine) polymer in bead form

prepared according 1o any of the preceding process embodiments.

[004341 Embodiment 149, A crosslinked 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-ylaming or a salt theresof, and (i) 20-
25 mol% residue of 1,2-dichloroethane wherein (i) the crosslinked poly{allylamine)
polymer comprises sp? alivl carbon atoms and has a swelling ratio of less than 2 and (i)
the sp? allyl carbons comprised by the poly{allviamine) polymer constitute less than
1.0% of the {otal number of carbon atoms comprised by the crosslinked poly(ailylamine}

polymaer.

[00435] Embodiment 150, A crosslinked poly{(allylamine) polymer in bead form
comprising the residues of 2-propen-t-ylaming, or a salt thereof, and 1,3-
bis(allylamino)propane, or a salt thereof, and 1,2-dichioroethane wherein (i) the
crosslinked poly(allylamine) polymer has a swelling ratio of less than 2 and (i) sp? aliyl
carbons comprised by the crosslinked poly(aliviamine) polymer constitute less than
1.0% of the total number of carbon atoms comprised by the crosslinked poly(allylamine)

polymer.
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[00436] Embodiment 151, A crosslinked poly(allylaming) polymer in bead form

comprising the residues of Z-propen-1-ylamine, or a salt thereof, and 1,3-
bis{allylamino)propane, or a salt thereof, and 1, 2-dichioroethana wherein (i) the
crosslinked poly(allylamine) polymer contains less than 20 ppm allylamine and (i) sp?
allyl carbons comprised by the crosslinked poly(allylamine) polymer constitute less than
1.0% of the total number of carbon aloms comprised by the crosslinked poly(ailylamine)

polymer.

(004371 Embodiment 152. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crossiinked poly{aliylamine)
polymer constitute less than 0.9% of the total number of carbon atoms comprised by the

crosslinked poly{alliylamine).

(004381 Embodiment 1532, The process of any previous enumerated
embodiment wherein sp? allyi carbons comprised by the crosslinked poly(aliylamine)
polymer constituie less than 0.8% of the {otal number of carbon atoms comprised by the

crasslinked poly{aliylamine).

(004321 Embodiment 154, The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crossiinked poly{alivlamineg)
polymear constitute less than 0.75% of the total number of carbon atoms comprised by

the crosslinked poly(aliylamine),

(0044071 Embodiment 155, The process of any previous enumerated
embodiment wherein sp? aliyl carbons comprised by the crossiinked poly(aliylamine)
polymer constitute less than 0.7% of the {otal number of carbon atoms comprised by the

crosslinked poly{aliylamine).

[00441] Embodiment 158. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crossiinked poly(aliylamine)
polymer constitute less than 0.6% of the total number of carbon atoms comprised by the

crosslinked poly{alivlamine)

(004421 Embodiment 157. The process of any previous enumerated
embodiment wherein sp? ally! 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{allylamine).

122



WO 2022/186813 PCT/US2021/020265
[00443] Embodiment 158. The process of any previous enumerated

embodiment wherain sp? allyl carbons comprised by the crossiinked poly(alivlamine)
polymer constitute less than 0.4% of the {otal number of carbon atoms comprised by the

crosslinked poly(allylamine).

(0044471 Embodiment 158A. The process of any previous enumerated
embodiment wherein sp® allyl carbons comprised by the crossiinked poly{aliviamine)
polymer constitute more than 0.2% of the total numbaer of carbon atoms comprised by

the crosslinked poly{allylamine).

(004451 Embodiment 159. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crossiinked poly(aliylamine)
polymer constitute less than 0.3% of the total number of carbon atoms comprised by the

crosslinked poly{alivlaming).

[0044¢6] Embodiment 160. The process of any previous enumerated
embodiment wherein sp? allyl carbons comprised by the crossiinked poly(aliylamine)
polymer constitute less than 0.25% of the total number of carbon atoms comprised by

the crosslinked poly(allylamine).

[00447] Embodiment 161, The process or crosslinked 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 total number of

carbon atoms comprised by the crosslinked poly{aliyiamine) polymer.

[00448] Embodiment 1682, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein sp? allyl carbons comprised by the
crosslinked poly{allylamine) polymaer constitute less than 0.1% of the otal number of

carbon atoms comprised by the crosslinked poly{aliylamine) 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?
allyl carbon peaks between 110 - 150 ppm and alkyl carbon peaks between O — 80 ppm
is used to quantitate the percent sp? allyl carbons of the poly(allylamine) polymer using

the formula
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peak integration {110-150 ppm}

% sp2 allyl carbons = X 100

peak integration (0—80 ppmii+peak integration {110~ 180 ppm)

(004501 Embodiment 164, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the number of sp? allyt carbons, if
any, comprised by the crosslinked poly{allylamine) polymer is iess than the detaction

imit as determined by NMR.

(004511 Embodiment 185, The process or crossiinked poly{alivlamine) polymer
of any previous enumaerated embodiment wherain the crosslinked poly(aliviamine)

polymer cortains less than 15 ppm aliylamine.

(004521 Embodiment 1686, The process or crossiinked polylaliviaming) polymer
of any previous enumerated embodiment wharein the crossiinked poly(allviaming)

polymer contains less than 12.5 ppm allylamine.

(004531 Embodiment 167, The process or crossiinked poly{aliviamine) polymer
of any previous enumaerated embodiment wherain the crosslinked poly(aliviamine)

polymer contains less than 10 ppm aliylamine.

[004541 Embodiment 188, The process or crosslinked polylaliylaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)

polymer contains less than 7.5 ppm alivlamine.

(004551 Embodiment 168, The process or crosshinked poly{allylaming) polymer
of any previous enumerated embodiment whereain the crosslinked poly(allyiamine)

polymer contains less than 5 ppm allvlamine.

[004561 Embodiment 170, The process or crossiinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylamine)

polymer contains less than 4 ppm allylamine.

(004571 Embodiment 171, The process or crosshinked poly{allylaming) polymer
of any previous enumeraied embodiment wherein the crossiinked poly(aliviamine)

polymer contains less than 3 ppm allylamine.

(004581 Embodiment 172, The process or crossiinked poly{alivlamine) polymer
of any previous enumerated embodiment whereain the crossiinked poly(allylamine)

polymear contains less than 2 ppm aliviamine.
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[0045%] Embodiment 173. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)

polymer contains less than 1 ppm alivlamine.

[00460] Embodiment 174, The process or crossiinked poly(aliviamine) polymer
of any previous enumerated embaodiment wherein the crosslinked poly(allviamine)

polymer contains less than 500 ppb allylamine.

(004611 Embodiment 175, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allylamine)

polymer contains less than 100 ppb allylamine.

(004621 Embodiment 176. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliylaming)

polymer contains less than 50 ppb allylamine.

(004631 Embodiment 177. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allylamine)

polymer contains less than 1 ppb allylamine.

[0046471 Embodiment 178. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylaming)

polymer has a swelling ratio of less than 1.9

[00465] Embodiment 179, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allylamine)

polymer has a swelling ratic of less than 1.8.

(004681 Embodiment 180. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliylamine)

polymer has a swelling ratio of less than 1.7,

(004671 Embodiment 181, The process or crossiinked poly{allylaming) polymer
of any previous enumeraied embodiment wherein the crosslinked poly(aliviamine)

polymer has a swelling ratio of less than 1.6.

[00468] Embodiment 182. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked polylallylamine)

polymear has a swelling ratio of lesg than 1.5
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[0046%] Embodiment 183. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)

polymer has a swelling ratio of less than 1.4,

(004701 Embodiment 184. The process or crossiinked poly(aliviamineg) polymer
of any previous enumerated embaodiment wherein the crosslinked poly(allviamine)

polymer has a swelling ratio of less than 1.3.

(004711 Embodiment 185, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allylamine)

polymer has a swelling ratio of less than 1.2.

(004721 Embodiment 188. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embaodiment wherein the crosslinked poly(aliviaming)

polymer has a swelling ratio of less than 1.1,

(004731 Embodiment 187. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allylamine)

polymer has a swelling ratic of less than 1.

[0047471 Embodiment 188. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylaming)

polymer has a swelling ratio of less than 0.9

(004751 Embodiment 189, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allylamine)

polymer has a swelling ratic of less than 0.8.

(004761 Embodiment 190. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliylamine)

polymer has a swelling ratio of less than 0.7,

(004771 Embodiment 191, The process or crossiinked 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 3 months at 25°C after

manufacture the poly(allvlamine) polymer contains less than 20 ppm allviamine.

(004781 Embodiment 192, The process or crossiinked poly{aliviamine) polymer

of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
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less than 15 ppm allvlamine upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.

(004791 Embodiment 193, The process or crossiinked poly{aliviamine) 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 2 months at 25°C

after manufaciure.

(004801 Embodiment 194, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer confains
fess than 10 ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufaciure.

[004811 Embodiment 195, The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 7.5 ppm allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.

(004821 Embodiment 198. The process or crosslinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the poly(aliylamineg) polymer contains
less than 5 ppm allylamine upon slorage in a sealed enclosure for 3 months at 25°C

after manufacture.

[co483] Embodiment 197. The process or crossiinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 4 ppm allylamineg upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.

(004841 Embodiment 198, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
fess than 3 ppm alivlamine upon storage in a sealed enciosure for 3 months at 25°C

after manufaciure.

[00485] Embodiment 199, The process or crossiinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the poly{allylamine) polymer contains
less than 2 ppm allviamine 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(aliviamine) polymer

of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 1 ppm allviamine upon storage in a sealed enciosure for 3 months at 25°C

after manufacture.

(004871 Embodiment 201. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 500 ppb allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufacture.

(004881 Embodiment 202. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
less than 100 ppb allylamine upon storage in a sealed enclosure for 3 months at 258°C

after manufacture.

(004891 Embodiment 203. The process or crossiinked poly{aliylaming) 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 manufacture.

(004501 Embodiment 204. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
fess than 1 ppb allylamine upon storage in a sealed enclosure for 3 months at 25°C

after manufaciure.

(004911 Embodiment 205, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the amount of allylamine, i any, in
the poly{aliviamine) polymer is less than the detection limit for allylamine upon storage

in a sealed enclosure for 3 months at 25°C after manufacture.

(004921 Embodiment 200. The process or crossiinked polylaliviamineg) polymer
of any previous enumerated embodiment wherein the poly(allylaming) polymer has a
stability profile such that upon storage in a sealed enclosure for & months at 25°C after

manufacture the poly(allvlamineg) polymer contains less than 20 ppm aliviamine.

(004931 Embodiment 207. The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 15 ppm alivlamine upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.
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(004841 Embodiment 208. The process or crosslinked poly(aliviamine) 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 6 months at 25°C

after manufacture.

(004851 Embodiment 209. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 10 ppm allviamine upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.

(004961 Embodiment 210. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
less than 7.5 ppm allylamine upon storage in a sealed enclosure for 6 months at 258°C

after manufacture.

(004971 Embodiment 211, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 5 ppm allviamine upon storages in a sealed enciosure for 6 months at 25°C

after manufacture.

[00488] Embodiment 212, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
fess than 4 ppm aliylamine upon storage in a sealed enciosure for 8 months at 25°C

after manufaciure.

(004921 Embodiment 213. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly{allylamine) polymer contains
less than 3 ppm allvlamine upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.

[00500] Embodiment 214. The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the poly(alivlamineg) polymer contains
less than 2 ppm allylamine upon slorage in a sealed enclosure for & months at 25°C

after manufactura.

(005011 Embodiment 215, The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 1 ppm allylaming upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.
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(005021 Embodiment 216. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 500 ppb allylamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

[005031 Embodiment 217. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 100 ppb allylamine upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.

(005041 Embodiment 218. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
less than 50 ppb allylamine upon storage in a sealed enclosure for 6 months at 25°C

after manufacture.

(005051 Embodiment 219, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 1 ppb allvlamine upon storage in a sealed enclosure for & months at 25°C

after manufacture.

[00506] Embodiment 220. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment whereain the amount of aliylamine, if any, in
the poly{aliviamine) polymer is iess than the detection limit for allylamine upon storage

in a sealed enclosure for 6 months at 25°C after manufacture.

[005071 Embodiment 221, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly{allylamine) polymer has a
stability profile such that upon storage in a saaled enclosure for 8 months at 25°C after

manufacture the poly(allylamineg) polymer contains less than 20 ppm allylamine.

(005081 Embodiment 221A. The process or crosslinked poly(allylamine)
polymer of any previous enumerated embaodiment wherein the poly(aliviamine) polymer
has a stability profile such that upon storage in a sealed enclosure for @ months at 25°C

after manufaciure the poly(allylaming) polymer coniaing less than 15 ppm allylamine.

[00508] Embodiment 222. The process or crossiinked poly{aliviaming) 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 9 months at 25°C

after manufacture.
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(005101 Embodiment 223. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 10 ppm allylamine upon siorage in & sealed enclosure for @ months at 25°C

after manufacture.

[005111 Embodiment 224. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 7.5 ppm allylamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

(005121 Embodiment 225. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
less than 5 ppm allylaming upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

(005131 Embodiment 226. The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 4 ppm allviamine upon storags in a sealed enciosure for @ months at 25°C

after manufacture.

(005141 Embodiment 227. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
fess than 3 ppm aliylamine upon storage in a sealed enciosure for @ months at 25°C

after manufaciure.

[00515]1 Embodiment 228. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly{allylamine) polymer contains
less than 2 ppm allivlamine upon storage in a sealed enclosure for 8 months at 25°C

after manufacture.

(005161 Embodiment 229. The process or crossiinked poly{aliviamineg) polymer
of any previous enumerated embodiment wherein the poly(alivlamineg) polymer contains
less than 1 ppm allylamine upon slorage in a sealed enclosure for 8 months at 25°C

after manufactura.

(005171 Embodiment 230. The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 500 ppb allylamine upon storage in a sealed enclosure for 9 months at 25°C

after manufacture.
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[00518] Embodiment 231. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 100 ppb allylamine upon storage in a sealed enclosure for 9 months at 25°C

after manufacture.

(005191 Embodiment 232. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 50 ppb allylamine upon storage in a sealed enclosure for 9 months at 25°C

after manufacture.

(005201 Embodiment 233. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
less than 1 ppb allylamine upon storage in a sealed enclosure for 9 months at 25°C

after manufacture.

(005211 Embodiment 234, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the amount of allylamine, if any, in
the poly(allvlamineg) polymer is less than the detection imit for allylamine upon storage

in a sealed enclosure for @ months at 25°C sfter manufacture.

(005221 Embodiment 235, The process or crosslinked poly(aliviamine) 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 poly{allylamine) polymer contains less than 20 ppm allylamine.

[005231 Embodiment 236. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly{allylamine) polymer contains
less than 15 ppm allvlamine upon storage in a sealed enclosurs for 12 months at 25°C

after manufacture.

(0052471 Embodiment 237. The process or crossiinked polyl{aliviamineg) polymer
of any previous enumerated embodiment wherein the poly(alivlamineg) polymer contains
less than 12.5 ppm allylamine upon storage in a sealed enclosure for 12 months at

25°C after manufacture.

(005251 Embodiment 238. The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 10 ppm aliylamine 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(aliviamine) polymer

of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 7.5 ppm allylamine upon storage in a sealed enciosure for 12 months at 25°C

after manufacture.

(005271 Embodiment 240. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 5 ppm allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

(005281 Embodiment 241. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliylamine) polymer contains
less than 4 ppm allylaming upon siorage in a sealed enclosure for 12 months at 25°C

after manufacture.

(005291 Embodiment 242, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 3 ppm allviamine upon storags in a sealed enciosure for 12 months at 25°C

after manufacture.

(005301 Embodiment 243. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 2 ppm alivlamine upon storage in a sealed enclosure for 12 months at 25°C

after manufaciure.

[005311 Embodiment 244, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the poly{allylamine) polymer contains
less than 1 ppm allivlamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

(005321 Embodiment 245, The process or crossiinked polylaliviaming) polymer
of any previous enumerated embodiment wherein the poly(alivlamineg) polymer contains
less than 500 ppb allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufactura.

(005331 Embodiment 248. The process or crossiinked poly{aliviamine) 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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(005341 Embodiment 247. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less 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(aliylamine) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer contains
less than 1 ppb allylamine upon storage in a sealed enclosure for 12 months at 25°C

after manufacture.

(005361 Embodiment 249, The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection imit for allylamine upon siorage

in a sealed enclosure for 12 months at 25°C after manufacture.

(0052371 Embodiment 250. The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)

polymer contains less than the detection limit for allylamine.

[00538] Embodiment 251, The process or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the poly{aliviamine) polymer has a
stabiiity 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

allylamine.

[00532] Embodiment 252. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylaming) polymer increases less than 15 ppm upon storage in a sealed

enciosure for 3 months at 25°C.

[0054071 Embodiment 253. The process or crossiinked polylaliviaming) polymer
of any previous enumerated embodiment wherein the alivlamine content of the
poly(allylamine) polymer increases less than 12.5 ppm allylamine upon storage in a

sealed enclosure for 3 months at 25°C.

(005411 Embodiment 254, The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(alivlamine} polymer increasas less than 10 ppm allylamine upon storage in a

sealed enclosure for 3 months at 25°C.
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(005421 Embodiment 255, The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the allviamine content of the
poly(aliylamine) polymer increases less than 7.5 ppm allylamine upon storage in a

sesied enclosure for 3 months at 25°C.

[005431 Embodiment 256. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamineg) polymer increases less than 5 ppm allylamine upon storage in a sealed

enclosure for 3 months at 25°C.

(005441 Embodiment 257. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine) polymer increaseas iess than 4 ppm allylamine upon storage in a sealed

enciosure for 3 months at 25°C.

(005451 Embodiment 258, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the aliylamine content of the
poly(allylamine} polymer increases less than 3 ppm allylamine upon siorage in a sealed

enclosure for 3 months at 25°C.

[00546] Embodiment 2589, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly{allylamine) polymer increases less than 2 ppm allylamine upon siorage in a sesled

enciosure for 3 months at 25°C.

[005471 Embodiment 260. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylaming) polymer increases less than 1 ppm allylaming upon siorage in a sealed

enciosure for 3 months at 25°C.

(005481 Embodiment 261. The process or crossiinked polylaliviamineg) polymer
of any previous enumerated embodiment wherein the alivlamine content of the
poly(allylamineg) polymer increases less than 500 ppb allvlamine upon storage in a

sealed enclosure for 3 months at 25°C.

(005481 Embodiment 262. The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(alivlamine} polymer increasas less than 100 ppb allvlamine upon storage in a

sealed enclosure for 3 months at 25°C.
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[00550] Embodiment 263. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the allviamine content of the
poly(aliylamine} polymer increases less than 50 ppb allvlamine upon storage in a sealed

enciosure for 3 months at 25°C.

(005511 Embodiment 264. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamineg) polymer increases less than 1 ppb allylamine upon storage in a sealed

enclosure for 3 months at 25°C.

(005521 Embodiment 265, The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection imit for allylamine upon siorage

in a sealed enclosure for 3 months at 25°C.

(005531 Embodiment 266. The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the poly(aliviamine) polymer has a
stability profile such that upon storage in a sealed enclosure for 8 months at 25°C after
manufacture the allylamine content of the poly(allylamine) polymer increases less than

20 ppm allylamine.

(005541 Embodiment 267. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine} polymer increases less than 15 ppm allviamine upon storage in a

sealed enclosure for 6 months at 25°C.

(005551 Embodiment 268, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the alliyiamine content of the
poly(allylamine) polymer increases less than 12.5 ppm allylamine upon storage in a

sasied enclosure for & months at 25°C.

[00556] Embodiment 269, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylamineg) polymer increases less than 10 ppm allylamine upon storage ina

sesied enclosure for ¢ months at 25°C.

(005571 Embodiment 270. The process or crosslinked poly{aliylamine) polymer

of any previous enumerated embodiment wherein the alivlamine 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 crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine} polymer increases less than 5 ppm allylamine upon storage in a sealed

enclosure for 8 months at 25°C.

(005591 Embodiment 272, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the aliylamine content of the
poly(allylamine) polymer increases less than 4 ppm allylamine upon siorage in a sealed

enciosure for 6 months at 25°C.

[005601 Embodiment 273. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylaming) polymer increases less than 3 ppm allylamineg upon storage in a sealed

enclosure for 6 months at 25°C.

(005611 Embodiment 274. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the alivlamine content of the
poly(alivlamine) polymer increases less than 2 ppm allviamine upon storage in a sealed

enciosure for 8 months at 25°C.

(005621 Embodiment 275, The process or crossiinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(alivlamine} polymer increasas less than 1 ppm aliviamine upon storage in a sealed

enclosure for 8 months at 25°C.

(005631 Embodiment 276, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allyiamine content of the
poly{allylamine) polymer increases less than 500 ppb allylamine upon storage in a

sealed enclosure for 6 months at 25°C.

[00564 ] Embodiment 277. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylamine} polymer increases less than 100 ppb allylamine upon storage in a

sesied enclosure for & months at 25°C.
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[00565] Embodiment 278. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the allviamine content of the
poly(aliylamine} polymer increases less than 50 ppb allvlamine upon storage in a sealed

enciosure for ¢ months at 25°C.

(005661 Embodiment 279. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamineg) polymer increases less than 1 ppb allylamine upon storage in a sealed

enclosure for 6 months at 25°C.

(005671 Embodiment 280. The process or crosslinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection imit for allylamine upon siorage

in a sealed enclosure for 8 months at 25°C.

(005681 Embodiment 281, The process or crossiinked poly{aliylaming) 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(allylamine) polymer increases less than

20 ppm allylamine.

(005691 Embodiment 282. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine} polymer increases less than 15 ppm alivlaming 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 alliyiamine content of the
poly(allylamine) polymer increases less than 12.5 ppm allylamine upon storage in a

sasied enclosure for 8 months at 25°C.

[005711 Embodiment 284, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylaming) polymer increases less than 10 ppm allylamine upon storage ina

sesied enclosure for 8 months at 25°C.

(005721 Embodiment 285. The process or crosslinked poly{aliylamine) polymer

of any previous enumerated embodiment wherein the alivlamine content of the
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poly{allylamine) polymer increases less than 7.5 ppm allylamine upon storage in a

sealed enclosure for @ months at 25°C.

(005731 Embodiment 2868, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine} polymer increases less than 5 ppm allylamine upon storage in a sealed

enclosure for 8 months at 25°C.

(005741 Embodiment 287. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the aliylamine content of the
poly(allylamine) polymer increases less than 4 ppm allylamine upon siorage in a sealed

enciosure for 9 months at 25°C.

[005751 Embodiment 288. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylaming) polymer increases less than 3 ppm allylamineg upon storage in a sealed

enclosure for 2 months at 25°C.

(005761 Embodiment 289. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the alivlamine content of the
poly(alivlamine) polymer increases less than 2 ppm allviamine upon storage in a sealed

enciosure for 9 months at 25°C.

(005771 Embodiment 290. The process or crossiinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(alivlamine} polymer increasas less than 1 ppm aliviamine upon storage in a sealed

enclosure for 9 months at 25°C.

(005781 Embodiment 291. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allyiamine content of the
poly{allylamine) polymer increases less than 500 ppb allylamine upon storage in a

sealed enclosure for 8 months at 25°C.

(005791 Embodiment 292, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylamine} polymer increases less than 100 ppb allylamine upon storage in a

sesied enclosure for 8 months at 25°C.
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(005801 Embodiment 293. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the allviamine content of the
poly(aliylamine} polymer increases less than 50 ppb allvlamine upon storage in a sealed

enciosure for 9 months at 25°C.

(005811 Embodiment 294. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamineg) polymer increases less than 1 ppb allylamine upon storage in a sealed

enclosure for 2 months at 25°C.

(005821 Embodiment 295. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection imit for allylamine upon siorage

in a sealed enclosure for % months at 25°C.

(005831 Embodiment 296, The process or crossiinked poly{aliylaming) 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(allylamine) polymer increases less than

20 ppm allylammne.

(005841 Embodiment 297. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine} polymer increases less than 15 ppm allviamine upon storage in a

sealed enclosure for 12 months at 25°C.

(005851 Embodiment 298, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the alliyiamine content of the
poly(allylamine) polymer increases less than 12.5 ppm allylamine upon storage in a

sesied enclosure for 12 months at 25°C.

[00586] Embodiment 299. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylaming) polymer increases less than 10 ppm allylamine upon storage ina

sesied enclosure for 12 months at 25°C.

(005871 Embodiment 300. The process or crosslinked poly{aliylamine) polymer

of any previous enumerated embodiment wherein the alivlamine 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.

[oos88]1 Embodiment 301, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamine} polymer increases less than 5 ppm allylamine upon storage in a sealed

enclosure for 12 months at 25°C.

(005891 Embodiment 302, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the aliylamine content of the
poly(allylamine) polymer increases less than 4 ppm allylamine upon siorage in a sealed

enciosure for 12 months at 25°C.

[005801 Embodiment 303. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylaming) polymer increases less than 3 ppm allylamineg upon storage in a sealed

enclosure for 12 months at 25°C.

(005811 Embodiment 304. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the alivlamine content of the
poly(alivlamine) polymer increases less than 2 ppm allviamine upon storage in a sealed

enciosure for 12 months at 25°C.

(005921 Embodiment 305. The process or crossiinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(alivlamine} polymer increasas less than 1 ppm aliviamine upon storage in a sealed

enclosure for 12 months at 25°C.

(0059831 Embodiment 306. The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the allyiamine content of the
poly{allylamine) polymer increases less than 500 ppb allylamine upon storage in a

sealed enclosure for 12 months at 25°C.

