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(57) Claim
1. A method for removing bile salts from a patient in need thereof, comprising 

administering to said patient a therapeutically effective amount of the reaction product of:
(a) one or more crosslinked polymers comprising a repeat unit having tlie formula

R1

-( CH2—c 4 
I n 

M

or salts and copolymers thereof, where n is an integer; R1 is H or a CpCg alkyl 
O
II 2

group; M is —C—-Z—R or -Z-R2; Z is 0, NR3, S, or (CH2)m; 
m = 0-10; R3 is H or a Cj-Cg alkyl group; and 
R2 is

.../2

Λ ®/R5

-fCH± < or iCHit N-R5
p X P R6

where p = 0-10, R4 and R5 are H, and R6, independently, is H, a Cj-Cg alkyl group or
ary l group; and
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(b) at least one alkylating agent
wherein said polymer is crosslinked by means of a multifunctional crosslinking agent, 
said agent being present in an amount from about 1-25% by weight, based upon total 
monomer weight.
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(54) Title: CROSS-LINKED POLYMERS FOR REMOVING BILE SALTS FROM A PATIENT

(57) Abstract

A method for removing bile salts from 
a patient by ion exchange by administering to 
the patient a therapeutically effective amount 
of one or more highly cross-linked polymers 
characterized by a repeat unit having formula 
(1) or copolymer thereof, where n is an 
integer; R1 is H or a Cj-Cg alkyl group; M 
is (a) or -Z-R2; Z is O, NR3, S, or (CH2)m; 
m - 0-10; R3 is H or a Cj-Cg alkyl group; 
and R2 is (b) or (c) where p - 0-10, and each 
R4, R5, and R6, independently, is H, a Ct-Cs 
alkyl group, or an aryl group, the polymers 
being non-toxic and stable once Ingested.

4 CH. -

R1

I 'n 
M

(1) -C-Z-R2 (a)

«Λ (b)
Φ/ c

4CH.F N —- R& (C)
R
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CROSS-LINKED POLYMERS FOR REMOVING BILE SALTS FROM A PATIENT

Background of the Invention

This invention relates to removing bile salts from a 
5 patient-

Sequestering and removing bile salts (e.g., 
cholate, glycocholate, glycochenocholate, taurocholate, and 
deoxycholate salts) in a patient can be used to reduce the 
patient's cholesterol level. Ion exchange resins which,

10 when ingested, remove bile salts via the digestive tract, 
have been used for this purpose. Removal of bile salts will 
cause the body to prepare more bile salts. Because the 
biological precursor to bile salt is cholesterol, the 
metabolism of cholesterol to make bile salts is accompanied

15 by a simultaneous reduction in the cholesterol in the 
patient.

Summary of the Invention
In a first aspect, the invention features a method 

of removing bile salts from a patient by ion exchange that
20 includes administering to the patient a therapeutically

effective amount of one or more highly crosslinked polymers 
that are non-toxic and stable once ingested. The polymers 
are characterized by a repeat unit having the formula
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Μ
(1)

or copolymer thereof, where n is an integer; R1 is H or a

55

Cj-Cg alkyl group (which may be straight chain or branched,

. . . °s ,substituted or unsubstituted, e.g., methyl); M is -C-Z-R·4 or 
-Z-R2; Z is 0, NR3, S, or (CH2)m; m = 0-10; R3 is H or a 0χ- 
C8 alkyl group (which may be straight chain or branched, 
substituted or unsubstituted, e„g., methyl); and R2 is

1010

1515

where p = 0-10, and each R4, R5, and R6, independently, is 
H, a C^-Cg alkyl group (which may be straight chain or 
branched, substituted or unsubstituted, e.g., methyl), or an 
aryl group (e.g., having one or more rings and which may be 
substituted or unsubstituted, e.g., phenyl, naphthyl, 
imidazolyl, or pyridyl).

By "non-toxic" it is meant that when ingested in 
therapeutically effective amounts neither the polymers nor 
any ions released into the body upon ion exchange are 
harmful. Preferably, the ions released into the body are 
actually beneficial to the patient. Such is the case when, 
for example, the exchangeable ions are natural nutrients 
such as amino acids.

2
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By ’'stable" it is meant that when ingested in 
therapeutically effective amounts the polymers do not 
dissolve or otherwise decompose to form potentially harmful 
by-products, and remain substantially intact so that they

5 can transport ions following ion exchange out of the body.
In preferred embodiments, the polymer is crosslinked 

by means of a multifunctional crosslinking co-monomer, the 
co-monomer being present in an amount from about 1-25% (more 
preferably about 2.5-20%) by weight, based upon total

10 monomer weight.
The polymer further preferably includes one or more 

hydrophobic co-monomers, e.g., styrene, vinyl naphthalene, 
ethyl vinylbenzene, N-alkyl and N-aryl derivatives of 
acrylamide and methacrylamide, alkyl and aryl ^crylates,

15 alkyl and aryl methacrylates, 4-vinylbiphenyl, 4-
vinylanisole, 4-aminostyrene, and fluorinated derivatives of 
any of these co-monomers (e.g., p-fluorostyrene,'
pentafluorostyrene, hexaf luoroisopropylacrylate,'1 
hexafluorobutylmethacrylate, or

20 heptadecafluorodecylmethacrylate). The alkyl groups are 
preferably C^-C·^ alkyl groups, and may be straight chain, 
branched, or cyclic (e.g., cyclohexyl), and may further be 
substituted or unsubstituted. The aryl groups preferably 
have one or more rings and may be substituted or

25 unsubstituted, e.g., phenyl, naphthyl, imidazolyl,, or 
pyridyl. The polymer may also include one or more 
positively charged co-monomers, e.g., vinyl pyridine, 
dimethylaminomethyl styrene, or vinyl imidazole.

3
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One example of a preferred polymer is characterized 
by a repeat unit having the formula

CH,

■(CHj-cq (2)LV
N
H

-*ch2F3
Θ
N(CH3)3

5

10

or copolymer thereof. The polymer may further include, as a 
co-monomer, one or more of the following: n- 
butylmethacrylamide, hexafluorobutylmethacrylate, 
heptadecaf,luorodecylmethacrylate, styrene or fluorinated 
derivatives thereof, 2-vinyl naphthalene, 4-vinyl imidazole., 
vinyl pyridine, trimethylammoniumethylmethacrylate, 
trimethylammoniumethylacrylate, 4-vinylbiphenyl, 4- 
vinylanisole, or 4-aminostyrene.

A second example of a preferred polymer is 
characterized by a repeat unit having the formula

-{CH--CH)- (3)i η
Lo
\ Θo -Ich2>2 n(ch3)3

15 or copolymer thereof. The polymer may also include, as a 
co-monomer, one or more of the following: 
isopropylacrylamide, styrene or fluorinated derivatives 
thereof, hexafluoroisopropylacrylate, and 
trimethylammoniumethylmethacrylate.

4
- 4 -
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ft

A third example of a preferred polymer is 
characterized by a repeat unit having the formula

CH3
•fCH2-C).„

=· 0
©

0 4CH2)-2 n (CH3) 3

(4)

or copolymer thereof. The polymer may also include, as a 
5 co-monomer, styrene or a fluorinated derivative thereof.

A fourth example of a preferred polymer is 
characterized by a repeat unit having the formula

■fCH2-CH>n
(5)

H -{CH^ N(CH3I2 
H

or copolymer thereof.
10 A fifth example of a preferred polymer is

characterized by a repeat unit having the formula

CH.

-tCH2-«n

L
(6)

or copolymer thereof.

N 4CH2)-3 N(CH3) 2

«

- 5 -
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A sixth example of a preferred polymer is 
characterized by a repeat unit having the formula

4CH.-CH)·

2 I (7)

NH2

or copolymer thereof. The polymer may further include, as a 
5 co-monomer, ethyl vinylbenzene.

A seventh example of a preferred polymer is 
characterized by a repeat unit having the formula

4NH-CH2-CH2)-n (8)

or copolymer thereof.
10 An eighth example of a preferred polymer is

characterized by a repeat unit having the formula
CH 3

4CH.-O
Z I (11)n

N -fCH-K 
H z z

©
N(CH3)3

or copolymer thereof. The polymer may also include, as a 
co-monomer, styrene or a fluorinated derivative thereof.

- 6 -
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In a second aspect, the invention features a method 
for removing bile salts from a patient by ion exchange -that 
includes administering to the patient a therapeutically 
effective amount of one or more highly crosslinked polymers

5 characterized by a repeat unit having the formula

p/-fCH2-k

fo! (12)

or copolymer thereof, where n is 
Cj-Cg alkyl group; L is -NH- or

G is

an integer;
-if N-
\_____/

or . R2-N^
V

R1 is H or a

t

10

15

and each R2, R3, and R4, independently, is H, a Cj-Cg alkyl 
group, or an aryl group. The polymers are non-toxic and 
stable once ingested.

In preferred embodiments, the polymer is crosslinked 
by means of a multifunctional crosslinking co-monomer which 
is present in an amount from about 1-25% by weight (and 
preferably from about 2.5-20% by weight), based upon total 
monomer weight. The polymer further preferably includes one 
or more of the above-described hydrophobic co-monomers

- 7 -
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One example of a preferred polymer is characterised by a repeat unit having the 
formula

(13)

or copolymer thereof. The polymer may further include, as a co-monomer, styrene or a 
5 fluorinated derivative thereof.

A second example of a preferred polymer is characterized by a repeat unit having 
the formula

• · ·• · ·• · ·• · · *• · ·
• · · 
β · ·

• V β• · ·• · · ·

(14)

or copolymer thereof.
10 The polymers according to the first and second aspects of the invention may have 

fixed positive charges, or may have the capability of becoming charged upon ingestion at 
physiological pH. In the latter case, the charged ions also pick up negatively charged 
counterions upon ingestion that can be exchanged with bile salts. In the case of polymers 
having fixed positive charges, however, the polymer may be provided with one or more

15 exchangeable counterions.

[N:Uibff]00953:MCC
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Examples of suitable counterions include Cl-, Br“, CH3OSO3”, 
HSO4", SO42-, HCO3“, C03”, acetate, lactate, succinate, 
propionate, butyrate, ascorbate, citrate, maleate, folate, 
an amino acid derivative, a nucleotide, a lipid, or a

5 phospholipid. The counterions may be the same as, or
different from, each other. For example, the polymer may 
contain two different types of counterions, both of which 
are exchanged for the bile salts being removed. More than 
one polymer, each having different counterions associated

10 with the fixed charges, may be administered as well.
The invention also features therapeutic compositions

for removing bile salts that include a therapeutically 
effective amount of one or more of the above-described 
polymers.

15 In another aspect, the invention features a highly
crosslinked polymer composition that includes a polymer 
characterized by a repeat unit having the formula

R1 '

I

L0 (9)
\ Θ 
Q - N(CH3)3

where R1 is H or methyl, Q is -NH-(CH2)3- or -0-(CH2)2 and n
20 is an integer, and at least one additional co-monomer 

selected from the group consisting essentially of 
vinylnaphthalene, vinyliraidazole, fluorinated derivatives of 
styrene, and fluorinated alkyl methacrylates.

In some preferred embodiments of this aspect, R1 is
25 methyl and Q is -NH-(CH2)3-. This polymer may further

comprise, as a co-monomer, trimethylammoniumethylacrylate or 
trimethylammoniumethylmethacrylate. Xn other preferred 
e/bodiments, Q is -0-(CH2)2.

- 9 -
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Examples of suitable fluorinated styrene derivatives 
include p-fluorostyrene and pentafluorostyrene. Examples of 
suitable fluorinated alkyl methacrylates include
hexafluorobutyl methacrylate and heptadecafluorodecyl 

5 methacrylate.
In yet another aspect, the invention features a 

highly crosslinked polymer composition that includes a 
polymer characterized by a repeat unit having the formula

R1

(10)
Θ

- N(CH3)3
10 where R1 is H or methyl, Q is -NH-(CH2)3- or -0-(CH2)2 and n 

is an integer, and, as additional co-monomers, (a) styrene 
and (b) trimethylammoniumethylacrylate or
trimethylammoniumethylmethacrylate when R1 is methyl and Q 
is -NH-(CH2)3-

15 In an additional aspect, the invention features a
method of synthesizing a highly crosslinked polymer having 
hydrophilic and hydrophobic units that includes reacting 
hydrophilic and hydrophobic monomers in the presence of an 
alcoholic solvent.

20 In yet another aspect, the invention features a
method for removing bile salts from a patient that includes 
administering to the patient a therapeutically effective 
amount of the reaction product of:

SUBSTITUTE SHEET (RULE 26)

- 10 -
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(a) one or more highly crosslinked polymers characterized by a repeat unit having 
the formula:

R1

-m—'

N-fCH2)-m N-R3 
H

and salts and copolymers thereof, where n and m are integers, and each R1, R2, and R3, 
5 independently, is H or a Cj-Cg alkyl group; and

(b) at least one alkylating agent, the reaction product is non-toxic and stable once 
ingested.

By "salt" it is meant that the amine nitrogen group in tlie repeat unit is protonated to 
creast a positively charged nitrogen atom associated with a negatively charged counterion. 

10 By "alkylating agent" it is meant a reactant which, when reacted with the 
crosslinked polymer, causes an alkyl group or derivative thereof (e.g., an aralkyl 
hydroxyalkyl, alkylammonium salt, alkyiamide, or combination thereof) to be covalently 
bound to one or more of the nitrogen atoms of the polymer. The reaction product is 
crosslinked by means of a multifunctional crosslinking co-monomer, the co-monomer 

15 being present in an amount from about 1-25% (more preferably about 2.5-20%) by
weight, based upon total weight monomer weight.

In yet another aspect, the invention features a method for removing bile salts from a 
patient comprising administering to said patient a therapeutically efffective amount of the 
reaction product of:

20 (a) one or more crosslinked polymers comprising a repeat unit havin * *ke
formula:

R1

-m—c->n

M

O
II 2

where n is an integer; R1 is H or a C^-Cg alkyl group; M is C Z R or _z_R2; Z 
is O, NR3, S, or (CH2)m; m= 0-10; R3 is H or a CrC8 alkyl group; and R2 is

[N U >\'i"</353;MCC



11a
where p=0-10, and each R4, R5 and R6 independently, is H, a Cj-Cg alkyl group, or an 
aryl group, with the proviso that when R2 includes R4, I d R6 that at least one is 
hydrogen; and

(b) at least one alkylating agent having the formula RX where R is a CJ-C20 
5 alkylammonium and X is one or more electrophilic leaving groups.

In yet another aspect, the invention features a method for removing bile salts from a 
patient comprising -administering to said patient a therapeutically effective amount of the 
reaction product of:

(a) one or more crosslinked polymers comprising a repeat unit having the formula

R1 
I x

y CH2—C 4 
I "

M
10

or salts and copolymers thereof, where n is an integer; R1 is H or a CrCg alkyl 
0
11 2

group; M is —C--Z—Rz or -Z-R2; Z is 0, NR3, S, or (CH2)m; 

m = 0-10; R3 is H or a Cj-Cg alkyl group; and 
R2 is

©zr45
-(CH j- n: or iCH* N-R5

d R5 Re
15

where p = 0-10, R4 and R5 are H, and R6, independently, is H, a Cj-Cg alkyl group or 
aryl group; and

(b) at least one alkylating agent wherein said polymer is crosslinked by means of a 
multifunctional crosslinking agent, said agent being present in an amount from about Ι­

ΣΟ 25 % by weight, based upon total monomer weight.
In yet another aspect, the invention features a method for removing bile salts from a 

patient comprising administering to said patient a therapeutically effective amount of the 
reaction product of:

(a) one or more crosslinked polymers comprising a repeat unit having the formula

lN:\Iibf(]00953:MCC



11b

—fCH2-

R
I

-ftn

L=o

N-{-CH2-)p|sl(CH,)
3'2

©

H
H

or salts and copolymers thereof wherein R1 is H or a Cj-Cg alkyl group; n is an 
integer and p = 0-10; and

(b) at least two alkylating agents, wherein:
5 (i) one of said alkylating agents has the formula RX where R is a Ci-C2o

alkyl group and X is one or more electrophilic leaving groups, and tlie other of said 
alkylating agents has the formula R'X where R1 is a C4-C20 alkyl ammonium group and X 
is one or more electrophilic leaving groups; or

,····, (ii) one of said alkylating agents has the formula RX where R is a C1-C20
/’ί: 10 alkyl group and X in one or more electrophilic leaving groups, and the other of said

alkylating agents has the formula R'X where R' is a C4-C20 hydroxyalkyl group and X is
• · ·

one or more electrophilic leaving groups; or
(iii) one of said alkylating agents is a C4-C20 dihaloalkane and the other of

*♦· said alkylating agents is a C]-C2o alkylammonium salt.
15 In yet another aspect, the invention features a method for removing bile salts from a

patient comprising administering to said patient a therapeutically effective amount of the• «·
”·*. reaction product of:

(a) one or more crosslinked polymers comprising a repeat unit having tlie formula:

\0 ©
n+ch^wch.;,

H

20 or salts and copolymers thereof wherein R1 is H or a CpCg alkyl group; n is an 
integer and p=0-10; and

(b) at least one alkylating agent.

|N:\libf(]O0953:MCO
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One example of a preferred polymer is characterized 
by a repeat unit having the formula

•(CH2-GH)-n

(16)

N -(CH.)-- N 
H Z °

/CH3

CH.

or a salt or copolymer thereof.
A second example of a preferred polymer is

characterized by a repeat unit having the formula 
CH.

