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FREE-STANDING NON-FOULING
POLYMERS, THEIR COMPOSITIONS, AND
RELATED MONOMERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 15/578,633, filed Nov. 30, 2017, which 1s a
National Stage of International Application No. PCT/
US2016/035585, filed Jun. 2, 2016, which claims the benefit
of U.S. Application No. 62/169,822, filed Jun. 2, 2015, each

expressly incorporated herein by reference in their entirety.

STATEMENT OF GOVERNMENT LICENS.
RIGHTS

[0002] This invention was made with Government support
under N0O0014-15-1-2277 and N00014-14-1-0090 awarded

by the Oflice of Naval Research and DMR 13073775 awarded
by the National Science Foundation. The Government has
certain rights 1n the mvention.

BACKGROUND OF THE INVENTION

[0003] Polymeric matenials with excellent non-fouling
properties are known. Polymeric materials with strong
mechanical properties are also known. However, polymeric
materials having both excellent non-fouling properties and
strong mechanical properties are not known. Polymeric
materials having excellent non-fouling properties generally
have weak mechanical properties, and high-strength poly-
meric materials generally sufler from high protein adsorp-
tion.

[0004] Despite the development of polymeric materials
having excellent non-fouling properties and the develop-
ment of polymeric materials high-strength mechanical prop-
erties, a need exists for polymeric materials having both
excellent non-fouling properties and high mechanical
strength. The present invention seeks to fulfill this need and
provides further related advantages.

SUMMARY

[0005] The present invention provides polymeric materi-
als having both excellent non-fouling properties and high
mechanical strength. The polymeric materials are polymers
and bulk materials prepared from monomers and mac-
romonomers that impart advantageous non-fouling and high
strength properties to the polymer and bulk materials.
[0006] In one aspect, the mvention provides monomers
useful for making polymers and bulk materials of the
invention.

[0007] In one embodiment, the invention provides a
monomer having a formula selected from the group con-
s1sting of:

L1

Ll Ll
|,
M_TI_RS Cr
|
L2 L2
u ;
B=0 Re—A|—Rs
| |
O Re
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-continued

[0008] and wherein

[0009] R, 1s selected from the group consisting of hydro-
gen, fluorine, trifluoromethyl, C,-C,, alkyl, and C.-C,, aryl
groups, or CN;

[0010] R, R., R, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, and C.-C,,
aryl, cyclic alkyl, fluoroalkyl, and void;

[0011] R, and R, are independently selected from a func-
tional group suitable for polymerization by addition, con-

densation, or ring opening;
[0012] L 1s C or S1 or void;

[0013] L,, L,, and L, are independently selected from

—(CH,),— —(CH(CN)),—,  —C(=0)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)0O(CH,),—
—(CH,),—0—(CH,),— and —(CH,),—S—S—(CH,)

—, where X at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereot, or void;

[0014] L, 1s independently selected from —(CH,) —, or
—(CH(CN)),—, where x 1s an integer from 1 to 20;
[0015] A, 1s N;

[0016] B, 1s C, S, SO, PO, or PO,~;

[0017] B, 1s C or SO;

[0018] C, 1s PO,; and

[0019] M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF_,

PF., N(S0,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate, or void.

[0020] In another embodiment, the invention provides a
monomer having a formula selected from the group con-
sisting of:



US 2023/0124554 Al

R7
O
| O
B=0
| B>=0
L
| Ly
Rz—L3_L_L4_R3 and
| R,—I;—L—1IL,—R;
L _
|+ L M
Ry— A;—R; |,
| Ry—A|—Rs
Rg |
Rs
[0021] wherein
[0022] R, and R, are independently selected from a func-

tional group suitable for polymerization by addition, con-
densation, or ring opening;

[0023] L 1s C or S1 or void;

[0024] L,, L., L,, and L, are independently selected from

—(CH,),—  —(CH(CN)),—, —C(=0O)NH(CH,),—,
—C(=—0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—(CH,),—, and —(CH,)—S5—5—(CH,)

—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;

[0025] A, 15 N;

[0026] B, 1s C, S, SO, PO, or PO,~;

[0027] B, 1s C or SO;

[0028] C, 1s PO,; and

[0029] M 1s selected from Cl, Br, 1, SO,, NO, Cl1O,, BF,,

PF., N(SO,CF,),, SO,CF,, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate, or void.
[0030] In a further embodiment, the mvention provides a

monomer having a formula selected from the group con-
sisting of:

L, Lg and
| . |
Ry—A—Rs; B=0
| |
R~ O
R} Rg

Ro— L —Ly—L3—L4—Ls—R;

Lo _ Le
oM
Ry—A—Rs B>=0
|
R, 0O
Rg

[0031] wherein
[0032] R, and R; 1s selected from the group consisting of

hydrogen, fluorine, trifluoromethyl, C,-C,, alkyl, C,-C,,
aryl, CN, cyclic alkyl, fluoro alkyl, and void;

[0033] R, R, R,, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C,, aryl,
cyclic alkyl group, tluoro alkyl, and void;
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[0034] R, and R, are independently selected from a func-
tional group suitable for polymerization by addition, con-
densation, or ring opening;

[0035] L, and L, are C or S1 or void;

[0036] L,, L,, L, L, and L, are independently selected
from —(CH,),—, —(CH(CN)) —, —C(=0O)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)0C(=0)O(CH,,),—.
—(CH,)—0O0—(CH,)—, and —(CH,)—S—S—(CH,)
—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereodf, or void;

[0037] A, 15 N;

[0038] B, 1s C, S, SO, PO, or PO,;

[0039] B, 1s C or SO;

[0040] C, 1s PO,; and

[0041] M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF_,

PF., N(SO,CF;),, SO,CF,;, RCOO (R 1s C1-C20 alkyl),
lactate, benzoate, salicylate, or void.