(005941 Embodiment 307. The process or crossiinked poly{alivlamine) polymer
of any previous enumerated embodiment wherein the aliviamine content of the
poly(allylamine} polymer increases less than 100 ppb allylamine upon storage in a

sesied enclosure for 12 months at 25°C.
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[00585] Embodiment 308. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the allviamine content of the
poly(aliylamine} polymer increases less than 50 ppb allvlamine upon storage in a sealed

enciosure for 12 months at 25°C.

(005861 Embodiment 309. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the allylamine content of the
poly(allylamineg) polymer increases less than 1 ppb allylamine upon storage in a sealed

enclosure for 12 months at 25°C.

(005871 Embodiment 310. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the amount of allviamine, if any, in
the poly(allylaming) polymer is less than the detection imit for allylamine upon siorage

in a sealad enclosure for 12 months at 25°C.

[oo528]1 Embodiment 311, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the aliylamine content may be

determinad by the Cation IC Extraction Procedurs,

(005821 Embodiment 312. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the aliviamine content is determined

using the In-Air Stability Assay (Stability Assay 1).

(008001 Embodiment 313. The process or crossiinked poly(aliviamine) 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 embodiment whergin the allylamine content is determined
using the Stability assessment whan packaged in a MylarFoll sachet assay (Stability

Assay 3).

(006021 Embodiment 315, The process or crossiinked polyaliylaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylaming)
polymer comprises the residue of {1} 2-propen-1-ylamine, 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-viamine, or a sait thereof, to the residues of the 1,3-bis{allvlamino)propane, or

a salt thereof, 18 in the range of 60:40 {0 85:5, respeciively.
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[00603] Embodiment 316. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer comprises the residue of (i) 2-propen-i-ylamineg, or a salt thereof, and (i) 1,3-
bis(allylamino)propane, or a salt thereof, wherein the mole ratio of the residues of the 2-
propen-t-yiamine, or a sait thareof, {0 the residues of the 1,3-bis{allylamina)propana, or

a sali thereof, is in the range of 60:40 to 90:10, respectively.

(008041 Embodiment 317. The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)
polymer comprises the residue of {i} 2-propen-1-ylamine, or a salt thereof, and (i) 1,3-
bis(allylamino)propans, or a salt thereof, wherein the mole ratio of the residues of the 2-
propen-1-ylamine, or a sait thereof, {0 the residues of the 1,3-bis{allylamino)propane, or

a salt thereof, is in the range of 60:40 to 8515, respectively.

(006051 Embodiment 318, The process or crosslinked poly(allylaming) polymer
of any previous enumeraied embodiment wherein the crossiinked poly(aliviamine)
polymer comprises the residue of {i) Z-propen-1-yiamine, or a sall thereof, and (i) 2 1,3~
bis(allylamino)propane, or a salt thereof, wherein the mole ratio of the residues of the 2-
propen-1-ylamine, or a sail thereof, to the residues of the 1,3-bis{allvlamino)propane, or

a salt thereof, is in the range of 85:35 to 8010, respeciively.

(006061 Embodiment 319. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wharein the crossiinked poly(allyiaming)
polymer comprises the residue of {1} 2-propen-1-ylamine, or a sall thereof, and {ii) 1,3-
bis(alivlamino)propane, or a salt thereof, and the mole ratio of the 2-propen-1-viamine,
or a salt thereof, to the 1,3-bis{alivlamino)propane, or a salt thereof, is in the range of
6535 10 8515, respectively.

[006071 Embodiment 320. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{aliylamine)
polymer comprises the residue of (1) 2-propen-T-ylaming, or a salt thereof, and (i) 1,3-
bis{allylamino)propane, or a salt thereof, wherein the mole ratio of the residues of the 2-
propen-1-yviamine, or a salt thereof, {0 the residues of the 1,3-bis{allvlamino)propane, or

a salt thereof, is in the range of 65:35 to 80:20, respectively.

[00608] Embodiment 321. The process or crosslinked poly{aliviamine) polymer

of any previous enumerated embodiment wherain the crosslinked poly(aliylamine)
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polymer comprises the residue of {i) 2-propen-1-yiamine, or a salt thereof, and (i) 1,3-
bis(allylamino)propane, or a salt thereof, and the mole ratio of the 2-propen-1-viamine,
or a salt thereof, to the 1,3-bis(allylamincjpropane, or a salt thereof, is in the range of

65:35 to 7525, respectively.

[00609] Embodiment 322. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)
polymer comprises the residue of {i) 2-propen-1-vlamine, or a salt thereof, and (i) 1,2-
bis{allylamino)propane, or a salt thereof, and the mole ratic of the 2-propen-1-ylamine,
or a salt thereof, to the 1,3-bis(allvlaming)propane, or a salt thereof, is 70:30,

respeactively.

[00610] Embodiment 323. The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment wherein the residue of the Z-propen-1-
ylamine, or a salt thereof, is a residue of a Z-propen-1-ylamine sall selected from the
group consisting of hydrochloric acid salts, sulfuric acid salts, phosphoric acid salls,

hydrobromic acid salts and combinations thereof.

(006111 Embodiment 324, The process or crossiinked poly{alivlamine) polymer
of any previous enumerated embodiment whereain the residue of the 1,3-
bis{alivlamino)propane, or a salt thereof, is a residue of a 1,3-bis{alivlamino)propane
salt selected from the group consisting of hydrochloric acid salts, sulfuric acid salls,

phosphoric acid salts, hydrobromic acid salls and combinations theraof.

(006121 Embodiment 325 The process or crosslinked poly(allylaming)
polymer of any previous enumerated embodiment whereain the crosslinked
poly(aliylaming) polymer comprises the residue of N N'-diallyl-1, 3-diaminopropane or a
salt thereof and the residue of Z-Propen-1-ylamine or a salt thereof in a mole ratic in the

range of 60:40 to SG:10, respactivaly.

[00613] Embodiment 326. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
polymear comprises the residus of N N'-diallyl-1,3-diaminopropane or a salt thersof and
the residue of 2-Propen-t-ylamine or a sali thereof in a mole ratio in the range of 60:40

to 8515, respectively.

(006141 Embodiment 327. The process or crosslinked poly(alivlamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(allylamine)
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polymer comprises the residue of N N'-dialiyl-1,3-diaminopropane or a salt thereof and

the residue of 2-Propen-t-ylamine or a salt thereof in a mole ratio in the range of 6535

to 9010, respectively.

[00615] Embodiment 328. The process or crossiinked poly(aliviamine) polymer
of any previous enumerated embaodiment wherein the crosslinked poly(allviamine)
polymer comprises the residue of N N'-dialiyl-1,3-diaminopropane or a salt thereof and
the residue of 2-Propen-1-ylamineg or a salt thereof in a mole ratio in the range of 6535

to 85:15, respectively.

(006161 Embodiment 328. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer comprises the residue of N N'-dialiyl-1,3-diaminopropane or a salt thereof and
the residue of 2-Propen-1-ylaming or a salt thereof in 2 mole ratio in the range of 65:35

to 80:20, respectively.

(006171 Embodiment 330. The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer comprises the residue of N N'-dialiyl-1,3-diaminopropane or a salt therecf and
the residue of 2-Propen-1-ylaming or a salt thereof in 2 mole ratio in the range of 65:35

to 7525, respectively.

(006181 Embodiment 331. The process or crossiinked polylaliviamineg) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allviamine)
polymer comprises the residue of N N'-diallyl-1,3-diaminopropane or a salt thereof and

the residue of 2-Propen-t-ylamine or a salt thereof in a mole ratio of 70:30, respectively.

[00619] Embodiment 332, The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment whereain the crosslinked poly(allviamine)

polymer has a structure corresponding to Formula 4.
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Formuda 4

wherein each R is independently hydrogen or an ethylene crosslink between two

‘ N
nitrogen atoms of the crosslinked amine polymer (i\ﬁ{\\:ZQL yand a, b, ¢, and m are

ntegers.

[00620] Embodiment 333. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked polylallylamine)
polymer has a structure corresponding to Formula 4 and m is a large number indicating

an extended polymer network.

(006211 Embodiment 324, The process or crossiinked polylalivlaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)
polymer has a structure corresponding to Formula 4 and m is a large number indicating
an extendad polymer network in which each polymer bead is considerad a single

molecule.

(006221 Embodiment 335, The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment whearein the crossiinked poly(allyiaming)
polymer has a structure corresponding o Formulad and the sumofaand btoc (ie,

a+b:.c) is inthe range of about 1.1 10 911

(006231 Embodiment 338. The process or crossiinked poly(aliviaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer has a structure corresponding to Formulad andthesumofa andbtoc (i e,

a+b:c) is in the range of about 1.1 {0 8.1
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(006241 Embodiment 337. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the crosslinked poly(aliylamine)
polymer has a structure corresponding o Formula 4 and the sumofaand blocie,

at+hb:c)is inthe range of about 1.1 to 711

(006251 Embodiment 338. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer has a structure corresponding o Formulad and the sumofaand btoc (ie,

at+b:.c) is in the range of about 111 to 6.1

(006261 Embodiment 338. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer has a structure corresponding to Formula 4 andthe sumofaandbtoc{ie,

a+b:c) is in the range of about 1:1 10 5:1.

(006271 Embodiment 340, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)
polymer has a structure corresponding to Formula4 and the sumofaandbitoc{ie,

at+b:c) is in the range of about 1:1to 4:1.

[00628] Embodiment 341. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embpodiment wherain the crosslinked poly(aliviamine)
polymer has a structure corresponding to Formula 4 andthe sumofaandbloc (ie,,

atb:c) is inthe range of about 1.1 o 311

(006221 Embodiment 342. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crossiinked polylaliyiamine)
polymer has a structure corresponding fo Formula 4 andthe sum ofaand bioc(ie,

at+b:c) is in the range of about 1:1 to 2:1.

[00630] Embodiment 343. The process or crossiinked polylaliviaming) polymer
of any previous enumerated embodiment wharein the crosslinked poly(aliviaming)
polymer has a structure corresponding to Formula 4 and the sumofaandbtoc(ie,

a+b:c) is in the range of about 1:1.

(0063211 Embodiment 344, The process or crossiinked poly{aliviaming) polymer
of any previous enumeraied embodiment wherein the crosslinked poly(aliviamine)
polymer has a structure corresponding to Formula d and thesumofa andbtoc (e,

a+bc) is in the range of about 1.5:1 o 4:1.
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(006321 Embodiment 345, The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer has a structure corresponding to Formula 4 and the sum ofaand biocie,

a+b:c) is in the range of about 1.75:1 o 3:1.

[00633]1 Embodiment 346. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)
polymer has a structure corresponding to Formula 4 and the sumofaand b toc (ie,

at+b:c) is in the range of about 2:1 1o 2.5:1.

(006341 Embodiment 347. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer has a structure corresponding to Formulad and thesumofaand bis 57 and ¢
is 24

(0062351 Embodiment 348, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)
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 aming polymer,

(006361 Embodiment 348, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allyviamine)
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,

(006371 Embodiment 350, The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment whereain the crosslinked poly(allviamine)
polymer has a structure corresponding to Formula 4 wherein 60-90% of the R
substituents are hydrogen and 10-40% are an ethylene crosslink between two nitrogens

of the crosslinked aming polymer.

(006381 Embodiment 351, The process or crossiinked poly{aliviamine) polymer
of any previous enumeraied embodiment wherein the crosslinked poly(aliviamine)
polymer has a structure corresponding to Formula 4 wherein 65-80% of the R
substituents are hydrogen and 10-35% are an ethylene crossiink between two nitrogens

of the crosslinked aming polymer.
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[0063%] Embodiment 352. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer has a structure corresponding to Formula 4 wherein 70-90% of the R
substituents are hydrogen and 10-30% are an sthyiene crosslink between two nitrogens

of the crosslinked amine polymer.

[00640] Embodiment 353. The process or crosslinked poly(aliviamine) 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 sthylene crosslink between two nitrogens

of the crosslinked amine polymer.

[00641] Embodiment 354. The process or crosslinked poly(allylamine) polymer
of any previous enumerated embodiment whereain 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 sthylene crosslink between two nitrogens

of the crosslinked amine polymer.

(006421 Embodiment 355, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment whereain the crosslinked poly(allylamine)
polymer has a structure corresponding to Formula 4 wherein about 81% of the R

substituents are hydrogen and about 19% are an ethylene crosslink.

[006431 Embodiment 356. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiamine)

polymear comprises the residue of 1 2-dichloroethane.

(006441 Embodiment 357, The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment whereain the crosslinked poly(allviamine)

polymer comprises 10-35 mol% of the residue of 1,2-dichiorosthane.

[00645] Embodiment 358. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{aliylamine)

polymer comprises 15-35 moi% of the residue of 1, 2-dichiorcethane.

[0064¢&] Embodiment 358, The process or crossiinked poly{aliylaming) polymer
of any previous enumeraied embodiment wherein the crosslinked poly(aliviamine)

polymer comprises 10-30 moi% of the residue of 1,2-dichiorosthans.
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[00647] Embodiment 360. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)

polymer comprises 15-30 moi% of the residue of 1,2-dichiorosthane.

(006481 Embodiment 361. The process or crossiinked poly(aliviamine) polymer
of any previous enumerated embaodiment wherein the crosslinked poly(allviamine)

polymer comprises 20-25 moi% of the residue of 1,2-dichiorosthane.

(01107 Embodiment 362, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allylaming)
polymer comprises (i) the residue of Z-propen-~-1-ylamineg, or a salt thereof, and {ii) the
residue of 1,2-bis{allylaminojpropane, or a salt thereof, in a mole ratio of about 1.1 1o

about 9.1, respectively.

[0111] Embodiment 363, The process or crosslinked poly{allviamine) 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(aliylamino)propane, or

a salt thereof, in the crosslinked poly{aliviamine) polymer is less than @1, respectively.

[0112] Embodiment 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-ylaming, or a salt thereof, to (i) the residusa of 1, 3-bis(alivlaminc)propane, or

a salt thereof, in the crosslinked poly{aliviamine) polymer is less than 8:1, respectively.

[006498] Embodiment 365. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment whearein the mole ratio of (i) the residues of 2-
propen-1-ylaming, or a salt thereof, to (i) the residue of 1,3-bis(allylamino)propane, or a

salt thereof, in the crosslinked poly(aliylamine) polymer s less than 7.1, respeclively.

[00650] Embodiment 3668, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-t-yiamine, or a sait thareof, {0 (i) the residue of 1, 3-bis(allylaminoipropans, ora

sait thereof, in the crosslinked poly(aliylamine) polymer is less than 6:1, respectively.

(006511 Embodiment 367. The process or crossiinked poly{aliylamine) polymer
of any previous enumerated embodiment whereain the mole ratio of (i) the residue of 2-
propen-1-viamine, or a sailt thereof, to (i) the residue of 1,3-bis(allylamino)propane, or a

salt theraof, in the crosslinked poly(aliviaming) polymaer is less than 51, respectively.
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(006521 Embodiment 368. 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 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 4.1, respectively.

[006531 Embodiment 369. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the mole ratic of (i) the residue of 2-
propen-1-ylamine, or a sait thereof, to (i) the residue of 1,3-bis(allylaminojpropane, ora

salt thereof, in the crosslinked poly(aliviamine) polymer is less than 3.1, respectively.

(006541 Embodiment 370. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamineg, or a sait thereof, {o (i) the residue of 1,3-bis(allylaminoipropane, or a

salt thereof, in the crosslinked poly(alivlamine) polymer is less than 2:1, respectively.

(006551 Embodiment 371. The process or crossiinked poly{allylaming) polymer
of any previous enumerated embodiment wherain the mole ratio of (i) the residue of 2-
propen-1-yvlamine, or a sait theredf, {o (i) the residue of 1, 3-bis(allylaminolpropans, ora

salt thereof, in the crosslinked poly{allylamineg) polymer is at least 1.1, respectively.

[00656] Embodiment 372, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embpodiment wherain the mole ratio of {i) the residue of 2-
propen-1-viamine, or a sali thereof, to (ii) the residue of 1,3-bis(allylamino)propane, or a

sait thereof, in the crosslinked poly{allylamine) polymer is at least 2.1, respectively.

[00657]1 Embodiment 373. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the mole ratio of (i} the residue of 2-
propan-1-ylamine, or a sail thereof, to (i) the residue of 1,3-bis(aliylaminojpropane, ora

salt thereof, in the crosslinked poly(allylamine) polymer is at least 3.1, respectively.

(006581 Embodiment 374. The process or crossiinked polyl{aliviaming) polymer
of any previous enumerated embodiment whearein the mole ratio of (i) the residus of 2-
propen-1-ylamine, or a sait thereof, {o (i) the residue of 1,3-bis(allylaminoipropane, or a

salt thereof, in the crosslinked poly(allylamine) polymer is at least 4.1, respectively.

(006581 Embodiment 375, The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-t-ylamine, or a sait thareof, {0 (i) the residue of 1, 3-bis(allylaminoipropans, ora

sait thereof, in the crosslinked poly(allylamine) polymer is at least 5:1, respectively.
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[00660] Embodiment 376. 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 sait thereof, to (i) the residue of 1,3-bis(allylamino)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(aliylamine) polymer
of any previous enumerated embodiment wherein the mole ratic of (i) the residue of 2-
propen-1-ylamine, or a sait thereof, to (i) the residue of 1,3-bis(allylaminojpropane, ora

salt thereof, in the crosslinked poly(allylamine) polymer is at least 71, respectively.

(006621 Embodiment 378. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the mole ratio of (i) the residue of 2-
propen-1-ylamineg, or a sait thereof, {o (i) the residue of 1,3-bis(allylaminoipropane, or a

salt thereof, in the crosslinked poly(alivlamine) polymer is at least 8:1, respectively.

(006631 Embodiment 379, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)
polymer contains the residue of N N'-diallyl-1 3-diaminopropane 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 crosslinked poly(aliviamine) polymer
of any previous enumerated embpodiment wherain the crosslinked poly(aliviamine)
polymer comprises {i) 10-3% mol% residue of N N'-diallyl-1,3-diaminopropane or a salt
theredof, (it} 30-80 mol% residue of 2-Propen-1-viamine or a sall thereof, and (i) 10-35

mol% residue of 1,2-dichloroethane.

[00665] Embodiment 381. The process or crossiinked poly{aliviamine) polymer
of any previous enumaerated embodiment wherain the crosslinked poly(alivlamine)
polymer comprises (i) 15-30 mol% residue of N N'-diallyl-1, 3-diaminopropaneg or a salt
thereof, (i} 40-70 mol% residue of 2-Propen-1-viamine or a sall thereof, and (i) 15-30

mol% residue of 1,2-dichlorosthane.

[00666] Embodiment 382, The process or crosslinked poly{aliviamine) polymer
of any previous enumerated embodiment whereain the crossiinked poly(allylamine)
polymer comprises (i) 20-25 mol% residue of N N'-diallyl-1 3-diaminopropane or a salt
theredf, (i} 50-60 mol% residue of 2-Propen-1-yiamine or a salt thereof, and (i) 20-25

mol% residue of 1,2-dichloroethane.
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[00667] Embodiment 383. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer comprises the residue of N N'-dialiyl-1, 3-diaminopropane or a salt thereof, the

residue of 2-Proper-1-ylamine or a salt thereof, and the residue of 1,2-dichloroethane.

(006681 Embodiment 384. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)
polymer is 1,3-Propanediamine, N' NS-di-2-propen-1-yi-, polymer with 1,2-

dichloroethane and 2-propen-1-amine.

(006691 Embodiment 385. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer is characterized by a chioride ion binding capacity of atleast 25 mEgigin a

SiB assay.

(006701 Embodiment 386, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)
polymer is characterized by a chioride ion binding capacity of at least 2 mEg/g ina SIB

assay.

(006711 Embodiment 387. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embpodiment wherain the crosslinked poly(aliviamine)
polymer is characterized by a chioride ion binding capacity of at least 3.5 mEg/gina

SiB assay.

[006721 Embodiment 388. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked polylallylamine)
polymaer is characterized by a chioride ion binding capacity of at least 4 mEg/g ina SIB

assay.

(006731 Embodiment 388. The process or crossiinked polylaliviamineg) polymer
of any previous enumerated embodiment wharein the crossiinked poly(aliviaming)
polymer is characterized by a chioride ion binding capacity of at least 4.5 mEgigin a

SiB assay.

(006741 Embodiment 390. The process or crossiinked poly{aliviamineg) polymer
of any previous enumeraied embodiment wherein the crosslinked poly(aliviamine)
polymer is characterized by a chioride ion binding capacity of at least 5 mEg/g in a SIB

assay.
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(006751 Embodiment 3891, The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer is characterized by a chioride ion binding capacity of at least 5.5 mEgigin a

SiB assay.

[006761 Embodiment 392. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)
polymer is characterized by a chioride ion binding capacity of at least 6 mEq/g in a SIB

assay.

(006771 Embodiment 393. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer is characterized by a chicride ion to phosphate ion binding ratic in a SIB assay

of at least 1.1, respectively.

(008781 Embodiment 394, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)
polymer is characterized by a chioride ion {0 phosphate ion binding ratio in a SIB assay

of at least 1.25:1, respectively.

[00679] Embodiment 395, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embpodiment wherain the crosslinked poly(aliviamine)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 1.5:1, respectively.

[00680] Embodiment 396. The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment wherein the crosslinked polylallylamine)
polymaer 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 crossiinked polylaliviamineg) polymer
of any previous enumerated embodiment wharein the crossiinked poly(allyiaming)
polymer is characterized by a chioride ion to phosphate ion binding ratic in a SIB assay

of at least 2.1, respectively.

[0os82] Embodiment 398. The process or crossiinked poly{aliviaming) polymer
of any previous enumeraied embodiment wherein the crosslinked poly(aliviamine)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 2.25:1, respectively.
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(006831 Embodiment 399. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer is characterized by a chioride ion io phosphaie ion binding ratio in a SIB assay

of at least 2.5:1, respectively.

(006841 Embodiment 400. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)
polymer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 2.75:1, respectively.

(006851 Embodiment 401. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer is characterized by a chicride ion to phosphate ion binding ratic in a SIB assay

of at least 3.1, respectively.

[oose8e] Embodiment 402, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the ratio of the amount of bound

chioride to bound phosphate in a SIB assay is at least 4.1, respectively.

[00687]1 Embodiment 403. The process or crosslinked poly(alivlamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliylamine)
polymaer is characterized by a chioride ion to phosphate ion binding ratio in a SIB assay

of at least 511, respeclively.

[00s688] Embodiment 404. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wharein the crossiinked poly{allyiaming)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in

Simulated Gastric Fluid of at least 7 mEag/g in a SGF assay.

[00689] Embodiment 405, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherein the crosslinked poly{allviamine)
polymer i3 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.

(006201 Embodiment 406, The process or crossiinked poly{aliylamine) polymer
of any previous enumerated embodiment whereain the crosslinked poly(allyiamine)

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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[00681] Embodiment 407. The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in

Simulated Gastric Fluid of at least 10 mEq/g in a SGF assay.

(006821 Embodiment 408. The process or crosslinked poly(aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliyiaming)
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.

(006931 Embodiment 408. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
polymer is 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.

(006241 Embodiment 410, The process or crossiinked poly{aliylaming) polymer
of any previous enumerated embodiment wherain the crosslinked poly(allyiamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity in

Simulated Gastric Fluid of at least 13 mEg/g in a SGF assay.

[00685] Embodiment 411, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embpodiment wherain the crosslinked 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 chioride
binding capacity, respectively, of the crosslinked poly{allylamine) polymer at 24 howrs in
SGF.

[00626] Embodiment 412, The process or crossiinked poly{aliviaming) polymer
of any previous enumerated embodiment whereain the crosslinked poly(aliviamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
gfter 1 hour in SGF that is at least 60% of the proton-binding capacity and the chioride
binding capacity, respectively, of the crosslinked poly{allylamine) polymer at 24 hours in
SGF.

(0069871 Embodiment 413. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
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
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binding capacity, respectively, of the crosslinked poly{allylamine) polymer at 24 houwrs in

SGF.

(006281 Embodiment 414, The process or crossiinked poly{aliviamine) polymer
of any previous enumerated embodiment whereain the crosslinked poly(allviamine)
polymer is characterized by a proton-binding capacity and a chioride binding capacity
gfter 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 hours in
SGF.

(006991 Embodiment 415. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(aliviamine)
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(allylamineg) polymer at 24 hours in
SGF.

(007001 Embodiment 416. The process or crosslinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the crosslinked poly(allylaming)
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 chioride
binding capacity, respectively, of the crosslinked poly(allylamine) polymer at 24 hours in
SGF.

(007011 Embodiment 417, The process or crosslinked poly(aliviamine) polymer
of any previous enumerated embodiment whereain the crosslinked poly(aliylamine)
polymer is characterized by a proton-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, respectivaly, of the crosslinked poly{allylamine) polymer at 24 hours in
SGF.

(007021 Embodiment 418, A process or crossiinked poly(allylaming) polymer of
any previous enumerated embodiment wherein the crosslinkad poly{alivlamine) polymer
is a 1,3-Propanediamine N1 N3-di-Z-propen-1-yl-, polymer with 1,2-dichloroethane and

2-propen-1-amine.

(007031 Embodiment 419, A process or crossiinked poly(allylamine) polymer of

any previous enumerated embodiment wherein the crosslinked polv{allylamine) polymer
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is an extended polymer network having the molecular formula (CobisNz . CsHN |

CaHaClalx

(007041 Embodiment 420, A pharmaceutical composition comprising a

crosslinked poly(aliylamine) polymer of any previous enumerated embodiment.

(007051 Embodiment 421. A pharmaceutical product comprising a crosslinked
poly(alivlamine} polymer of any previous enumerated embodiment in a sealed

container.

(007061 Embodiment 422, A pharmaceutical product comprising a crosslinked
poly(aliylamine} polymer of any previous enumerated embodiment in a sealed container

comprising a moisture barrier.