-(CH.-CF 

z n (17)L
\

N-(CH.)-- 
H J

,CH. X 3

CH.

N

or a salt or copolymer thereof.
Preferred alkylating agents have the formula RX

10 where R is a Cj-C-jq alkyl, C1-C20 hydroxyalkyl, C.,-C20
aralkyl, ^-Ο20 alkylammonium, or C.j-C^q alkylamido group and 
X includes one or more electrophilic leaving groups. By 
’’electrophilic leaving group” it is meant a group which is 
displaced by a nitrogen atom in the crosslinked polymer

15 during the alkylation reaction. Examples of preferred
leaving groups include halide, epoxy, tosylate, and mesylate 
group. In the case of, e.g*, epoxy groups, the alkylation 
reaction causes opening of the three-membered epoxy ring.

Examples of preferred alkylating agents include a
20 Cj-Cjq alkyl halide (e.g., an n-butyl halide, n-hexyl

halide, n-octyl halide, n-decyl halide, n-dodecyl halide, n-
- 12 -
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tetradecyl halide, n-octadecyl halide, and combinations 
thereof); a Cx-C20 dihaloalkane (e.g., a 1,10-dihalodeoane); 
a Cx—C20 hydrexyalkyl halide (e.g., an 11-halo-i-undecanol); 
a C^-C^q aralkyl halide (e.g., a benzyl halide); a Cx-C2o

5 alkyl halide ammonium salt (e.g., a (4-halobutyl)
trimethylammonium salt- (6~halohexyl) trimethylammonium 
salt, (8-halooctyl)trimethylammonium salt, (10- 
halodecyl)trimethylammonium salt, (12-
halododecyl)trimethylammonium salts and combinations 

10 thereof); a Οχ-Ο20 alkyl epoxy ammonium salt (e.g., a
(glycidylpropyl)trimethylammonium salt); and a epoxy
alkylamide (e.g., an N-(2,3-epoxypropane)butyramide, N-(2,3- 
epoxypropane)hexanamide, and combinations thereof).

It is particularly preferred to react the polymer 
15 with at least two alkylating agents. In one preferred

example, one of the alkylating agents has the formula RX 
where R is a ci”c20 group and X includes one or more
electrophilic leaving groups (e.g., an alkyl halide), and 
the other alkylating agent has the formula R'X where R' is a

20 Cx-C2o alkyl ammonium group and X includes one or more
electrophilic leaving groups (e.g., an alkyl halide ammonium 
salt).

In another preferred example, one of the alkylating 
agents has the formula RX where R is a Cx-C20 alkyl group

25 and X includes one or more electrophilic leaving groups
(e.g., an alkyl halide), and the other alkylating agent has 
the formula R'X where R' is a Οχ-ΰ20 hydroxyalkyl group and 
X includes one or more electrophilic leaving groups (e.g., a 
hydroxy alkyl halide).

30 In another preferred example, one of the alkylating
agents is a C--C2o dihaloalkane and the other alkylating 
agent is a Cx- . ->0 alkylammonium salt.

13
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The invention provides an effective treatment for 
removing bile salts from a patient (and thereby reducing the 
patient's cholesterol level). The compositions are non­
toxic and stable when ingested in therapeutically effective

5 amounts.
The invention further provides an effective 

synthesis for polymers having hydrophilic and hydrophobic 
units by conducting the reaction in the presence of an 
alcoholic solvent not normally considered a good

10 polymerization solvent due to its chain transfer properties.
Other features and advantages will be apparent from 

the following description of the preferred embodiments 
thereof and from the claims.

Description of the Preferred Embodiments 
15 Compositions

Preferred polymer have the formulae set forth 
in the Summary of the Invention, above. The polymers are 
highly crosslinked. The high level of crosslinking makes 
the polymers completely insoluble and thus limits the

20 activity of the alkylated reaction product to the
gastrointestinal tract only. Thus, the compositions are 
non-systemic in their activity and will lead to reduced 
side-effects in the patient.

The polymers are preferably crosslinked by
25 adding a crosslinking co-monomer to the reaction mixture 

during polymerization. Examples of suitable crosslinking 
co-monomers include diacrylates and dimethacrylates (e.g., 
ethylene glycol diacrylate, propylene glycol diacrylate, 
butylene glycol diacrylate, ethylene glycol dimethacrylate,

30 propylene glycol dimethacrylate, butylene glycol 
dimethacrylate, polyethyjeneglycol dimethacrylate, 
polyethyleneglycol diacrylate) , methylene bisacrylamide, 
methylene bismethacrylamide, ethylene bisacrylamide,

14
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ethylenebismethacrylamide, ethylidene bisacrylamide, divinyl 
benzene, bisphenol A dimethacrylate, and bisphenol A 
diacrylate. These crosslinking co-monomers are either 
commercially available or are prepared as described in

5 Mandeville et al., ’’Process for Adjusting Ion Concentration 
in a Patient and Compositions Therefor," U.S.S.N.
08/065,113, filed May 20, 1993, assigned to the same 
assignee as the present application and hereby incorporated 
by reference. The amount of crosslinking agent is typically

10 between 1.0 and 25 weight %, based upon combined weight of 
crosslinking agent and monomer, with 2.5-20% being 
preferred.

Preferably, the polymer includes one or more co­
monomers that increase the overall hydrophobicity of the

15 polymer. Because bile salts are hydrophobic, the
hydrophobic co-monomer aids in maximizing the selectivity of 
the interaction of the polymer with the bile salts.

Examples of suitable hydrophobic co-monomers 
include, e.g., acrylamide, methacrylamide, and N-alkyl

20 (e.g., methyl, ethyl, isopropyl, butyl, hexyl, dodecyl,
cyclohexyl, dicyclohexyl) and N-ary1 (e.g., phenyl, 
diphenyl) derivatives thereof; alkyl and aryl acrylates and 
methacrylates (e.g., ethyl, propyl, butyl, dodecyl), and 
fluorinated derivatives thereof (e.g., hexafluoroisopropyl

25 acrylate, hexafluorobutyl methacrylate, heptadacafluorodecyl 
acrylate); styrene and derivatives thereof (e.g., 
dimethylaminomethyl styrene, 4-aminostyrene, and fluorinated 
derivatives, e.g., p-fluorostyrene, pentafluorostyrene); 
ethylvinylbenzene; vinyl naphthalene; vinyl pyridine; vinyl

30 imidazole; 4-vinylbiphenyl; 4,4-vinylanisole; and
combinations thereof. The amount of hydrophobic co-monomer 
used in the preparation of these polymers is from 1 to 75% 
by weight, preferably from 3 to 65%.
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The level of hydrophobicity needed may also be 
achieved simply by appropriate choice of crosslinking co­
monomer. For example, divinylbenzene is a suitable 
crosslinking co-monomer and is hydrophobic as well. In

5 addition, the main '’impurity” in divinylbenzene is
ethylvinylbenzene, a hydrophobic, polymerizable monomer 
which will also contribute to the overall hydrophobicity of 
the polymer. Other hydrophobic crosslinking co-monomers 
include bisphenol A diacrylate and bisphenol A

10 dimethacrylate.
The crosslinked polymers may be reacted with one or 

more alkylating agents. Examples of preferred alkylating 
agents are set forth in the Summary of the Invention, above. 
Examples

15 A. Polymer Preparation
1. Preparation of Poly

(methacrylamidopropyltrimethylammonium 
chloride) iPolvMAPTAO

To a 1000 mL, three-necked, round-bottomed flask was 
20 added the following: methacrylamidopropyltrimethylammonium

chloride (MAPTAC) (40 mL of a 50% aqueous solution, 21 g), 
ethylene glycol dimethacrylate crosslinking co-monomer (5.00 
g, 4.76 mL), ethyl acetate (200 mL), and 2-propanol (200 
mL). The resulting solution was clear. Next, the

25 polymerization initiator AIBN (0.1 g) was added and the
reaction mixture was heated to 65°C. When the temperature 
reached 65°C, the solution was degassed with nitrogen for 5 
minutes, at which point it turned cloudy, indicating that 
polymerization was proceeding. The reaction was maintained

30 at 65°C for another 3 hours and then allowed to cool to 
room temperature.

The resulting polymer (which was hard and sticky) 
was combined with 500 mL of water to soften it, and then

16
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transferred to a blender where it was blended with 1500 mL 
of 2-propanol and centrifuged. The mixture was then 
decanted and transferred to another blender with the aid of 
100 mL of water. 800 mL of 2-propanol was then added and

5 the mixture was blended, allowed to settle, and decanted.
The mixture was then combined with 1000 mL of 2-propanol, 
blended, filtered, and vacuum-dried to afford 12.6 g of 
polymer.

PolyMAPTAC crosslinked with 0.5%
10 methylenebismethacrylamide crosslinking co-monomer;

polyMAPTAC crosslinked with 10% methylenebismethacrylamide 
crosslinking co-monomer; and polyMAPTAC crosslinked with 10% 
divinylbenzene crosslinking co-monomer were prepared in 
analogous fashion.

15 2. Preparation of Poly (vinvlamine)
The first step involved the preparation of

ethylidenebisacetamide. Acetamide (118 g), acetaldehyde 
(44.06 g), copper acetate (0.2 g), and water (300 mL) were 
placed in a 1 L three neck flask fitted with condenser,

20 thermometer, and mechanical stirrer. Concentrated HCI (34 
mL) was added and the mixture was heated to 45-50°C with 
stirring for 24 h. The water was then removed in vacuo to 
leave a thick sludge which formed crystals on cooling to 
5°C. Acetone (200 mL) was added and stirred for a few

25 minutes, after which the solid was filtered off and
discarded. The acetone was cooled to 0°C and solid was 
filtered off. This solid was rinsed in 500 mL acetone and 
air dried 18 h to yield 31.5 g of ethylidenebisacetamide.

The next step involved the preparation of
30 vinylacetamide from ethylidenebisacetamide.

Ethylidenebisacetamide (31.05 g), calcium carbonate (2 g) 
and celite 541 (2 g) were placed in a 500 mL three neck
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flask fitted with a thermometer, a mechanical stirrer, and a 
distilling head atop a Vigreux column. The mixture was 
vacuum distilled at 35 mm Hg by heating the pot to 180- 
225°C. Only a single fraction was collected (10.8 g) which

5 contained a large portion of acetamide in addition to the 
product (determined by NMR). This solid product was 
dissolved in isopropanol (30 mL) to form the crude 
vinylacetamide solution used for polymerization.

Crude vinylacetamide solution (15 ml),
10 divinylbenzene (1 g, technical grade, 55% pure, mixed

isomers), and AIBN (0.3 g) were mixed and heated to reflux 
under a nitrogen atmosphere for 90 min, forming a solid 
precipitate. The solution was cooled, isopropanol (50 ml) 
was added, and the solid was collected by centrifugation.

15 The solid was rinsed twice in isopropanol, once in water, 
and dried in a vacuum oven to yield 0.8 g of 
poly(vinylacetamide), which was used to prepare 
poly(vinylamine as follows).

Poly(vinylacetamide) (0.79 g) was placed in a 100 mL
20 one. neck flask containing water (25 mL) and cone,, HCl (25 

mL). The mixture was refluxed for 5 days, after which the 
solid was filtered off, rinsed once in water, twice in 
isopropanol, and dried in a vacuum oven to yield 0.77 g of 
product. Infrared spectroscopy indicated that a significant

25 amount of the amide (1656 cm*1) remained and that not much 
amine (1606 cm'1) was formed. The product of this reaction 
(-0.84 g) was suspended in NaOH (46 g) and water (46 g) and 
heated to boiling (-140°C). Due to foaming the temperature 
was reduced and maintained at -100°C for 2 h. Water (100

30 mL) was added and the solid collected by filtration. After 
rinsing once in water the solid was suspended in water (500 
mL) and adjusted to pH 5 with acetic acid. The solid was 
again filtered off, rinsed with water, then isopropanol, and
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dried in a vacuum oven to yield 0.51 g of product. Infrared 
spectroscopy indicated that significant amine had been· 
formed.

3. Preparation of
5 Poly f3-dimethvlaminopropvlacrvlamide) (DMAPA)

Dimethylaminopropylacrylamide (10 g) and 
methylenebisacrylamide crosslinking -o-monomer (1.1 g) were 
dissolved in 50 mL of water in a 100 mL three neck flask. 
The solution was stirred under nitrogen for 10 minutes.

10 Potassium persulfate (0.3 g) and sodium metabisulfite (0.3 
g) were each dissolved in 2-3 mL of water and then mixed. 
After a few seconds this solution was added to the monomer 
solution, still under nitrogen. A gel formed immediately 
and was allowed to sit overnight. The gel was removed and

15 blended with 500 mL of isopropanol. The solid was filtered 
off and rinsed three times with acetone. The solid white 
powder was filtered off and dried in a vacuum oven to yield 
6.1 g.

4. Preparation of
_ 0 Poly(dimethylaminopropylacrylamide

hydrochloride) (DMAPA· HCl)
Dimethylaminopropylacrylamide (20.10 g) was 

dissolved in water (100 mL) and neutralized with 
concentrated HCl to pH 6.95. Methylenebisacrylamide

25 crosslinking co-monomer (2.2 g) and water (100 mL) were
added and warmed (34°C) to dissolve. Potassium persulfate 
(0.2 g) and potassium metabisulfite (0.2 g) were added with 
stirring. After gellation, the solution was allowed to sit 
for 6 h, blended with isopropanol (600 mL) three times, and

30 dried in a. vacuum oven to yield 14.47 g of the title 
polymer.
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PolyDMAPA·HCl crosslinked with 10% 
methylenebismethacrylamide crosslinking co-monomer was 
prepared in analogous fashion.

5. Preparation of
5 Poly (dimethylaminopropylmethacrylamide

hydrochloride) (DMAPMA· HCl)

Dimethylaminopropylmethacrylamide (20.0 g) was 
dissolved in water (100 mb) and neutralized with 
concentrated HCl to pH 6.94. Methylenebisacrylamide

10 crosslinking co-monomer (2.2 g) was added and the solution 
was warmed (39°C) to dissolve. Potassium persulfate (0.3 g) 
and potassium metabisulfite (0.3 g) were added with stirring 
under a nitrogen atmosphere. After gellation, the solution 
was allowed to sit overnight, blended with isopropanol (500

15 mL) twice, and dried in a vacuum oven to yield 27.6 , g of 
product. Some of the solid (3.2 g; sieved to 
-80/+200 mesh size) was stirred in water (100 mL) for 50 
min, additional water (100 mL) was added and the solution 
stirred for 36 min. The solid was collected by

20 centrifugation, resuspended in water (400 mL), stirred 150 
min, and again collected by centrifugation. The solid was 
finally resuspended in water (500 mL), stirred 90 min, aid 
collected by filtration. The solid was dried in a vacuum 
oven to yield 0.28 g of the title polymer.

25 6. Preparation of
Poly(methacrylamidopropyltrimethylammonium 
chloride) co-poly (n-butylmethacrylamide)
(MAPTAC co-BuMA)

The co-monomer n-butylmethacrylamide (BuMA) was
30 prepared as follows.

Methacryloyl chloride (48.4 mL, 52.3 g, 0.500 mol) 
was dissolved in tetrahydrofuran (300 mL) in a 1 L flask and
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placed in an ice bath. A solution containing butylamine 
(36.6 g) and triethylamine (55.6 g) was added dropwise, 
maintaining the temperature at 5-15°C. After addition the 
solution was stirred for 5 min and the solid triethylamine

5 hydrochloride was filtered off and discarded. The solvent 
was removed in vacuo from the mother liquor and the 
resulting yellow oil was used without further purification. 
The yield was 71.58 g of BuMA co-monomer.

To a 1000 mL, three-necked, -ound-bottomed flask was 
10 added the following: methacrylamidopropyltrimethylammonium

chloride (MAPTAC) (108 mL of a 50% aqueous solution, 56.8 
g), ethylene glycol dimethacrylate crosslinking co-monomer 
(19.62 g), BuMA co-monomer (12.12 g), and 2-propanol (850 
mL). The resulting solution was clear. Next, the reaction

15 mixture was heated to 40°C while being degassed with
nitrogen. When the solution had reached 40°C, the catalyst, 
consisting of a solution of potassium persulfate (0.75 g) 
and potassium metabisulfate (0.75 g) in 25 mL of water was 
added. The solution immediately began to turn cloudy,

20 indicating that polymerization was proceeding. The reaction 
was maintained at 40°C for 24 hours and then allowed to cool 
to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and vacuum dried to afford 64.54 g

25 of the title polymer.
Polymer for testing was washed two times with 800 mL 

of water each time, followed by two washes with 500 mL of 
methanol each time to give 34.5 g of purified polymer.

A crosslinked MAPTAC co-BuMA copolymer was also 
30 prepared using propylene glycol dimethacrylate, rather than

ethylene glycol dimethacrylate, as the crosslinking co­
monomer, as follows.
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To a 1000 mL, three-nocked, round-bottomed flask was 
added the following: methacrylamidopropyltrimethylammonium 
chloride (MAPTAC) (60 mL of a 50% aqueous solution, 31.5 g) , 
propylene glycol dimethacrylate crosslinking co-monomer

5 (9.81 g), BuMA co-monomer (6.06 g), and 2-propanol (3Ό0 mL) .
The resulting solution was clear. Next, the reaction 
mixture was heated to 70°C while being degassed with 
nitrogen. When the solution had reached 70°C, the catalyst, 
AIBN (0.50 g), was added. The solution immediately began to

10 turn cloudy, indicating that polymerization was proceeding. 
The reaction was maintained at 70°C for 6 hours and then 
allowed to cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and vacuum dried to afford 23.3 g of

15 polymer.
MAPTAC coBuMA (5%) crosslinked with 24% 

ethyleneglycoldimethacrylate crosslinking co-monomer, MAPTAC 
coBuMA (2)%) crosslinked with 0.5%
methylenebismethacrylamide crosslinking co-monomer, and 

20 MAPTAC coBuMA (14%) crosslinked with 22%
propyleneglycoldimethacrylate crosslinking co-monomer were 
prepared in analogous fashion by adjusting the ratios of 
starting monomers.