[007071 Embodiment 423. A pharmaceutical product comprising a crosslinked
poly(allylamine) polymer of any previous enumerated embodiment in a sealed container

comprising an oxygen barrier.

(007081 Embodiment 424, A pharmaceutical product comprising a crosslinked
poly(aliylamine} polymer of any previous enumerated embodiment in a sealed container

comprising a moisture barrier and an oxygen barrier.

(007021 Embodiment 425, A pharmaceutical product comprising a crosslinked

poly(alivlamineg) polymer of any previous enumerated embodiment in a sealed sachet.

(007101 Embodiment 426. A pharmaceutical product comprising a crosslinked
poly(allylaming) polymer of any previous enumeratad embodiment in a sealed container

comprising a polymer, metai, glass or ceramic material.

[007111 Embodiment 427, A pharmaceutical product comprising a seaied
container containing a crosslinked poly{allviamine) polymer of any previous enumerated

embodiment and an inert atmosphere.

(007121 Embodiment 428. A pharmaceautical product comprising a sealed
cortainer and a crosslinked poly{allylaming) polymer of any previous enumerated
embodiment within the sealed container, the sealed container comprising a multi-layer
laminate of an inner contact layer, an ouler laver; and a barrier layer disposed between

the contact layer and outer layer.

(007131 Embodiment 429. A pharmaceutical product comprising a sealed
cortainer and a crosslinked poly(allylaming) 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

betweean the contact layer and outer layer.

(007141 Embodiment 430. A pharmaceutical product comprising a sealed
container and a crosslinked poly(allylamine) polymer of any previous 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 disposead

between the contact layer and outer layer.

(007151 Embodiment 431. A pharmaceutical product comprising a seaied
container and a crosslinkad poly{allylamine) polymer of any previous enumerated
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 laver and a

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

[0071¢] Embodiment 432, A pharmaceutical product comprising a seaied
container and a crosslinked poly{allylamine) polymer of any previous enumerated
embodiment within the sealed comtainer, the sealed container comprising a multi-layer
laminate of an inner contact layer, an outer layer; and an oxygen-scavenging layer

disposed between the contact layer and the outer layer.

(007171 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 crossiinked polylaliviaming) polymer
of any previous enumerated embodiment wharein the crossiinked poly(allyiaming)

polymer comprises the residue of 1,2-dichioroethane.

(007201 Embodiment 436, The process or crossiinked poly{aliylamine) polymer
of any previous enumerated embodiment wherein the process further comprises any of
the features of a process disclosed in any one of enumerated embodiments 1-37 andior
41-111 of WO2016/084685 A1
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(007211 Embodiment 437, The process or crosslinked poly(aliviamine) polymer

of any previous enumerated embodiment wherein the process further comprises the
features of a process disciosed in any one of enumerated embodiments 1-37 and/or 41-
111 of WO2016/0094685 At

(007221 Embodiment 438. A process, wherein the process is the process
disciosead in any of enumerated embodiments 1-6, 34, 41, 54 or 82 of W02016/024685
Al

(007231 Embodiment 438, The process of enumeratad embodiment 438,
wherein the process further comprises any of the features of any previous enumerated

embodiment.

[007241 Embodiment 440. The process of enumerated embodiment 438,
wherein the process further comprises the process features specified in any previous

enumerated embodiment.

[00725] Embodiment 441, The process of enumeratad embodiment 438,

wherein the process further comprises any feature disciosed herein.

[0072671 The present disclosure further includes the following enumerated

clauses.

(0072771 Clause 1. A crosslinked poly{allylamine) polymer in bead form
consisting essentially of (i} 20-25 mol% residus of 1, 3-bis{allvlarmino)propane, or a salt
thereof, (il) 50-60 mol% residue of 2-propen-1-yvlamine or a salt thereof, and (i) 20-25
moi% residue of an ethylens crosslinker e.g. 1,2-dichlorgethane, wherein {i) the
crosslinked poly(allylamineg) polymer comprises sp? allyl carbon atoms and has a
swealling ratio of less than 2 and (i) less than 1.0% of the total number of carbon atoms

prasent in the crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00728] Clause 2. A crosslinked poly{allylamine) polymer comprising the
residues of Z-propen-1-ylamine, or a salt thereof, 1,3-bis{allylamino)propane, or a salt
thereof, and an ethylene crosslinker e.g. 1,2-dichioroethaneg, wherein less than 1.0% of
the total number of carbon atoms present in the crosslinked poly(allylamine) polymer

are sp? allyi carbons.

[00729] Clause 3. A crosslinked poly(allylamine) polymer consisting

essentially of the residues of Z-propen-1-ylamine, or a salt thereof,
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1,3-bis{allylamino)propane, or a sait thereof, and an sthylene crossiinkere.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.

[00730] Clause 4. A crosslinked poly{allylamine) polymer comprising a
structure corresponding to Formula b, wherein less than 1.0% of the total number of
carbon atoms present in the crosslinked poly(ailylaming) polymer are sp? alivl carbons,

and Formuia 5a has the following structure:

- ﬂ/\j//\(f
NH
HIN HoN
. 4b
N
HN
* * "A‘
B - —t &
. ] a
Formula Sb,

wherein
a = a residue of N N dialiyl-1 S-diaminopropane, or a salt thereof,
b = a residue of 2-propen-t-ylamine, or a salt theraof, and

¢ = g residue of two 2-propen-1-ylamines crosslinkad with an ethylene
crossiinker, e.g. 1,2-dichlorosthane, which is shown as one of many possible

crossiinkages that will be formed in the polymer,

(007311 Clause 5. A crosslinked poly{allylamine) polymer consisting of the
residues of Z-propen-1-ylamine, or a salt thereof, 1,3-bis{allylamino)propane, or a salt
thereof, and an ethylene crosslinker e.g. 1,2-dichloroethaneg, wherein less than 1.0% of
the total number of carbon atoms present in the crosslinked poly(allylamine)} polymer

are sp? allyi carbons.

(0073271 Clause 6. A crosslinked poly{allylamine) polymer wherein the

crosslinked poly(aliylamine) polymer is 1, 3-propanediamine, N N3-di-2-propen-1-yi-,
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polymer with an ethylene crosslinker {e.q. 1,2-dichloroethane) and 2-propen-1-amine,

and less than 1.0% of the total number of carbon atoms present in the crosslinked

poly{allylamine) polymer are sp® allyl carbons.

[00733] Clause 7. A crosslinked poly{allylamine) polymer wherein the
crosslinked poly(aliylamine) polymer is N7 AS-bis(prop-2-en-1-ylipropan-1,3-diamine
copolymer with an ethylene crosslinker (g.g. 1,2-dichiorosthane) and prop-2-en-1-
amine, and less than 1.0% of the total number of carbon atoms present inthe

crosslinked poly(aliylamine) polymer are sp? allyl carbons.

[00734] Clause 8. A crosslinked poly(allylamine) polymer comprising the

3
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SRS |
residues of . wherein X, y 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 9. A crosslinked poly(allylaming) polymer comprising the

[eHehale | [labelNy . fooHaChls , i
- y . wherein X, y and z are positive

residues of
integers, and less than 1.0% of the total number of carbon atoms present in the

crosslinked poly(allylamine) polymer are sp? allyl carbons.

(007367 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(ailylamine) polymer are sp? allyl carbons,

and Formula & has the following structure:
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Formula 5,
wherein

a = residue of M N dialiyl-1,3-diaminopropane dihydrochloride (monomer and

crossiinker),
b = residue of allylamine (monomer),

¢ = residue of 1 2-dichloroethane {(ethylene crosslink between two aminegs); an
ethylene linkage between two allviamine groups is shown as an example of one

of many possible linkages between amines,
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(alivlamine) polymer are sp? aliyl carbons,

and Formula 5a has the following structure:
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Formula 5a,
wherein
a = a residue of N N dialiyl-1 S-diaminopropane, or a sall thereof,
b = a residue of 2-propen-t-ylamineg, or a salt theraof,

¢ = g residue of two 2-propen-1-ylamines crosslinkad with an ethylene

crossiinker e.q. 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{allyiamine-co-N, N'-dialiyi-1 3~
diaminopropane-co-1,2-diaminosthane), and less than 1.0% of the total numbaer of

carbon atoms present in the crosslinked poly(ailylamine) polymer are sp? allvl carbons.

[00739] Clause 13, A crosslinked poly{allylamine) polymer comprising a
structure corresponding to Formula 4, wherain less than 1.0% of the {otal number of
carbon atoms present in the crosslinked poly{allylamine) polymer are sp? aliyl carbons,

and Formuia 4 has the following structure:
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Formula 4

wherein each R is independently hydrogen or an ethylene crosslink between two

( “%A\V‘Z%N

nitrogen atoms of the crosslinkad amine polymer tand a, b, ¢, and m are

integers.

[007407 Clause 14. A crosslinked poly(allylamine) polymer in bead form
consisting essentially of (i) 20-25 molS% residue of 1, 3-bis(allylamino)propane, or a salt
thereof, (i) 50-60 mol% residue of Z-propen-t-ylamine or a sall thereof, and (i) 20-25
moi% residue of an ethylene crosslinker e.g. 1, 2-dichlorosthans wherein {i) the
crosslinked poly{allylamine) polymer comprises sp® allyl carbon atoms and has a
swelling ratio of less than 2 and (i) when tested with the Heated Stability Assay
(Stability Assay 2} the allylamine (H:C=CHCHNH:z) content of the crossiinked

poly(allylaming) polymer increases by less than 2.6 ppmifday allylamine.

(007411 Clause 15, A crosslinked poly(allylaming) polymer consisting
assentially of the residues of Z-propen-1-viamine, or a sall therecf,
1,3-bis{allylamino)propana, or a sait thereof, and an ethyvlene crossiinkere.g. 1,2-
dichlorosthane, wherein when tested with the Heated Stability Assay (Stability Assay 2)
the allvlamine (H2C=CHCH2NHz2) content of the crossiinked poly(allylamine) polymer

increases by less than 2.6 ppmfday aliylamine.

(007427 Clause 16. A crosslinked poly(aliviamine) polymer as defined in any of

the numbered embodiments.

[00743] Clause 17. A crosslinked poly{aliylaming) polymer as defined in

embodiment 149,
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(0074471 Clause 18. A crosslinked poly(allylamine) polymer consisting of the

residues of 2-propen-i-ylamine, or a salt thereof, 1,3-bis(allylaminoipropane, or a sall
thereof, and an ethylene crosslinker e.g. 1,2-dichiorosthane, wherein when tested with
the Heated Stability Assay (Stability Assay 2) the aliviamine (HzC=CHCH2NH:) content
of the crosslinked poly(allylaming) polymer increases by less than 2.6 ppmi/day

allylamine.

(0074571 Clause 19, A crosslinked poly{allylamine) polymer wherein the
crosslinked poly(allylamine) polymer is 1, 3-propanediamine, N7 N3-di-2-propen-1-yi-,
polymer with an ethylene crosslinker {e.g. 1,2-dichloroethane)} and Z-propen-1-amine,
and wherein when tested with the Heated Stability Assay (Stability Assay 2) the
allylamine (H2C=CHCH2NH2) content of the crosslinked poly(ailylamine) polymer

increases by less than 2.6 ppm/day allylamine.

[00746] Clause 20. A crosslinked poly{allylamine) polymer wherein the
crosslinked poly{allylamine) polymer is N7 N3-bis{prop-2-en-1-ylipropan-1,3-diamine
copolymer with an aethylene crosslinker (g.¢g. 1,2-dichiorosthane) and prop-2-en-1-
amine, and wherein when tested with the Heated Stability Assay (Stability Assay 2) the
allylamine (HoC=CHCH2NH2) content of the crosslinked poly(ailylaming) polymer

increases by less than 2.6 ppm/day ailylamine.

(0074771 Clause 21. A crosslinked poly(aliylamine) polymer comprising the

residues of Cwherein X, y and z are positive
integers, and wherein when tested with the Heated Stability Assay (Stability Assay 2}
the alivlamine (H2C=CHCH:NH2) cortent of the crosslinked poly(allylamine) polymer

increases by less than 2.6 ppm/day allylamine.

(0074871 Clause 22. A crosslinked poly{allylamine) polymer comprising the

residues of [CeHusNele | JOsHN | JCaHa Tk

. wherein x, ¥ and z are positive
integers, and wherein when tested with the Heated Stability Assay (Stability Assay 2)
the allvlamine (H:C=CHCH2NH2) content of the crosslinked poly(allvlamineg) polymer

increases by less than 2.6 ppm/day allylamine.
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(007497 Clause 23. A crosslinked poly(allylamine) polymer comprising a

structure corresponding to Formula 5, wherein when tested with the Heated Stability
Assay (Stability Assay 2) the allylamine (H2C=CHCH:NH2) content of the crosslinked
poly(allylamine} polymer increases by less than 2.6 ppm/day allylamine, and Formuia &

has the following structure:

Formula 5,

wherain

a = residue of M N diallyl-1,3-diaminopropane dihydrochloride (monomer and

crossiinker),
b = residue of allylamine (monomer),

¢ = residue of 1,2-dichloroethane {(ethylene crosslink between two amines); an
ethylens linkage between two allylamine groups is shown as an example of one

of many possible linkages between amines,
m = a large number indicating an extended polymer natwork.

[00750] Clause 24. A crosslinked poly(allylamine) polymer comprising a
structure corresponding to Formula 5a, wherein when iested with the Heated Stability
Assay (Stability Assay 2) the allylamine (H2C=CHCH2NH2) content of the crosslinked
poly(allylamineg) polymer increases by less than 2.6 ppm/iday alivlamine, and Formula

5a has the following structure:
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Formula 5a,
wherein
a = a residue of N A -dialiyl-1,3-diaminopropane, or a salt thereof,
b = a residue of 2-propen-t-ylamineg, or a salt theraof,

¢ = g residue of two 2-propen-1-ylamines crosslinkad with an ethylene

crossiinker e.q. 1,2-dichioroethane, and
m = a repeating unit of the polymer.

(0075171 Clause 25, A crosslinked poly{allylamine) polymer wherein the
crosslinked poly(allylamine) polymer is poly{allyiamine-co-N, N'-dialiyi-1 3~
diaminopropane-co-1,2-diaminosthane), and wherein when tested with the Heated
Stability Assay (Stability Assay 2) the allylamine (H20=CHCH:NHz) content of the

crosslinked poly{aliylamine) polymaer 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 Healed Stability
Assay (Stability Assay 2) the allylaming (H2C=CHCH2NH2) content of the crosslinked
poly(aliviamine) polymer increases by less than 2.6 ppmiday allylamine, 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

( “%A\V‘Z%N

nitrogen atoms of the crosslinkad amine polymer 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{allylamine) polymer in bead form consisting
gssentially of (1) 20-25 mol% residue of 1, 3-bis{ailylaminojpropane, or a sait thereof, (i)
50-60 mol% residue of 2-propen-t-vlamine or a salt thereof, and (i) 20-25 mol%
residue of an ethyiene crossiinker e.g. 1,2-dichiorogthane, wherein the oxygen transfer
rate betweean the exterior and interior of the unit dosage form is less than about 8.050
CCim2iday.

(007541 Clause 28. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer comprising the residues of 2-
propen-1-viamine, or a salt thereof, 1,3-bis{aillvlaminojpropane, or a sall thereof, and an
ethylens crosslinker e.g. 1,2-dichloroethane, wharein the oxygen transfer rate between

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

(0075571 Clause 29, A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylaming) polymaer consisting essentially of the
residues of Z-propen-1-ylamine, or a salt thergof, 1,3-bis{allylamino)propane, or a salt
thereof, and an ethylene crosslinker e.g. 1,2-dichioroethang, whearein the oxygen
transfer rate between the exterior and interior of the unit dosage form is less than about
0.050 CC/mday.
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(0075671 Clause 30. A unit dosage form comprising the crosslinked

poly(allylamine) polymer as defined in any of the numberad embodiments.

(007571 Clause 31. A unit dosage form having an extarior and interior, the
interior comprising a crosslinked poly(allylamine) polymer consisting of the residues of
2-propen-1-ylamine, or a salt thereof, 1,3-bis(alivlamino)propane, or a salt thereof, and
an ethylene crosslinker e.g. 1,2-dichlorosthane, wherein the oxygen transfer rate
between the exterior and interior of the unit dosage form is less than about 0.050
CC/m3/day.

(007587 Clause 32. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer wherein the crosslinked
poly(allylamine) polymer is 1,3-propanediamine, N7 N3-di-2-propen-1-yi-, polymer with
an ethylene crosslinker (e.g. 1 2-dichioroethane) and Z-propen-1-amine, wherein the
oxygen transfer rate between the exierior and interior of the unit dosage form s less
than about 0.050 CC/m%/day.

[00759] Clause 33. 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 A3-bis{prop-2-en-1-ylpropan-1,3-diamine copolymer with
an ethylene crosslinker (e.g. 1,2-dichiorogthane) and prop-2-en-1-aming, wherein the
oxygen transfer rate between the exterior and interior of the unit dosage form is less
than about 0.050 CC/m?/day.

(0076071 Clause 34. A unit dosage form having an exterior and interior, the

interior comprising a crosslinked poly(allylamine) polymer comprising the residues of

. wherein x, v and z are positive integers,
wherein the oxygen transfer rate between the exterior and interior of the unit dosage
form is less than about 0.050 CC/m?#/day.

(0076171 Clause 35. A unit dosage form having an exterior and interior, the

interior comprising a crosslinked poly(allylamine) polymer comprising the residues of

{aHahlnde | [N | BooHaClel:

&

. wherein x, v 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 extarior and interior, the
interior comprising a crosslinked poly(allylamine) polymer comprising a structure
corresponding to Formula 5, wherein the oxygen transfer rate between the exterior and
interior of the unit dosage form is less than about 0.050 CC/m%day, and Formula 5 has

the following structure:

Formula 5,

wherein

a = residue of N N'diallyl-1,3-diaminopropane dihydrochloride {monomer and

crossiinker),

b = residue of allylamine (monomer)

¢ = residue of 1,2-dichloroethane {ethylene crosslink between two amines); an
agthylene linkage between two allylamine groups is shown as an example of one

of many possible linkages between amines,
m = a large number indicating an extended polymer network.

[00763] 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 CCim#/day, and Formula Sa has

the following structure:

/E-E;THEN \I;
b
NH

H L/ )
DI
Al .

- -

. e 7Y

Formuia Ba,

wherein
a = aresidue of N Ntdiallyl-1,3-diaminopropane, or a salt thereof,
b = a residue of Z-propen-t-ylamine, or a salt thereof,

¢ = aresidue of two Z-propen-i-ylamines crosslinked with an ethyiene

crossiinker e.g. 1,2-dichioroethane, and
m = a repeating unit of the polymer.

[00764] Clause 38. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine) polymer wherein the crosslinked
poly{aliylamine) polymer is poly(allylamine-co-N, N'-diallyl-1, 3-diaminopropane-co-1,2-
diaminosthane), wherein the oxygen transfer rate between the exterior and interior of

the unit dosage form is less than about 0.050 CC/m%day.

(0076571 Clause 238, 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 rale between 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

( “EA\}%N

nitrogen atoms of the crosslinkad amine polymer tand a, b, ¢, and m are

integers.

[00766] Clause 40. A unit dosage form comprising & sealed enclosure
containing a crosslinked poly(allylamineg) polymer in bead form consisting essentially of
{1y 20-25 moi% residue of 1,3-bis(aliviamino)propane, or a salt thereof, (i) 50-60 mol%
residue of 2-propen-t-ylamine or g salt thereof, and (i) 20-25 mol% residue of an
ethylene crosslinker e g. 1,2-dichloroethane, the sealed enclosure comprising a multi-
fayer 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/me/day.

(007671 Clause 41, A unit dosage form comprising a sealed enclosure
cortaining a crosslinked poly(aliviamine) polymer comprising the residues of 2-propen-
1-vlamine, or a salf thereof, 1,3-bis{alivlaminocipropane, or a sall 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.

[00768] Clause 42. A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(aliylamine) polymer consisting essentially of the residues
of 2-propen-1-yviaming, or a salt thereof, 1, 3-bis(allylamino)propans, or a salt thereof,
and an ethylene crossiinker e.g. 1,2-dichioroethane, the sealed enclosure comprising a

multi-layer 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 rate

between the multi-layer laminate is less than about 0.050 CC/mé/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 between the exterior and

interior of the unit dosage form is less than about 0.050 CCim%/day.

(0077071 Clause 44, A unit dosage form comprising a sealed enclosure
containing a crosslinked poly{allylamine) polymer consisting of the residues of 2-
propen-1-viamine, or a salt thereof, 1,3-bis{allvlaminojpropane, or a sall thereof, and an
ethylene crosslinker e.g. 1,2-dichloroethane, the sealed enclosure comprising a mulli-
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

muiti-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(alivlamine) polymer wherein the crosslinked
poly(allylamine) polymer is 1,3-propanediamine, N7 N3-di-2-propen-1-yi-, polymer with
an ethylene crosslinker (e.g. 1,2-dichioroethane) and Z2-propen-1-aming, the sealed
enclosure comprising a multi-layer laminate of an innar 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
CCim?day.

(0077271 Clause 46, A unit dosage form comprising a sealed enclosure
cortaining a crosslinked poly{allylamine) polymer wherein the crosslinked
poly{allylamine) polymer is N7 N3-bis{prop-2-en-1-ylipropan-1,3-diamine copolymer with
an ethylene crosslinker {e.g. 1,2-dichicroethana) and prop-Z-en-t-amine, the sealed
enclosure comprising a multi-layer laminate of an inner contact layer, an outer laver;
and a barrier layer disposed between the contact layer and outer layer, wherain the
oxygen transfer rate between the multi-layer laminate is iess than about 0.050
CCim?iday.

[00773] Clause 47. A unit dosage form comprising a sealed enclosure

containing a crosslinked poly(allylamine) polymer comprising the residues of
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, wherein X, y and z are positive integers,
the sealed enclosure comprising a multiayer laminata 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 [aminate is less than about
0.050 CC/m2day.

[00774] Clause 48. A unit dosage form comprising a sealed enclosure

containing a crosslinked poly(allylaming) polymer comprising the residues of

. wherein X, v and z are positive integers, the
sealed enclosure comprising a multi-layer laminate of an inner contact layer, an cuter
layer; and a barrier iayer disposed between the contact layer and outer layer, wherain
the oxygen transfer rate between the mulli-layer laminate is less than about 0.050
CCimPiday.

[00775]1 Clause 49. A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamine) polvmer comprising a structure corresponding
to Formula 5, the sealed enclosure comprising a multi-layer laminate of an inner contact
tayer, an outer layer;, and a barrier layer disposed between the contact laver and outer
tayer, wherein the oxygen transfer rate between the multi-layer laminate is less than

about 0.050 CC/m3%day, and Formula 5 has the following structure:
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Formula 5,
wherein

a = residue of M N dialiyl-1,3-diaminopropane dihydrochloride (monomer and

crossiinker),
b = residue of allylamine (monomer),

¢ = residue of 1 2-dichloroethane {(ethylene crosslink between two aminegs); an
ethylene linkage between two allviamine groups is shown as an example of one

of many possible linkages between amines,
m = a large number indicating an extended polymer network.

(007761 Clause 50. A unii dosage form comprising a sealed enclosure
containing a crosslinked poly(allvlamine) polymer comprising a structure corresponding
to Formula 5a, the sealed enclosure comprising a multi-ayer laminate of an inner
contact layer, an outer layer; and a barrier laver 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, and Formula 5a has the following structure:
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Formula 5a,

wherein
a = a residue of N N dialiyl-1 S-diaminopropane, or a sall thereof,
b = a residue of 2-propen-t-ylamineg, or a salt theraof,

¢ = g residue of two 2-propen-1-ylamines crosslinkad with an ethylene

crossiinker e.q. 1,2-dichioroethane, and
m = a repeating unit of the polymer.

(007771 Clause 51, A unit dosage form comprising a sealed enclosure
cortaining a crosslinked poly(alivlamine) polymer wherein the crosslinked
poly(aliviamine} polymer is poly{allviamine-co-N N'-diailyl-1, 3-diaminopropans-co-1,2-
diaminoethane), the sealed enclosure comprising a multi-layer laminate of an inner
contact layer, an outer layer, and a barrier layer disposed belween 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.

(0077871 Clause 52. A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(aliylamine) polymer comprising a struciure corresponding
to Formula 4, 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, 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

( “EA\}%N

nitrogen atoms of the crosslinkad amine polymer tand a, b, ¢, and m are

integers.

[00779] Clause 53. The crosslinked poly{allviamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is in

bead form.

(0078071 Clause 54. The crosslinked poly{aliylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

meadian 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 crossiinked poly{alivlamine) polymer is

measured by wet laser diffraction using Mie theory.

(007821 Clause 56, 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 m is & large number indicating an extended

polymer network.

[00783] Clause 57. The crossiinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) 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.

[00784] Clause 58. The crossiinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamineg) polymer has a
178
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structure corresponding to Formula d and thesumofaandbto ¢ (i e, atbic)is inthe

range of about 1.1 to 91,

(007851 Clause 59, 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 andthe sumofaandbtoc {ie., atbc)isinthe

range of about 1:1 to 8:1.

(007867 Clause 680. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer has a
structure corresponding to Formula 4 andthe sumofaand b to ¢ (e, a+bc)isinthe

range of about 1:1to 7:1.

(007871 Clause 81. The crosslinkad poly(allvlamine) 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 ofaand b to ¢ (e, atbic)isinthe

range of about 1.1 {0 6:1.