7. Preparation of
25 Poly (methacrylamidopropyltrimethylammonium

chloride) co-polvfstyrene) (MAPTAC co-Stv)
To a 1000 mL, three-necked, round-bottomed flask was 

added the following: methacrylamidopropyltrimethyl-ammonium 
chloride (MAPTAC) (60 mL of a 50% aqueous solution, 31.5 g),

30 divinyl benzene crosslinking co-monomer (2.00 g), styrene
co-monomer (1.75 g) , and 2-propanol (300 mL). The resulting 
solution was clear. Next, the reaction mixture was heated 
to 60°C while being degassed with nitrogen. When the
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solution had reached 60°C, the catalyst, AIBN (0.50 g) , was 
added. The solution immediately began to turn cloudy, 
indicating that polymerization was proceeding. The reaction 
was maintained at 60°C for 24 hours and then allowed to cool

5 to room temperature. After about 7 hours the mixture had 
become very thick and 100 mL additional isopropanol was 
added to allow for better stirring.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and vacuum dried to afford 30.9 g of

10 the title polymer.
Polymer for testing was washed two times with 1000 

mL of water each time followed by two washes with 800 mL of 
methanol each time to give 28.0 g of purified polymer.

MAPTAC co-Sty (13%) crosslinked with 7.5%
15 butyleneglycoldimethacrylate crosslinking co-monomer, MAPTAC

co-Sty (13%) crosslinked with 20%
butyleneglycoldimethacrylate crosslinking co-monomer, MAPTAC 
co-Sty (19%) crosslinked with 6% divinylbenzene co-monomer, 
MAPTAC co-Sty (23%) crosslinked with 7% divinylbenzene co-

20 monomer, MAPTAC co-Sty (30%) crosslinked with 6% 
divinylbenzene co-monomer, and MAPTAC co-Sty (38%) 
crosslinked with 6% divinylbenzene co-monomer were prepared 
in analogous fashion by varying the ratios of starting 
monomers.

1

25 8. Preparation of
Poly(methacrylamidopropyltrimethylammonium 
chloride) co-poly(vinyl naphthalene) (MAPTAC 
co-VN)

To a 1000 mL, three-necked, round-bottomed flask was
30 added the following: methacrylamidopropyltrimethylammonium 

chloride (MAPTAC) (40 mL of a 50% aqueous solution, 21.0 g) , 
divinyl benzene crosslinking co-monomer (2.25 g), 2- 
vinylnaphthalene co-monomer (10.5 g), and 2-propanol (320
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mL). The resulting solution was clear. Next, the reaction 
mixture was heated to 65°C while being degassed with 
nitrogen. When the solution had reached 65°C, the catalyst, 
AIBN (0.50 g), was added. The solution immediately began to

5 turn cloudy, indicating that polymerization was proceeding. 
The reaction was maintained at 65°C for 20 hours and then 
allowed to cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and then immediately slurried in 400

10 mL of distilled water. The mixture was stirred for 1/2 hour 
and then filtered. The water wash was repeated one more 
time. The filter cake was then slurried in 400 mL of 
methanol and stirred for 1/2 hour. The mixture was filtered 
and the methanol slurry was repeated one more time. Vacut^

15 drying afforded 22.11 g, 65.5% of the title polymer.
MAPTAC co-VN (39%) crosslinked with 5% divinyl

benzene crosslinking co-monomer was prepared in analogous 
fashion by varying the ratio of starting monomers.

9. Preparation of
20 Poly(methacrylamidopropyltrimethylammonium

chloride) co-poly(1-vinyl imidazole) (MAPTAC 
co-VI)

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: methacrylamidopropyltrimethylammonium

25 chloride (MAPTAC) (40 mL of a 50% aqueous solution, 21.0 g), 
divinyl benzene crosslinking co-monomer (2.25 g), 1- 
vinylimidazole co-monomer (12.54 g), and 2-propanol (300 
mL). The resulting solution was clear. Next, the reaction 
mixture was heated to 65°C while being degassed with

30 nitrogen. When the solution had reached 65°C, the catalyst, 
AIBN (0.50 g), was added. The solution immediately began to 
turn cloudy, indicating that polymerization was proceeding.
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The reaction was maintained at 65°C for 20 hours and then 
allowed to cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol, and then immediately slurried in

5 500 mL of distilled water. The mixture was stirred for 1/2
hour and then filtered. The water wash was repeated one 
more time. The filter cake was then slurried in 400 mL of 
methanol and stirred for 1/2 hour. The mixture was filtered 
and the methanol slurry was repeated one more time. Vacuum

10 drying afforded 7.34 g, 20.5% of the title polymer.

10. Preparation of
Poly(trimethylammoniumethylacrylatechloride) 
COrPQlvTst3^ne)fTMA£AC^^StY)

To a 1000 mL, three-necked, round-bottomed flask was 
15 added the following: trimethylammoniumethylacrylatechloride

(TMAEAC) (99.4 mL of a 50% aqueous solution, 53.0 g), 
divinyl benzene crosslinking co-monomer (7.00 g), styrene 
co-monomer (40.0 g), and 2-propanol (800 mL). The resulting 
solution was clear. Next, the reaction mixture was heated

20 to 65°C while being degassed with nitrogen. When the
solution had reached 65°C, the catalyst, AIBN (1.50 g), was 
added. The solution immediately began to turn cloudy, 
indicating that polymerization was proceeding. The reaction 
was maintained at 65°C for 6 hours, then cooled to 60°C and

25 stirred for an additional 18 hours. It was then allowed to 
cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol, and then immediately slurried in 
1000 mL of distilled water. The mixture was stirred for 1/2

30 hour and then 800 mL of methanol was added and the mixture 
was stirred for an additional 1/2 hour. The mixture was 
allowed to settle and the supernatant liquid was decanted, 
leaving a residue of about 750 mL. The residue was then
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slurried with an additional 750 mL of methanol and stirred 
for 1/2 hour. The methanol slurry and decantation process 
was repeated two more times with 800 mL of methanol each 
time. Next, 800 mL of isopropanol was added and the mixture

5 was stirred for 1/2 hour and then filtered. Finally, 600 mL 
of isopropanol was added and the mixture was stirred for 1/2 
hour. Filtration and vacuum drying afforded 49.2 g, 49.2% 
of the title polymer.

TMAEAC co-sty (31%) crosslinked with 8%
10 divinylbenzene crosslinking co-monomer and TMAEAC co-Sty

(46%) crosslinked with 6% divinylbenzene crosslinking co­
monomer were prepared in analogous fashion by varying the 
ratio of starting monomers.

11. Preparation of
15 Poiy(trimethylammoniumethylmethacrylatechloride

co-polvfstyrene) fTMAEMC co-Sty)
To a 1000 mL, three-necked, round-bottomed flask was 

added tlie following:
trimethylammoniumethylmethacrylatechloride (TMAEMAC) (38.8 

20 mL of a 50% aqueous solution, 21.7 g), divinyl benzene
crosslinking co-monomer (3.72 g), styrene co-monomer (15.66 
g), and 2-propanol (2500 mL). The resulting solution was 
clear. Next, the reaction mixture was heated to 65°C while 
being degassed with nitrogen. When the solution had reached

25 65°C, the catalyst, AIBN (0.50 g), was added. The solution
immediately began to turn cloudy, indicating that 
polymerization was proceeding. After two hours, the mixture 
became very thick and an additional 100 mL of isopropanol 
was added. After five hours the mixture was again very

30 thick so ah additional 100 mL of isopropanol was added. The 
reaction was maintained at 65°C for 6 hours, and then 
allowed to cool to room temperature.
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The resulting polymer was filtered and washed on the 
funnel with isopropanol, and then immediately slurried in 
1000 mL of distilled water. The mixture was stirred for 1/2 
hour and then transferred to a blender and blended for five

5 minutes. The polymer slurry was filtered and 1000 mL of 
distilled water was added and the mixture was stirred for 
1/2 hour. The mixture was filtered and the filter cake was 
slurried two times in 500 mL of methanol each time. 
Filtration and vacuum drying afforded 30.2 g, 75.9% of the

10 title polymer.
TMAEMC co-Sty (5E%) crosslinked with 4% 

divinylbenzene crosslinking co-monomer, TMAEMC co-Sty (33%) 
crosslinked with 4% divinylbenzene crosslinking co-monomer, 
and TMAEMC co-Sty (24%) crosslinked with 4% divinylbenzene

15 crosslinking co-monomer were prepared in analogous fashion 
by varying the ratio of starting monomers.

12. Preparation of Poly(methacrylamidopropy1-3- 
(trimethylammonium) chloride), co-(poly 2, 3,
4, 5, 6-pentafluorostvrene) (MAPTAC oo-StvFs)

20 To a 1000 mL, three-necked, round-bottomed flask was
added the following: methacrylamidopropy1-3- 
(trimethylammonium) chloride (MAPTAC) (24.5 mL of a 50% 
aqueous solution, 13.00 g), divinylbenzene crosslinking co­
monomer (1.00 g), pentafluorostyrene (6.00 g), 2-propanol

25 (150 mL), and AIBN (0.50g). The resulting solution was
clear. Next, the reaction mixture was heated to 65°C while 
being degassed with nitrogen. After a short period of time, 
the solution began to turn cloudy, indicating that
polymerization was proceeding. After five hours the mixture

30 was very thick so an additional 100 mL of isopropanol was
added. The reaction was maintained at 65°C for 24 hours,
and then allowed to cool to room temperature.

- 27 -



WO 95/34588 PCT/US95/06542

5

10

15

20

25

30

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 500 mL 
of distilled water. The mixture was stirred for 1/2 hour. 
The polymer slurry was filtered and 500 mL of distilled 
water was added and the mixture was stirred for 1/2 hour. 
The mixture was filtered and the filter cake was slurried 
two times in 300 mL of methanol each time. Filtration and 
air drying afforded 7.74 g of the title co-polymer.

MAPTAC co~StyFs (20%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer, MAPTAC co-StyFs 
(40%) crosslinked with 5% divinylbenzene crosslinking co­
monomer, and MAPTAC co-StyFs (45%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer were prepared in 
analogous fashion by varying the ratio of starting monomers.

13. Preparation of poly (methacrylamidopropyl-3- 
(trimethylammonium) chloride), co-poly 2- 
(trimethylammonium) ethyl methacrylate 
chloride, co-stvrene (MAPTAC co-TMAEMC co-Stv)

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: methacrylamidopropyl-3- 
(trimethylammonium) chloride (MAPTAC) (10.40 g of a 50% 
aqueous solution, 5.20 g), 2-(trimethylammonium) ethyl 
methacrylate chloride (TMAEMC) (4.86 g of a 70% aqueous 
solution, 3.40 g) divinylbenzene crosslinking co-monomer 
(1.00 g), styrene (10.40 g), 2-propanol (150 mL), and AIBN 
(0.50 g). The resulting solution was clear. Next, the 
reaction mixture was heated to 70°C while being degassed 
with nitrogen. After a short period of time, the solution 
began to turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 70°C for 24 
hours, and then allowed to cool to room temperature.

The resulting polymer· was filtered and washed on the
funnel with isopropanol and immediately slurried in 500 mL
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of methanol. The mixture was stirred for 1/2 hour. The 
polymer slurry was filtered and 400 mL of distilled water 
was added and the mixture was stirred for 1/2 hour. The 
mixture was filtered and the water slurry was repeated. The

5 mixture was filtered and the filter cake was slurried two 
times in 400 mL of methanol each time. Filtration and air 
drying afforded 5.39 g of the title co-polymer.

MAPTAC co-TMAEMC (34%) co-Sty (36%) crosslinked with 
5% divinylbenzene crosslinking co-monomer, MAPTAC co-TMAEMC

10 (31%) co-Sty (41%) crosslinked with 5% divinylbenzene
crosslinking co-monomer, MAPTAC co-TMAEMC (28%) co-Sty (46%) 
crosslinked with 5% divinylbenzene crosslinking co-monomer, 
MAPTAC co-TMAEMC (23%) co-Sty (48%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer, MAPTAC co-TMAEMC

15 (26%) co-Sty (52%) crosslinked with 4% divinylbenzene
crosslinking co-monomer, MAPTAC co-TMAEMC (17%) co-Sty (53%) 
crosslinked with 4% divinylbenzene crosslinking co-monomer, 
MAPTAC co-TMAEMC (15%) co-Sty (55%) crosslinked with 4% 
divinylbenzene crosslinking co-monomer, and MAPTAC co-TMAEMC

20 (13%) co-Sty (61.5%) crosslinked with 4% divinylbenzene
crosslinking co-monomer were prepared in analogous fashion 
by varying the ratio of starting monomers.

14. Preparation of
Poly (trimethylammoniumethylmethacrylatechloride

25 co-polyfisopropylacrylamide)) fTMAEMAC co-IPA)
The co-monomer isopropylacrylamide (IPA) was first

prepared as follows.
Acryloyl chloride (63 mL, 70.2 g, 0.775 mol) was 

dissolved in tetrahydrofuran (200 mL) in a 1 L flask and
30 placed in an ice bath. A solution containing isopropylamine 

(127.7 mL, 88.67 g, 1.50 mol) was added dropwise, 
maintaining the temperature at 5-15°C. After addition the 
solution was stirred for 10 min and the solid isopropylamine
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hydrochloride was filtered off and discarded. The solvent 
was removed in vacuo from the mother liquor and the 
resulting almost colorless oil, which solidified on 
standing, was used without further purification to prepare

5 the title co-polymer as follows.
To a 1000 mL, three-necked, round-bottomed flask was

added the following: trimethylammoniumethylacrylate 
chloride (76.5 mL of a 50% aqueous solution, 41.18 g, 0.213 
mol), methylene bis acrylamide crosslinking co-monomer (2.40

10 g), IPA co-monomer (4.52 g, 0.070 mol), and water (200 mL) . 
The resulting solution was clear. The reaction mixture was 
stirred while being degassed with nitrogen. When the 
solution had been degassed, the catalyst, consisting of 
potassium persulfate (0.3 g) and potassium metabisulfate

15 (0.3 g) was added. The polymerization initiated after 2
minutes and gelled after 3 minutes.

The next morning the gel was transferred to a 
blender and 1000 mL of water was added. After blending for 
a few seconds, the polymer had swelled to take up all of the

20 water. The swollen polymer was blended in several portions 
with isopropanol several times to dehydrate it. The 
resulting polymer was filtered and washed on the funnel with 
isopropanol and vacuum dried to afford 36.8 g of the title 
co-polymer.

25 15. Preparation of Poly(methacrylamidopropy1-3-
(trimethylammonium chloride)) co-poly(vinyl 
pyridine) (MAPTAC co-VP)

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: methacrylamidopropy1-3-

30 (trimethylammonium) chloride (MAPTAC) (40 mL of a 50%
aqueous solution, 21.0 g), divinyl benzene crosslinking co­
monomer (2.25 g), vinyl pyridine (14.0 g, 0.133 mol), cone,
hydrochloric acid (11 mL, 0.133 mol), 2-propanol (300 mL),
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and AIBN (0.67 g) . The resulting solution was clear. Next, 
the reaction mixture was heated to 60°C while being degassed 
with nitrogen. After a short period of time, the solution 
began to turn cloudy, indicating that polymerization was

5 proceeding. The reaction was maintained at 60°C for 20 
hours, and then allowed to cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 1000 mL 
of distilled water. The mixture was stirred for 1 hour.

10 The polymer slurry was filtered, washed on the funnel with 
methanol, and then slurried in 600 mL of methanol for one 
hour. Filtration and air drying afforded 20.4 g of co­
polymer.

16. Preparation of
15 Poly (trimethylammoniumethylmethacrylate chloride)

co-poly(p-fluorostyrene) (TMAEMC co-FxSty)______
To a 500 mL flask was added the following: 

trimethylammoniumethylmethacry late chloride (TMAEMC) (11.0 g 
of a 70% aqueous solution, 7.70 g), divinylbenzene

20 crosslinking co-monomer (0.50 g), p-fluorostyrene co-monomer 
(4.00 g), 2-propanol (125 mL) and AIBN (0.25 g). The 
resulting solution was clear. Next, the reaction mixture 
was heated to 65°C while being degassed with nitrogen. The 
solution immediately began to turn cloudy, indicating that

25 polymerization was proceeding. The reaction was maintained 
at 65°C for 6 hours, and then allowed to cool to room 
temperature.

The solvent was removed by decantation and the polymer
was immediately slurried in 250 mL of distilled water. The

30 mixture was stirred for 1/2 hour and then decanted. The
water slurry was repeated three more times. Finally, the
polymer was slurried in 400 mL of methanol. Filtration and
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vacuum drying afforded 5.42 g, 44.4% of the title co­
polymer.

TMAEMC co-Fj^Sty (24%) crosslinked with 4% 
divinylbenzene crosslinking co-monomer was prepared in 
analogous fashion by varying the ratio of the starting 
monomers.