(007887 Clause 62. The crosslinked poly{aliviamine) polymer or unit dosage
form of any preceading clause wherein the crosslinked poly{allylamineg) polymer has a
structure corresponding to Formula 4 and the sumofgand b to ¢ (i.e, atbic) is inthe

range of about 1.1 {0 5.1,

[00789] Clause 63. 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 d andthe sumofaandbtoc {f e, atbc)isinthe

range of about 1.1 to 4:1.

(007307 Clause 64. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer has a
structure corresponding to Formula 4 andthe sumofaandbtoc {ie., a+bc)isinthe

range of about 1.1 to 3:1.

[00791] Clause 85. The crossiinked 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)isinthe

range of about 1:1to 2.1,
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(0078271 Clause 86. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylaming) polymer has a
structure corresponding to Formula 4 and the sumof aand b to ¢ (e, atbic) is about
11

(007937 Clause 87. The crosslinkad poly(ailvlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding o Formula d and the sumofaand b toc{ie, athc)is inthe

range of about 1.5:1 o 4:1.

[00794] Clause 68. 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 thesumofaand b to ¢ (fe, atbic) is inthe

range of about 1.75:1 10 3:1.

(0072571 Clause 69. 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 andthe sumofaandbioc {ie, atbc)isinthe

range of about 2.1 to 2.5:1.

(007967 Clause 70. The crossiinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer has a
structure corresponding to Formula 4 and the sum of aand b to ¢ {i.e., a+b:c) is about
251

(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 sumofaand b is &7 and ¢ is 24

[00728] Clause 72. 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 whearein 50-85% of the R substituants are

hydrogen and 5-50% are an ethylene crosslink between two nitrogens of the crosslinked

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 wharein 55-80% of the R substituants are
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hydrogen and 10-45% are an ethylene crosslink between two nitrogens of the

crosslinked amine polymer.

(008007 Clause 74, 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 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(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a
structure corresponding to Formula 4 whearein 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{alliylaming) polymer or unit dosage
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{allylaming) polymer or unit dosage
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.

(008041 Clause 78. 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 80-85% of the R substituents are
hydrogen and 15-20% are an sthylene crosslink between two nitrogens of the

crosslinked amine polymer.

(0080571 Clause 79. 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 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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(0080671 Clause 80. The crosslinked poly{allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylaming) 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 to 100%.

(0080771 Clause 81. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratic of the residues of the 2-propen-1-
yiamine, or a salf thereof, to the residues of the 1,3-bis(aliylaminojpropane, or a salt

thereof, is in the range of 6040 to 8515, respectively.

(008087 Clause 82. The crosslinked poly{allivlamineg) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
viaming, or a sall thereof, to the residues of the 1, 3-bis{allylaminoipropane, or a salt

thereof, is in the range of 60:40 to 955, respectively.

[00809] Clause 83. The crosslinked poly{allylaming) 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 thereof, {0 the residues of the 1,3-bis{allvlaming)propaneg, or a sait

theraof, is in the range of 60:40 1o 9010, respectively.

[00810] Clause 84. The crosslinked poly{allylaming) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
ylamine, or a salt thereof, to the residues of the 1,3-bis{aliylamino)propane, or a salt

thereof, is in the range of 65:35 {o 90:10, respectively.

[00811] Clause 85 The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherain the mole ratio of the residuess of the 2-propen-1-
ylamine, or a salf thereof, to the residues of the 1,3-bis(aliylaminolpropane, or a salt

theredf, is in the range of 65:35 to 8515, respeactively.

[o0812] Clause 86. The crossiinkad poly(allvlamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
viaming, or a sall thereof, to the residues of the 1,3-his{allylaminoipropane, or a salt
thereof, is in the range of 65:35 to 8020, respectively.

(008137 Clause 87. The crosslinked poly{aliviamine) polymer or unit dosage

form of any precading clause wherein the moile ratio of the residues of the 2-propen-1-
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viaming, or a salt theredf, to the residues of the 1, 3-bis(aliviamino)propaneg, or a salt

thereof, 18 in the range of 6535 1o 75:25, respectively.

(008141 Clause 88, The crosslinked poly{allylaming) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
ylamine, or a salt thereof, to the residues of the 1,3-bis{(allylamino)jpropane, or a salt

thereof, is in the range of 65:35 to 80:10, respectively.

(0081571 Clause 89. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of the 2-propen-1-
yiamine, or a salt thereof, to the residues of the 1,3-bis{aliylaminojpropane, or a salt

thereof, is about 70 . about 30, respectively.

[00816] Clause 80. The crosslinkad poly(allvlamine) polymer or unit dosage
form of any preceding clause wherein the moile ratic of the residues of the 2-propen-1-
viamine, or a salt thereof, to the residues of the 1,3-bis(alivlaminoipropane, or a salt

thereof, is about 71 : about 29, respectively.

(008177 Clause 91. The crosslinked poly{aliviamine) polymer or unit dosage
form of any precading clause wherein the crosslinked poly{alivlamine) polymer

comprises 10-35 mol% of the residue of an ethylene crosslinker e.g. 1,2-dichloroethane.

(0081871 Clause 92. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamineg) polymer

comprises 15-35 mol% of the residue of an ethyiene crosslinker e.g. 1,2-dichloroethane.

(008197 Clause 93. The crosslinked poly{allvilamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer

comprises 10-30 mol% of the residue of an ethylene crosslinker e.g. 1,2-dichlorcethane,

(0082071 Clause 94. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamineg) polymer

comprises 15-30 mol% of the residue of an sthylene crossiinker e.g. 1,2-dichiorosthane.

(008211 Clause 95. The crosslinkad poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamineg) polymer

comprises 20-25 mol% of the residue of an ethylene crosslinker e.g. 1,2-dichioroethane,

[00822] Clause 96, The crosslinked poly{allylaming) polymer or unit dosage

form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
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viaming, or a salt theredf, and the residue of 1,3-bis{allylamino)propane, or a salt

thereof, is in @ mole ratio of about 1:1 to about 91, respectively.

(008231 Clause 97. The crosslinked poly{allylaming) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-his{allylamino)propane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is less than 9.1, respectively

(008241 Clause 98. The crosslinked poly{allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
ylamine, or a salt thereof, to the residue of 1, 3-bis{ailylamincipropane, or a sait thereof,

in the crosslinked poly(allylamine} polymer is less than 8.1, respectively

(008257 Clause 99. The crosslinkad poly(allvlamine) 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(allvlamino)propans, or a sait thereof,

in the crosslinked poly(allylamine} polymer is lass than 7:1, respectively

(008267 Clause 100. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceading clause wherein the mole ratio of the residue of 2-propen-1-
viaming, or a salt thereof, to the residue of 1, 3-bis{ailvlaminojpropane, or a sail thereof,

in the crosslinked poly(allylaming) polymer is lass than 6.1, respectively.

(0082771 Clause 101, 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, {0 the residue of 1,3-us{(allylamincipropane, or a salt thereof,

in the crosslinked poly(allylamine) polymer is less than 5.1, respectively.

(0082871 Clause 102. The crosslinked poly(allvlamineg) polymer or unit dosage
form of any preceding clause wherain the mole ratio of the residue of Z-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-bis(allylamino)propane, or a sait thereof,

in the crosshinked poly(aliylamine} polymer is less than 4.1, respectivaly.

[o0829] Clause 103, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
ylamine, or a salf 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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(0083071 Clause 104. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the moie ratic of the residue of Z-propen-1-
ylamine, or a salf thereof, to the residue of 1, 3-bis{allvlamino)propane, or a sait therecof,

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 moile ratio of the residue of 2-propen-1-
viamine, or a sall thereof, to the residue of 1,3-bis{allylamino)propane, or a salt thereof,

in the crosslinked poly(allylamine} polymer is at least 1.1, respectively.

(008327 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 theredf, to the residue of 1,3-bis(allylaminojpropane, or a sait thereof,

in the crosslinked poly(allylaming) polymer is at least 2:1, respectively.

[00833] Clause 107, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
ylamine, or a salt thereof, to the residue of 1,3-his{allylamincipropane, or a sait thereof,

in the crosslinked poly(allylamine) polymer is at least 3.1, respectively.

(008341 Clause 108. The crosslinked poly(allvlamine) polymer or unit dosage
form of any preceding clause wherain the mole ratio of the residue of Z-propen-1-
yiamine, or a salt thereof, to the residue of 1,3-bis{allylamino)propane, or a sailt thereof,

in the crosshinked poly(allylamine} polymer is at least 4.1, respectively.

(0083571 Clause 109. 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 sall thereof, to the residue of 1, 3-bis{allvlamino)propans, or a sait thereof,

in the crosslinked poly(allylamine) polymer is at least 5:1, respectively.

[o0836] Clause 110. The crosslinked poly(allylamine) polymer or unit dosage
form of any precading clause wherein the moile ratio of the residue of 2-propen-1-
viamineg, or a salt thereof, to the residue of 1, 3-bis{allylaminojpropane, or a sail thereof,

in the crosslinked poly(allylaming) polymer is at least 6.1, respectively.

(0083771 Clause 111, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residue of 2-propen-1-
yviamine, or a salt thereof, {0 the residue of 1, 3-bis{allylamino)propane, or a sall thereof,

in the crosslinked poly(allylamineg) polymer is at least 7.1, respeciively.
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(0083871 Clause 112. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the moie ratic of the residue of Z-propen-1-
ylamine, or a salf thereof, to the residue of 1, 3-bis{allylamino)propane, or a sait therecof,

in the crossiinked poly(allylamine) polymer is at least 8:1, respectively.

(008391 Clause 113, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the moi% of the residues of 2-propen-1-yiamine,
or a salt thereof, 1,3-bis(allylamino)propane, or a salt thereof, and the ethylene
crosslinker e.g. 1,2-dichlorosthane are: (i} 10-35 mol% residue of
1,3-bis{alliviamino)propane, or a salt thereof, (i) 30-80 mol% residue of 2-Propen-1-
yviaming, or a salt thereof, and (i) 10-35 mol% residue of the ethyiene crosslinker e.g.

1,2-dichlorosthane.

(0084071 Clause 114. The crosslinked poly(allvlamine) polymer or unit dosage
form of any preceding clause wherein the mol% of the residues of 2-propen-1-ylamine,
or a salt thereof, 1,3-bis{aliylaminojpropane, or a sali 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 Z-propen-1-ylaming,
or a salt thereof, and (i} 10-35 mol% residue of the ethylene crossiinker e.g. 1,2+

dichloroethane.

(008417 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-yviamine,
or a sait thereof, 1, 3-bis{allylamincipropane, or a sait thereof, and the ethylene
crosslinker e.¢g. 1,2-dichlorosthane 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 ethylene crossiinker e.g.

1,2-dichioroethane.

(008427 Clause 116. The crosslinked poly(alivlamine) polymer or unit dosage
form of any praceding clause wherein the mol% of the residuas of Z-propen-1-ylaming,
or a salt thereof, 1,3-bis(allylaminojpropane, or a sait thereof, and the ethylene
crosslinker e.g. 1,2-dichloroethane are: {1} 15-30 mol% residue of 1,3-
bis(allylaminolpropane, or a salt thereof, (i) 45-65 moi% residue of Z-propen-1-yiamine,
or a salt thereof, and (i} 15-30 mol% residue of the ethylene crossiinker e.g. 1,2-

dichloroethane.
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(0084371 Clause 117. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherain the moi% of the residues of 2-propen-1-yiamine,
or a salt thereof, 1,3-bis(aliylaminoipropane, or a salt thereof, and the ethylene
crosslinker e.g. 1,2-dichlorosthane are: (i) 20-25 mol% residue of
1,3-bis{allylamino)propana, or a sait thereof, (i) 50-60 moi% residue of 2-Fropen-1-
viamine, or a salt thereof, and (i) 20-25 mol% residue of the ethylene crosslinker e.g.

1, 2-dichioroethane.

(008441 Clause 118. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein if the crosslinked poly{aliylamine) polymer
comprises the residues of 2-propen-1-ylamine, or a sall thereof,
1,3-bis{allylaminoipropane, or a sait thereof, and an ethyiene crossiinker e.g. 1,2-
dichlorosthane then the (i) mol% residue of 1,3-bis(alivlaminoipropane, or a salt thereof,
(i) mol% residue of 2-Propen-1-ylaming, or a sait thereof, and (iii) mol% residue of the

athylene crosslinker e.g. 1,2-dichloroethane add up to less than 100 mol%.

(0084571 Clause 119, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein if the crosslinked poly(aliviamine) polymer
consists essentiaily of the residuas of 2-propen-t-ylaming, or a salt thareof,
1,3~bis(allvlaminojpropane, or a sail thereof, and an ethylene crossiinker e.g. 1,2-
dichiorosethane then the (i) mol% residue of 1 3-bis(allylaminojpropane, or a salt thereof,
(it} mol% residue of 2-Propen-1-yvlamine, or a sait thereof, and (iil) mol% residue of the

gthylene crosslinker g.g. 1,2-dichloroethane add up 1o less than 100 mol%.

[00846] Clause 120. The crosslinked poly(allvlamine) polymer or unit dosage
form of any preceding clause wherein if the crosslinked poly{aliylamine) polymer
consists of the residues of 2-propen-1-ylamine, or a salt thereof,
1,3-bis{allylamino)propane, or a sait thereof, and an ethylene crossiinkere.g. 1,2-
dichlorosthane then the (i) mol% residue of 1,3-bis(allylamincipropane, or a salt thereof,
(i) mol% residue of 2-Propen-1-ylaming, or a salt thereof, and (ili) mol% residue of the

ethylene crosslinker e g. 1,2-dichloroethane add up to 100 moli%.

(008471 Clause 121, The crosslinked poly(aliylamine) polymer or unit dosage
form of any preceding clause wherein the mole ratio of the residues of Z-propen-1-
viamine, or a salt thereof . 1,3-bis(allylaminoipropane, or a salf thereof | the sethylens
crosslinker e.g. 1,2-dichlorosthane present in the crosslinked poly(aliviaming) polymer is

about 3-7 : about 0.5-3.5 : about 0.5-3.5.
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(0084871 Clause 122. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the mole ratic of the residues of Z2-propen-1-
yiamine, or a sal thereof : 1,3-bis(allylaminolpropane, or a salt thereof | the ethylene
crosslinker e.g. 1,2-dichlorosthane present in the crosslinked poly{alivlamine) polymer is
about 3.5-6.5: about 0.5-3.5: about 0.5-3.5.

(008491 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-
yiamine, or a salf thereof : 1,3-bis(allylaminolpropane, or a salt thereof | the ethylene
crosslinker e.g. 1,2-dichlorosthane present in the crosslinked poly(aliviamine) polymer is
about 4-6 . about 1-3 : about 1-3.

(0085071 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(allylamino)propane, or a salt thereof | the ethylene
crosslinker e.g. 1,2-dichlorosthane present in the crosslinked poly{alivlamine) polymer is
about 4.5-55 about 1.5-2.5: about 1.5-2.5,

(008511 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 sal thereof : 1,3-bis(allylamino)propane, or a salt thereof | the ethylene
crasslinker e.g. 1,2-dichlorosthane present in the crosslinked poly(aliviamineg) polymer is

about 5 about 2 : about 2.

(0085271 Clause 126. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{alivlaming) polymer
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comprises the residues of . wherein the ratio
of xyvizis about 0.5-3.5: about 3-7 . about 0.5-3.5.

[00853] Clause 127, The crosslinked poly(allylamine) 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 vz is about 5.5-3.5 . sbout 3.5-8.5 : about 0.5-3.5.

(008541 Clause 128. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(alivlaming) polymer
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comprises the residues of . wherein the ratio

of xy:zis about 1-3 . about 4-6 : about 1-3.

[00855] Clause 129. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamineg) polymaer

comprises the residues of . wherein the ratio
of xy:zis about 1.5-2.5 about 4.5-55 . sbout 1.5-2.5.

(008567 Clause 130, The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamine) polymer

comprises the residues of . whersin the ratic

of xyzis about 2 - about 5 about 2.

(0085771 Clause 131. The crosslinked poly(allvlamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylaming) polymer
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comprises the residues of * szl . {lahizNyy - [CaHeld):

Xy is about 0.5-3.5 : about 3-7 . about 0.5-3.5.

. wherein the ratio of

[0o858] Clause 132, The crosslinked poly(alivlamineg) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly({allylamineg) polymer

comprises the residues of * Mol fa o1 1

xy:zis about 0.5-3.5 : about 3.56.5: about 0.5-3.5.

. wherein the ratio of

[00859] Clause 133 The crosslinked poly(allylamineg) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{alivlaming)} polymer

comprises the residuss of , whereain the ratio of

Xy z is about 1-3 . about 4-6 : about 1-3.

(008607 Clause 134. The crosslinked poly(allylamine) polymer or unit dosage

form of any precading clause comprising the residuss of

{aHahale | e | BooHaClel:

R

. wherein the ratio of xy:z is about 1.5-2.5 about
4.5-55 about 1.5-2.5,

(00861 ] Clause 135, The crosslinked poly(allvlamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{allylamine) polymer

TCeHEMN]e  JOsHN]  [CoHaChE

comprises the residues of , wherein the ratio of

xy:zis about 2 about 5 about 2.

(0086271 Clause 136. The crosslinked poly(alivlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming)} polymer
comprises a structure corresponding to Formula 5, wherein the mole ratio of the
residues of M N-diallvi-1,3-diaminopropane dihydrochioride | allylamine © 1,2-
dichloroethane in the crossiinked poly(allylamine) polymer is about 0.5-3.5 © about 3-7 -
about 0.5-3.5.

[00863] Clause 137. The crosslinked poly(alivlamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamineg) polymer
comprises a structure corresponding o Formuda 5, wherein the mole ratio of the
residues of N N-dialivi-1, 3-diaminopropane dihydrochioride © allylamine © 1,2-
dichlorosthane in the crosslinked poly(allylamine) polymer is about 0.5-3.5 . about 3.5~

6.5 about 0.5-3.5.
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(008641 Clause 138. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylaming) polymer
comprises a structure corresponding o Formula 5, wherein the mole ratio of the
residues of N N'-diallvi-1,3-diaminopropane dihydrochioride | allylamine © 1,2-
dichioroethane in the crosslinked poly(allylamine) polymer is about 1-3 : about 4-6 ¢
about 1-3.

(008651 Clause 139. The crosslinked poly(allvlamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamineg) polymer
comprises a structure corresponding o Formula 5, wherein the mole ratio of the
residues of N N-diailyl-1,3-diaminopropane dihydrochioride : allylamine © 1 2-
dichlorosthane in the crosslinked poly(aliylamine) polymer is about 1.5-2.5 . about 4.5~
55 about 1.5-2.5.

[ooge6] Clause 140. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer
comprises a structure corresponding to Formula &, wherein the mole ratio of the
residues of N N-dialiyi-1, 3-diaminopropane dihydrochioride © allylamine © 1 2-

dichlorosthane in the crosslinked poly(allylaming) polymer is about 2 about 5 about 2.

(008671 Clause 141, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{alliylamine) polymer
comprises a structure corresponding to Formula &a, wherein m is a large number

indicating an extended polymer network.

(0086871 Clause 142. The crosslinked poly(alliylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamineg) polymer
comprises a structure corresponding to Formula 5a, wherein the ethylene linkage
betwaen two 2-propen-1-ylamine groups shown in ¢ of Formula Sa is an example of one

of many possible linkages belween amines in the crosslinked poly(allylamine) polymer.

(008691 Clause 143. The crosslinked poly(allvilamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer
comprises a structure corresponding to Formula 5a, wherein the mole ratio of the
residues of N N-digliyl-1 3-diaminopropaneg, or a sailt thereof | 2-propen-1-ylamine, or a
salt thereof | the ethylene crosslinker e.g. 1,2-dichloroethaneg in the crosslinked

poly(allylaming) polymer is about 0.5-3.5 : about 3-7 : about 0.5-3.5.
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(0087071 Clause 144. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylaming) polymer
comprises a structure corresponding o Formula 5a, wherein the mole ratio of the
residues of N N'-diallvi-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(allvlamineg) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamineg) polymer
comprises a structure corresponding o Formuila Sa, wherein the mole ratio of the
residues of N N-diailyl-1, 3-diaminopropang, or a salt thereof | 2-propen-1-ylamine, or a
sait thereof . the ethylene crosslinker e.g. 1,2-dichloroethaneg in the crosslinked

poly(allylamine) polymer is about 1-3 © about 4-6 © about 1-3.

[oo872] Clause 146. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer
comprises a structure corresponding to Formula Sa, wherein the mole ratio of the
residues of N N-diallyl-1 3-diaminopropane, or a sailt thereof | Z-propen-1-ylamine, or a
salt thereof | the sthylene crosslinker &.¢g. 1, 2-dichloroethane in the crosslinked

poly(allylamine) polymer is about 1.5-2.5: about 4.5-5.5: about 1.5-2.5.

(008731 Clause 147. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceading clause wherein the crosslinked poly{alivlamine) polymer
comprises a structure corresponding to Formula &a, wherein the mole ratio of the
residues of N Ndiallyl-1,3-diaminopropane, or a sait thereof : Z-propen-1-ylamine, or a
salt thereof | the ethylene crosslinker e.¢g. 1,2-dichlorosthane in the crosslinked

poly(allylamine} polymer is about 2 - about 5 about 2.

(008741 Clause 148, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause, wherein the crosslinked poly(allylamine) polymer
comprises x% of the residue of 2-propen-1-ylamine, or a salt theraof, y% of the residus
of 1,3-bis{allylamino)propane, or a salt thereof, and z% of the residue of the ethylene
crosslinker e.g. 1,2-dichloroethane, or a salt thereof, as a percentage of the total

number of residues present in the crosslinkad poly{allvlamine) polymer.

(0087571 Clause 148. The crosslinked poly(allivlamine) polymer or unit dosage

form of clause 148, wherein x+y+z = 100%.
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(0087671 Clause 150. The crosslinked poly(aliylamine) polymer or unit dosage

form of clause 148, wherein x+y+2 is < 100%.

(008771 Clause 151, The crosslinked poly(allylaming) polymer or unit dosage

form of clause 148, wherein x+y+z is < 100% and » 99%.

(008787 Clause 152, The crosslinked poly(allylamine) polymer or unit dosage

form of clause 148, wherein x+y+z s < 100% and > 98%.

(008791 Clause 153. The crosslinked poly(allylamine) polymer or unit dosage

form of clause 148, wherein x+y+z is < 100% and > 97%.

[oo880] Clause 154, The crosslinked poly(allylaming) polymer or unit dosage

form of clause 148, wherein x+y+z is < 100% and > 96%.

[o0881] Clause 155, The crosslinked poly(allylamine) polymer or unit dosage

form of clause 148, wherein x+y+z is < 100% and > 895%.

(008821 Clause 156, The crosslinked poly(allylamine) polymer or unit dosage
form of any one of clauses 148-155, wherein x = about 30-80%, v = about 5-35%, and z
= gbout 5-35%.

[oo883] 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%.

(008841 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%.

(008857 Clause 159, The crosslinked poly(allylamine) polymer or unit dosage
form of any one of clauses 148-155, wherein x = about 50-80%, y = about 20-25%,
and z = about 20-25%.

[00886] Clause 160. The crosslinked poly(allylamine) polymer or unit dosage
form of any praceding clause wherein the crosslinked poly(allylaming) polymer is

characterized by a chloride ion binding capacity of at least 2.5 mEg/g in a SIB assay.

(008871 Clause 161, 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 SIB assay.
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[o0888] Clause 162. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{alivlaming) polymer is

characterized by a chloride ion binding capacity of at least 3.5 mEg/g in a SIB assay.

[c0889] Clause 183, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein wherein the crosslinked poly(allylaming) polymer

is characterized by a chioride ion binding capacity of at least 4 mEg/g in a $iB assay.

(0088071 Clause 164. The crosslinked poly(allivlamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymeris

characterized by a chloride ion binding capacity of at least 4.5 mEg/g in a SIB assay.

(008917 Clause 165, The crosslinked poly(allylamine} polymer or unit dosage
form of any preceading clause wherein the crosslinked poly{allylamine) polymer is

characterized by a chloride ion binding capacity of at least 5 mEg/g in a SIB assay.

(008221 Clause 166. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer is

characterized by a chloride ion binding capacity of at least 5.5 mEg/g in a SIB assay.

(008837 Clause 167. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crossiinked poly{allylamine) polymer is

characterized by a chioride ion binding capacity of at least 8 mEg/g in a SIB assay.

(008241 Clause 168. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer is
characterized by a chioride ion binding capacity of about 4.1 mEg/g 1o sbout 5.4 mEg/g

ina SiB assay.

[008985] Clause 169. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allvlaming) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

1:1, respectively.

[o08gs] Clause 170, 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

1.25:1, respectively.
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(0088771 Clause 171. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(aliylaming) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

1.5:1, respectively.

(008981 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 chioride ion to phosphate ion binding ratic in a SiB assay of at least

1.75:1, respectively.

(008997 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 chioride ion to phosphate ion binding ratic in a SIB assay of at least

2.1, respectively.

[00200] Clause 174, 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

2.251, respectively.

(00801 ] Clause 175. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a S1B assay of at least

251, respectively.

(008021 Clause 176, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer is
charactarized by a chloride on to phosphate ion binding ratic in a SIB assay of at least

2.751, respectively.

(009037 Clause 177. The crosslinked poly(allylamine) polymer or unit dosage
form of any precading clause wherein the crosslinked poly{alivlamine) polymer is
characterized by a chioride ion to phosphate ion binding ratio in a SiB assay of at least

3.1, respectively.

(00904 ] 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 chioride ion to phosphate ion binding ratio in a SIB assay of at least
4.1, respectively.
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(0080571 Clause 179. The crosslinked poly(alliylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{alivlaming) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a SIB assay of at least

&1, respectively.

[00906] Clause 180. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer is
characterized by a chioride ion to phosphate ion binding ratic in a SiB assay of at least

6.1, respectively.