17. Preparation of Poly(methacrylamidopropyl-3- 
(trimethyl ammonium chloride)) co­
poly (hexafluorobutyl methacrylate) (MAPTAC 
coFgBMA):

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: methacrylamidopropyl-3~
(trimethylammonium) chloride (MAPTAC) (28.5 mL of a 50% 
aqueous solution, 15.0 g) , divinylbenzene crosslinking co­
monomer (1.00 g), hexafluorobutyl methacrylate (4.00 g), 2- 
propanol (150 mL), and AIBN (0.50 g). The resulting 
solution was clear. Next, the reaction mixture was heated to 
60°C while being degassed with nitrogen. After a short 
period of time, the solution began to turn cloudy, 
indicating that polymerization was proceeding. The reaction 
was maintained at 60°C for 24 hours, and then allowed to 
cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 500 mL 
of distilled water. The mixture was stirred for 1 hour.
The polymer s luxury was filtered and the water slurry was 
repeated one more time. The polymer was then slurried in 
500 mL of methanol for one hour and filtered. The methanol 
slurry was repeated one more time. Finally the polymer was 
slurried in 400 mL of isopropanol and stirred overnight. 
Filtration and air drying afforded 7.52 g of the title co­
polymer.
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18. Preparation of Poly(trimethylammoniumethylacrylate 
chloride) co-poly(hexafluoroisopropyl acrylate) 
(TMAEAC co-FrIA)

To a 1000 mL, three-necked, round-bottomed flask was 
5 added the following: trimethylammoniumethylacrylate chloride

(30.0 mL of a 50% aqueous solution, 15.0 g) , divinylbenzene 
crosslinking co-monomer (1.00 g), F6IPA co-monomer (4.00 g), 
AIBN (0.50 g), and isopropanol (150 mL). The resulting 
solution was clear. The reaction mixture was stirred while

10 being degassed with nitrogen and heated to 60°C. After 18 
hours the reaction mixture was allowed to cool to room 
temperature and the solvent was removed by decanting. The 
residual polymer was slurried in 400 mL of water, stirred 
for one hour and filtered. The water slurry was repeated

15 one more time. Next the polymer was slurried two times in 
methanol. Finally, the polymer was slurried in 200 mL of 
isopropanol, stirred for two hours and filtered. Air drying 
afforded 5.59 g of the title polymer.

19. Preparation of Poly(methacrylamidopropyl-3-
20 (trimethyl ammonium chloride)) co­

poly (heptadecaf luorodecyl methacrylate) (MAPTAC 
coF17DecMA)__________________________ ____________

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: methacrylamidopropyl-3-

25 (trimethylammonium) chloride (MAPTAC) (28.5 mL of a 50%
aqueous solution, 15.0 g), divinylbenzene crosslinking co­
monomer (1.00 g), heptadecafluorodecyl methacrylate (4.00 
g), 2-propanol (150 mL), and AIBN (0.40 g). The resulting 
solution was clear. Next, the reaction mixture was heated

30 to 65°C while being degassed with nitrogen. After a short 
period of time, the solution began to turn cloudy, 
indicating'that polymerization was proceeding. After four 
hours, the reaction mixture had gotten very thick and 100 mL
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more isopropanol was added. The reaction was maintained at 
65°C for 18 hours, and then allowed to cool to room 
temperature.

The resulting polymer was filtered and washed on the 
5 funnel with isopropanol and immediately slurried in 600 mL

of distilled water. The mixture was stirred for 1 hour.
The polymer slurry was filtered and the water slurry was 
repeated one more time. The polymer was then slurried in 
500 mL of methanol for one hour and filtered. Air drying

10 afforded 17.73 g of co-polymer.
20. Preparation of poly(methacrylamidopropy1-3- 

(trimethylammonium chloride)), co-poly (2- 
(trimethylammonium) ethyl acrylate chloride), co­
poly styrene (MAPTAC co-TMAEAC co-Sty)

15 To a 1000 mL, three-necked, round-bottomed flask was
added the following: methacrylamidopropyl-3- 
(trimethylammonium) chloride (MAPTAC) (10.00 g of a 50% 
aqueous solution, 5.00 g), 2-(trimethylammonium) ethyl 
methacrylate chloride (TMAEAC) (6.00 g of a 50% aqueous

20 solution, 3.00 g) divinylbenzene crosslinking co-monomer
(1.00 g), styrene (11.00 g), 2-propanol (150 mL), and AIBN 
(0.25 g). The resulting solution was clear. Next, the 
reaction mixture was heated to 70°C while being degassed 
with nitrogen. After a short period of time, the solution

25 began to turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 70°C for 24 
hours, and then allowed to cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 500 mL

30 of methanol. The mixture was stirred for 1/2 hour . The 
polymer slurry was allowed to settle and decanted. 200 mL 
of distilled water was added and the mixture was stirred for 
1/2 hour. The mixture was decanted and the water slurry was
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repeated with 400 mL. The mixture was decanted and the 
polymer was slurried two times in 200 mL of methanol each 
time. Filtration and air drying afforded 2.76 g of the 
title co-polymer.

MAPTAC co-TMAEAC (10%) co-Sty (60%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer was prepared in 
analogous fashion by varying the ratio of starting monomers.

21. Preparation of poly (2-(trimethylammonium) ethyl 
acrylate chloride) co-poly (2,3,4,5,6- 
pentafluorostvrene) (TMAEAC co-StvFs') _________

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: 2-(trimethylammonium) ethyl acrylate 
chloride (TMAEAC) (24.0 mL of a 50% aqueous solution, 13.00 
g), divinylbenzene crosslinking co-monomer (1.00 g), 
pentafluorostyrene (6.00 g), 2-propanol (150 mL), and AIBN 
(0.50g). The resulting solution was clear. Next, the 
reaction mixture was heated to 65°C while being degassed 
with nitrogen. After a short period of time, the solution 
began to turn cloudy, indicating that polymerization was 
proceeding. After two hours the mixture was very thick so 
an additional 100 mL of isopropanol was added. The reaction 
was maintained at 65°C for 22 hours, and then allowed to 
cool to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 400 mL 
of distilled water. The mixture was stirred for 1/2 hour. 
The polymer slurry was filtered and 600 mL of distilled 
water was added and the mixture was stirred for 1/2 hour.
The mixture was filtered and the filter cake was slurried in 
400 mL of methanol. Filtration and air drying afforded 7.26 
g of the title co-polymer.
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TMAEAC co--StyF5 (20%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer was prepared in 
analogous fashion by varying the ratio of starting monomers.

22. Preparation of poly (2-(trimethylammonium) .ethyl 
methacrylate chloride), co-poly (2,3,4,5,6- 
pentafluorostvrene) (TMAEMC co-StvFs)_______

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: 2-(trimethylammonium) ethyl 
methacrylate chloride (TMAEMC) (19.52 of a 70% aqueous 
solution, 13.66 g), divinylbenzene crosslinking co-monomer 
(1.00 g) , pentafluorostyrene (9.18 g), 2-prop_inol (150 mL), 
and AIBN (0.40 g). The resulting solution was clear. Next, 
the reaction mixture was heated to 70°C while being degassed 
with nitrogen. After a short period of time, the solution 
began to turn cloudy, indicating that polymerization was 
proceeding. After 1.5 hours the mixture was very thick so 
an additional 50 mL of isopropanol was added. The reaction 
was maintained at 70 °C for 5 hours, and then allowed to cool 
to room temperature.

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 500 mL 
of distilled water. The mixture was stirred for 1/4 hour. 
The polymer slurry was filtered and 500 mL of distilled 
water was added and the mixture was stirred for 1/4 hour.
The water slurry was repeated one more time. The mixture 
was filtered and the filter cake was slurried three times in 
300 mL of methanol each time. Filtration and air drying 
afforded 1.26 g of the title co-polymer.

TMAEMC co-StyFs (24%) crosslinked with 4% 
divinylbenzene crosslinking co-monomer and TMAEMC co-StyFs 
(39%) crosslinked with 4% divinylbenzene crosslinking co-
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monomer were prepared in analogous fashion by varying the 
ratio of starting monomers.

23. Preparation of Polyfethvleneimine) 
Polyethyleneimine (120 g of a 50% aqueous solution;

5 Scientific Pol^aer Products) was dissolved in water (250 
mL). Epichlorohydrin (22.1 mL) was added dropwise. The 
solution was heated to 60°C for 4 h, after which it had 
gelled. The gel was removed, blended with water (1.5 L) and 
the solid was filtered off, rinsed three times with water (3

10 L) and twice with isopropanol (3 L), and the resulting gel 
was dried in a vacuum oven to yield 81.2 g of the title 
polymer.

24. Preparation of Poly(methacrylamidopropyl-3- 
(trimethylammonium chloride)), co-poly(2-

15 (trimethylammonium) ethylmethacrylate chloride))
co-poly (2,3,4,5,6-pentafluorostyrene) (MAPTAC co- 
TMAEMC co-StvFc)____________________________________

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: methacrylamidopropyl-3-

20 (trimethylammonium) chloride (MAPTAC) (10.00 of a 50% 
aqueous solution, 5.00 g), 2-(trimethylammonium) ethyl 
methacrylate chloride (TMAEMC) (5.71 g of a 70% aqueous 
solution, 4.00 g), divinylbenzene crosslinking co-monomer 
(1.00 g), pentafluorostyrene (10.00 g), 2-propanol (150 mL),

25 and AIBN (0.50g). The resulting solution was clear. Next, 
the reaction mixture was heated to 70°C while being degassed 
with nitrogen. After a short period of time, the solution 
began to turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 70°C for 24

30 hours, and then allowed to cool to room temperature.
The resulting polymer was filtered and washed on the ,

funnel with isopropanol and immediately slurried in 500 mL
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of methanol. The mixture was stirred for 1/4 hour. The 
polymer slurry was filtered and then slurried 3 times in 300 
mL of water each time. The last time the polymer flurry was 
blended for 5 minutes. The mixture was filtered and the

5 filter cake was slurried two times in 300 mL of methanol 
each time. Filtration and vacuum drying afforded 9.74 g of 
co-polymer.

25. Preparation of poly (2-(trimethylammonium) ethyl 
acrylate chloride), co-poly(2-(trimethylammonium)

10 ethylmethacrylate chloride) co-styrene (TMAEAC,
co-TMAEMC, co-Stv)\

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: 2-(trimethylammonium) ethyl acrylate 
chloride (TMAEAC) (6.00 g of a 50% aqueous solution, 3.00

15 g), 2-(trimethylammonium) ethyl methacrylate chloride 
(TMAEMC) (4.29 g of a 70% aqueous solution, 3.00 g), 
divinylbenzene crosslinking co-monomer (1.00 g), styrene 
(13.00 g), 2-propanol (150 mL), and AIBN (0.50g). The 
resulting solution was clear. Next, the reaction mixture

20 was heated to 70°C while being degassed with nitrogen.
After a short period of time, the solution began to turn 
cloudy, indicating that polymerization was proceeding. The 
reaction was maintained at 70°C for 24 hours, and then 
allowed to cool to room temperature.

25 The resulting polymer was decanted and immediately
slurried in 500 mL of methanol. The mixture was stirred for 
1/2 hour. The polymer slurry was filtered and 500 mL of 
distilled water was added. The mixture was then stirred for 
1/2 hour and blended for 10 minutes. The mixture was

30 allowed to settle and the water was decanted. The water 
slurry was repeated two m«. 3 times and the decantation 
residue was slurried two times in 400 mL of methanol each
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time, settling and decanting each time. Vacuum drying 
afforded 8.03 g of the title co-polymer.

26. Preparation of Poly(methacrylamidopropy 1-3- 
(trimethylammonium) chloride), co-poly(2-

5 (trimethylammonium) ethylacrylate chloride) co­
poly (2,3,4,5,6-pentafluorostyrene) (MAPTAC co- 
TMAEAC co—StvFs)________________________________

To a 1000 mL, three-necked, round-bottomed flask was 
added the following: methacrylamidopropyl-3-

10 (trimethylammonium) chloride (MAPTAC) (8.00 g of a 50% 
aqueous solution, 4.00 g), 2-(trimethylammonium) ethyl 
acrylate chloride (TMAEMA) (6.00 g of a 50% aqueous 
solution, 3.00 g), divinylbenzene crosslinking co-monomer 
(1.00 g) , pentafluorostyrene (12.00 g), 2-propanol (150 mL) ,

15 and AIBN (0.50g). The resulting solution was clear. Next, 
the reaction mixture was heated to 70°C while being degassed 
with nitrogen. After a short period of time, the solution 
began to turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 70 °C for 24

20 hours, and then allowed to cool to room temperature.
The resulting polymer was filtered and washed on the

funnel with isopropanol and immediately slurried in 400 mL 
of methanol. The mixture was stirred for 1/2 hour. The 
polymer slurry was filtered and then slurried 2 times in 250

25 mL of water each time. The last time the polymer slurry was 
blended for 5 minutes. The mixture was filtered and the 
filter cake was slurried two times in 250 mL of methanol 
each time. Filtration and vacuum drying afforded 7.80 g of 
co-polymer.
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27. Preparation of Poly ((trimethylammonium) ethyl 
acrylate chloride), co-poly(2-(trimethylammonium) 
ethylmethacrylate chloride) co-poly(2,3,4,5,6- 
pentafluorostyrene) (TMAEAC, co-TMAEMC, co-StvFs)

5 To a 1000 mL, three-necked, round-bottomed flask was
added the following: 2-(trimethylammonium) ethyl acrylate 
chloride (TMAEAC) (6.00 g of a 50% aqueous solution, 3.00 
g) , 2-(trimethylammonium) ethyl methacrylate chloride 
(TMAEMC) (4.29 g of a 70% aqueous solution, 3.00 g),

10 divinylbenzene crosslinking co-monomer (1.00 g),
pentafluorostyrene (13.00 g), 2-propctnol (150 mL), and AIBN 
(0.50g). The resulting solution was clear. Next, the 
reaction mixture was heated to 70°C while being degassed 
with nitrogen. After a short period of time, the solution

15 began to turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 70°C for 24 
hours, and then allowed to cool to room temperature.

The resulting polymer was decanted and immediately 
slurried in 400 mL of methanol. The mixture was stirred for

20 1/2 hour. The polymer slurry was filtered and then slurried
two times in 200 mL of water each time. The second time the 
polymer slurry was blended for 5 minutes. The mixture was 
filtered and the filter cake was slurried two times in 200 
mL of methanol each time. Vacuum drying afforded 6.87 g of

25 co-polymer.

28. Preparation of Poly 
(methacrylamidopropyltrimethylammonium chloride) 
co-polv (4-vinvlbiphenvl) (MAPTAC co-VBPh)

To a 1000 mL, three-necked, round-bottomed flask was
30 added the following: methacrylamidopropyltrimethylammonium

chloride (MAPTAC) (10.49 g of a 50% aqueous solution, 0.0475
mol), 4-vinylbiphenyl (VBPh) (9.01 g, 0.050 mol), divinyl
benzene crosslinking co-monomer (1.47 g), 2-propanol (150
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mL), and the polymerization initiator AIBN (0.25 g). The 
resulting mixture contained insoluble VBPh which dissolved 
upon warming. Next, the reaction mixture was heated to 70°C 
while degassing with nitrogen. After a short period of

5 time, the solution began to turn cloudy, indicating that 
polymerization was proceeding. The reaction was maintained 
at 70°C for 24 hours and then filtered while hot.

The resulting polymer was washed on the filtration 
funnel with isopropanol, and then immediately slurried in

10 200 mL of methanol, followed by stirring for 1 hour. The
polymer slurry was then filtered, after which the methanol 
slurry procedure was repeated. Next, the polymer was 
slurried two times using 200 mL of water each time. The 
resulting mixture was then filtered and the filter cake

15 slurried two times with methanol using 200 mL of methanol 
each time. The resulting mixture was then filtered and 
vacuum dried to afford 9.59 g of copolymer.

29. Preparation of Poly
(methacrylamidopropyltrimethylammonium chloride)

20 co-polv /4-vinvlanisole) (MAPTAC co-VA) __ _____
To a 1000 mL, three-necked, round-bottomed flask was 

added the following: methacrylamidopropyltrimethylammonium 
chloride (MAPTAC) (10.49 g of a 50% aqueous solution, 0.0475 
mol), 4-4-vinylanisole (VA) (6.71 g, 0.050 mol), divinyl

25 benzene crosslinking co-monomer (1.30 g), 2-propanol (200 
mL), and the polymerization initiator AIBN (0.40 g). The 
resulting clear solution was heated to 70°C while degassing 
with nitrogen. After several hours the solution began to 
turn cloudy, indicating that polymerization was proceeding.

30 The reaction was maintained at 70°C for 36 hours and then 
allowed to cool to room temperature.
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The resulting polymer was filtered and washed on the 
filtration funnel with isopropanol, and then immediately, 
slurried in 200 mL of methanol, followed by stirring for 1 
hour. The polymer slurry was then filtered and slurried two

5 times using 200 mL of water each time. The resulting
mixture was then filtered and the filter cake slurried in 
200 mL of methanol, after which it was slurr-' a in 200 mL of 
isopropanol. The resulting mixture was then filtered and 
vacuum dried to afford 5.19 g of copolymer.

10 30. Preparation of Poly (N-(4-methylstyrene)-N'-(3-
trimethylammonio-2- 
hvdroxvpropvlchloride)piperazine)

The first step in the reaction is the preparation of 4- 
(piperazinylmethyl)styrene.

15 To a 500 mL flask was added vinylbenzyl chloride (7.63
g, 0.050 mol), piperazine (8.61 g, 0.100 mol), and 
isopropanol (50 mL). The resulting solution was heated to 
70°C for 45 minutes and then cooled slowly to room 
temperature to form a slurry of crystalline material. The

20 slurry was refrigerated for about three hours and then 
filtered. The solid piperazine hydrochloride salt was 
vacuum dried and then weighed (5.55 g) and discarded. The 
mother liguor was concentrated to about 25 mL on a rotary 
evaporator and ethyl acetate (50 mL) was added). The

25 resulting mixture was refrigerated for about 10 minutes, 
after which a second crop of piperazine hydrochloride was 
filtered off and discarded. The mother liguor was then 
evaporated to dryness on a rotary evaporator to afford 10.35 
g of crude 4-(piperazinylmethyl)styrene which was used

30 without further purification to prepare N-(4-methylstyrene)- 
Nz-(3-trimethylammonio—2—hydroxypropyl chloride)piperazine 
as follows.
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To a 500 mL flask was added 4- 
(piperazinylmethyl)styrene (10.35 g, about 0.45 mol), 
glycidyl trimethyl ammonium chloride (7.58 g, 0.045 mol), 
and isopropanol (50 mL). The resulting mixture was beated

5 to 60°C and stirred for 20 hours, after which it was cooled 
to room temperature and used for polymerization reactions 
without further purification as follows.

To 0.40 mol of N-(4-methylstyrene)-N'-(3- 
trimethylammonio-2-hydroxypropyl chloride)piperazine in 100

10 mL of isopropanol was added divinyl benzene crosslinking co­
monomer (0.93 g). The resulting solution was degassed with 
nitrogen and then the polymerization initiator AIBN (0.20 g) 
was added. The temperature was raised to 70°C with 
continued nitrogen degassing and held there for three hours,

15 at which point a large quantity of cross-linked polymer had 
precipitated. The mixture was then cooled to 40°C and 
filtered.

The resulting polymer was washed on the filtration 
funnel with isopropanol and then immediately slurried in 200

20 mL of methanol, after which it was stirred for 1 hour. The 
polymer slurry was then filtered and the methanol slurry 
procedure repeated. The resulting polymer was then slurried 
two times in 200 mL of water each time, followed by 
filtration. The filter cake was slurried two times in 200

25 mL of methanol each time. Filtration and vacuum drying 
afforded 7.90 g of polymer.

31. Preparation of Poly (N-(4-methylstyrene)-N'-(3-
trimethylammonio-2-hydroxypropyl)piperazine), co­
polystyrene

30 To 0.022 mol of N-(4-methylstyrene)-N'-(3-
trimethylammonio-2-hydroxypropyl)piperazine (prepared as 
described in Example 30) was added styrene co-monomer (2.29
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g, 0.022 mol) and divinyl benzene crosslinking co-monomer 
(0.50 g, 0.004 mol). The resulting solution was degassed 
with nitrogen, after which the polymerization initiator AIBN 
(0.3 g) was added. The temperature was raised tp 70°C with

5 continued nitrogen degassing and held there for four hours, 
at which point a large quantity of crosslinked polymer has 
precipitated. Twenty five mL's of additional isopropanol 
was then added and heating continued for another 19 hours, 
after which the mixture was cooled to room temperature and

10 filtered to yield solid polymer.
The resulting polymer was filtered and washed on the

filtration funnel with methanol and then immediately 
slurried in 200 mL of methanol. The mixture was stirred for 
0.5 hour, after which it was filtered and the polymer

15 slurried two times using 250 mL of water each time. Next,
the mixture was filtered and the filter cake was slurried in 
200 mL of methanol, filtered, and then slurried in 200 mL of 
isopropanol. Filtration and vacuum drying afforded 4.98 g 
of copolymer.

20 A copolymer containing a 2:1 molar ration of styrene to
quaternary amine monomer was also prepared in an analogous 
manner.

32. Preparation of Poly (N-(3-trimethylammonio-2- 
hvdroxypropvlchloride)-4-aminostvrene)

25 The first step is the preparation of 4-
aminomethylstyrene as follows.

To a 250 mL flask was added vinylbenzyl chloride (7.63 
g, 0.050 mol), concentrated aqueous ammonia (9.8 mL) , and 
isopropanol (40 mL) . The mixture was stirred for one week,

30 at which point a large quantity of crystalline material
(ammonium chloride) had precipitated. The solid was
filtered off and washed with isopropanol. The mother liquor
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was evaporated on a rotary evaporator until no ammonia odor 
could be detected. Isopropanol (50 mL) was then added> and 
the mixture refrigerated for several hours. Following 
refrigeration, ammonium chloride which had precipitated was

5 filtered off to yield 4-aminomethylstyrene which was used 
without further purification.

To a 500 mL flask was added 4-aminomethylstyrene (0.050 
mol), glycidyl trimethylammonium chloride (7.62 g, 0.050 
mol), water (about 2 mL) to effect solution, and

10 divinylbenzene crosslinking co-monomer (0.98 g). The
resulting solution was heated at 70°C for 5 hours, after 
which a small amount of water (about 5-10 mL) was added to 
dissolve some precipitated salts. The polymerization 
initiator AIBN (0.20 g) was added while concurrently

15 degassing the solution with nitrogen. The reaction mixture 
became very thick with polymer, requiring the addition of 
isopropanol to permit stirring.

After stirring for about 16 hours at 70°C, the mixture 
was cooled to room temperature and filtered. The resulting

20 polymer was washed on the filtration funnel with methanol 
and then immediately slurried in 200 mL of methanol. The 
resulting mixture was stirred for 1 hour, after which the 
polymer slurry was filtered and the methanol slurry 
procedure repeated. The polymer was then slurried two times

25 in 200 mL of water each time, after which the mixture was
filtered and the filter cake slurried in 200 mL of methanol. 
Filtration and vacuum drying afforded 8.68 g of polymer.
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33. Alkylation ofPoly (dimethylaminopropylmethacrylamide) 
crosslinked with methylenebismethacrylamide with 
l-iodooctane alkylating agent

5 Poly (dimethylaminopropylmethacrylamide) crosslinked
with methylenebismethacrylamide prepared as described in 
Example 5 (1.0 g) was suspended in methanol (100 mL) and 
sodium hydroxide (0.2 g) was added. After stirring for 15 
minutes, l-iodooctane (1,92 mL) was added and the mixture

10 stirred at 60°C for 20 hours. The mixture was then cooled 
and the solid filtered off. Next, the solid was washed by 
suspending it in isopropanol (500 mL) , after which it was 
stirred for 1 hour and then collected by filtration. The 
wash procedure was then repeated twice using aqueous sodium

15 chloride (500 mL of a 1 M solution) , twice with water (500 
mL), and once with isopropanol (500 mL) before drying in a 
vacuum oven at 50°C for 24 hours to yield 0.1 g of alkylated 
product.

34. Alkylation of Poly (dimethylaminopropylacrylamide)
20 crosslinked with methylenebismethacrylamide with

l-iodooctane alkylating agent

Poly(dimethylaminopropylacrylamide) crosslinked with 
methylenebismethacrylamide prepared as described in Example 
4 (10 g) was alkylated according to the procedure described

25 in Example 33. The procedure yielded 2.95 g of alkylated 
product.

35. Preparation of Poly (2- 
(methacroylamido)ethyltrimethylammonium iodide) 
co-polystvrene

30 The first step is the preparation of 2-(N',N'-
dimethylamino)-N~ethyl methacrylamide hydrochloride as 
follows.
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To a 1000 mL flask was added methacryloyl chloride 
(52.3 g, 0.5 mol) and tetrahydrofuran (300 mL) . The 
solution was cooled to less than 10°C, after which a 
solution of Ν,Ν-dimethylaminoethylaraine (30.5 g, 0.35 mol)

5 in tetrahydrofuran (100 mL) was added dropwise while
maintaining the temperature at 8-10°C. When the addition 
was complete, the mixture was filtered, washed with cold 
tetrahydrofuran, and vacuum dried to yield 65.69 g of 2- 

(N',Ν'-dimethylamino)-N-ethyl methacrylamide hydrochloride.
10 The next step was the preparation of 2-

(methacryloylamido) ethyltrimethylammonium iodide as follows.
Potassium hydroxide (15.4 g, 0.24 mol) and methanol 

(240 mL) were added to a 500 mL flask, and the mixture 
stirred to effect complete dissolution of the potassium

15 hydroxide. To the solution was added 2-(N',N'-
dimethylamino)-N-ethyl methacrylamide hydrochloride (46.35 
g, 0.24 mol) and the resulting mixture stirred for 0.5 hour. 
The mixture was then filtered to remove potassium chloride 
and the filtrate was concentrated on a rotary evaporator.

20 Isopropanol (400 mL) and methyl iodide (18.7 mL, 42.6 g,
0.30 mol) were added to the concentrated filtrate and the 
mixture stirred at room temperature overnight. In the 
morning, the solid product was filtered off, washed with 
isopropanol, and vacuum dried to yield 61.08 g of 2­

25 (methacryloylamido) ethyltrimethylammonium iodide as a white 
crystalline solid.

Next, 2- (methacryloylamido) ethyltrimethylammonium 
iodide (12.24 g, 0.050 mol), styrene (5.2 g, 0.050 mol), 
divinylbenzene crosslinking co-monomer (0.65 g, 0.005 mol),

30 isopropanol (150 mL) , water (20 mL), and the polymerization 
initiator AIBN (0.4 g) were added to a 1000 mL flask and the 
resulting solution degassed with nitrogen while heating to 
70°C. The solution was then stirred ior 24 hours at 70°C
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under nitrogen, after which it was cooled to room temperature. At this point, the solvent 
was decanted and 200 mL of methanol added to the flask to create a slurry which was 
stirred overnight. The product was then filtered and added to a blender with 500 mL of 
water. The resulting mixture was blended for 15 minutes and then filtered. The

5 remaining solid material was washed sequentially with water (200 mL) and methanol (200 
mL). Filtration and vacuum drying yielded 3.22 g of the title polymer.

36. Preparation of Poly(allylamine) hydrochloride
To a 2 liter, water-jacketed reaction kettle equipped with a condenser topped with a 

nitrogen gas inlet, a thermometer, and a mechanical stirrer was added concentrated 
10 hydrochloric acid (360 mL). The acid was cooled to 5°C using circulating water in the 

jacket of the reaction kettle (water temperature=0°C). Allylamine (328.5 mL, 250 g) 
was added dropwise with stirring while maintaining the reaction temperature at 5°-10°C. 
After addition was complete, the mixture was removed, placed in a 3 liter one-neck flask, 
and 206 g of liquid was removed by rotary vacuum evaporation at 60°C. Water (20 mL) 

15 was then added and tlie liquid was returned to the reaction kettle. Azobis 
(amidinopropane) dihydrochloride (0.5 g) suspended in 11 mL of water was then added. 
The resulting reaction mixture was heated at 50°C under a nitrogen atmosphere with 
stirring for 24 hours. Additional azobis (amidinopropane) dihydrochloride (5 mL) 
suspended in 11 mL of water was then added, after which heating and stirring were

20 continued for an additional 44 hours.
• ♦

At the end of this period, distilled water (100 mL) was added to the reaction 
mixture and the liquid mixture allowed to cool with stirring. The mixture was then 
removed and placed in a 2 liter separatory funnel, after which it was added dropwise to a 
stirring solution of methanol (4 L), causing a solid to form. The solid was removed by 

25 filtration, re-suspended in methanol (4 L), stirred for 1 hour, and collected by filtration. 
The methanol rinse was then repeated one more time and the solid dried in a vacuum oven
to afford 215.1 g of poly(allylamine) hydrochloride as a granular white solid.

37. Preparation of Poly(allylamine) Hydrochloride Crosslinked with 

Epichlorohydrin
30 To a 18.95 liter vessel was added poly (allylamine) hydrochloride prepared as 

described in Example 36 (1 kg) and water (4 L). The mixture was stirred to dissolve the 
hydrochloride and tlie pH was adjusted by adding solid NaOH (284 g). The resulting 
solution was cooled to room temperature, after which epichlorohydrin crosslinking agent

35 it gelled (about 35 minutes). The crosslinking reaction was allowed to proceed for an 
additional 18 hours at room temperature, after which the polymer gel was removed and 
placed in portions in a blender with a total of 10 L of water. Each portion was blended 

ently for about 3 minutes to form coarse particles which were then stirred for 1 hour and
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collected by filtration. The solid was rinsed three times by suspending it in water (10 L, 
15 L, 20 L), stirring each suspension for 1 hour, and collecting the solid each time by 
filtration. The resulting solid was then rinsed once by suspending it in isopropanol (17 
L), stirring the mixture for 1 hour, and then collecting the solid by filtration, after which

5 the solid was dried in a vacuum oven at 50°C for 18 hours to yield about 677 g of the 
cross linked polymer as a granular, brittle, white solid.

38. Preparation of Polyialiylamine) Hydrochloride 
Crosslinked with Butanedioldiqlycidyl Ether

To a 18.95 liter plastic bucket was added poly(allylamine) hydrochloride prepared 
10 as described in Example 36 (500 g) and water (2 L). The mixture was stirred to dissolve 

the hydrochloride and the pH was adjusted to 10 by adding solid NaOH (134.6 g). The 
resulting solution was cooled to room temperature in the bucket, after which 1,4- 
butanedioldiglycidyl ether crosslinking agent (65 mL) was added all at once with stirring. 
The resulting mixture was stirred gently until it gelled (about 6 minutes). The 

15 crosslinking reaction was allowed to proceed for an additional 18 hours at room 
temperature, after which the polymer gel was removed and dried in a vacuum oven at 
75 °C for 24 hours. The dry solid was then ground and sieved to ~30 mesh, after which it 
was suspended in 6 gallons of water and stirred for 1 hour. The solid was then filtered 
off and the rinse process repeated two more times. The resulting solid was then air dried 

20 for 48 hours, followed by drying in a vacuum oven at 50°C for 24 hours to yield about
415 g of the crosslinked polymer as a white solid.

39. Alkylation of Poly{allylamine) Crosslinked with Butanedioldiglydicyl Ether 
with 1-iodooctane Alkylating Agent

Poly(allylamine) crosslinked with butanedioldiglycidyl ether prepared as described 
25 in Example 38 (5 g) was suspended in methanol (100 mL) and sodium hydroxide (0.2 g) 

was added. After stirring for 15 minutes, 1-iodooctane (1.92 mL) was added and the 
mixture stirred at 60°C for 20 hours. The mixture was then cooled and the solid filtered 
off. Next, the solid was washed by suspending it in isopropanol (500 mL), after which it 
was stirred for 1 hour and then collected by filtration. The wash procedure was then 

30 repeated twice using aqueous sodium chloride (500 mL of a 1M solution), twice with 
water (500 mL), and once with isopropanol (500 mL) before drying in a vacuum oven at
50°C for 24 hours to yield 4.65 g of alkylated product.

The procedure was repeated using 2.88 m« of 1-iodooctane to yield 4.68% of 
alkylated product.

35
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40. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 1-

iodooctane Alkylating Agent
Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 

37 (5 g) was alkylated according to the procedure described in Example 39 except that
5 3.84 mL of 1-iodooctane was used. The procedure yielded 5.94 g of alkylated product.

41. Alkylation of Poiy{allylamine) Crosslinked with Epichlorohydrin with 1-
iodooctadecane Alkylating Agent

Poly(allylamine) Crosslinked with Epichlorohydrin prepared as described in 
Example 37 (10 g) was suspended in methanol (100 mL) and sodium hydroxide (0.2 g) 

10 was added. After stirring for 15 minutes, 1-iodooctadecane (8.1 g) was added and the 
mixture stirred at 60°C for 20 hours. The mixture was then coolec and the solid filtered 
off. Next, the solid was washed by suspending it in isopropanol (500 mL), after which it 
was stirred for 1 hour and then collected by filtration. The wash procedure was then 
repeated twice using aqueous sodium choride (500 mL of a IM solution), twice with 

15 water (500 mL), and once with isopropanol (500 mL) before drying in a vacuum oven at
50°C for 24 hours to yield 9.6 g of alkylated product.

42. Alkylation of Poly(allylamine) Crosslinked with Butanedioldiglycidyl Ether
with 1-iodododecane Alkylating Agent

Poly(allylamine) crosslinked with butanedioldiglycidyl ether prepared as described 
in Example 38 (5 g) was alkylated according to the procedure described in Example 41 
except that 2.47 mL of 1-iodododecane was used. The procedure yielded 4.7 g of 
alkylated product.

43. Alkylation of Poly(allylamine) Crosslinked with Butanedioldiglycidyl Ether
with Benzyl Bromide Alkylating Agent

25 Poly(allylamine) crosslinked with butanedioldiglycidyl ether prepared as described 
in Example 38 (5 g) was alkylated according to the procedure described in Example 41 
except that 2.42 mL of benzyl bromide was used. The procedure yielded 6.4 g of 
alkylated product.

44. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with Benzyl
30 Bromide Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example
37 (5 g) was alkylated according to the procedure described in Example 41 except 'hat 
1.21 mL of benzyl bromide was used. The procedure yielded 6.6 g of alkylated proi · t.
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45. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 1- 
iododecane Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 
37 (20 g) was alkylated according to the procedure described in Example 41 except that 

5 7.15 g of 1-iododecane and 2.1 g of NaOH were used. The procedure yielded 20.67 g of
alkylated product.

46. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 1- 
iodobutane Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 37 
10 (20 g) was alkylated according to the procedure described in Example 41 except that

22.03 g of 1-iodobutane and 8.0 g of NaOH were used. The procedure yielded 24.0 g of 
alkylated product.

The procedure was also followed using 29,44 g and 14.72 g of 1-iodobutane to yield 
17.0 g and 21.0 g, respectively, of alkylated product.

15 47. Alkylation of Poly(allylamine) crosslinked with Epichlorohydrin with 1-
iodotetradecane Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 
37 (5 g) was alkylated according to the procedure described in Example 41 except that 2.1 
mL of 1-iodoteradecane was used. The procedi'"·' yielded 5.2 g of alkylated product.

20 The procedure was also followed using . , mL of 1-iodotetradecane to yield 7.15 g 
of alkylated product.

48. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 1-
iodooctane Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 
25 37 (5 g) was alkylated according to *he procedure described in Example 41 except that

1.92 mL of 1-iodooctane was used. The procedure yielded 5.0 g of alkylated product.

49. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 1- 
iodododecane and Glycidylpropyltrimethylammonium Chloride Alkylating Agents

Poly(allylamine) crosslinked with epichlorohydrin p epared as described in Example 
30 37 (20 g) was alkylated according to tlie procedure described in Example 41 except that 

23.66 g of 1-iodododecane, 6,4 g of sodium hydroxide, and 500 mL of methanol were 
used. 24 grams of tlie alkylated product was then reacted with 50 g of 90% 
glycidylpropyltrimethylammonium chloride in methanol (1 L). The mixture was stirred at 
reflux for 24 hours, after which it was cooled to room temperature and washed 

35 successively with water (three times using 2.5 L each time). Vacuum drying afforded
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Dialkylated products were prepared in an anaiagous manner by replacing 1- 
iodododecane with 1-iododecane and 1-iodooctadecane, respectively, followed by 
alkylation with glycidylpropyltrimethylammonium chloride.

50. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 

5 Glycidylpropyltrimethylammonium Chloride Alkylating Agent
Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 

37 (5 g) was reacted with 11.63 g of 90% glycidylpropyltrimethylammonium chloride (1 
mole equiv.) in methanol (100 mL). The mixture was stirred at 60°C. for 20 hours, after 
which it was cooled to room temperature and washed successively with water (three times 

10 using 400 mL each time) and iscpropanol (one time using 400 mL). Vacuum drying
afforded 6.93 g of alkylated product.

Alkylated products were prepared in an analogous manner using 50%, 200%, and 
300% mole equiv of 90% glycidylpropyltrimethylammonium chloride.

• 9 ·
o · a• · · ·• · ·• · ·« · ·
9 · · ·
9 · ·
* 9 ·• · ·

• · · ·
• 9 «
9 9 9

9 · • ·• ff O
• 9 ·
999·

• ·
9 «

51. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (10- 
15 bromodecyl) trimethylammonium Bromide Alkylating Agent

The first step is tlie preparation of (10-bromodecyl) trimethylammonium bromide as 
follows.

1,10-dibromodecane (200 g) was dissolved in methanol (3 L) in a 5 liter three neck 
round bottom flask fitted with a cold condenser (-5°C). To this mixture was added 

20 aqueous trimethylamine (176 mL of a 24% aqueous solution, w/w). The mixture was 
stirred at room temperature for 4 hours, after which it was heated to reflux for an 
additional 18 hours. At the conclusion of the heating period, the flask was cooled to 
50°C and the solvent removed under vacuum to leave a solid mass. Acetone (300 mL) 
was added and the mixture stirred at 40°C for 1 hour. The solid was filtered off, 

25 resuspended in an additional portion of acetone (1 L), and stirred for 90 minutes.
At the conclusion of the stirring period, the solid was filtered and discarded, and the 

acetone fractions were combined and evaporated to dryness under vacuum. Hexanes 
(about 1.5 L) were added and tlie mixture then stirred for 1 hour, after which the solid 
was filtered off and then rinsed on the filtration funnel with fresh hexanes. The resulting 

30 solid was then dissolved in isopropanol (75 mL) at 40°C. Ethyl acetate (1500 mL) was 
added and the temperature raised to about 50°C to fully dissolve all solid material. The 
flask was then wrapped in towels and placed in a freezer for 24 hours, resulting in the 
formation of solid cyrstals. The crystals were filtered off, rinsed in cold ethyl acetate, 
and dried in a vacuum oven at 75°C to yield 100.9 g of (10-bromodecyl) 

35 trimethy lammonium bromide as white crystals.
Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example 

37 (10 g) was suspended in methanol (300 mL). Sodium hydroxide (3.3 g) was added 
and the mixture stirred until it dissolved. (10-bromodecyl) trimethylammonium bromide
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(20,7 g) was added and the mixture was refluxed with stirring for 20 hours. The mixture 
was then cooled to room temperature and washed successively with methanol (two times 
using 1 L each time), sodium chloride (two times using 1 L of 1M solution each time), 
water (three times using 1 L each time), and isopropanol (one time using 1 L). Vacuum

5 drying yielded 14.3 g of alkylated product.

52. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (10- 
bromodecyl) trimethylammonium Bromide and 1,10-dibromodecane Alkylating

Agents
1,10-dibromodecane (200 g) was dissolved in methanol (3 L) in a 5 liter round

10 bottom flask fitted with a cold condenser (-5° C), To this mixture was added aqueous 
trimethylamine (220 mL of a 24% aqueous solution, w/w). The mixture was stirred at 
room temperature for 4 hours, after which it was heated to reflux for an additional 24 
hours. The flask was then cooled to room temperature and found to contain 3350 mL of 
clear liquid.

15 Poly (allylamine) crosslinked with epichlorohydrin prepared as described in Example
37 (30 g) was suspended in the clear liquid (2 L) and stirred for 10 minutes. Sodium 
hydroxide (20 g) was then added and the mixture stirred until it had dissolved. Next, the 
mixture was refluxed with stirring for 24 hours, cooled to room temperature, and the 
solid filtered off. The solid was then washed successively with methanol (one time using

20 10 L), sodium chloride (two times using 10 L of a 1M solution each time), water (three 
times using 10 L each time), and isopropanol (one time using 5 L). Vacuum .drying 
afforded 35.3 g of dialkylated product.

53. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (10- 
bromodecyl) trimethylammonium Bromide and 1-bromodecane Alkylating

25 Agents
Poly(allylamine) crosslinked with epichlorohydrin prepared as described in Example

37 (10 g) was suspended in methanol (300 mL). Sodium hydroxide (4.99 g) was added 
and the mixture stirred until it dissolved. (10-bromodecyl) trimethylammonium bromide 
prepared as described in Example 51 (20.7 g) and 1-bromodecane were added and the

30 mixture was refluxed with stirring for 20 hours. The mixture was then cooled to room 
temperature and washed successively with methanol (two times using 1 L -,ach time), 
sodium chloride (two times using 1 L of a 1M solution each time), and isor ropanol (one 
time using 1 L). Vacuum drying yielded 10.8 g of dialkylated product.

Dialkylated products were also prepared in analogous fashion using different
35 amounts of 1-bromodecane as follows: (a) 3.19 g 1-bromodecane and 4.14 sodium 

hydroxide to yield 11.8 g of dialkylated product; (b) 38.4 g of 1-bromodecane and 6.96 g 
sodium hydroxide to yield 19.1 g of dialkylated product.
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Dialkylated products were also prepared in analogous fashion using the following 

combinations of alkylating agents: 1-bromodecane and (4-bromobutyl)
trimethylammonium bromide; 1-bromodecane and (6-bromohexyl)trimethylammonium 
bromide; 1-bromodecane and (8-bromooctyl)trimethylammonium bromide; 1- 

5 bromodecane and (2-bromobutyi itrimethylammonium bromide; 1-bromodecane and (3- 
bromopropyl)trimethylammonium bromide; 1-bromohexane and (6- 
bromohexyl)trimethylaromonium bromide; 1-bromododecane and (12-bromododecyl) 
trimethylammonium bromide; and 1-bromooctane and (6-bromohexyl)
trimethylammonium bromide.

·· · · • ·
■ · · · • ·

10 54. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 11-
bromo-1-undecanol Alkylating Agent

(Poly(allylamine) crosslinked with epichlorohydrin prepared as described in 
Example 37 (5.35 g) was suspended in methanol (100 mL). Sodium hydroxide (1.10 g) 
was added and the mixture stirred until it dissolved. 11-bromo-l-undecanol (5.0 g) was 

15 added and the mixture was refluxed with stirring for 20 hours, after which it was cooled 
to room temperature and washed successively with methanol (one time using 3 L), sodium 
chloride (two times using 500 mL of a IM solution each time), and water (three times
using 1 L each time). Vacuum drying yielded 6.47 g of alkylated product.

The reaction was also performed using 1.05 g sodium hydroxide and 10 g 11- 
20 bromo-l-undecanol to yield 8.86 g of alkylated product.

55. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (3- 
bromopropyl)dodecyldimethylammonium bromide Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin was prepared as described in 
Example 37. To a flask were added the crosslinked poly(allylamine) 12.5 grams; 6% 

25 crosslinked; ground to —30 mesh), (3-bromopropyl)dodecyldimethylammonium bromide 
(17.5 grams; made by reaction of 1,3-dibromopropane and N,N-dimethyl-l- 
aminododecane in diethyl ether), and methanol (334 mL). The mixture was heated to 
65°C with stirring. Upon reaching 65°C, aqueous sodium hydroxide (1.14 grams of 50% 
solution) was added and the stirring continued at 65°C for 2 hours. Two additional 

30 aliquots of aqueous sodium hydroxide (1.14 grams of 50% solution) were sequentially 
added and the stirring continued at 65°C for an additional 2 hours for each aliquot. 
Aqueous sodium hydroxide (1.14 grams of 50% solution) was then added and the stirring 
continued at 65°C for an additional 12 hours. The mixture was then allowed to cool to
room temperature.

35 The solid product was filtered off and washed by suspension, stirring for 30 
minutes, and filtration, from the following fluids:

1, 459 mL 2 M NaCI (aqueous)
2. 459 mL 2 M NaCI (aqueous)
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3. 2 L deionized water
4. 2 L deionized water
5. 2 L deionized water
6. 2 L deionized water

5 The solid was then dried in a 60°C forced-air oven to yield 17.4 grams of an off- 
white solid. The solid was then ground and passed through an 80 mesh sieve.
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56. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (3- 
bromopropyUdodecyldimethylammonium bromide Alkylating Agent

Poly (ally lamine) crosslinked with epichlorohydrin was prepared as described in 
10 Example 37. To a flask were added the crosslinked poly (ally lamine (12.5 grams; 6% 

crosslinked; ground to ~30 mesh), (3-bromopropyl)dodecyldimethylammonium bromide 
(35 grams; made by reaction of 1,3-dibromopropane and N,N-dimethyl-l-aminododecane 
in diethyl ether), and methanol (334 mL). The mixture was heated to 65°C with stirring. 
Upon reaching 65°C, aqueous sodium hydroxide (1.99 grams of 50% solution) was added 

15 and the stirring continued at 65° C for 2 hours. Two additional aliquots of aqueous 
sodium hydroxide (1.99 grams of 50% solution) were sequentially added and the stirring 
continued at 65°C for an additional 2 hours for each aliquot. Aqueous sodium hydroxide 
(1.99 grams of 50% solution) was then added and the stirring continued at 65°C for an
additional 12 hours. The mixture was then allowed to cool to room temperature.

20 The solid product was filtered off and washed by suspension, stirring for 30
minutes, and filtration, from the following fluids: ,

1. 459 mL 2 M NaCl (aqueous)
2. 459 mL 2 M NaCl (aqueous)
3. 2 L deionized water

25 4. 2 L deonized water
5. 2 L deionized water
6. 2 L deionized water
The solid was then dried in a 60°C forced air drying oven to yield 25.6 grams of an 

off-white solid, The solid was ground and passed through an 80 mesh sieve.

30

35

57. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (3- 
bromopropyOdodecyldimethylammonium bromide Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin was prepared as described in 
Example 37, with the exception that 16.7 mL of epichlorohydrin was employed, rather 
than 50 mL. To a flask were added crosslinked poly(allylamine) (12.5 grams; 2% 
crosslinked; ground to ~30 mesh), (3-bromopropyl)dodecyldimethylammonium bromide 
(140.8 grams; made by reaction of 1,3-dibromopropane and N,N-dimethyl-l- 
aminododecane xn diethyl ether), and methanol (334 mL). The mixture was heated at 
65°C with stirring. Upon reaching 65°C, aqueous sodium hydroxide (7.1 grams of 50%
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solution) was added and tlie stirring continued at 65°C for 2 hours. Two additional 
aliquots of aqueous sodium hydroxide (7.1 grams of 50% solution) were sequentially 
added and the stirring continued at 65 °C for an additional 2 hours for each aliquot. 
Aqueous sodium hydroxide (7.1 grams of 50% solution) was added and the stirring 
continued at 65°C for an additional 12 hours. The mixture was then allowed to cool to 
room temperature.

The solid product was filtered off and washed by suspension, stirring for 30 
minutes, and filtration from tlie following fluids:

1. 1.7 L 2 M NaCl (aqueous)
2. 1.7 L2MNaCl (aqueous)
3. 8 L deionized water
4. 8 L deionized v'ater
5. 8 L deionized water
6. 8 L deionized water
7. 4 L deionized water
The solid was then dried in a 60°C forced air drying oven to yield 39.8 grams of an 

off-white solid. The solid was ground and passed through an 80 mesh sieve.

58. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (3- 
bromopropyl)octyldimethylammonium bromide Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin was prepared as described in 
Example 37. To a flask were added crosslinked poly(allylamine) (12.5 grams; 6% 
crosslinked; ground to ~30 mesh), (3-bromopropyl)octyldimethylammonium bromide 
(30.2 grams; made by reaction of 1,3-dibromopropane and N,N-dimethyl-l-aminooctane 
in diethyl ether), and methanol (334 mL). The mixture was heated to 65 °C with stirring. 
Upon reaching 65°C aqueous sodium hydroxide (2.0 grams of 50% solution) was added 
and the stirring continued at 65°C for 2 hours. Two additional aliquots of aqueous 
sodium hydroxide (2.0 grams of 50% solution) were sequentially added and the stirring 
continued at 65°C for an additional hour for each aliquot. Aqueous sodium hydroxide 
(2.0 grams of 50% solution) was then added and the stirring continued at 65°C for an 
additional 12 hours. The mixture was then allowed to cool to room temperature. The 
solid product was filtered off and washed by suspension, stirring for 30 minutes, and 
filtration from tlie following fluids:

1. 800 mL 2 M NaCl (aqueous)
2. 800 mL 2 M NaCl (aqueous)
3. 2 L deionized water
4. 2 L deionized water
5. 1 L deionized water
The solid was then dried in a 60°C forced air drying oven to yield 16.8 grams of an 

off-white solid. The solid was ground and passed through an 80 mesh sieve.
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59. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (3- 
bromohexyDoctyldimethylammonium bromide Alkylating Agent

Poly(allylamine) crosslinked with epichlorohydrin was prepared as described in 
Example 37. To a flask were added crosslinked poly(allylamine) (12.5 grams; 6%

5 crosslinked; ground to ~30 mesh), (6-bromohexyl)octyldimethylammonium bromide (33.7 
grams; made by reaction of 1,6-dibromohexane and N,N-dimethyl-l-aminooctane in 
diethyl ether), and methanol (334 mL). The mixture was heated at 65°C with stirring. 
Upon reaching 65 °C, aqueous sodium hydroxide (1.68 grams of 50% solution) was added 
and the stirring continued at 65°C for 2 hours. Two additional aliquots of aqueous

10 sodium hydroxide (68 grams of 50% solution) were sequentially added and the stirring 
continued at 65°C for an additional 2 hours for each aliquot. Aqueous sodium hydroxide 
(1.68 grams of 50% solution) was added and the stirring continued at 65°C for an 
additional 12 hours. The mixture was then allowed to cool to room temperature.

The solid product was filtered off and washed by suspension, stirring for 30
15 minutes, and filtration from the following fluids:

1. 1 L 2 M NaCl (aqueous)
2. 1 L 2 M NaCl (aqueous)

*....· 3. 1 L deionized water repeated until solution conductivity is less than 1 mS/cm
• ·

The solid was then dried in a 60°C forced air drying oven to yield 15.7 grams of an 
ί 20 off-white solid. The solid was ground and passed through an 80 mesh sieve.

• «·• · ft• ft ftft ft ft ft·· ft• ft ftft ft ft
ft ft ftft ft ft« ft ft A

60. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (6-bro- 
mohexyl)trimethylammonium bromide and 1-bromodecane Alkylating Agents

Poly(allylamine) crosslinked with epichlorohydrin was prepared as described in 
Example 37. To a large flask were added the crosslinked poly(allylamine) (300 grams; 

25 ground to ~30 mesh), (6-bromoiiexyI)trimethyIammonium bromide (316.4 grams), 1- 
bromodecane (188.9 grams), and methanol (8 L). The mixture was heated to 65 °C with 
stirring. Upon reaching 65°C (-40 minutes), aqueous sodium hydroxide (44.9 grams of 
50% solution) was added and. the stirring continued at 65°C for 2 hours. Two additional 
aliquots of aqueous sodium hydroxide (44.9 grams of 50% solution each) were 

30 sequentially added and the stirring continued at 65 °C for an additional 2 hours for each 
aliquot. A final aliquot of aqueous sodium hydroxide (44.9 grams of 50% solution) was 
then added and the stirring continued at 65°C for an additional 12 hours. The mixture
was then allowed to cool to room temperature (~4 hours).