(005077 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 chioride ion to phosphate ion binding ratic in a SIB assay of at least

7.1, respectively.

[00208] 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.

[00809] Clause 183. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer is
characterized by a chloride ion to phosphate ion binding ratio in a S1B assay of at least

9.1, respectively.

(0091071 Clause 184. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamineg) polymer is
charactarized by a chloride on to phosphate ion binding ratic in a SIB assay of at least

10:1, respectively.

(009117 Clause 185, The crosslinked poly(allylamine) polymer or unit dosage
form of any precading clause wherein the crosslinked poly{alivlamine) polymer is
characterized by a chioride ion to phosphate ion binding ratic in a $S1iB assay of about

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

[00912] 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 chioride binding capacity in Simulated

Gastric Fluid of at least 7 mEg/g in a SGF assay.
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(0081371 Clause 187. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly{alivlaming) polymer 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.

(009141 Clause 188, 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 chioride binding capacity in Simulated

Gastric Fluid of at least 9 mEg/g in a SGF assay.

(009157 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 chioride binding capacity in Simulated

Gastric Fluid of at least 10 mEg/g in a SGF assay.

[00216] Clause 190. 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 chioride binding capacity in Simulated

Gastric Fluid of at least 11 mEg/g in a SGF assay.

(0081771 Clause 191. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer is
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.

(0091871 Clause 192, The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allvlamine) polymer is
charactarized 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.

(009197 Clause 193. The crosslinked poly(allylamine) polymer or unit dosage
form of any precading clause wherein the crosslinked poly{allivlamine) polymer has a

swelling ratio of less than 2.

(009207 Clause 194, The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

swelling ratio of less than 1.9
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(0082171 Clause 195. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylaming) polymer has a

swelling ratic of less than 1.8

[00922] Clause 196, The 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 1.7.

(0092371 Clause 197. The crosslinked poly(alliylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer has a

swelling ratio of less than 1.6.

(009247 Clause 198. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceading clause wherein the crosslinked poly{allylamine) polymer has a

swelling ratio of less than 1.5,

(0092571 Clause 199. 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 1.4

(009267 Clause 200, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

swealling ratio of less than 1.3,

(002277 Clause 201, The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a

swelling ratio of less than 1.2.

(0092871 Clause 202, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a

swealling ratio of less than 1.1

[00229] Clause 203, The 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.

(0083071 Clause 204. 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 0.9
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(0083171 Clause 205. The crosslinked poly(allylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylaming) polymer has a

swelling ratic of less than 0.8

[00932] Clause 206. The 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 0.7.

(009337 Clause 207. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylaming) polymer has a

swelling ratic of about 0.7 to sbout 1.7

(00934 ] Clause 208. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceading clause wherein the crosslinked poly{allylamine) polymer has a

carbon to nitrogen weight ratio of about 2:1 to about 61, respectively.

(0093571 Clause 209. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamineg) polymer has a

carbon 1o nitrogen weight ratio of about 2.5:1 1o about 5.1, respectively.

(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 4,51, respectively.

[00237] Clause 211, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamine) polymer has a

carbon o nitrogen weight ratio of about 3.25:1 to about 4.25:1, respectively.

(009387 Clause 212. 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 3.4:1 to about 4.1, respectively.

[00239] Clause 213. The crosslinked poly(allylaming) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly{allylamine) polymer has a

carbon {o nitrogen weight ratio of about 3.5:1 to about 4:1, respectivaly.

(008407 Clause 214. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the crosslinked poly(allylamineg) polymer has a

carbon to nitrogen weaight ratio of about 3.6:1 to about 3.9:1, respactively.
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(008411 Clause 215, The crosslinked poly(aliylamine) polymer or unit dosage

form of any preceding clause wherein the crosslinked poly(allylaming) 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 1o nitrogen weight ratio of the

crosslinked poly{allylamineg) polymer may be determined by elemental analysis.

(009437 Clause 217. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the carbon to nitrogen weight ratio of the
crosslinked polv{allylamine) polymer may be determined using a Perkin-Elmer 2400

Elemental Analyzer.

(00944 ] Clause 218, The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause wherein the carbon to 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 precading clause wherein the crosslinked poly{allvlamine) polymer is
obtainable by first copolymerizing Z2-propen-1-yvlaming, or a sall thereof,
1,3-bis{allivlamino)propane, or a salt thereof, to form a poly(allvlamine) polymer,
followed by crosslinking the poly{allylamine) polymer with an ethylene crosslinker e.g.

1,2~-dichioroethane.

(009487 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(alivlamineg) polymer comprising the residues of 2-
propen-1-ylamine, or a salt thereof and 1,3-bis(aliylamino)propaneg, or a salt thereof,

with an ethylene crosslinker e.g. 1,2-dichiorosthane.

(0084771 Clause 221. The crosslinked poly(allylamine) polymer or unit dosage
form of any preceding clause, wherein the crosslinked poly(allylamine) polymeris
obtainable by crosslinking poly[N A-di{prop-2-en-1-yhpropana-1, 3-diamine-co-prop-2-

en-1-amine] with an ethylene crosslinker e.g. 1,2-dichloroethane.

[00948] Clause 222. The crosslinked poly(allylamine) polymer or unit dosage

form of clause 221, wherein polyiN' A-di{prop-2-en-1-yhpropane-1, 3-diamine-co-prop-
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2-en-1-amine] is obtainable by radical polymerization of 2-propen-1-vlamine, or a sait

thereof, and 1,3-bis{allylamino)propane, or a salt theregof.

[00949] Clause 223. The crosslinked poly(allylamine) polymer or unit dosage
form of clause 221, whersin polyiN' A3-di(prop-2-en-1-ylipropane-1,3-diamine-co-prop-
2-en-1-amine] is obtainable by radical polymerization of 2-propen-1-ylamine and

1,3-bis{allylamino)propanea.

(0095071 Clause 224. The crosslinked poly(aliviamine) polymer or unit dosage
form of any preceding clause, whearein the crosslinked poly(allylamine) polymer is

obtainable from a process comprising

1) afirst step, wherein a poly{ailylamine) polymer is prepared by radical
polymerization of 2-propen-1-yiamine, or a sall thereof, and 1,3-bis{allylamino)propane,

or a sait thereof, and

2} a second step, wherein the poly(allylamine) polymer is crosslinked with an

ethylene crosslinker e.g. 1,2-dichlorosthane.

[oo251] 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.

(008527 Clause 226. A crosslinked poly(allylamine) polymer wherein the
crosslinked poly{allylamine) polymaer is veverimer, and less 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{allylamineg) polymer is veverimer, and wherein when tested with the
Heated Stability Assay (Stability Assay 2) the alliviamine (H2C=CHCHzNHz) content of

the crosslinked poly(allylamine) polymer increases by lass than 2.6 ppmiday allvlamine.

(009547 Clause 228. The crosslinked poly(allylamine) polymer of clause 226 or
clause 227 wherein the crosslinked poly(alivlamine) polymer consists essentially of the
residues of 2-propen-1-ylamine, or a salt thereof, 1,3-bis(allylaminc)propane, or a salt
thereof, and an ethylene crosslinker e.¢. 1,2-dichiorosthane, wherein the mole ratio of

the residues of 1,3-bis(allylamino)propane, or a salt thereof | Z-propen-1-ylamine, or a
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salt theraof : the ethylene crosslinker e.g. 1,2-dichloroethane in the crosslinked

poly(allylamine) 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(allylamineg) polymer consists essentially of (i)
20-25 mol% residue of 1, 3-his(aliylaming)propane, or a salt thereof, (i) 50-60 mol%
residue of 2-propen-1-yvlamine, or g salt thereof, and (i) 20-25 mol% residue of an
gthylene crosslinker e.g. 1,2-dichloroethane, wherein the (i) mol% residue of
1,3-bis{allylamino)propane, or a sait thereof, (ii) mol% residue of 2-propen-1-ylamine, or

add up o less than 100 mol%.

[00956] Clause 230. The crosslinked poly(allylaming) polymer of clause 226 or
clause 227 wherein the crosslinked poly(aliylamine) polymer consists of the residues of
2-propen-1-ylaming, or a salt thereof, 1 3-bis(allylaminoc)propane, or a salt thereof, and
an ethylene crosslinker e.g. 1,2-dichiorosthane, wherein the mole ratio of the residues
of 1,3-bis{allylamina)propans, or a sait thereof | 2-propen-t-ylamine, or a salt thersof :
the ethylene crosslinker e.g. 1,2-dichioroethane in the crosslinked poly(alivlamine)

polymaer is about 2 . about 5 about 2.

[00957] Clause 231, The crosslinked poly(allylamine) polymer of clause 226 or
clause 227 wherein the crosslinked poly(allylamine) polymer consists of (1) 20-25 mol%
residus of 1,3-bis{allylaminoipropane, or a salt thereaof, (i) 50-60 moi% residus of 2-
propen-1-yiamine, or a salt thereof, and (iil) 20-25 mol% residue of an ethylene
crosslinker e.¢g. 1,2-dichlorosthane, wherein the (i) mol% residusa of
1,3-bis{allviamino)propane, or a sait thereof, (ii) mol% residue of 2-propen-1-ylamine, or

add up to 100 mol%.

(0095871 Clause 232. The crosslinked poly(aliviamine) polymer of clause 226 or
clause 227 wherain the crosslinked poly(allylaming) polymaer consisis essentially of the
residues of 2-propen-1-ylamine, or a salf thereof, 1,3-bis(allylaminolpropane, or a salt
thereof, and an ethylene crosslinker e.g. 1,2-dichlorcethana, whearein the crossiinked
poly(allylamine) polymer has a carbon {o nitrogen weight ratio of about 3.7:1 to about

3.8:1, respectively.
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[00ss9] Clause 233, The crosslinked poly(allvlamine) polymer of clause 226 or

clause 227 wherein the crosslinked poly(allylamine) polymer consists of the residues of
2-propen-1-yiamine, or a salt thereof, 1, 3-bis(aliviamino)propane, or a salt thereof, and
an ethylene crosslinker e.g. 1,2-dichiorosthane, wherein the crosslinked poly(allylamine)

polymer has a carbon to nitrogen weight ratio of about 3.7:1 10 about 3.8:1, respectively.

(0086071 Clause 234. The crosslinked poly(allylamine) polymer of clause 233
wherein the carbon to nitrogen weight ratio of the crosslinked poly{allylamineg) polymer

may be determined by elementai 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(allylamine) polymer 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 slemental analysis method in the

description.

[00963] Clause 237. The crosslinked poly(allvlamine) polymer of any
praceding clause wherein the crosslinked poly({allylaming) 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 total number of carbon

atoms present in the crosslinked poly(allylamine) polymer are sp? aliyl carbons.

(0086571 Clause 239. The crosslinked poly(alivlamine) polymer of any
preceding clause whersin 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? allyl carbons.

[00967] Clause 241, The crosslinked poly(aliylamine) 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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[00s68] Clause 242, The crosslinked poly(allvlamine) polymer of any

preceding clause wherein less than 0.6% 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
preceding clause wherein less than 0.5% of the total number of carbon atoms present in

the crosslinked poly{allylamine) polymer are sp? allyl carbons.

(008707 Clause 244. The crosslinked poly(aliviamine) polymer of any
preceding clause whereain less than 0.4% of the total number of carbon atoms present in

the crosslinked poly{aliylamine) polymer are sp? allyl carbons.

(009717 Clause 245 The crosslinked poly(allylamine) polymer of any
precading clause wherein more than 0.3% of the {otal number of carbon atoms present

in the crosslinked poly{allylamine) polymer are sp? allyl carbons.

(0087271 Clause 246, The crosslinked poly(allylamine) polymer of any
preceding clause whereain less than 0.3% of the total number of carbon atoms present in

the crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00873] Clause 247. The crossiinked poly{allvlamineg) polymer of any preceding
clause wherein less than 0.2% of the total number of carbon atoms present in the

crosslinked poly(aliylamine) polymer are sp? allyl carbons.

[Q0874] Clause 248. The crosslinked poly{alliylaming) polymer of any preceding
clause wherein less than 0.1% of the total number of carborn atoms present in the

crosslinked poly(allylamine) polymer are sp? allyl carbons.

[00975] Clause 249. The crossiinkad poly(allvlamine) polymer of any preceding
clause wherein less than 0.05% of the total number of carbon atoms present in the

crosslinked poly(allylamine) polymer are sp? allyl carbons.

[Q08786] Clause 250. The crossiinked poly{aliylaming) polymer of any preceding
clause wherein the percentage of sp? allyl carbons can be determined by measuring the

percentage of sp? alivl carbons in the crosslinked poly{allylamine) polymer.

[Q0977] Clause 251. The crossiinked poly(alivlamine) polymer of any preceding
clause wherein the percentage of sp? allyl carbons can be determined by calculating the

percentage of sp? allyl carbons in the crosslinked poby(allylamine) polymer from the
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percentage of sp? allyl carbons measured in the poly(allylamine) polymer that is

crosslinked to make the crosslinked poly{allylamine) polymer.

[Q0878] Clause 252. The crosslinked poly{allylaming) polymer of clause 251
wherein the percentage of sp? allyl carbons in the crosslinked poly(allylamine) 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(allylamineg) polymer o the carbon {0 nitrogen weight ratic of the crosslinked

poly(allylamine) polymer.

[00875] Clause 253. The crosslinked poly{allylamine) polymer of clause 252
wherein the ratio of the carbon to nitrogen weight ratio of the poly(allylamine) polymer (o
the carbon to nitrogen weight ratio of the crosslinked poly(aliylamine} polymer is about
0.9

[Q09880] Clause 254. The crosslinked poly{allylaming) polymer of clause 252 or
clause 253 wherein the carbon to nifrogen weight ratio of the poly(alliylamine) polymer
and the carbon o nitrogen weight ratio of the crosslinked poly(ailylamineg) polymer may

be determined by slemental analysis.

[00981] Clause 255, The crossiinked poly{allylamine) polymer of any preceding
clause wherein the percentage of sp? allyl carbons in the poly{aliviamine) polymer can
be determined by SC NMR.

[00882] Clauses 256-262 are left blank

(009883} Clause 263. The crossiinked poly{allylamineg) polymer of any preceding
clause wherein the percentage of sp?® allyl carbons in the crosslinked poly{allyiamine)

polymer can be determined by *C NMR.

(009847 Clause 264. The crosslinked poly{alivlamine) 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 {L10~150 ppm)

X 100,

% sp2 allyl carbons = — - - o
- peak integration (0—80 ppm+peak integration (110150 ppm)

[Q09885] Clause 265. The crosslinked poly{allylaming) polymer of any one of
clauses 255, 263 or 284 wherein the "“C NMR is guantitative "*C solid state magic

angle spinning (MAS) NMR.
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[00986] Clause 266. The crosslinked poly{(allylamine) polymer of clause 265

wherein the quantitative °C solid state magic angle spinning (MAS) NMR is performed

as described in the description.

(00887 Clause 267. The crosslinked poly(allylaming) polymer of clause 265
wherein the quantitative *C solid state magic angle spinning (MAS) NMR measurement
is performed on a Bruker AVANCE Il 800 MHz (18.87) standard bore spectrometer,
operating at 800.25 MHz and 201.24 MHz for "H and SC, respectively, with a 4 mm

zirconia rotor system at a spinning frequency of 16 KHz.

[00888] Clause 268. The crosslinked poly{allylamine) polymer of clause 267
wherein a single pulse experiment is performed with a 30 degree 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.

[00989] Clause 269. The crosslinked poly{ailylaming) polymer of any one of
clauses 255, 263 or 264 wherein the 13C NMR is quantitative 1*C solid state cross-

polarization magic angle spinning (CPMAS) NMR,

[Q0830] Clause 270. The crosslinked poly{allylaming) polymer of clause 269
wherein the quantitative *C solid state cross-polarization magic angle spinning
(CPMAS) NMR is performed as described in the description.

(009911 Clause 271. The crosslinkad poly(allylamine) polymer of clause 269
wherein the guantitative *C solid state cross-polarization magic angle spinning
{CPMAS) NMR measuremant is parformed on a Redstong 360 MHz spectrometer,
operating at 363.331 MHz and 81.36% MHz for 'H and °C, respectively, with 2 7 mm

zirconium probe at a spinning frequency of 7 kHz

[00992] Clause 272. The crosslinkad poly(allylamine) 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 recycie delay, which is calibrated for
crosslinked poly{allylamine) polymer analysis based on quaniilative single-pulse
spectra, proton decoupling of 12V and 18V and line broadening of 35 Hz are used, and

about 3500 spectral acquisitions are accumulated.
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[00993] Clause 273. The crossiinked poly{(alivlamine) polymer of any preceding

clause wherein the number of sp? allyl carbons, if any, comprised by the crosslinkad

poly(allylamine) polymaer is less than the detection limit as determined by 3C NMR.

(00824 ] Clause 274. The crossiinked poly{allylamineg) polymer of any preceding
clause wherein the crosslinked poly{allylamine) polymer cortains less than 20 ppm

allylamine (H2C=CHCH2NH2) as an impurity.

[005995] Clause 275, The crossiinked poly{alivlamine) polymer of any preceding
clause wherein the crosslinked poly{alivlaming) polymer contains less than 15 ppm

allylamine (H2C=CHCH:NHz) as an impurity.

[008986] Clause 276. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein the crosslinkad poly{allvlamine) polymer contains less than 10 ppm

allylamine (H2C=CHCH2NH2) as an impurity.

(009987} Clause 277. The crosslinked poly{alivlamine) polymer of any preceding
clause wherein the crosslinked poly{allylaming) polymer contains less than 5 ppm

allylamine (H2C=CHCHaNHz) as an impurity.

(009981 Clause 278. The crossiinked poly{alivlamineg) polymer of any preceding
clause wherein the crosslinked poly(aliviamine) polymer contains less than 1 ppm

allylamine (H2C=CHCH2NH2) as an impurity.

[Q0899] Clause 279. The crossiinked poly{aliylaming) polymer of any preceding
clause wherein the crosslinked poly(allylamineg) polymer contains less tharn 100 ppb

allylaming (H2C=CHCHzNHz) as an impurity.

foo1oo0]  Clause 280. The crosslinked poly(allviamine) polymer of any preceding
clause wherein the crosslinked poly{allylamine) polymer contains less than the detection
limit for allvlamine (HaC=CHCH2NH2).

[oo10011  Clause 280A. The crosslinked poly(allylaming) polymer of any one of
clauses 274-280 wherein the allylamine content may be determined by the Cation IC

Exiraction Procedure.

[oo1c021  Clause 281, The crosslinked poly(aliviamine) 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 2.5

ppm/day allylamine.
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[oo10031  Clause 282, The crosslinked poly(aliviamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) poiymer increases by less than 2.4

ppm/day allylamine.

foc10041 Clause 283, The crosslinkad poly(alivlamine) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly{allylamine) polymer increases by less than 2.3

ppm/iday allylamine.

[oo10051  Clause 284, The crosslinked poly(allylamine) 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.

[oo1006]  Clause 285 The crosslinked poly(allylaming) polymer of any precading
clause wherein when tested with the Heated Stabiiity Assay (Siability Assay 2) the
allylamine content of the crossilinked poly(allylamine) polymer increases by less than 2.1

ppmiday allylamine.

(0010071  Clause 286. The crosslinked poly(ailvlamine) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Siability Assay 2) the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 2.0

ppm/day allylamine.

foo1o0o8]  Clause 287, The crosslinked poly(allviamine) 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 1.9

pom/iday allylamine.

[ooc10091  Clause 288. The crosslinked poly{aillylamine) polymer of any preceding
clause wherein when testad with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly{allylamine) polymer increases by less than 1.8

ppm/day allviamine.

[oci1o101  Clause 289. The crosslinked poly(ailylaming) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly{allylamine) polymer increases by less than 1.7

ppm/day allvlamine.
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[oo1011]  Clause 290. The crosslinked poly(aliviamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) poiymer increases by less than 1.6

ppm/day allylamine.

foci1o121  Clause 281. The crosslinked poly(alivlamine) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly{allylamine) polymer increases by less than 1.5

ppm/iday allylamine.

foo10131  Clause 292. The crosslinked poly(allylamine) 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 1.4

ppm/day allviamine.

[oo10141 Clause 293. The crosslinked poly(allylaming) polymer of any precading
clause wherein when tested with the Heated Stabiiity Assay (Siability Assay 2) the
allylamine content of the crossilinked poly{allylamine) polymer increases by less than 1.3

ppmiday allylamine.

[ooi1o1s]  Clause 294 The crossiinked poly(ailvlamine) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 1.2

ppm/day allylamine.

foo1016]  Clause 295, The crosslinked poly(allviamine) 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 1.1

pom/iday allylamine.

(0010171  Clause 296. The crosslinked poly{aillylamine) polymer of any preceding
clause wherein when testaed with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly{allylamine) polymer increases by less than 1.0

ppm/day allviamine.

[oci1o18]  Clause 297, The crosslinked poly(ailylaming) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly{allylamine)} polymer increases by less than 0.8

ppm/day allvlamine.
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[oo1o1e]  Clause 298. The crosslinked poly(aliviamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) poiymer increases by less than 0.8

ppm/day allylamine.

foci1ozo1  Clause 299, The crosslinkad poly(alivlamine) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 0.7

ppm/iday allylamine.

fooi1o211  Clause 300. The crosslinked poly(allylamine) 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 0.6

ppm/day allviamine.

[oo10221  Clause 301, The crosslinked poly(allylaming) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Siability Assay 2) the
allylamine content of the crosslinked poly{allylamine) polymer increases by less than 0.5

ppmiday allylamine.

[oo10231  Clause 302. The crossiinked poly(ailvlamine) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Siability Assay 2) the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 0.4

ppm/day allylamine.

foo10241  Clause 303, The crosslinked poly(allviamine) 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 0.3

pom/iday allylamine.

[ooc10251  Clause 304. The crosslinked poly{aillylamine) polymer of any preceding
clause wherein when testad with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly(allylamine) polymer increases by less than 0.2

ppm/day allviamine.

[oci10261  Clause 305, The crosslinked poly(allylaming) polymer of any preceding
clause wherein when tested with the Heated Stabiiity Assay (Stability Assay 2) the
allylamine content of the crosslinked poly{allylamine) polymer increases by less than 0.1

ppm/day allvlamine.
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[oo10271  Clause 306. The crosslinked poly(aliviamine) polymer of any preceding

clause wherein when tested with the Heated Stability Assay (Stability Assay 2} the
allylamine content of the crosslinked poly(allylamine) poiymer increases by less than

0.05 ppmiday allylamine.

foci1ozsl  Clause 307. The crosslinked poly(allylamine) polymer or unit dosage form
of any preceding clause whereain the residue of Z-propen-1-yiamine, or g salt thereof, is
the residue of: the free base of Z-propen-1-ylamine, a 2-propen-1-ylamine hydrochioric
acid salt, a Z-propen-1-ylamine sulfuric acid salt, a 2-propen-1-ylamine phosphoric acid

salt, a Z-propen-1-yvlamine hydrobromic acid salt or a combination thereof.

foo10291  Clause 308. The crosslinked poly(allylamine) polymer or unit dosage form
of any preceding clause wherein the residue of Z-propen-1-yiamine, or g salt thereof, is

the residue of the free base of 2-propen-1-ylamine.

[oo10301  Clause 309, The crosslinked poly(allylamine) polymer or unit dosage form
of any preceding clause wherein the residue of 2-propen-1-ylamine, or a sait thereof, is

the residue of a 2-propen-1-ylamine hydrochioric acid salt.

foo10311  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
theraof, is the residuea of. the free base of 1,3-bis{allylaminc)propane, a 1,3-
bis(allylamino)propane hydrochloric acid salt, a 1,3-bis{allylaminojpropane sulfuric acid
salt, a 1, 3-bis{aliviamino)propane phosphoric acid salt, a 1,3-bis{allylamino)propane

hydrobromic acid salt or a combination thereof.

[oc10321  Clause 311, The crosslinked poly(allylamine) polymer or unit dosage form
of any preceding clause wherein the residus of 1,3-bis{alivlaminoipropane, or a salt

thereof, is the residue of the free base of 1,3-bis(ailylamino)propane.

[oc10331  Clause 312. The crosslinked poly(allylamine) polymer or unit dosage form
of any preceding clause wherain the residue of 1, 3-bis{aliviamino)propansg, 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-ylamine, or a sait thereof, is
the residue of a 2-propen-1-ylamine hydrochloric acid salt and the residue of 1,3-
bis(allylamino)propane, or a salt thereof, is the residue of a 1,3-bis(allylaminojpropane

hydrochioric acid salt.
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(0010351  Clause 314, The crosslinked poly(aliylamine) polymer of any preceding

clause wherein the crosslinked poly{aliviamine) polymer is veverimer and the
crosslinked poly(aliylamine) polymer is obtainable by first copolymerizing 2-propen-1-
yiamine, or a sal thereof, and 1 3-bis(allvlamino)propane, or a salt theredf, to form a
poly(alivlamine} polymer, followed by crossiinking the poly(allylamine) polymer with an
sthylene crosslinker &.¢. 1,2-dichloroethane, wherein the residue of Z-propen-1-ylamine,
or a salt thereof, is the residus of. the free base of Z-propen-1-yvlamine, a 2-propen-1-
ylamine hydrochloric acid sall, a 2-propen-1-ylamine sulfuric acid salt, a 2-propen-1-
viamine phosphoric acid salt, a 2-propen-1-ylamine hydrobromic acid saltor a
combination thereof, and the residue of 1,3-bis{allylamincipropane, or a salt thereof, is
the residue of. the free base of 1,3-bis{allviamino)propane, a 1,3-bis(allylamincipropans
hydrochloric acid sall, a 1,3-bis(alivlamino)propane sulfuric acid salt, a 1,3-
bis(allylaming)propane phosphoric acid salt, a 1,3-bis{allylamino)propane hydrobromic

acid salt or a combination thereof

(0010361 Clause 315. The crosslinked poly(allylamine) polymer of clause 314
wherein the residue of Z-propen-t-ylaming, or a salt theraof, is the residue of the free

base of 2-propen-t-ylamine.