The solid product was filtered off and resuspended in methanol such that the 
35 conductivity was less than 2.5 mS/cm (~2L). The mixture was stirred for 30 minutes and

the solid filtered off. The solid was then washed by suspension, stirring for 30 minutes,
and filtration, from the following fluids:

1. 11 L 2 M NaCl (aqueous)
2. 11 L 2 M NaCl (aqueous)
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3. 8 L deionized water
4. 8 L deionized water
5. 8 L deionized water
The solid was then dried in a 60°C forced air drying oven to yield 450 grams of an 

5 off-white solid. The solid was then ground and passed through an 80 mesh sieve.

61. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with (6-bro- 
mohexyDtrimethylammonium bromide and 1-bromodecane Alkylating Agents

The procedure for Example 60 was repeated using different amounts of reagents.
All amounts, times and procedures were unchanged except:

10 570 grams (6-bromohexyl)trimethylammonium bromide
390 grams 1-bromodecane
80.1 grams aqueous sodium hydroxide in each addition 
16.5 L 2M NaCl (aqueous) in each wash
9 L deionized water in each wash
The yield of this reaction was: 684.6 grams of an off-white solid.

62. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with 
(6-bromohexyl)trimethylammonium bromide and 1-bromodecane Alkylating

Agents
Poly(allylamine) crosslinked with epichlorohydrin was prepared as described in

Example 37 except that the level of epichlorohydrin was 25 mL instead of 50 mL, 
resulting in 3% crosslinked poly(alkylamine). The procedure of Example 60 was then 
repeated using different amounts of reagents. All amounts, times, and procedures were 
unchanged except:

300 grams of Poly(allylamine) crosslinked at 3%, ~30 mesh size 
636 grams (6-bromohexyl)trimethylammonium bromide 
435 grams 1-bromodecane
88.7 grams aqueous sodium hydroxide in each addition 
18.4 L 2M NaCl (aqueous) in each wash
10 L deionized water in each wash

63. Alkylation of Poly(allylamine) Crosslinked with Epichlorohydrin with {6-bro- 
mohexyUtrimethylammonium bromide and 1-bromodecane Alkylating Agents 

To a 12-L round bottom flask equipped with a mechanical stirrer, a thermometer,
and a condenser was'added methanol (5L) and sodium hydroxide (133.7 grams). The 
mixture was stirred until the solid was dissolved and crosslinked poly(allylamine) 
prepared as described in Example 37 (297 grams; ground to ~80 mesh size) was added 
along with additional methanol (3 L). (6-Bromohexyl)trimethyIammonium bromide (522.1 
grams) and 1-bromodecane (311.7 grams) were added and the mixture heated to 65°C 
with stirring. After 18 hours at 65°C tlie mixture was allowed to cool to room

15

20

25

30
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temperature. The solid was filtered off and rinsed by suspending, stirring for 30 minutes, 
and filtering off the solid from:

1. Methanol, 12 L
2. Methanol, 12 L

5 3. 2M Aqeuous NaCl 22 L
4. 2M Aqeuous NaCl 22 L
5. Deionized Water 22 L
6. Deionized Water 22 L
7. Deionized Water 22 L

10 8. Isopropanol 22 L
The solid was dried in a vacuum oven at 50°C to yield 505.1 grams of off-white 

solid. The solid was then ground to pass through an 80 mesh sieve.

Testing of Polymers

A. Preparation of Artificial Intestinal Fluid

; .«·. 15 Test Procedure No. 1• · ·
Sodium carbonate (Ϊ.27 g) and sodium chloride (1.87 g) were dissolved in 400 mL

• · ·
*" of distilled water. To this solution was added a mixture of purified bile acids, consisting• · ·
’· ’· of taurocholic acid (0.138 g, 0.24 mmol), glycocholic acid (0.292 g, 0.60 mmol),

glycodeoxycholic acid (0.085 mmol, 0.18 mmol) and glycochenodeoxycholic acid (0.085
*.·..· 20 mmol, 0.18 mmol). The pH of the solution was adjusted to 7.20 widi acetic acid'. This

« · · ·
\ J J solution was used for the testing of the various polymers. The total bile salt concentration
: in this solution is 3 millimolar, a concentration approximately equal to that found in• · · ·

normal physiological solutions in the duodenum.
.".J Polymers were tested as follows
/...: 25 To a 40 mL centrifuge tube was added 0.25 g of polymer and 20 mL of the artificial

• ·
small fluid prepared as described above. The mixture was stirred in a water bath 
maintained at 37°C for three hours. The mixture was then centrifuged and the 
supernatant iiquid, being slightly cloudy, was filtered. The filtrate was analyzed for total
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3-hydroxy steroid content by an enzymatic assay using 3a- 
hydroxy steroid dehydrogenase, as described below.
Test Procedure No. 2

Sodium carbonate (1.27 g) and sodium chloride (1.87 g)
5 were dissolved in 400 mL of distilled water. To this

solution was added either glycocholic acid (1.95 g, 4.0 
mmol) or glycochenodeoxycholic acid (1.89 g,. 4.0 mmol) to 
make a 10 mM solution. The pH of the solution was adjusted 
to 6.8 with acetic acid. These stock solutions were used

10 for the testing of the various polymers.
Polymers were tested as follows.
To a 14 mL centrifuge tube was added 10 mg of polymer 

and 10 mT, of a bile salt solution in concentrations ranging 
from 0.1-10 mM prepared from 10 mM stock solution (prepared

15 as described above) and buffer without bile salt in the
appropriate amount. The mixture was stirred in a water bath 
maintained at 37°C for three hours. The mixture was then 
filtered. The filtrate was analyzed for total 3-hydroxy 
steroid content by an enzymatic assay using 3a-hydroxy

20 steroid dehydrogenase, as described below.
Enzymatic Assay for Total Bile Salt Content

Four stock solutions were prepared.
Solution 1. Tris-HCl buffer, containing 0.133 M Tris,.

0.666 mM EDTA at pH 9.5.
25· Solution 2. Hydrazine hydrate solution, containing 1 M

" hydrazine hydrate at pH 9.5.
Solution 3. NAD+ solution, containing 7 mM NAD+ at pH

7.0.
Solution 4. HSD solution, containing 2 units/mL in

3 0 Tris-HCl buffer (0.03 M Tris, 1 mM EDTA) at pH 7.2.
To a 3 mL cuvette was added 1.5 mL of Solution 1, 1.0

mL of Solution 2, 0.3 mL of Solution 3, 0.1 mL of Solution 4 
and 0.1 mL of supernatant/filtrate from a polymer test as



-6 1-

• · · ·

• · ·

• · β β

described above. The solution was placed in a UV-VIS 
spectrophotometer and the absorbance (O.D.) of NADH at' 3^0 
nm was measured. The bile salt concentration was determined 
from a calibration curve prepared from dilutions of the

5 artificial intestinal fluid prepared as described above.
All of the polymers previously described were tested in

one or both of the above tests and all were efficacious in 
removing bile salts from the artificial intestinal fluid.
Use

10 The polymers according to the invention may be
administered orally to a patient -in a dosage of about 1 
mg/kg/day to about 10 g/kg/day; the particular dosage will 
depend on the individual patient (e.g., the patient's weight 
and the extent of bile salt removal required) . The polymer

15 may be administrated either in hydrated or dehydrated form, 
and may be flavored if necessary to enhance patient 
acceptability; additional ingredients such as artificial 
coloring agents may be added as well.

Examples of suitable forms for administration include
20 pills, tablets, capsules, and powders (for sprinkling on

food). The pill, tablet, capsule, or powder can be coated 
with a substance capable of protecting the composition from 
the gastric acid in the patient's stomach for a period of ' 
time sufficient to allow the composition to pass

ί undisintegrated into the patient's small intestine. The 
polymer may be administered alone or in combination with a 
pharmaceutically acceptable carrier substance, e.g., 
magnesium carbonate, lactose, or a phospholipid with which 
the polymer can form a micelle.

30 Other embodiments are within the following claims.
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The claims defining the invention are as follows:
1. A method for removing bile salts from a patient in need thereof, comprising

administering to said patient a therapeutically effective amount of the reaction product of: 
(a) one or more crosslinked polymers comprising a repeat unit having the formula

R1

• · · ·• ·• β ·• · ·• · · ·• · e• · ·o · β• · · ·6 · ·• · ·e · ·• ■ · ·

10

-( ch2—c 4 I n M
or salts and copolymers thereof, where n is an integer; R1 is H or a Gj-Cg alkyl 

OII 2
group; M is —C—Z—R or -Z-R2; Z is 0, NR3, S, or (CH2)m; 

m = 0-10; R3 is H or a CrCg alkyl group; and 
R2 is

r4
or

Rs

©,R4
N-R5

R6

-(CH V N( 
2 P X

■ · a• · ·• · ·• · ·• · · ·• · ·• · ·• ·
β ·

where p = 0-10, R4 and R5 are H, and R6, independently, is H, a CrC8 alkyl group or 
aryl group; and .

(b) at least one alkylating agent
15 wherein said polymer is crosslinked by means of a multifunctional crosslinking agent, 

said agent being present in an amount from about 1-25% by weight, based upon total 
monomer weight.

2. The method of claim 1 wherein said crosslinking co-monomer is present in an 
amount front about 2.5-20% by weight, based upon total monomer weight.

20 3. A method for removing bile salts from a patient in need thereof, comprising
administering to said patient a therapeutically efffective amount of the reaction product of: 

(a) one or more crosslinked polymers comprising a repeat unit having the

R1

-fCH2-- C)-n

v° zr45

N-fCH2)-p n—r5
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10

9 9 9 ·
β 9 9
• · β• · ·
• · · 9• · ·

or salts and copolymers thereof, wherein n is an integer; p = 0-10; R1 is H or a Cr 
Cg alkyl group; R4 and R5 independently are H, a CrC8 alkyl group or aryl group; and

(b) at least two alkylating agents, wherein:
(i) one of said alkylating agents has the formula RX where R is a CrC20 

alkyl group and X is one or more electrophilic leaving groups, and the other of said 
alkylating agents has the formula R'X where R' is a Ci-C20 alkyl ammonium group and X 
is one or more electrophilic leaving groups; or

(ii) one of said alkylating agents has the formula RX where R is a CrC20 
alkyl group and X in one or more electrophilic leaving groups, and the other of said 
alkylating agents has the formula R'X where R' is a C[-C20 hydroxyalkyl group and X is 
one or more electrophilic leaving groups; or

(iii) one of said alkylating agents is a CrC2Q dihaloalkane and the other of 
said alkylating agents is a CrC20 alkylammonium salt,

4. The method of claim 3, wherein said repeat unit (a) has the formula

ch3
-<CH2—Ctn

\ 0 /
n4ch2-)-k

CH,
15

H 3' \CH,
*9 ·β · ·

9 9··

or salts and copolymers thereof.
5. The method of claim 3 wherein said repeat unit (a) has the formula

• · «
9 9 «

9 9 9 9 -(CH2—CH^ CH,
N“('CH2")7’N, 
H 3 \CH,

or salts and copolymers thereof.
20 6. A method for removing bile salts from a patient in need thereof, comprising

administering to said patient a therapeutically effective amount of the reaction product of:
(a) one or more crosslinked polymers comprising a repeat unit having the formula
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—-(-CH2—C-)-p
1=0
\ ©

N-(-CH24pN(CH3)2

or salts and copolymers thereof wherein R1 is H or a Cj-Cg alkyl group; n is an 
integer and p = 0-10; and

(b) at least two alkylating agents, wherein:
5 (i) one of said alkylating agents has the formula RX where R is a C4-C20

alkyl group and X is one or more electrophilic leaving groups, and the other of said 
alkylating agents has the formula R'X where R' is a C]-C2q alkyl ammonium group and X 
is one or more electrophilic leaving groups; or

(ii) one of said alkylating agents has tlie formula RX where R is a Ci-C2o
10 alkyl group and X in one or more electrophilic leaving groups, and tlie other of said

alkylating agents has the formula RX whete R' is a Ci-C2q hydroxyalkyl group and X is 
one or more electrophilic leaving groups; or

(iii) one of said alkylating agents is a Ci-C20 dihaloalkane and the other of
said alkylating agents is a Cj-C2o alkylammonium salt. ,

15 7. A method for removing bile salts from a patient in need thereof, comprising
administering to said patient a therapeutically effective amount of tlie reaction product of:

(a) one or more crosslinked polymers comprising a repeat unit having the formula:

I
—(-ch2—6-)-7

r ®04CH24pN(CH3)2 

H \

or salts and copolymers thereof wherein R1 is H or a CrC8 alkyl group; n is an 
20 integer and p=0-10; and

(b) at least one alkylating agent.
8. The method of claim 1 wherein said repeat unit (a) has the formula
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R1

-{—Cbfe—C—)- 
I n 
z 
l2 

Rz

or salts and copolymers thereof, wherein Z is NR3 or (CH2)m, R2 is

R4 Θ/R4
Wp Νχ or iCW N-R5

p r5 r6
R1, R3, R4, R5, R6, n, m and p are as defined in claim 1.

5 9. The method of claim 1, 3, 6 or 7 wherein said polymer further comprises one
or more exchangeable counterions.

10. The method of claim 9 wherein at least one of said counterions is CT, Br", 
CH3OSO3', HSO4", SO42", HCO3", CO/, acetate, lactate, succinate, propionate, 
butyrate, ascorbate, citrate, maleate, folate, an amino acid derivative, a nucleotide, a lipid

10 or a phospholipid.
11. The method of claim 1 or 7 wherein said alkylating agent has the formula RX 

where R is a C4-C20 alkyl, C1-C20 hydroxyalkyl, C1-C20 aralkyl, Cq-C2o 
alkylammonium, or C1-C20 alkylamido group and X is one or more electrophilic leaving 
groups.

15 12. The method of claim 11 wherein X is a halide, epoxy, tosylate, or mesylate
group.

13. The method of claim 12 wherein said alkylating agent is a C4-C20 alkyl halide.
14. The method of claim 12 wherein said alkylating agent is a C1-C20 alkyl halide 

ammonium salt.
20 15. The method of claim 12 wherein said alkylating agent is a C1-C20

dihaloalkane, CrC2o hydroxyalkyl halide, CrC2o aralkyl halide, CrC2o alkyl epoxy 
ammonium salt, or a C1-C20 epoxy alkyl amide.

16. A method for removing bile salts from a patient in need thereof, comprising 
administering to said patient a therapeutically effective amount of the reaction product of:

25 (a) one or more crosslinked polymers comprising a repeat unit having the formula
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or salts and copolymers thereof, where n is an integer; R1 is H or a CpCg alkyl 

O
II 2

group; M is C Z R or -Z-R2; Z is O, NR3, S, or (CH2)m; 
m = 0-10; R3 is H or a Ci-Cg alkyl group; and 
R2 is

-(°¾ <
R,

Rs

©jr
or iCH* N-R5

P V

• « «• · ·• · * ·• · ·• · ·• · ·• · · ·« · β• · ·• · ···· ·• * ·

where p = 0-10, and each R4, R5, and R6, independently, is H, a Cj-Cg alkyl group or 
aryl group; and

(b) at least two alkylating agents, one of said alkylating agents having the formula 
10 RX where R is a Cj-C2o alkyl group and X is one or more electrophilic leaving groups, 

and the other of said alkylating agents having the formula R'X where R' is a Ci-C2o alkyl
ammonium group and X is one or more electrophilic leaving groups

with the proviso that when R2 includes R4, R5 and R6 that at least one is hydrogen.
17. A method for removing bile salts from a patient in need thereof, comprising

15 administering to said patient a therapeutically effective amount of the reaction product of: 
(a) one or more crosslinked polymers comprising a repeat unit having the formula

• · · • · «• · · ·• · ·• · e
• ·

R1 
I λ

ch2—c -)-v z I n 

M

or salts and copolymers thereof, where n is an integer; R1 is H or a CrC8 alkyl 
O
II 2

group; M is —C—Z—Rz Or -Z-R2; Z is 0, NR3, S, or (CH2)m;

20 m = 0-10; R3 is H or a CrCg alkyl group; and
R2 is

<
R4

r5

© R4
or iCH2V N-R5 

R6

where p = 0-10, and each R4, R5, and R6, independently, is H, a CrCg alkyl group or 
25 aryl group; and

,-0
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(b) at least two alkylating agents, one of said alkylating agents having the formula 

RX where R is a C]-C2o group and X is one or more electrophilic leaving groups, 
and the other of said alkylating agents having the formula R'X where R' is a CJ-C20 
hydroxyalkyl group and X is one or more electrophilic leaving groups

5 with the proviso that when R2 includes R4, R5 and R6 that at least one is hydrogen.
18. A method for removing bile salts from a patient in need thereof, comprising 

administering to said patient a therapeutically effective amount of the reaction product of:
(a) one or more crosslinked polymers comprising a repeat unit having the formula

R1 
I .