[oc10371  Clause 316. The crosslinked poly(allylamine) polymer of clause 314
wherein the rasidue of Z-propen-t-ylamine, or a salt thereof, is the residus of a8 2-

propen-1-yviamine hydrochioric acid salt.

[oc10381  Clause 317. The crosslinked poly(allylamine) polymer of clause 314
wherein the residue of 1,3-bis{allylaminolpropane, or a sall thereof, is tha residue of the

free base of 1,3-bis(allylamino)propane.

[ooc103s1  Clause 318. The crosslinked poly(allylamine) polymer of clause 314
wherein the rasidue of 1 3-bis(allylaminoipropans, or a salt thereof, isthe residus of a

1,3-bis{allylaminoipropane hydrochioric acid salt.

(0010401 Clause 319 The crosslinked poly(allylamine) polymer of clause 314
wherein the residue of 2-propen-t-ylaming, or a sall theraof, is the residus of a 2-
propen-1-viamine hydrochloric acid salt and the residue of 1, 3-bis(allviamino)propane,

or a salt thereof, is the residue of a 1, 3-bis{aliviamino)prapane hydrochloric acid salt.

[oo10411  Clause 320. The crosslinked poly(allylamine) polymer of any preceding

clause where the ethylene crosslinker is dichiorosthane.
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[oo1c421  Clause 325, The crosslinked poly(ailviamine) polymer or unit dosage form

of any preceding clause wherein the crosslinked poly{aliviamine) polymer is obtainable

from any process disclosed herein.

(0010431 Clause 326. A composition comprising the crosslinked poly(allylaming)

polymer of any preceding clause.

foo10441  Clause 327, A pharmaceutical composition comprising the crosslinked

poly(allvlamine) polymer of any preceding clause.

(0010451 Clause 328, A method of treating an individual afflicted with a disease or
disorder, the method comprising oral administration of the crosslinked poly(allylamine)

polymer of any preceding clause, or a pharmaceutical composition thereof.

(0010461 Clause 329. The method of clause 328, wherein the disease or disorder is

any disease or disorder disclosed herein.

(0010471 Clause 330, The msthod of clause 328, wherein the disease or disorder is

metabolic acidosis.

[oo10481 Clause 331, Use of the crosslinked poly{allylamine) polymer of any

preceding clause for the manufacture of a medicament for therapy.

(0010491 Clause 332, Use of the crosslinked poly(allylamine) polymer of any
preceding clause for the manufacture of a medicament for treating any indication

disclosed hersin.

(0010501 Clause 333, Use of the crosslinked poly(allylamine)} polymer of any

preceding clause for the manufacture of a medicament for treating metabolic acidosis.

[oo10511  Clause 334. The crosslinked poly{allylamine) polymer of any any

precading clause for use in therapy.

foo10521  Clause 335, The crosslinked poly(allviamine) polymer of any preceding

clause for use in a method of freating metabolic acidosis.

(0010531 Clause 336. The crossiinked poly(alivlamine) polymer of any preceding

clause for use in a method of slowing Kidney disease progression.

[oo10o541  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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[oo10551  Clause 338. The crosslinked poly(aliviamine) polymer of any preceding

clause for use in treating cancer.

(0010561 Clause 339. The crossiinked poly(allylaming) polymer of any preceding

clause for use in slowing the prograssion of cancer.

foo10571  Clause 340. The crosslinked poly(alliylamine) polymer of any preceding

clause for use in treating diabetes.

[oo1o581  Clause 341, The crosslinked poly(aliviamine) polymer for use according
to any one of clauses 334-340 wherein the crosslinked poly{allylamine) polymer is

administered crally at a once daily dose of 3 g.

[oc10591  Clause 342, The crosslinked poly(ailylaming) polymer for use according
to any one of clauses 334-340 wherein the crosslinked poly(allvlaming) polymer is

administered orally at a once daily dose of 6 ¢.

(0010601  Clause 343. The crossiinked poly(ailviamine) polymer for use according
to any one of clauses 334-340 wherein the crosslinked poly{allylamine) polymer is

administered crally at a once daily dose of 8 g.

fooi1oe1]  Clause 344, The crosslinked poly{allylamine) polymer for use according

to any one of clauses 334-340 wherein the starting dose is 8 ¢.

[oo10621  Clause 345, The crossiinked poly(aliviamine) polymer for use according
to clause 344 wherein the dose is adjusted inincrements of 3 g, up o 8 g, ordown o 3

g once daily to achieve the desired serum bicarbonate level

(0010631 Clause 346. The crossiinked poly{aliylaming) polymer for use according
to any one of clauses 334-345 wherein the crosslinked poly(alivlaming) polymer is

administered with food.

[oo10641  Clause 347. A method of making the crosslinked poly{aliylamine) polymer

of any preceding clause.

(0010651 Clause 348 The method of clause 347, wherain the method is

substantially as described in the description andfor drawings.

[oo1066]  Clause 349, The method of clause 347, wherein the method is as

described in the description andfor drawings.
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[oo10671  Clause 350, The method of clause 347, wherein the method comprises

the process any one of numbered embodiments 1-441.

[oo10681 Clause 351 A unit dosage form having an exterior and interior, the
interior comprising the crosslinked poly(allylamine) 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/mday.

(0010691 Clause 352. A unit dosage form having an exterior and interior, the
interior comprising a crosslinked poly(allylamine)} polymer wherain the crosslinked
poly(allylamine) 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.

fooi1c7el  Clause 353. A unit dosage form comprising a sealed enclosure
containing the crosslinked poly(ailylamine) polymer of any preceding clause, the sealed
enclosure comprising a multi-layer laminate of an innar 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/m2iday.

(0010711  Clause 354. A unit dosage form comprising a sealed enclosure
containing a crosslinked poly(allylamine) polvmer wherein the crosslinked
poly{allylamine) polymer is veverimer, the sealed enclosure comprising a mulli-layer
laminate of an inner contact layer, an outer laver; 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 CC/m?/day.

[oo10721  Clause 385 The unit dosage form of any preceding clause wherein the

unit dosage form comprises about 3-8 g of the crosslinked poly(ailylamine) polymer.

(0010731  Clause 356. The unit dosage form of any preceding clause wherein the

unit dosage form comprises about 3 g of the crosslinked poly{allylamine) polymer.

[ooc10741  Clause 357. The unit dosage form of any preceding clause wherein the

unit dosage form comprises about 6 g of the crosslinked poly(allylamine} polymer.

(0010751 Clause 388. The unit dosage form of any preceding clause wherein the

unit dosage form comprises about 9 g of the crosslinked poly{allylamine) polymer.
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[oo10761  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. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.048 CC/m¥/day.

foo1o781  Clause 361. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.047 CC/m?/day.

[oo107%21  Clause 362. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.046 CC/m?%/day.

[ocioac) Clause 363 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.045 CC/m¥/day.

fooi1ogil  Clause 364. The unit dosage form of any preceding clause wherein the

oxygen fransfer rate is less than about 0.044 CC/m3/day.

[oo1o821  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 dosage form of any preceding clause whereain the

oxygen transfer rate is less than about 0.040 CC/m?/day.

[ooiogd] Clause 367. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.038 CC/m3/day.

[oo1o851  Clause 368. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.036 CC/m%day.

[o010861 Clause 369 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.034 CC/m?/day.

fooi1oe7y  Clause 370. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.032 CC/m%/day.

foo1o881  Clause 371. The unit dosage form of any preceading clause wherein the

oxygen transfer rate is less than about 0.030 CC/m?/day.

(0010891 Clause 372, The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.025 CC/m?/day.

[oo10901 Clause 373. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.020 CC/m?%/day.
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[oo10911  Clause 374 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.015 CC/m2/day.

[oo10921  Clause 375 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.010 CC/m2/day.

(0010931 Clause 376,  The unit dosage form of any preceding clause wheregin the

oxygen transfer rate is less than about 0.009 CC/m?/day.

[oo10941 Clause 377. The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.007 CC/m%/day.

[ocioes]  Clause 378 The unit dosage form of any preceding clause wherein the

oxygen transfer rate is less than about 0.005 CC/m¥/day.

foo1o9e]  Clause 379, The unit dosage form of any preceding clause wherein the

oxygen fransfer rate is less than about 0.003 CC/m?/day.

[oo10971  Clause 380. The unit dosage form of any preceding clause wherein the
container or package comprises a multi-layer laminate of an inner contact layer, an

outer layer; and a barrier layer disposed batween the contact layer and outer layer.

[oci1o98]  Clause 381. The unit dosage form of any preceding clause wherein the
container or package comprises a multi-layer laminate, the multi-layer laminate

comprising one or more adhesive layers and/or a print layer.

(0010891 Clause 382. The unit dosage form of any preceding clause wherein the
inner contact layer comprises polyethylene, polypropylene, poly{ethyiene terephthalate),

polyester, nylon and/or polyvinyl chioride.

[oo11001 Clause 383. The unit dosage form of any preceding clause wherein the

inner contact layer comprises polyethylene.

foo11011  Clause 384, The unit dosage form of any precading clause wherein the

inner contact layer is linear low-density polyethyiene.

[ooi11021  Clause 385 The unit dosage form of any preceding clause wherein the

inner contact laver is low-density polyethylens.

(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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[oo11041  Clause 387. The unit dosage form of any preceding clause wherein the

thickness of the inner layer is about 34 g/m?.

(0011051 Clause 388. The unit dosage form of any preceding clause wherein the
outer layer comprises polyethylene, polypropylens, poly{ethylene terephthalate),

polyester, nylon, polyviny! chloride and/or paper.

foo1io6]  Clause 389. The unit dosage form of any preceding clause wherein the

outer layer is polv{ethylene terephthalate).

(0011071 Clause 390, The unit dosage form of any preceding clause wherein the

thickness of the outer layer is about 20-30 pm.

[oc11081  Clause 391, The unit dosage form of any preceding clause wherein the

thickness of the outer laver is about 23 um.

[oo1105]  Clause 382, The unit dosage form of any precading clause wherein the
enclosure, container or packaging comprises aluminum, ethylene vinyt alcohol, glass,

polyester {(e.g. polyethylene terephthalate) and polyamides {s.g. nylon).

[ociii1cl  Clause 393 The unit dosage form of any preceding clause wherein the
enciosure, container or packaging comprises aluminum, ethylene vinyl ailcohol, glass,
polyester (a.¢. polyethyiene terephthalate) and/or polyamides (e.g. nylon), which

achieve the oxygen transfer raie.

(0011111 Clause 394 The unit dosage form of any preceding clause wherein the

unit dosage form comprises at least one aluminum layer.

[oci11121  Clause 395. The unit dosage form of any preceding clause wherein the

barrier layer comprises an aluminum layer.

foo11131  Clause 396. The unit dosage form of any precading clause wherein the

thickness of the aluminum layer is greater than 5 um.

(0011141 Clause 397, The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer s greater than 8 um.

[oci11151  Clause 398. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is greater than 10 um.

foo1116]  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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[oo11171  Clause 400. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer greater than 15 um.

[oo11181  Clause 401. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is greater than 18 um.

foo1i1ey  Clause 402 The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is greater than 20 pm.

[oo11201  Clause 403. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is greater than 25 um.

[ocii211  Clause 404, The unit dosage form of any preceding clause wherein the

thickness of the aluminum layeris 8 — 20 um.

foo1iz21 Clause 405. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is 15 - 20 pm.

[oo11231  Clause 406. The unit dosage form of any preceding clause wherein the

thickness of the aluminum layer is about 15-25 um.

(0011241 Clause 407, The unit dosage form of any preceding clause whereain the

thickness of the aluminum layer is about 18 um.

foo11251  Clause 408. The unit dosage form of any preceding clause wherein the
sealed enclosure further comprises a low density polysthylene (LDPE) layer between

the outer layer and the barrier layer.

(0011261  Clause 409, The unit dosage form of clause 408 wherein the thickness of
the low density polyethylens (LDPE) layer between the outer laver and the barner layer

is about 5-15 g/m?.

foo11271  Clause 410. The unit dosage form of clause 408 wherein the thicknass of
the low density polyethylene (LDPE) layer between the outer layer and the barrier layer

is about 12 g/m=.

[ooi11281  Clause 411 The unit dosage form of any preceding clause further

comprising a moisture barrier.

foo1i291  Clause 412, The unit dosage form of any preceding clause wherein the

sealed enclosure further comprises a moisture barrier.
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(0011301  Clause 413. The unit dosage form of any preceding clause wherein the

water vapor transfer rate betwsen the multi-layer laminate is less than about 0.10

g/meiday.

[oc11311 Clause 414, The unit dosage form of any preceding clause wherein the
water vapor transfer rate between the mulli-layer laminate is less than about 0.09

gim*iday.

(0011321  Clause 415. The unit dosage form of any preceding clause wherein the
water vapor transfer rate between the mulii-layer laminate s less than about 0.08

g/m?day.

foo11331 Clause 416. The unit dosage form of any preceding clause wherein the
water vapor transfer rate between the multi-ayer laminate is less than about 0.07

g/meiday.

(0011341 Clause 417, The unit dosage form of any preceding clause wherain the
water vapor transfer rate between the mulli-layer laminate is less than about 0.06

g/m?iday.

foo11351  Clause 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.

(00112361 Clause 419, The unit dosage form of any preceding clause wherein the

unit dosage form comprises an inert atmosphere.

[o011371 Clause 420. The unit dosage form of any preceding clause wherein the

sealed enclosure comprises an inert atmaosphers.

[oo11381  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 atmaosphere comprises a mixtura of nifrogen 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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[oo11421  Clause 425, The unit dosage form of any preceding clause wherein the

inert atmosphere comprises less than 15% oxygen.

(0011431 Clause 426, The unit dosage form of any preceding clause wherein the

inert atmosphere comprises less than 10% oxygen.

foo11441 Clause 427. The unit dosage form of any preceding clause wherein the

nert atmosphere comprises lass than 5% oxygen.

(0011451 Clause 428. The unit dosage form of any preceding clause wherein the
dosage form is a vial, bottle, tube, jar, box, tub, blister pack or sachet (including a stick

pack).

(0011461 Clause 429. The unit dosage form of any preceding clause wherein the

unit dosage form comprises a sealed sachet.

(0011471  Clause 430, The unit dosage form of any preceding clause wherein the

sealed enclosure is g sealed sachesl

[oo11481  Clause 431 The unit dosage form of any preceding clause wherein the

unit dosage form (s a sachet.

(0011491 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=w3 (;53“-; ~0.142(1 ~ 10<“}’~"W))) Formuia X.
[oo11511  Clause 433, The unit dosage form of any preceding clause wherein the

unit dosage form comprises an oxygen scavenger.

(0011521 Clause 434, The unit dosage form of any preceding clause wherein the

OXygen scavenger s 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 oxygen

scavenger.

(0011541 Clause 436, The unit dosage form of any preceding clause wherein the

oxygen scavenger s any material that absorbs oxygen.
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[oo115581  Clause 437, The unit dosage form of any preceding clause wherein the

oxygen scavenger is one or more of the following: iron {&.q. iron powder or activated
iron}, ferrous oxide, iron oxide powders, ferrous saits such as ferrous sulfate or ferrous
chioride, suffites, bisulfites, reducing sulfur compounds such as dithionite, ascorbic acid
andfor their salts, Pd, Cu, ZN, Mg, Mn, Co(l), Zn, ascorbic acid, ascorbic acid saits,
isoascorbic acid, tocopherol, hydroguinoneg, catechol, rongait, sorbose, lignin, galiic
acid, gallic acid and potassium carbonate, erythorbic acid, quinonas, catechol, butyiated
hydroxytoluene (BHT), butylated hydroxyvanisole (BHA), polvunsaturated faity acids,

glucose oxidase, laccase, and aethano! oxidase.

foo11s81  Clause 438. The unit dosage form of any preceding clause wheregin the

oXygen scavenger is iron.

(0011571  Clause 438 The unit dosage form of any preceding clause wherein the

oxygen scavenging layer is AGELESS™

[oo11581 Clause 440. The unit dosage form of any preceding clause wherein the

OXygen scavenger is in a separate enclosure.

foor1ise]  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 O

om® to 120 em?®.

[oc11601  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 em®.

[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®.

[oc11621 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?®.

[oo11631  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

omd to 20 om?S.
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[oo11641 Clause 446, The unit dosage form of any preceding clause wherein the

unit dosage form comprises a head space, wherein the head space volume is from 50

om® to 70 om®.

[oc11651  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 unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume s less than

65% of the iotal volume of the unit dosage form.

[oo11671 Clause 449, 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

80% of the total volume of the unit dosage form.

[oo11681 Clause 450 The unit dosage form of any preceding clause wherein the
unit dosage form comprises a head space, wherein the head space volume s less than

55% of the total volume of the unit dosage form.

foo11691  Clause 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 dosage form of any preceding clause wherein the
unit dosage form comprises & head space, wherein the head space volume s less than

35% of the total volume of the unit dosage form.

foo11711  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.

(0011721  Clause 454, 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

15% of the total volume of the unit dosage form.

foo11731  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 dosage form.
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[o011741  Clause 456, The unit dosage form of any preceding clause wherein the

crosslinked poly(allylamineg) 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.

foc11751  Clause 457, The unit dosage form of any preceding clause wheregin the
crosslinked poly(allylaming) polymer or a pharmacsutical 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.

foo11761  Clause 458. The unit dosage form of any preceding clause wherein the
crosslinked polv{allylamine) polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.03 g per cm?® of the head space volume of the unit dosage

form.

(0011771  Clause 459, 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 cm? of the head space volume of the unit dosage

form.

[oo11781  Clause 460. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine) polymaer or a pharmaceutical composition theraof is present
in an amount of at least 0.05 g per cm® of the head space volume of the unit dosage

form.

foo11791  Clause 461, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylaming) 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.

focii1e0y]  Clause 462. The unit dosage form of any preceding clause wherein the
crasslinked poly{allylamineg) polymer or a pharmaceutical composition thereof 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.

[ociierl  Clause 463. The unit dosage form of any preceding clause wherein the
crosslinked polv{allylamine) polymer or a pharmaceutical composition thereof 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.
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[oo11821  Clause 464, The unit dosage form of any preceding clause wherein the

crosslinked poly(allylamineg) 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.

foci118e31  Clause 465, The unit dosage form of any preceding clause wheregin the
crosslinked poly(allylaming) polymer or a pharmacsutical composition thereof is present
in an amount of 3 g and wherein the head space volume of the unit dosage form is less

than 90 cm?.

fooi1igd] Clause 466. The unit dosage form of any preceding clause wherein the
crosslinked polv{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 cm?.

[oo118s]  Clause 467, 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 head space volume of the unit dosage form is less

than 60 cm?.

[oo1186]  Clause 468. The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine) polymaer or a pharmaceutical composition theraof is present
in an amount of 3 g and wherein the head space volume of the unit dosage form is less

than 45 cm?®.

foo11871  Clause 469, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylaming) 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 120 om®.

fociiesyl Clause 470. The unit dosage form of any preceding clause wherein the
crasslinked poly{allylamineg) 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 105 cm?®.

[oci1iasl  Clause 471, The unit dosage form of any preceding clause wherein the
crosslinked polv{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 80 cms.
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[oo1is0]  Clause 472 The unit dosage form of any preceding clause wherein the

crosslinked poly(allylamineg) polymer or a pharmaceutical composition thereof is present
it an amount of 6 g and wherein the head space volume of the unit dosage form is less

than 75 cm?®.

fociiseil Clause 473. The unit dosage form of any preceding clause wheregin the
crosslinked poly(allylaming) polymer or a pharmacsutical 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?.

foo11921 Clause 474. The unit dosage form of any preceding clause wherein the
crosslinked polv{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®.

[oo11931  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?.

[oo11841  Clause 476, The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine) polymaer or a pharmaceutical composition theraof is present
in an amount of 8 g and wherein the head space volume of the unit dosage form is less

than 85 om?®.

foo11es]  Clause 477, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylaming) 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.

fociisel  Clause 478. The unit dosage form of any preceding clause wherein the
crasslinked poly{allylamineg) polymer or a pharmaceutical composition thereof is present
in an amount of at least 0.03 g per cm?® of the total volume of the sealed unit dosage

form.

[oc11971 Clause 479. The unit dosage form of any preceding clause wherein the
crosslinked polv{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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[oo11e8]  Clause 480. The unit dosage form of any preceding clause wherein the

crosslinked poly(allylamineg) polymer or a pharmaceutical composition thereof is present
irt an amount of from 0.03 g to 0.07 g per cm?® of the total volume of the sealed unit

dosage form.

fociisel  Clause 481. The unit dosage form of any preceding clause wheregin the
crosslinked poly(allylaming) polymer or a pharmaceutical composition thereof is present
in an amount of from 0.04 g to 0.06 g per cm? of the total volume of the sealed unit

dosage form.

[oo12001 Clause 482. The unit dosage form of any preceding clause wherein the
crosslinked polv{allylamine) polymer or a pharmaceutical composition thereof is present
in an amourt of 3 g and wherein the sealed total volume of the unit dosage form is less
than 100 cm®.

[oo12011  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 g0 cms.

[oo12021  Clause 484, The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine) polymaer or a pharmaceutical composition theraof is present
in an amount of 3 g and wherein the sealed total volume of the unit dosage form is less

than 80 om?®.

foo12031  Clause 485, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylaming) polymer or a pharmaceutical composition thereof is present
it an amount of 3 g and wherein the saaled total volume of the unit dosage form is less

than 70 cm?®.

[00c12041 Clause 486. The unit dosage form of any preceding clause wherein the
crasslinked poly{allylamineg) polymer or a 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 polv{allylamine) polymer or a 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 1580 cm?.
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[oo12061  Clause 488. The unit dosage form of any preceding clause wherein the

crosslinked poly(allylamineg) polymer or a pharmaceutical composition thereof is present
it an amount of 6 g and wherein the {olal volume of the sealed unii dosage form is less

than 140 cm3,

foc12071  Clause 489. The unit dosage form of any preceding clause wheregin the
crosslinked poly(allylaming) polymer or a pharmacsutical composition thereof is present
in an amount of 6 g and wherein the {otal volume of the sealed unit dosage form is less
than 130 cm?.

foo12081 Clause 490. The unit dosage form of any preceding clause wherein the
crosslinked polv{allylamine) polymer or a pharmaceutical composition thereof is present
in an amourtt of 9 g and wherein the total volume of the sealed unit dosage form is less
than 200 cm?®.

[oo12091  Clause 491, 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 {otal volume of the sealed unit dosage form is less
than 190 cm?®.

[oo12101  Clause 492 The unit dosage form of any preceding clause wherein the
crosslinked poly{allylamine) polymaer or a pharmaceutical composition theraof is present
in an amount of 8 g and wherein the total volume of the sealed unit dosage form is less
than 180 cm®.

foo12111  Clause 493, The unit dosage form of any preceding clause wherein the
crosslinked poly(allylaming) polymer or a pharmaceutical composition thereof is present
it an amount of 8 g and wherein the saaled total volume of the unit dosage form is less
than 170 om®.

fociziz2y  Clause 494. The unit dosage form of any preceding clause wherein the

head space gas s nifrogen.

[o012131  Clause 495, The unit dosage form of any preceding clause wherein the

head space gas is argon.

[0012141 Clause 496, The unit dosage form of any preceding clause wherein the

head space gas is helium.
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[oo121581  Clause 497, The unit dosage form of any preceding clause wherein the

head space gas 18 neon.

[oo12161  Clause 498, The unit dosage form of any preceding clause wherein the

head space gas is carbon dioxide.

foo12171 Clause 499. The unit dosage form of any preceding clause wherein the

head space gas is nifrogen.

[oo12181  Clause 500. The unit dosage form of any preceding clause wherein the

head space gas is a mixture of gases mentioned herain.

[oo12191  Clause 501. The unit dosage form of any preceding clause wherein the

head space gas is a midure of inert gases.

foo12201 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%.

[ooi2221  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%.

foo12231 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%.

foo12241  Clause 506. The unit dosage form of any preceding clause wherein the

percentage of oxygen praesent in the head space gas is less than 14%.

[oo12251  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%.

fooi1z261  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%.

foo12271  Clause 509, The unit dosage form of any preceding clause wherein the

percentage of oxygen present in the head space gas is less than 8%.

[ooiz2281  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%.

fooi1z291  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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[oo12301  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%.

[oo122311  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%.

foo12321  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 516, The unit dosage form of any preceding clause wherein the
head space gas is <20% oxygen (02} and >80% nitrogen (N2).

foo123s51  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,

foo123s]  Clause 520. The unit dosage form of any preceding clause wherein the
head space gas is <12% 02 and >88% N2.

[oo123%1  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.

foo12411 Clause 523. The unit dosage form of any preceding clause wherein the
head space gas is <6% 02 and >84% Nz

foo1z2421  Clause 524, The unit dosage form of any preceding clause wherein the
head space gas is <4% OZ and »86% NZ2.

(0012431 Clause 525 The unit dosage form of any preceding clause wherein the

head space gas is <2% 02 and >88% N2.

[oo12441 Clause 526. The unit dosage form of any preceding clause wherein the

head space gas is <1% 02 and >88% Nz
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[oo12451  Clause 527, The unit dosage form of any preceding clause wherein the

head space gas is <0.5% 02 and =88.5% NZ.

[0012461 Clause 528, The unit dosage form of any preceding clause wherein less
than 1.0% of the total number of carbon atoms present in the crosslinked

poly(allylamine) polymer are sp? allyl carbons.

foo12471  Clause 529, The unit dosage form of any preceding clause wherein more
than 1.0% of the total number of carbon atoms present in the crosslinked

poly{allylamine) polymer are sp® allyl carbons.

[oo1z481 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.

[oo124%1  Clause 531, A pharmaceutical product comprising the unit dosage form of

any preceding clause.

(0012501  Clause 532, The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises a plurality of unit dosage forms.

foo1z511 Clause 533. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 5 unit dosage forms.

[oo12521  Clause 534, The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 5 unit dosage forms.

(0012531 Clause 535 The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 10 unit dosage forms.

[oo12541 Clause 536. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 10 unit dosage forms.,

foo12551  Clause 537. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises at least 15 unit dosage forms.

[oo12561  Clause 538, The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 15 unit dosage forms.

[oo12571 Clause 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.

foo12601 Clause 542. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 25 unit dosage forms.,

[oo12611  Clause 543. The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 28 unit dosage forms.

[oo12621 Clause 544, The pharmaceutical product of clause 531 whearein the

pharmaceutical product comprises at least 30 unit dosage forms.

foo12631 Clause 545, The pharmaceutical product of clause 531 wherein the

pharmaceutical product comprises 30 unit dosage forms.

[oo12641 Clause 546. The pharmaceutical product of any preceding clause whersin

the pharmaceutical product comprises an oxygen scavenger.

[oo12651  Clause 547, The pharmaceutical product of any preceding clause wherein

the oxygen scavenger is the oxygen scavenger of any preceding clause.

[oo1ze6]  Clause 548. The pharmaceutical product of any preceding clause, wherein

the pharmaceutical product is packaged with a package leaflet.

[oo12671  Clause 549, The pharmaceutical product of clause 548, wherein the

package leaflet indicales the Market Authorisation holder.

[oo12681 Clause 550, The pharmaceutical product of clause 548 or clause 548
wherein the package leaflet indicates the manufacturer of the crosslinked

poly(allylamine} polymer.

[o012691 Clause 551. The pharmaceutical product of any one of clauses 548-550,
wherein the package leaflet states that the pharmaceutical product has been

authorised.

[oo12701  Clause 552, The pharmaceutical product of any one of clauses 548-551
wherein the package leaflet indicates how to administer the crosslinked poly{allylamine)

polymer.
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[oo12711  Clause 553, The pharmaceutical product of any one of clauses 548-552

wherein the package leaflet indicates how {0 store the crosslinked poly{allylamine)

polymer.

(0012721 Clause 554. The pharmaceutical product of any one of clauses 548-553
wherein the package leaflet indicates the side effects of the crosslinked poly(allylamineg)

polymer.

(0012731 Clause 555 The pharmaceutical product of any one of clauses 548-554
wherein the package leaflet indicates the safely and/or efficacy of the crosslinked

poly(allylamine) polymer in children (below the age of 18 years).

[oo12741 Clause 556. A method of promoting the sale of the pharmaceutical

product of any preceding clausea.

(0012751 Having described the invention in detail, it will be apparent
that modifications and variations are possible without departing the scope of the
invention defined in the appended claims. Furthermore, it should be appreciated that all

examples in the present disclosure are provided as non-limiting examples.

EXAMPLES

[001276] The following non-limiting examples are provided to
further fllustrate the present invention. it should be appreciated by those of siill in the
art that the technigues disclosed 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 is 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

[001277] The following chemistry exampies are 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 28-34, 40-43)
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(¢} reaction temperature (Tabie 10_1 polymers 8-11 Table 10_2 polymers 24-28)

{d) initiator content in the radical polymerization (Table 10_1 polymers 17-23,
58)

(&) ratio of DCE to poly(allylamine) polymer (Table 10_2 polymers 44-51)
() Ratio of AAH to DAPDA (Table 10_1 polymers 53 - 55)
{g) container closure (Table 10_2 polymer 52).

(6012781 A general polymerization procedurs is described and in
gach case specific examples are cailed 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 also

provided.

General polymerization procedure for beads formed by radical polymerization
{addition/chain growth) and post-polymerization crosslinking of poly{aliviamine)
beads

[001278] An aqueous stock solution was prepared by dissolving 2-
propen-1-yvlamine, or a salt thereof, and 1,3-bis{allvlamino)propans, 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 mikiures were independently sparged with nitrogen.
The iniliator solution was added o the reaction mixiure while stirring, and subsequently
heatad for up 10 48 hours. A second portion of initiator may be added o 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 {o, the combinations shown in
Table 10 part 1. These polymers were then subjected to post-polymerization

crosslinking procedures as described below and in Table 10 part 2.

[001280] The resulting dried polyamine dascribed in the procedurs
above was placed inic a reactor and 1,2-dichloroethane, which could optionally act as

the solvent, was added. A swelling agent was added {0 the resulting slurry. The mixiure
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was heated with stirring for a required amount of time {o reach completion. The reaction

mixture was cooled and the beads were purified by washing and filtration and dried until
no further water was removed 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 describes key physicochemical

properiies of the polymer examples shown in Table 10..

Example 1 {a-1) Specific procedure for polymer prepared with variable

water contents

(001281} An aqueous stock solution was prepared by dissolving
allylamine hydrochioride {(2-Propen-1-ylamine, "AAH"Y (371.1 g) and 1,3~
Bis{aliylamino)propaneg dihydrochioride ("DAPDA”) (386.0 g} inwater (7571 g). A
reacior equipped with an overhead stirrer and nitrogen inlet, was charged with aguesus
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-
methylpropionamidine)dihydrochlioride (V-80) (76.8 g} in water {4353 g) was prepared.
The two mixtures were independently sparged with nitrogen. Under inert atmosphere,
the inttiator solution was added {o tha reaction mixture while stirring, and subssquently
heated to 67°C for 16 hours. After cooling the vessel to room temperature, the organic
phase was removad by decanting, and the beads were purified by washing and filtration
with 1 M NaOH (1.1 water:MeOH, viv), water until filtrate approached neutral pH, IPA,
and finally heplane, 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 eguipped with overhead
stirring. The beads were dispersed before adding water (25 g) and healed to 65°C for
16 hours. The cooled beads were purified by washing and filtration with 1 M NaOH (1.1
waterMeOH, v/v), 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 procedure for post-crosslinked polymer prepared

with variable water contents
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(001283} An agueous stock solution of AAH was prepared by

dissolving allylamine hydrochloride (2-Propen-1-ylamine, "AAH") (402.8 g) in water
(207.5 g). An agquecus stock solution of DAPDA was prepared by dissolving 1,3-
Bis{aliylaminojpropane dihydrochloride (“DAPDA", 419.0 g) in water (412.0¢q). Intoad
L, glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddle,
ritrogen inlet and addition funnel, was charged surfactant (branched dodecylbenzene
sulfonate, 60.0 g) dissolved in heptane (3284 ¢) and both aqueous stock solutions. Ina
separate vessel, a solution of V-850 (83.4 g) in water (472.6 g) was prepared. The two
mtures were independently sparged with nitrogen. Under inert atmosphere, the
initiator sciution was added o the reaction mixiure while stirring, and subsequently
heated to 67°C for 16 hours. Six hours after the first addition of V-50, an additional
solution of ¥-50 (41.7 g in 236.3 g H20) is prepared, sparged with niirogen, 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 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 9, and twice 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 37.

(0012841 The following procedure was performed using different

amounts of water (i.e. 6, 8, 10, 12, or 14 g, respectively).

[001285] 1,2-Dichiorethane ("DCE") (200 g) was added to a
jacketed reactor charged with the above resulting polyamine beads {40 ¢) and equipped
with overhead stiring. The beads were dispersed before adding water (10 g) and
heated to 65°C for 16 hours. The slurry 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:MaOH, v/v), water until the pH of solution after washing was 9, 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 1o oxygen and moisture. This polymer is shown in Table 10_2 and

Table 11_2 as polymer 37,

Example 1 {b-1} Specific procedure for post-crossiinked polymer prepared

with variable reaction time
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[001286] An agueous stock solution was prepared by dissolving

allylamine hydrochloride {(2-Propen-1-ylamine, *AAH") (402.8 g} and 1,3~
Bis(aliylamino)propane dihydrochloride ("DAPDA™) (4100 g inwater (7274 g). A
reactor equipped with an overhead stirrer and nifrogen inlel, was charged with agueous
stock solution and surfactant (branchead dodecylbenzene sulfonate, 80.0 g) dissolved in
heptane (3261.6 g, “Solvent System 17). In a separate vessel, a solution of V-50

{(83.4 g} inwater (472.6 g) was prepared. The two mixtures were independently
sparged with nitrogen. Under inert atmosphere, the initialor solution was added to the
reaction miture while stirring, and subsequently heatad 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 with 1 M NaGQH (1.1 waterMeOH,
viv), water until filtrate approached neutral pH, IPA finally heptane, and dried for 48

hours. This polymer is shown in Table 10_1 and Tabie 11_1 as polymer 28.

[001287] 1,2-Dichiorethans (FDCE") (798.8 gy was added to a
reactor charged with the above resulting polyamine beads {(133.3 g) and equipped with
overhead stirring. The beads were dispersed before adding water (33.3 g} and heated
to 65°C for 10 hours. The cooled beads were purified by washing and filiration with 1 M
NaOH (1:1 water:MeOH, viv), water until filtrale approached neutral pH, and finally
methano!, and dried for 24 hours. This polymer is shown in Table 10_Part 2 and Table

11 as polymer number 28.

Example 1 {b-2} Specific procedure for polymer prepared with variable

reaction time

[001288] To prepare a 56 wit% agueous allylamine hydrochloride
(Z-Propen-1-ylamine, “AAH"} solulion, alivlamine (2-Propen-1-ylamine, "AA”, 614 kg
was slowly added to a cooled 34 wi% hydrochloric acid solution (1002 L) 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 dissoiving 1,3-
Bis{ailylamino)propane dihydrochloride (*DAPDA", 925 kg) in walter (825 Kkg). Into a
glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddle, and
ritrogen iniet, was charged surfactant {branched dodecylbenzene sulfonate, 43 kg)
dissolved in heptane (2346 kg), 596 kg DAPDA solution, and 514 kg of AAH solution. In
a separate vessel, a solution of V-50 (60 kg) in waler (291 kg) was prepared. The two
mtures were independently sparged with nitrogen. Under inert atmosphere, the
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initiator soiution was added o the reaction mixiure while stirring, and subsequently

heated to 67°C for 16 hours. Six hours after the first addition of V-50, an additional
solution of V-850 (30 kg in 145 kg H:0) is prepared, sparged with nitrogen, and added to
the reaction mixture. After cooling the vessel {o rcom temperature, the organic phase
was removed by decanting, and the beads werea purified by washing with 1 M NaOH
(1.1 water:MeOH, viv), 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.

[001289] The following procedure was performed using different

reaction times. Reactions were heated to 85°C for either 12, 16, or 20 hours.

[0012%0] 1,2-Dichiorethane ("DCE"} (175 g) was added to 3
jacketed reactor charged with the resulting polyamineg beads (35 g) and equipped with
overhead stirring. The beads were dispersed before adding water (8.75 g) and heated
to 85°C for 16 hours (see note above regarding reaction time). The shlurry 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 wers dried in a vacuum oven at 80°C
for 24 hours. The dried polymer is packaged in a hermetically sealed container which
provides a barmer o oxygen and moisture. This polymer is shown in Table 10_2 and

Table 11_2 as polymer 41,

Exampie 1 {c-1} Specific procedure for polymer prepared with variable

reaction temperature in the radical polymerization step

[001281] A aqueous stock solution was prepared by dissolving
allylamine hydrochlioride {(2-Propen-1-ylamine, "AAH" (&67.1 g} and 1,3-
Bis{allylamino)propane dihydrochioride ("DAPDA”) (62.8 g) inwater (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 g) 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 initigtor solution was added {o the reaction
mixture while stirring, and subsequently heated to 75°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 NaQOH solution (1.1 waterMeGH,
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vivy, water until 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 11.

[0012982] 1,2-Dichiorethane ("DCE"} (500.3 g} was added {o a
reactor charged with the above resulting polyamine beads (66.7 g) and eguipped 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:MeOH, v/v), 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 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 hydrochioride (2-Propen-1-ylamine, *AAH") (402.8 g} and 1,3~
Bis(aliylamino)propane dihydrochioride ("DAPDA™) (4120 g inwater (7274 g). A
reactor equipped with an overhead stirrer and nitrogen inlel, was charged with agueous
stock solution and surfactant (branched dodecylbenzene suifonate, 60.0 g) dissolved in
heptane (32616 g, “Solvent System 17). In a separate vessel, a solution of V-50
(83.4 g} inwater (472.6 g) was prepared. The two mixturas were indepandently
sparged with nitrogen. Under inert atmaosphere, the initiator solution was added to the
reaction mbiture while stirring, and subsequently heatad to 87°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 with 1 M NaQH solution (1:1
waterMeOH, viv), water until 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-Dichiorethane ("DCE"} (750 g) was added o a reactor
chargad the above resuiting polyvaming beads (100 ¢) and equipped with overhead
stirring. The beads were dispersed before adding water (25 g) and heated to 75°C for
16 hours. The cooled beads were purified by washing and filtration with 1 M NaGH (11
waterMeOH, viv), waler until filtrale 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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Example 1 {d-1) Specific procedure for polymer prepared with variable

initiator content

[001295] An agueous stock solution was prepared by dissolving
allylamine hydrochioride (2-Propen-1-viamine, "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, 18.6 g) disscived in a 74:26
chiorohenzene/heptane solution {1120 g, "Soivent System 27). In a separate vessel, a
solution of V-80 (6.7 ) inwater (37.7 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 subsequently 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 methanoi,
water, twice with 1 M HCI, water, 4 times with 1 M NaOH (1:1 waterMeQOH, viv), and
water until the pH of the solution after washingwas 7. The beadswere dried in a
yophilizer for 48 hours. This polymer is shown in Table 10_1 and Table 11 _1 as

polymer 21,

[001286] 1,2-Dichiorethane (FDCE" (750 gl was added {o 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 waterMeOH,
viv), and water until the pH of solution after washing was 7. The polymer was dried in a
tyophilizer for 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-Propen-1-yiaming, "AAH") (11.0 g} and 1,3-
Bis(alivlamino)propane dihydrochioride ("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 condenser, and nitrogen inlet, was charged with aqueocus stock solution
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and surfactant (branched dodecylbenzene sulfonate, 3.0 @) dissolved ina 74:26

chiorobenzena/heptane solution {300 g, "Scolvent System 27}, In a separate vessel, a
solution of V-50 (2.4 g) in water (13.6 ¢) 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 87°C for 16
hours. A second portion of initiator solution (16.0 g) and the reaction mixiure were
degassed and combined before increasing the tamperature {o 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 purifiad by washing and filtration twice with
methanol, water, twice with 1 M HCI, water, 4 times with 1 M NaOH (1.1 waterMeOH,
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.

[001288] 1,2-Dichiorethans (FDCE") (75.0 g) is added to a reacior
charged with the above resulting polvamine beads (10.0 g) and equipped with overhead
stirring. The beads are dispersed before adding water (2.5 g) and heated to 65°C for 16
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 water MeOH, v/v), and
water until the pH of solution after washing was 7. The polymer is dried in a ivophilizer

for 48 hours. This polymer is shown in Table 10 _Part 2 and Table 11 as polymer 23.

Example 1 {d-3} Specific procedure for polymer prepared with variable

initiator content

[00129898] The following procedure was performed using different
amounts of V-50 in the first addition (i.e. 4.6, 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] An aqueous stock solution of AAH was prepared by
dissolving allylamine hydrochioride (2-Propen-1-viamine, "AAH") (46.2 ¢) in water (23.8
g). An agueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis{aliylamino)propaneg dihydrochioride ("DAPDA”, 480 g) inwater (48.0¢g). Intoa 1 L,
glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddle,
nitrogen iniet and addition funnel, was charged surfactant {(branched dodecylbenzene

sulfonate, 6.6 g) dissolved in heptane (359 g), both agueocus stock solutions, and water
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(19.3 g). In a separate vessel, g solution of V-50 (9.1 g) in water (51.6 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 subsequently
heated tc 67°C for 16 hours. Six hours after the first addition of V-50, an additional
solution of V-50 (4.6 g in 26.3 g H20) is prepared, sparged with nitrogen, and added o
the reaction mixture. 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 mathanol. 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 10,

[001301] 1,2-Dichiorethane ("DCE"} (200 g) was added to a
jacketed reactor charged with the resulting polyamine beads (40 g) and equipped with
overhead stirring. The beads were dispersed before adding water (10 g) and healed to
85°C for 16 hours. The slurry was drained, and the crude product was isclated by
filtration. The beads were purified by washing and filtration (4 times with 1N NaOH {11
water:MeOH, v/v), 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 io
oxygen and moisiure. 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 poly{aliylamine) polymer ratios

[001302] 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 prepared by dissolving 1,3-
Bis{ailylaminojpropane dihydrochloride ("DAPDA” 2736 g) nwater (2736 q). Intoa®
L, glass jacketed reacior equipped with an overhead stirrer, glass anchor stir paddie,
nitrogen iniet and addition funnel, was charged surfactant (branched dodecyibenzens
sulfonate, 84.0 g) dissoived in heptane (3284 g) and both agueous stock solutions. Ina
separate vessel, a solution of V-50 (54.5 g) in water (308.8 ¢) was prepared. Thea two
mixiures were independently sparged with nitrogen. Under inert atmosphere, the
initiator solution was added to the reaction mixiure while stirring, and subseaquently
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heated t0 67°C for 16 hours. After cooling the vessel to room temperaiure, the organic

phase was removed by decanting, and the beads were purified by washing and filtration
twice with methanol, water, iwice with 1 M HCI water, 3 times with 1 M NaOH (1:1
waterMeOH, viv), water until the pH of the solution after washing was 9, twice with
isopropancl, and twice with haplane. The purified 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
49,

[001303] The following procedure was performed using different
amounts of polyamine and water, {0 adjust the DCE: polymer ratio without affecting the
overall volume of the reaction or the water: polymer ratio. Reactions weare performed
with the following amounts of polyamine and waler (80 g polvamine, 22.5 g water, 60 g,
154,36¢g,8g, 18¢g,. 459).

[601304] 1,2-Dichiorethane ("DCE”) (450 g) was added to a
jacketed reactor charged with the resulting polyamine beads (60 g) and equipped with
overhead stirring. The beads were dispersed before adding water (15 g) and heated to
65°C for 16 hours. The slurry was drained, and the crude product was isolaied by
filtration. The beads were purified by washing and filiration (twice with methanol, 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 purifiad beads were dried in a
vacuum oven at 40°C for 48 hours. The dried polymer is packaged in g hermetically
sealed container which provides a barrier o oxygen and moisture. This polymer is

shown in Table 102 and Table 11_2 as polymer 49,

Example 1 {e-2) Specific procedure for polymer prepared with variable DCE

to poly{aliylamine) polymer ratios

[001305] An aqueous stock solution of AAH was prepared by
dissolving allylamine hydrochloride (2-Propen-1-ylamine, "AAH") (402.8 g) in water
{(207.5 g). An aqueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis{ailylaminopropane dihydrochloride ("DAPDA” 418.0 g) inwater (418.0¢g). Intoa®
L, glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddie,
nitrogen inlet and addition funnel, was charged surfactant (branched dodecyibenzene
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 g) was prepared. The two

mixtures were independently sparged with nitrogen. Under inert atmosphere, the
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initiator soiution was added o the reaction mixiure while stirring, and subsequently

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
(3 times with 1 M NaOH (1.1 water:MeOH, 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,

[001306] The following procedure was performed using different
amounts of polyamine and water, {0 adjust the DCE: polymer ratio without affecting the
overall volume of the reaction or the water: polymer ratio. Reactions weare performed
with the following amounts of polyamine and waler (80 g polvamine, 22.5 g water, 60 g,
154,36¢g,8g, 18¢g,. 459).

[001307] 1,2-Dichiorethane ("DCE”) (450 g) was added to a
jacketed reactor charged with the above resulting polvamine beads (60 ¢) and equipped
with overhead stirring. The beads were dispersead 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 purified by washing and filtration (4 timeas with 1N
NaOH (1.1 waterMeOH, v/v), water uniil the pH of solution after washing was 9, and
oncea with methanol). The purifiad beads were 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 moisture. This polymer is shown in Table 10_2 and

Table 11_2 as polymer 45

Example 1 {f-1} Specific procedurs for polymer stored with variable

container closure

[001308] To prapare a 56 wi% aqueous aliylamine (2-Propen-1-
viamine, AAH) hydrochloride solution, allylamine (2-Propen-t-ylamine, AA, 305 kg) was
slowly added o a conled 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 dihydrochioride ("DAPDA”, 58.2 kg) in water (56.2 kg). Into a
glass jacketed reactor equipped with an overhead stirrer, glass anchor stir paddle, and
nitrogen iniet, was charged surfactant (branched dodecylbenzene sulfonate, 8.0 kg)

dissolved in heplane (437 kg), the DAPDA solution, and 96 kg of AAH solution. Ina
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separate vessel, a solution of ¥-50 (11.2 kg) in water (63.5 kg) 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 subseguently
heated tc 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 prepared, sparged with nitrogen, and added
to the reaction mixture. After cooling the vessel to room temperaiure, the organic phase
was removed by decanting, and the beads were purified by washing with 1 M NaCH
(1:1 water:MeOH, viv), 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 polymaer

is shown in Table 10_1 and Tabie 11_1 as polymer 52.

(0013091 1,2-Dichiorethane ("DCE") (322 kg) was added o a
jacketed reactor charged with the resulting polyamine baads (65.7 kg) and equipped
with overhead stiring. The beads were dispersed before adding water (15.6 kg) and
heated to 65°C for 186 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 NaGOH (1.1 waterMeOH, v/v), 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 hours. The dried polymer is packaged in a hermetically seaied container
which provides a barrier o oxygen and moisture. This polymer is shown in Table 10_2

and Table 11_2 as polymer 52.

[001310] More frequently, the sp2 carbon content of
poly(allylamine) polymers comprised of aliylamine hydrochloride and 1,3-
Bis{allylamino)propane hydrochloride was measured prior to crosslinking with 1,2-
dichiorosthane. As discussed elsewhere, i 1s advantageous to determine the sp2
carbon content of such preformed poly(allylaming) polymers because a higher signal to
noise may bea 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 crossiinked poly{allylaming) 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(alivlaming)
polymers given in the example was calculated by multiplying the percent sp2 allyl

carbon in the corresponding preformed poly{aliviamine) polymer by afactor of 0.9, The
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factor is derived from the addition of sp3 carbon during crossiinking of the preformed

poly(allylamine) polymer with 1 2-dichloroethane.
Example 1 {g-1}) Specific procedure for variable ratio of DAPDA to AAH

[001311] The following procedurs was performed using differant
relative amounts of the AAH and DAPDA. Reactions were performed with the following
amounts of AAH and DAPDA (38.9 g AAH, 50.9 g DAPDA:; 44.0 g AAH, 45.8g DAPDA;
497 g AAH, 40.2 g DAPDA).

[001312] To prepare a 56 wi% aqueous allylamine hydrochioride
(2-Propen-1-ylamine, AAH) solution, allylamine (2-Propen-1-ylamine, AA, 614 kg) was
slowly added to a cooled 34 wit% hydrochloric acid solution (1002 L) so that the
temperature was between -10°C and 30°C. The solution was stirred for a minimum of
30 minutes. An aqueous stock solution of DAPDA was prepared by dissolving 1,3-
Bis(aliylamino)propane dihydrochloride ("DAPDA”, 925 kg) inwater (825 kg). 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) dissoived in heptane (357 g}, AAH stock solution (38.2 @), and DAPDA
stock solution (50.9 g). In a separate vessel, a solution of V-50 (9.1 g} in water (51.6 g)
was prepared. The two mixiures were independently sparged with nitrogen. Under inert
atmosphere, the initiator solution was added o the reaction mixture while stirring, and
subsequently heated to 67°C for 16 hours. Sik hours after the first addition of V-850, an
additional solution of V-50 (4.5 g in 25.8 g H20) is prepared, sparged with nitrogen, and
added to the reaction mixture. After cooling the vessel to room temperaturg, tha organic
phase was removed by decanting, and the beads were purified by washing with 1 M
NaQOH (1.1 waterMeOH, 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 53,

[001313] 1,2-Dichiorethane ("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 isolaied by
filtration. The beads were purified by washing with 1 M NaGH (1.1 waterMeOH, 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 80°C for 24 hours. The dried polymer is
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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 53

Example 2 - comparative polymers made by a process disclosed in
WO2016/094685 A1l:

[0013141 Three comparative poly{allylaming) polymers and three
comparative crossiinked poly{allvlamine) polymers {(polymers 62, 63 and 64 in the
tables below) were tested for sp? carbon % and the amount {ppm) of allylamine formead

per day in the Heated Siability Assay (Stabiiity Assay 2).

[001315] The comparative poly{ailvlamine) polymers and
crasslinked poly{aliylamine) polymers were prepared using the process disclosead in
paragraphs [0388], [0386], and [0388] of W(02016/094685A1, which is incorporated

herein by reference.

[0013186] The sp® carbon % of the poly(allylamine) polymers 82, 63
and 64 was measured using the ""C CPMAS ssNMR (quantitative **C solid state cross-
polarization magic angle spinning (CPMAS) NMR) method and the sp? carbon % of the
crosslinked poly(allylamine) polymers 82, 63 and 84 was measured using the *C MAS

ssNMR {(guantitative "*C solid state magic angle spinning (MAS) NMR)} method.