-f CH2—C -)- 
I n 

M

• a · · 
a a

a a a
a a a

a a a a
a a a 
a a a
a « a
a a · s 
a «a
• a a
«a a
a a a a

a a a
• a a
• a a

a a a 
a a a
a a a

a a a 
aa a a

• a a 
a a a*> a

a a
• a a 
a a a

a a a a

10 or salts and copolymers thereof, where n is an integer; R1 is H or a CrCg alkyl 

0
II 2

group; M is —C—Z—Rz Or -Z-R2; Z is O, NR3, S, or (CH2)m; 

m = 0-10; R3 is H or a CpCg alkyl group; and 
R2 is

/4 @X5
-(CH± or -(ChW- N-R5

P R5 p v '

15 where p == 0-10, and each R4, R5, and R6, independently, is H, a Cq-Cg alkyl group or 
aryl group; and

(b) at least two alkylating agents, one of said alkylating agent is a Cj-C2Q 
dihaloalkane and the other of said alkylating agent is a Cj-C2o alkylammonium salt

with the proviso that when R2 includes R4, R5 and R6 that at least one is hydrogen. 
20 19. A therapeutic composition for use in the manufacture of a medicament for

removing bile salts by ion exchange comprising a therapeutic amount of the reaction 
product of:

(a) one or more crosslinked polymers comprising a repeat unit having the 
formula:

R1

J-CH2-CHn
M
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or salts and copolymers thereof, where n is an integer; R1 is H or a Cj-Cg alkyl 
0
II 2

group; M is —C—Z—R or -Z-R2; Z is 0, NR3, S, or (CI-I^; 
m = 0-10; R3 is H or a Cj-Cg alkyl group; and 
R2 is

R4
-fCHV N.

2 P

5

© r4
or -(W N-R5 

P R6

10
• · 9
• 9k 
• 99 9

9 ··

• · »
• 9 9 ·
• 9»• · »
• · 9
• 99 k
• · 9

9

where p = 0-10, R4 and R5 are H, and R6, independently, is H, a Cj-Cg alkyl group or 
an aryl group; and
' (b) at least one alkylating agent

wherein the composition is in a pharmaceutically acceptable carrier and wherein said 
polymer is crosslinked by means of a mulifunctional crosslinking agent, said agent being 
present in an amount from about 1-25 % by weight, based upon total monomer weight.

20. A therapeutic composition for use in the manufacture of a medicament for 
removing bile salts comprising a therapeutic amount of the reaction product of:

(a) one or more crosslinked polymers comprising a repeat unit having the
15 formula:

• 9 ·
• 9 e9 w ·• 9 9• υ β »
• · 9• 9 ·

k 9
9 «

• 9 ·
• 9 k

9 » · ·

R1

-(CH2—C)-n

.R4

N-fCHzK N—R5 
H P

9 9 9 9

• fc · ·

or salts and copolymers thereof wherein n is an integer; p-0-10; R’ is H or a CpCg 
alkyl group; and each of R4 and R5 independently is H, a CrC8 alkyl group or an aryl 
group; and

20 (b) at least two alkylating agents, wherein:
(i) one of said alkylating agents has the formula RX where R is a C1-C20 alkyl 

group and X is one or more electrophilic leaving groups, and the other of said alkylating 
agents has the formula R'X where R' is a CrC2o alkyl ammonium group and X is one or 
more electrophilic leaving groups; or

25 (ii) one of said alkylating agents has the formula RX where R is a C4-C20
alkyl group and X in one or more electrophilic leaving groups, and the other of said 
alkylating agents has the formula R'X where R' is a C1-C2o hydroxyalkyl group and X is 
one or more electrophilic leaving groups; or
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(iii) one of said alkylating agents is a C]-C20 dihaloalkane and the other of 
said alkylating agents is a C]-C2q alkylammonium salt.

21. A polymer composition for use in the manufacture of a medicament for 
removing bile salts by ion exchange comprising a therapeutic amount of the reaction

5 product of:
(a) one or more crosslinked polymers comprising a repeat unit having the 

formula:

R1

4-ch2—C—

M

or salts and copolymers thereof, where n is an integer; R1 is H or a CrC8 alkyl group; M
O
II 2

10 is —c—z—R or -Z-R2; Z is O, NR3, S, or (CH2)m; 
m = 0-10; R3 is H or a Cj-Cg alkyl group; and 
R2 is

Λ ®/R<5“(CHj- < or iCH2h N—R5
p 'r5 P R6

where p = 0-10, R4 and R5 are H and R6, independently, is H, a CpCg alkyd group or an
15 aryl group; and

(b) at least one alkylating agent
wherein said polymer is crosslinked by means of a mulifunctional crosslinking 

agent, said agent being present in an amount from about 1-25% by weight, based upon 
total monomer weight.

20 22. The polymer compostion of claim 21 wherein said crosslinking co-monomer is
present in an amount from about 2.5-20% by weight, based upon total monomer weight.

23. A polymer composition for use in the manufacture of a medicament for 
removing bile salts by ion exchange comprising a therapeutic amount of the reaction 
product of:

25 (a) one or more crosslinked polymers comprsing a repeat unit having the formula
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R1

-fCH2—

0
N-fCHzh
H F

,R4 
N—R5

or salts and copolymers thereof, wherein n is an integer; p=0-10, Rl, is H or a Cj- 
C8 alkyl group; each of R4 and R5 independently is H, a CrC8 alkyl group or an aryl 
group; and

5 (b) at least two alkylating agents wherein:
(i) one of said alkylating agents has the formula RX where R is a C1-C20

alkyl group and X is one or more electrophilic leaving groups, and the other of said 
alkylating agents has the formula R’X where R’ is a Ci-C20 alkyl ammonium group and X 
is one or more electrophilic leaving groups; or

10 (ii) one of said alkylating agents has the formula RX where R is a C4-C20
alkyl group and X in one or more electrophilic leaving groups, and the other of said 
alkylating agents has the formula R'X where R' is a Cj-C2o hydroxyalkyl group and X is 
one or more electrophilic leaving groups; or

(iii) one of said alkylating agents is a CpC2o dihaloalkane and the other of
15 said alkylating agents is a Ci-C2o alkylammonium salt.

24. The polymer composition of claim 23 wherein said repeat unit (a) has the
formula

ch3
-tCH2— Ο)-,,

V /CH3
H XCH3

or salts and copolymers thereof.
20 25. The polymer composition of claim 23 wherein said repeat unit (a) has the
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26. A polymer composition for use in die manufacture of a medicament for 
removing bile salts comprising a therapeutic amount of the reaction product of:

(a) one or more crosslinked polymers comprising a repeat unit having die 
formula:

• 0 0
0 0 0

0 0 0

R1
I

—(-CH2—C-)~n 
F=O\ ©

n4ch2^n(ch3)2
H

5
or salts and copolymers thereof wherein R1 is H or a Cj-C8 alkyl group;, n is an 

integer; and p =0-10; and
(b) at least two alkylating agents, wherein:

(i) one of said alkylating agents has the formula RX where R is a C1-C20 
10 alkyl group and X is one or more electrophilic leaving groups, and the other of said

alkylating agents has the formula R'X where R' is a C1-C20 alkyl ammonium group and X 
is one or more electrophilic leaving groups; or

(ii) one of said alkylating agents has the formula RX where R is a Ci-C2o 
alkyl group and X in one or more electrophilic leaving groups, and the other of said

15 alkylating agents has die formula R’X where R' is a Cj-C2o hydroxyalkyl group and X is 
one or more electrophilic leaving groups; or

(iii) one of said alkylating agents is a C1-C20 dihaloalkane and the other of 
said alkylating agents is a C4-C20 alkylammonium salt.

27. A polymer composition for use in the manufacture of a medicament for 
20 removing bile salts by ion exchange comprising a therapeutic amount of the reaction

product of:
(a) one or more crosslinked polymers comprising a repeat unit having tlie 

formula:
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or salts and copolymers thereof wherein Rl is H or a CrCg alkyl group; n is an 

integer; and p=0-10; and
(b) at least one alkylating agent.
28. The polymer composition of claim 21 wherein said repeat unit (a) has the 

5 formula

R1

4~ch2—c—-)n 

z 
R2

or salts and copolymers thereof, wherein Z is NR3 or (CH2)m, R2 is

20

25

X* ©X
-(CH± N or iCHd- N—R'

2p X P R6

Rl, R3, R4, R5, R6, n, m and p are as defined in claim 21.
29. The polymer composition of claim 21, 23, 26 or 27 wherein said polymer 

further comprises one or more exchangeable counterions.
30. The polymer composition of claim 29 wherein at least one of said counterions 

is Cl", Br", CH3OSO3_, HSO4", SO42·, HCO3", CO32', acetate, lactate, succinate, 
propionate, butyrate, ascorbate, citrate, maleate, folate, an amino acid derivative, a 
nucleotide, a lipid or a phospholipid.

31. The polymer composition of claim 21 or 27 wherein said alkylating agent has 
the formula RX where R is a Ci-C20 alkyl, CpC20 hydroxyalkyl, Cj-C2q aralkyl, Ci-C2q 
alkylammonium, or Cj-C^q alkylamido group and X is one or more electrophilic leaving 
groups.

32. The polymer composition of claim 31 wherein X is a halide, epoxy, tosylate, 
or mesylate group.

33. The polymer composition of claim 32 wherein said alkylating agent is a C4- 
C2q alkyl halide.

34. The polymer composition of claim 32 wherein said alkylating agent is a Cj- 
C20 alkyl halide ammonium salt.

35. The polymer composition of claim 32 wherein said alkylating agent is a Cp- 
C20 dihaloalkane, CrC20 hydroxyalkyl halide, CrC20 aralkyl halide, CrC20 alkyl epoxy 
ammonium salt, or a C[-C2q epoxy alkyl amide.

36. A polymer composition for use in the manufacture of a medicament for 
removing bile salts by ion exchange comprising a therapeutic amount of the reaction 
product of:
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(a) one or more crosslinked polymers comprising a repeat unit having the 
formula:

• · β β • ·

I
4—ch2—c—)-' z ι n 

W
or salts and copolymers thereof, where n is an integer; R1 is H or a CpCg alkyl group; M 

O
(I 2

5 is —C—Z—R or -Z-R2; Z is O, NR3, S, or (CH2)m; 
m = 0-10; R3 is H or a CpCg alkyl group; and 
R2 is

Λ ®/r45
"(CH,-)- N or -(CH2)- N—R

2p \5 p V

where p = 0-10, and each of R4, R5 and R6, independently, is H, a CpCg alkyl group or 
10 an aryl group; and

(b) at least two alkylating agents, one of said alkylating agents having tlie formula 
RX where R is a C4-C20 alkyl group and X is one or more electrophilic leaving groups, 
and the other of said alkylating agents having the formula R'X where R' is a CpC2fl alkyl 
ammonium group and X is one or more electrophilic leaving groups

15 with the proviso that when R2 includes R4, R5 and R6 that at least one is hydrogen.
37. A polymer composition for use in the manufacture of a medicament for 

removing bile salts by ion exchange comprising a therapeutic amount of the reaction 
product of:

(a) one or more crosslinked polymers comprising a repeat unit having the 
20 formula:

R1

4—CH2—C—
M

or salts and copolymers thereof, where n is an integer; R1 is H or a CrCg alkyl group; M 
O
II 2

is ---- c—z— Rz or -Z-R2; Z is O, NR3, S, or (CH2)m;
m = 0-10; R3 is H or a Cj-Cg alkyl group; and
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r4
4CH d- N 

p R6

©>R4
or -fCW N-R5

R6

where ρ = 0-10, and each of R4, R5 and R6, independently, is H, a CrC8 alkyl group or 
an aryl group; and

(b) at least two alkylating agents, one of said alkylating agents having the formula 
5 RX where R is a CpC^Q alkyl group and X is one or more electrophilic leaving groups, 

and the other of said alkylating agents having the formula R'X where R' is a C]-C2o
hydroxyalkyl group and X is one or more electrophilic leaving groups

with the proviso that when R2 includes R4, R5 and R6 that at least one is hydrogen.
38. A polymer composition for use in the manufacture of a medicament for

·· · β
. .·*. 10 removing bile salts by ion exchange comprising a therapeutic amount of the reaction

product of:
• β ·

(a) one or more crosslinked polymers comprising a repeat unit having the
• β ·
·” ·. formula:» · ·» · ·• ·

·.··. R1

4-CH2—CH-

• · « ·
15 or salts and copolymers thereof, where n is an integer; R1 is H or a CrCg alkyl group; M

“’· : O
' II
—· is —C—-Z—-R2 or -Z-R2; Z is O, NR3, S, or (CH2)m;

m = 0-10; R3 is H or a Cj-Cg alkyd group; and 
R2 is

Λ ®/r45
-<CHf N or -(CH2k N—R

2p \5 p v

20 where p = 0-10, and each of R4, R5 and R6, independently, is H, a C;-Cg alkyl group or 
an aryl group; and

(b) at least two alkylating agents, one of said alkylating agents is a Cj-C20 
dihaloalkane and the other of said alkylating agents is a Ci-C20 a'lkylammonium salt

with the proviso that when R2 includes R4, R5 and R6 that at least one is hydrogen. 
25 39. A polymer composition for use in the manufacture of a medicament for

removing bile salts from a patient by ion exchange comprising administering to said 
patient a therapeutically effective amount of one or more crosslinked polymers comprising 
a repeat unit having the formula

[N:\libff]00953:MCC



• «• · ·• · ·• ο β β• »·• · β• · ·• · · ·• · ·• · »• · ·• · · ·• · ·

75

or copolymer thereof, where η is an integer; R1 is H or a CrC8 alkyl group; L is -NH-

/“Λ-N n—;\__/
or

G is -Νζ—R3 
\4

or -n:
R2

\3
/

5 and each R2, R3, and R4, independently, is H, a Cj-Cg alkyl group or an aryl group.
40. A polymer composition of claim 39 wherein said polymer is crosslinked by 

means of a multifunctional crosslinking co-monomer, said co-monomer being present in 
an amount from about 1-25 % by weight, based upon total monomer weight. ,

41. The polymer composition of claim 40 wherein said crosslinking co-monomer 
10 is present in an amount from about 2.5-20% by weight, based upon total monomer

weight.
42. The polymer composition of claim 39 wherein said polymer further comprises 

one or more hydrophobic eo-mononers.
43. The polymer composition of claim 42 wherein said hydrophobic co-monomer 

15 is selected from the group consisting of styrene and fluorinated derivatives thereof; ethyl
vinylbenzene and fluorinated derivatives thereof; N-alkyl and N-aryl derivatives of 
acrylamide and methacrylamide, and fluorinated derivatives thereof; alkyl and aryl 
acrylates and fluorinated derivatives thereof; alkyl and aryl methacrylates and fluorinated 
derivatives thereof; 4-vinylbiphenyl and fluorinated derivatives thereof; and 4­

20 aminostyrene and fluorinated derivatives thereof.
44. The polymer composition of claim 39 wherein said polymer comprises a 

repeat unit having the formula
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-(~CK2—CH~)-^

-Ν N" " 'G 

OH

or copolymer thereof wherein n and G are as defined in claim 39.
45. The polymer composition of claim 39 wherein said polymer comprises a

repeat unit having the formula

« · · fc 
• · »• » «• · »-* » ·
• » ·- fi a

• *
9 · «

• »·• V · «• · W ·
β c » ·

or copolymer thereof wherein n and G are as defined in claim 39.
46. The polymer composition of claim 39 wherein said polymer comprises a

repeat unit having the formula

10 or copolymer thereof wherein n is as defined in claim 39.
47. The polymer composition of claim 39 further comprising, as a co-monomer, 

styrene or a fluorinated derivative thereof.
48. The polymer composition of claim 39 wherein said polymer comprises a 

repeat unit having the formula or copolymer thereof wherein n is as defined in claim 39.
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49. An alkylated crosslinked polymer, substantially as hereinbefore described with 
reference to any one of examples 1 -35.

50. A method for removing bile salts from a patient comprising administering to 
5 said patient an alkylated crosslinked polymer according to claim 49.

51. A method for removing bile salts from a patient comprising administering to 
said patient a therapeutically efffective amount of the reaction product of:

(a) one or more crosslinked polymers comprising a repeat unit having the
formula:

R1

—("CH2—C—)- 
I n

10 M

0
11 2 '

where n is an integer; R1 is H or a CpCg alkyl group; M is C Z R or -Z-R2; Z 
is 0, NR3, S, or (CH2)m; m= 0-10; R3 is H or a Cj-Cg alkyl group; and R2 is

/4 ®/R45 
“fCHJ- N or "iCH2V N—-R

2p X p V

where p=0-10, and each R4, R5 and R6 independently, is H, a CrCg alkyl group, or an 
15 aryl group, with the proviso that when R2 includes R4, R5 and R6 that at least one is

hydrogen; and
(b) at least one alkylating agent having the formula RX where R is a CrC20 

alkylammonium and X is one or more electrophilic leaving groups.
52. A polymer composition for use in the manufacture of a medicament for 

20 removing bile salts by exchange comprising a therapeutic amount of the reaction product
of:

(a) one or more crosslinked polymers comprising a repeat unit having the
formula:
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R1

“{“CH?—C—)- 
I n 

M

0
II 2

where n is an integer; Rl is H or a CpCg alkyl group; M is C Z R Or -Z-R2; Z 
is O, NR3, S, or (CII2)m; nt= 0-10; R3 is H or a CpCg alkyl group; and R2 is

-(OH V (/ 
z p \

r4

r5

©,R4

or -fCH2y n—r5 
R6

5 where p=0-10, and each R4, R5 and R6 independently, is H, a Cj-Cg alkyl group, or an 
aryl group, with the proviso that when R2 includes R4, R5 and R6 mat at least one is 
hydrogen; and

(b) at least one alkylating agent having the formula RX where R is a C|-C2o 
alkylammonium and X is one or more electrophilic leaving groups.
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