(001317} The crosslinked poly(allylamine) polymers 62, 83 and 64
were aiso subjecied 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(allylaming) polymer beads (Contd.)

Post-
Lr;};;j;:Zfd Poi(\g;er DCE {g} Water {g} | Temp (°C} Time {h)
number
1 1333 1000 33.3 &5 16
2 45 337.5 113 65 16
3 45 3375 113 65 16
4 45 3375 11.3 55 16
5 45 3375 113 &5 16
() NP NP NP NEP NP
7 45 3375 113 65 16
2 40 300 10 55 16
9 40 300 106 &5 16
10 20 150 5 65 16
11 66.7 500.3 8.7 685 16
12 50 375 12.5 85 16
13 &80 450 15 &5 16
14 100 750 25 65 16
15 45 337.5 113 85 16
16 45 3375 113 855 16
17 NP NP NP NP NP
18 NP NP NP NP NP
198 40 200 10 85 16
20 40 300 10 65 16
21 10 75 2.5 &5 16
22 133 8875 33.3 &5 16
23 NP NP NP NP NP
24 1333 1000 33.3 85 16
25 66.7 500 16.7 55 16
26 66.7 500 16.7 &0 16
27 45 337.5 113 70 16
28 66.7 500 18.7 75 16
259 1333 799.8 33.3 &5 10
30 66.7 500 16.7 &5 20
31 100 750 25 65 10
32 66 485 185 685 106
33 266.7 2000 66.7 65 16
34 266.7 2000 66.7 &5 16
35 40 200 & 65 16
36 40 200 & 685 16
37 40 200 10 &5 16
38 40 200 12 &5 1&
38 40 200 14 65 16
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Post-
crosstinked Po!lymer DCE {g} Water {g) | Temp {°C} Time {h)

polymer {g}

number
44 35 175 8.75 65 12
41 35 175 8.75 65 16
42 35 175 8.75 65 16
43 35 175 8.75 85 20
44 a0 450 22.5 65 16
45 60 450 15 65 16
46 36 450 g 85 16
47 18 450 4.5 ) 16
48 a0 450 22.5 65 18
49 60 450 15 65 16
50 36 450 g 85 16
51 18 450 45 ) 16
52 65700 322000 15600 65 18
53 40 200 1¢ 65 16
54 40 200 10 85 16
55 40 200 10 85 16
56 3800 28600 950 65 16
57 63200 450000 15800 55 18
58 64600 300060 16200 63 16
58 633400 3204000 160000 84 16
60 61000 320000 15400 85 16
681 641300 3202000 160000 65 16

Polymers made using the process in WQ2016/094685 Al

62 15.00 112.5 3.75 70 16
63 15.00 112.5 3.75 70 16
64 15.00 112.5 375 70 16

MNP = not performed

[001320]

Table 11_Part 1. Properties of radical polymerization

poly(allylaming) polymer baads

Polymer | swelling SGF % sp2

number {gfg) | {mmoifg) carbons
1 3.4 14.4 NP
2 4.2 13.8 1.6%
3 4.9 13.8 1.4%
4 4.2 13.8 1.2%
5 4.3 14.1 1.2%
o) 3.5 14 1.2%
7 3.5 14.2 NP
8 3.3 14.6 NP
9 3.2 14.1 NP
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Polymar | 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%
18 4.1 135 0.6%
20 4.4 14.4 3.2%
21 NP 141 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 3.5 141 NP
28 3.5 14.1 NP
29 3.9 136 NP
30 3.6 13.4 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%
38 3.7 14.0 0.8%
37 3.7 14.0 0.8%
33 3.7 140 0.8%
39 3.7 14.0 0.8%
40 3.6 14.0 0.7%
41 3.6 14.0 0.7%
42 3.6 14.0 0.7%
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 137 NP
51 NP 137 NP
52 3.8 13.4 0.9%
53 4.1 13.7 0.8%
54 4.2 137 0.8%
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Polymar | swelling SGF % sp2
number {g/g) | (mmol/g) carbons
55 4.2 14.2 0.6%
56 4.6 13.5 1.5%
57 4.1 13.7 1.9%
58 3.7 136 0.9%
59 3.8 14.G 0.6%
80 3.7 139 0.7%
6l 3.6 13.7 0.5%
Polymers made using the process in
WO2016/094685 Al
62 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-crossiinked radical
polymerization beads from Slability Assay 2

A& {ppm)}
Time {(Months) 25°C/ 6O%RH 40°C/75%RH
0 4 4
1 4 4
3 3 3
5} 5 4

RH = relative humidity

Exampie 3 -~ examples relating to the stability of the crosslinked poly{aliyiamine}

polymer with respect to oxygen with different packaging approaches

[001324] The foliowing examples demonstrate several approaches o
reducing the exposure of the crosslinked poly{ailvlamine) polymer disclosed herain to
oxygen, thereby reducing or eliminating degradation, by measuring the allylamine
concentration. Thus, these approaches also relate {¢ increasing the stability of the polymer
disclosed herein.

General

[001325] The foliowing examples are involve unit dosage forms
produced from loading a crosslinked poly(allylamine) polymer disclosed herein in a packet
material. Packet! materials are known and Table AD provides details of commercially
available packet materials. The packet materials can comprise aluminum foil laminate
films. An example packet material, can be formed from a 4-layer laminate web stock
{composed of polyethylene terephthalate (PETVlow density polyethylene
(LDPEVOIVLDPE). 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{allylamine) polymer disclosed herein can be LDPE. Packet materals
may not contain adhesive layers if produced by extrusion lamination. Other packet

materials can be produced from a 4-layer laminate web stock and adhesive layers.

[001326] For the packet matenals described herein, oxygen transfer
rate can be measured by the method defined in standard: ASTM 03885 {e.g. DOL

10.1520/D3985-17). For the packet malerials described herein, waler vapor transfer rate
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can be measured by the method defined in standard: ASTM F1248 (e.g.

DO 10.1520/F1249-20).

Table AQ: example packet materiais suitable for unit dosage forms disclosed herein,

Packet material Supplier

RFE-005 Amcor Flexibles Europe & Americas
RFE-008 Amcor Flexibles Europe & Americas
RFE-011 Amaoor Flexibles Europe & Americas
RFE-013 Ameor Flexibles Europe & Americas
RFE-015 Amcor Flexibles Europe & Americas
RFE-016 Amcor Flexibles Europe & Americas
RFE-022 Amcor Flexibles Europe & Americas
RFE-024 Amcor Flexibles Europe & Americas
RFE-040 Amcor Flexibles Europe & Americas
RFE-070 Amaoor Flexibles Europe & Americas
RFE-071 Amcor Flexibles Europe & Americas
RFE-074 Amcor Flexibles Europe & Americas
RFE-083 Amcor Flexibles Europe & Americas
RFE-084 Amcor Flexibles Europe & Americas
RFE-207 Amcor Flexibles Europe & Americas
EFO 181-001 Glenroy

48503X FRC Flexible Packging Corp.
NeoCarta Gualapack Group

Sterifoil Gualapack Group

FLEXA Constantia Flexiblas

DIVIDUA Constantia Flexibies

VELAR Constantia Flexibles

FRUGE Constantia Flexibles

ALUTA Consiantig Flexibles

OxyVanish-Dry Film Mitsubishi 3as Chemicals America nc.
PAKVF4 impak Corpuoration

Example 3 {a) Impact of packet material on stability

introduction

[001327]

As mentioned above, a crosslinked poly(allylamineg) polymer

disclosed herein is veverimer. Veverimer can be provided in 3 g, 6 g and 9 g dosage

strengths which require packaging in a packet material to form the unit dosage form. it was

postulated that if the packet material minimized the exposure of veverimer {0 atmospheric
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oxygen, then it would increase the siabiiity (e.g. the shelf life/long term storage) of

veverimer inside the packet material.

[001328] To investigate this, three different packet materials
containing 1.5 g of veverimer were subjected to a stability study in order to determine the
gffact of the packel material on minimizing the degradation of veverimer by oxygen under

various conditions {e.¢. temperature and/or relative humidity over time).
Packet materials for testing

[001329] Packet materials which had barrier properties for oxygen and
water ingress were selected for testing. Three commercially-available packet materials

comprised of aluminum foil laminate films were sourced (details in Table A1).

[001330] Further technical information about the packet materiais for
testing, e.g. structure, oxygen transfer rate (O2TR), and water vapor transfer rate (WVTR)

is also presented in Table A1

Table A1: Information on the aluminum foil laminate films evaluated as a packet material

Aluwmninum

foil laminate
films {Packet
materials}

Construction
{from outer surface io product
contact surface)

Oxygen
Transfer
Rate
{CCimPday)

Water Vapor
Transfer
Rate
{g/m?iday)

Faper (32.5 g/m?)

Adhesive (4.0 g/mé)

Polyester (32.7 g/m&)

PE Resin (12.5 g¢/m?)

Aluminum Foil (24.3 g/m?) = 8 um
PE Resin (24.5 g/m%

N/A

0.022

FET (32.4 g¢/m?)

Ink® (1.5 g/m?

Adhesive (3.5 g/m?)

Aluminum Foll (48.0 g/m?) = 18 um
Adhesive (2.5 g/m?)

LLDPE (23.1 g/m?%)

<3.005¢

0.01¢

PET (23.0 umy)

ink®

White LDPE (12.0 g/m?)
Aluminum Folt (18.0 pm)
LDPE (34.0 g/m?)

<(.045¢

8.10f

N/A = Not available; PE = polyester; LLDPE = linear low density polyethviene; CC = cubic centimeters

* Measured at 38°C, 100% RH
b Alsminum foil laminate films used in this study do not contain an ink fayer
¢ RMeasured at 23°C, 50% RH
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¢ Meagsured gt 38°C, 80% RH
Measured at 23°C, 0% RH
' Measured at 38°C, 100% RH

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
yielded the unit dose forms Tor testing. For aluminum foil laminate films B and C, 3-side
sealed packets of size 7.62 cm x 10,16 cm (27 x 47) were loaded with veverimer and the
remaining (lop) side was manually heat sealed with poriable heat sealer at Tricida. For A a
3-side sealed packet of size ~7.62 cm x ~10.16 cm (~3" x ~47) were prepared at Tricida by
heat sealing and the remaining (top) side was heat sealed after 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 manufacturad the unit dosage forms for testing, a
stability study was initiated. The study measured the concentration of allylamine {(a
degradation product) over a period of six weeks in unit dosage forms A, B and 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 Extraction
Procedure”).

[001333] The cumulative concentration of allylamine in unit dosage
forms A, B and C over six weeks at 25°C/60% RH is displayed in Table A2. The cumulative
conceniration of allylamine in unit dosage forms A, B and C over six weeks at 40°C/75%
RH is displayed in Table A3, Lower limit of detection (LOD) data is also included for the
studies at 25°C/60% 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/60% RH

Time {Weeks}
Unit dosage form 8 | 1 | 2 | 4 | 8
Concentration of AA {(ppm}
A <1.3 4.0 7.2 13.3 13.5
B <1.3 34 4.4 57 4.8
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Time {Weeks}
Unit dosage form 8 | 1 | 2 i 4 | 8
Concentration of AA {(ppm}
c <1.3 | 3.4 | 4.1 | 53 | 8.1

[001334] Note: Quantitation Limit (QLs) for AA measurementis 1.3

ppm. The AA value 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 g8 1 ! 2 | 4 | &
Concentration of AA {ppm}
A <1.3 7.5 12.0 18.1 17.1
B <1.3 4.9 4.8 5.0 4.0
C <13 4.3 4.5 4.8 3.5
[001335] Note: Quantitation Limit {QLs) for AA measurement is 1.3

ppm. The AA value at TO was estimated to be 0.9 ppm for calculation/graphing purposes.

Table A4 LOD data for veverimer unit dosage forms at 25°C/60% RH

Time {Weeks}
Unit dosage form 8 | 1 | 2 f 4 | 8
Concentration of AA {ppm}
A 1.8 34 4.2 4.5 4.7
B 1.8 az 2.4 4.0 2.5
C 1.8 2.2 2.1 2.4 2.4
Table AS: LOD data for veverimer unit dosage forms at 40°C/75% RH
Time {Weeks)
Unit dosage form 8 E 1 } 2 E 4 | &
Concentration of AA {ppm}
A 1.8 4.7 4.8 58 8.3
B 1.¢ 2.8 22 3.4 3.0
C 1.¢ 2.0 20 1.8 25

[001336] The data from Table 2A is presented in Figure 1A. The dala

from Table A3 is presented in Figure 18,

Discussion of resuils
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[001337] The data in Table 2A and Figure 1A shows that the
concentration of aliylamine is increasing over time for unit dosage form A, This {8 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 consiant sfter 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, e.¢g. 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 18 being obtained under more stressful conditions (40°C/75% RH) than the
data in Table A2 and Figure 1A (25°C/60% RH), i's notable that the results are
substantially the same, e.g. a constant ~5 ppm of glivlamine. 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 (e.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(allylamine) polymer disclosed herein (e.g. veverimer) in a packet material
with an Oxygen Transfer Rate (CC/m#day) of 0.05 or iess may be suitable for producing a

stable unit dosage form.
Example 3 {b) impact of packet head space on stability
introduction

[001339] Example 3 (a) 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) prevenis oxygen from entering the unit dosage form. Consequently, the
crosslinked poly(allylaming) 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 g, ©gor9ygdosages) of the crosslinked poly(allylamineg) polymaer (e.g. veverimer)
can be loaded into the packet material to produce the unit dosage form. The different
264



WO 2022/186813 PCT/US2021/020265

amounts (or mass) of the crosslinked poly{allylamine} polymer (e.q. veverimer) will have
different volumes. Therefore, a unit dosage form containing less drug substance (e.g. the
crosslinked poly(aliylamine) polymer such as veverimer) will have a larger head space. |
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 packat
material minus the volume of the drug substance inside the packet. if the unit dosage form
is produced in air, the amount of oxygen in the unit 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 crosslinked poly(allylamine) polymer such as veverimer).
Manufacture of veverimer packets (unit dosage forms)}

[001242] The procedure described in Example 3 (a) was followed to
produce the unit dosage forms for this Example. Veverimer in 1.5, 3.0 and 4.5 g amounis
was packaged in 6.35 ocm x 7.94 cm (2.5" x 3.125") packets of packet material B o
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 volume:veverimer mass ratio decreases
since the dimensions and therefore the volume of the packet is fixaed.

[001343] For reference, the head space of a sealed packet can be
estimated according to known methods, e.g. Formula X described eisewhere herein. For
example, 3 g of veverimer packaged in a8.35 cm x 7.94 cm (2.5" x 3.125") packet, the
estimated head space volume is 29 cm?®, and the ratic of head space volume veverimer

mass is 10 am¥/g.
Stability study with different head space volumes

[001344] Having manufaciured the unit dosage forms for testing, a
stability study was initialed. The situdy measured the concentration of allylamine {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
allylamine (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 Exiraction

Procedure”).

[001345]

The cumulative concentration of alivlamine in the 1.5, 3.0

and 4.5 g unit dosage forms over three months at 25°C/60% RH is displayed in Table A8,

The cumulative concentration of allylamine inthe 1.5, 3.0 and 4.5 g unit dosage forms over

three months at 40°C/75% RH is displayed in Table A7,

Table AG: Concentration (ppm) of AA In vaverimer unit dosage forms at 25°C/80% RH

. . . Tims {(Months}
Amount {g} of veverimer in the unit
. ¢ | 1 | 2 ! 3
dosage form {packet material B) -
Concentration of AA {ppm)

1.5 0.8 28 2.9 3.4
3 0.8 2.0 2.8 3.0
4.5 0.8 1.7 2.2 2.3

Table A7: Concentration (ppm) of AA in veverimer unit dosage forms at 40°C/75% RH

i i i Timme {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 3t 3.2
3 0.8 1.7 2.5 2.8
45 0.5 1.5 1.9 25

[001346] The data from Table AG is presented in Figure 2. The data

from Table A7 is presented in Figure 3.

Discussion of results

(001347}

The data in Table A8 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 g unit dosage forms. This suggestis that a small amount of the
polymer within the unit dosage form is being degraded by oxygen to form allylamine. For
the 1.5, 3.0 and 4.& ¢ unit dosage forms, the rate of formation of allylamine decreases 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 culside the unit dosage form, which would agree
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with the results from bExample 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
should 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 unit dosage form. These results show that less oxygen in the unit
dosage form resuits in less formation of AA and therefore less degradation by oxygen.

[001348] Similar frends are observed for the data in Table A7 and
Figure 3.
[001350] Therefore, the data shows that minimal polymer degradation

due {o 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 (o
increase the stability of the crosslinked poly(allylamine) 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, .9, due to the unit dosage form being preduced in air, results in
some degradation of the crossiinked poly(allylamine} polymer disclosed herein {(e.9.
veverimer). Example 3(b) also demonstrates that if the amount of oxygen is reduced, e.g.
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 crosslinked poly(allylaming) polymer disclosed
herein (e.q. 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

ocourrad.

[001354] Thus, this example investigates the effect of an oxygen
scavenger in the unit dosage form on the stability of the drug substance (2.g. the
crosslinked poly(allylamine) polymer such as veverimer).

Manufacture of veverimer packets {unit dosage forms)

[001355] The procedure described in Exampie 3(a) was followed to
produce the unit dosage forms for this Example. Vevenmer in a 1.5 g amount was
packaged in 8.35 cm x 7.4 om (2.5" x 3.125") packets of paket material D. Packet
material D comprisies an oxygen scavenger. Packet material D has a compaosition of PET
{12 yrmy/Aluminum foil (12 pm)/ Oxygen scavenger layer (70 umyadhesive. Packet material
D has an oxygen absorption volume of greater than or equal to 0.01 ml/cm? at 25°C/0%RH

for 7 days {0%RH can be achieved under dry conditions using a desiccant).
Stability study with oxygen scavenger

[0013586] Having manufaciured the unit dosage form for testing, 8
stability study was initialed. The siudy 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 Extraction Procedure”).

[001357] The cumuiative concentration of allylamine 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 A8. The data from Table A8 is presented in Figure 4.

Table A8: Concentration (ppm} of AA in veverimer unit dosage form at 25°C/80% RH and
40°C/75% RH
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1.5 g unit dosage form Time {Months)
with an oxygen g | 85 1 1 2 | 4 | 8
scavenger Concentration of AA {ppm)
25C/80% RH 1.3 1.4 1.3 1.2 1.3 0.9
40C/75% 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 aliylamine is constant over six months for the 1.5 g unit dosage form with
an oxygen scavenger at 25°C/80% 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 o
increase the stability of the crosslinkad poly(allylamine) polymer disclosed herein {e.g.
veverimer) can be removing oxygen from the unit dosage form, which can be achieved with

an oxygen scavenger.
Example 3 {d} impact of unit dosage form environment on stability
introduction

[001360] Example 3 (c) demonstrates that if oxygen in the unit dosage
form is removed, e.g. by an oxygen scavenger, degradation of the crosslinked
poly(allylamine} polymer disclosed herein {(8.g. veverimer) is minimized. In Example ¢}, the
unit dosage form was produced in air which expiains 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 when it was produced, then no degradation of the crosslinked
poly(alivlamine) polymer disclosed herein {(8.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 resull in less or no degradation {as measured by

aliylamine concentration) of the polymer by exposure to 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 crossiinkad poly{allylamine} polymer such as veverimer).
Manufacture of veverimer packets {(unit dosage forms)

[001363] The procedure described in bxample 3 (a) was followed to
produce the unit dosage forms for this Example. Veverimer in a 1.5 g amount was
packagedin 2.54 cm x 7.82 om {1" x 3"} packetls preparad from packet matenial £ 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 92% nitrogen, or 99+% nitrogen. Packet
material E is a lamination of film foil and polyethylene. In particular, Packet material £ is 3
PET/adhesivefoilfadhesive/LLDPE laminate having an oxygen fransfer rate of 0.001
CCim?/day and a water vapor transfer rate of < 0.0008 g/100in?/day.

Stability study with different environments

[001364] Having manufaciured the unit dosage form for testing, &
stability study was initialed. The siudy measured the concentration of allylamine over a
period of six months in the 1.5 unit dosage forms at 25°C/E0% relative humidity (RH) and
40°CI75% RH. The concentration {ppm) of aliviamineg (AA) in the unit dosage form was
determined by calion exchange ion chromatography (as per the protocol described herein

under the “Cation {C Extraction Procedure”).

[0013685] The cumulative concentration of allylamine in the 1.5 g unit
dosage forms with different environments over six months at 25°C/80% RH is displayed in
Table ADB. The cumulative concentration of allylamine in the 1.5 g unit dosage forms with
different environments over six months at 40°C/75% RH is displayed in Table A10.

Table A9: Conceniration (ppm) of AA in veverimer unit dosage form at 25°C/80% RH

Int E - ¢ of 1.5 Tune {Months)
nternal environment of 1.5 g B Y | i l 3 i ORI B
unit dosage form : - :
Conceniration of AA {ppm}
Air 0.4 32 3.0 2.8 2.8 25
8% Oxygen and 82% nitrogen 0.4 2.5 2.3 1.9 2.3 1.8
99+% Nitrogen 0.4 1.0 1.7 0.9 1.3 0.6

270



WO 2022/186813 PCT/US2021/020265

Table A10: Concentration (ppm) of AA In veverimer unit dosage form at 40°C/75% RH

Int | . tof 1.5 Time {Months)
nternal environment of 1.5 g 5 5 l r I 3 i ] &
unit dosage form : . :
Concentration of AA {ppm}
Alr 0.4 39 34 35 52 27
8% Oxygen and 2% nitrogen 0.4 2.3 23 1.8 2.3 14
98+% Nitrogen 8.4 1.1 1.1 1.1 1.4 08
[001368] The data from Table AQ is presented in Figure 5. The data

from Tabie A10 is presented in Figure 6.
Discussion of results

[001367] This example demonsiraies that an approach {o ensure the
stability of the crossiinked 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.



What is claimed is:

1. A packaged pharmaceutical product comprising a crosslinked poly(allylamine)

polymer, wherein the crosslinked poly(allylamine) polymer is of formula (I):

b
NH
H L/ .
= A il
0'.___‘_‘1 . - e
. = d
—Im

(1

wherein:

ais a residue of N, N'-diallyl-1,3-diaminopropane or a salt thereof;

b is a residue of allylamine;

cis a residue of 1,2 dichloroethane; and

m represents a repeating unit of the crosslinked poly(allylamine) polymer, and less
than 1.0% of the total number of carbon atoms present in the crosslinked poly(allylamine)
polymer are sp2 allyl carbons, wherein the packaged pharmaceutical product comprises one
or more of a laminate film with an oxygen transfer rate of 0.05 CC/m?2/day or less, an oxygen

scavenger, or an inert environment within the packaged pharmaceutical product.

2. The packaged pharmaceutical product of claim 1, wherein the packaged

pharmaceutical product comprises an oxygen scavenger.

3. The packaged pharmaceutical product of claim 2, wherein the oxygen scavenger is
selected from iron, ferrous oxide, iron oxide powder, a ferrous salt, a sulfite, a bisulfite, a

reducing sulfur compound, ascorbic acid, Pd, Cu, ZN, Mg, Mn, Co(ll), Zn, ascorbic acid, an
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ascorbic acid salt, isoascorbic acid, tocopherol, hydroquinone, catechol, rongalit, sorbose,
lignin, gallic acid, gallic acid, potassium carbonate, erythorbic acid, a quinone, catechol,
butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), a polyunsaturated fatty

acid, glucose oxidase, laccase, or ethanol oxidase.

4. The packaged pharmaceutical product of claim 1, wherein the packaged
pharmaceutical product comprises an inert environment within the packaged

pharmaceutical product.

5. The packaged pharmaceutical product of claim 4, wherein the inert environment is

99+ % nitrogen.

6. The packaged pharmaceutical product of claim 1, wherein the packaged
pharmaceutical product further comprises an oxygen scavenger and/or an inert environment

within the packaged pharmaceutical product.

7. The packaged pharmaceutical product of claim 1 wherein less than 0.9% of the total
number of carbon atoms present in the crosslinked poly(allylamine) polymer are sp2 allyl

carbons.

8. The packaged pharmaceutical product of any preceding claim wherein less than 0.8%
of the total number of carbon atoms present in the crosslinked poly(allylamine) polymer are

sp2 allyl carbons.

9. The packaged pharmaceutical product of any preceding claim wherein more than

0.3% of the total number of carbon atoms present in the crosslinked poly(allylamine)

polymer are sp2 allyl carbons.
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10. The packaged pharmaceutical product of claim 1 wherein the ratio of the carbon to
nitrogen weight ratio of the poly(allylamine) polymer to the carbon to nitrogen weight ratio

of the crosslinked poly(allylamine) polymer is about 0.9.

11. The packaged pharmaceutical product of claim 1 wherein the integration of the sp2
allyl carbon peaks between 110 - 150 ppm and alkyl carbon peaks between 0 - 80 ppm is

used to quantitate the percentage of sp2 allyl carbons using the formula

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

% sp2 allyl carbons = X100.

12. The packaged pharmaceutical product of claim 11 wherein the percentage sp2 allyl
carbons in the poly(allylamine)polymer is determined by 3C NMR and the 3C NMR is
quantitative 13C solid state magic angle spinning (MAS) NMR.

13. The packaged pharmaceutical product of any preceding claim wherein the crosslinked
poly(allylamine) polymer contains less than 20 ppm allylamine (H2C=CHCH2NH2) as an

impurity.
14. The packaged pharmaceutical product of any preceding claim wherein when tested
with the Heated Stability Assay (Stability Assay 2) the allylamine content of the crosslinked

poly(allylamine) polymer increases by less than 1.5 ppm/day allylamine.

15. The packaged pharmaceutical product of any preceding claim for use in a method of

treating metabolic acidosis.

274~