[0042] Foreach of the above embodiments, R, and R, may
turther be selected from a functional group suitable for free
radical polymernization. Such functional groups are known to
those 1n the art and include, for example, ethylenic moieties,
such as vinyl moieties including vinyl esters and vinyl
amides, among others.

[0043] In certain embodiments, the invention provides
macromonomers useful for making the polymers and bulk
materials of the mvention.

[0044] In one embodiment, the invention provides a mac-
romonomer having a formula selected from the group con-
sisting of:

R] Rl
|
Ry—L3—L—L437—Rs, Rz—eLg—]T—L4ﬁTR3,

Ll Ll

R ¥
R4_A1_R5 Cl

| |

L2 Lg

- X

]?J_O R4_A1—R5

: R

Rj

[0045] and wherein

[0046] R, 1s selected from the group consisting of hydro-
gen, fluorine, trifluoromethyl, C,-C,, alkyl, C.-C,, aryl,
CN;

[0047] R, R;, R, and R, are independently selected from

the group consisting of hydrogen, C,-C,, alkyl, C.-C,, aryl,
cyclic alkyl, fluoro alkyl, and void;
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[0048] R, and R, are independently selected from a func-
tional group suitable for polymerization by addition, con-
densation, or ring opening, or iree radical polymerization;
[0049] L 1s C or S1 or void;

[0050] L,, L, and L, are independently selected from

—(CH,),—, —(CH(CN)) —  —C(=0)NH(CH,) —,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—(CH,),—, and —(CH,)—S—S—(CH,)

—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;

[0051] L, 1s independently selected from —(CH,),—, or
—(CH(CN)),—, where x 1s an mteger from 1 to 20;
[0052] A, 15 N;

[0053] B, 1s C, S, SO, PO, or PO,~;

[0054] B, 1s C or SO;

[0055] C, 1s PO,;

[0056] M 1s selected from Cl, Br, 1, SO,, NO, Cl1O,, BF,,

PF., N(SO,CF,),, SO,CF,, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, salicylate, or void; and

[0057] 1 1s an integer from 1 to about 1000.

[0058] In another embodiment, the mvention provides a

macromonomer having a formula selected from the group
consisting of:

Ry
o
| O
B1= O
| B2 —
I, |
| Ly

RQ—EL3_L_L4')J,-_R3 and |
| R,—¢L3—L—L439—R;

L, |
. Lim
Ry—A|—R; |,
| Ry—A|1—Rs
Rg |
Rs
[0059] wherein
[0060] R, R., R, and R, are independently selected from

the group consisting of hydrogen, C,-C,, alkyl, C.-C, , aryl,
cyclic alkyl, fluoro alkyl, and void;

[0061] R, and R, are independently selected from a func-
tional group suitable for polymerization by addition, con-
densation, or ring openming, or free radical polymerization;

[0062] L 1s C or S1 or void;

[0063] L,, L, and L, are independently selected from
—(CH,),— —(CH(CN)),— —C(=0O)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0O0—CH,),—, and —(CH,)—S—S—(CH,)

—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;

[0064] L, 1s independently selected trom —(CH,) —, or
—(CH(CN)),—, where x 1s an mteger from 1 to 20;
[0065] A, 15 N;

[0066] B, 1s C, S, SO, PO, or PO,;

[0067] B, 1s C or SO;

[0068] M 1s selected from Cl, Br, 1, SO, NO, C10,, BF,_,

PF., N(SO,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, salicylate, or void; and

[0069] j 1s an integer from 1 to about 1000.

[0070] In a further embodiment, the imnvention provides a
macromonomer having a formula selected from the group
consisting of:
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I, Te
R4—;L1+—R5 é =0
s 5 and
Rj Rg
Rz—eLl—I[U—LgmLeL3—I[4—L5gk—R3
’ ’
R4—j!x1+—R5 ]!31=o
3 :
g

[0071] wherein
[0072] R, and R, are selected from the group consisting of

hydrogen, fluorine, trifluvoromethyl, C, -C,, alkyl, C,-C,,
aryl, CN, cyclic alkyl, fluoroalkyl, and void;

[0073] R.,,R., R, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C,, aryl,
cyclic alkyl, fluoroalkyl, and void;

[0074] R, and R, are independently selected from a func-
tional group suitable for polymerization by addition, con-
densation, or ring openming, or iree radical polymerization;

[0075] L, and L, are C or S1 or void;

[0076] L,, L., L;, L, and L, are independently selected
tfrom —(CH,) —, —(CH(CN)) —, —C(=0O)NH(CH, ) —,
—C(=0)O(CH,),—, —C(=0)0OC(=0)O(CH,,),—.
—(CH,)—0—(CH,)—, and —(CH,)—S—S—(CH,)
—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereodf, or void;

[0077] A, 15 N;

[0078] B, 1s C, S, SO, PO, or PO,;

[0079] B, i1s C or SO;

[0080] C, 1s PO,;

[0081] M 1s selected from Cl, Br, 1, SO,, NO, ClO,, BF,,

PF., N(SO,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate or void;

[0082] 7 and k are integers independently selected from 1
to about 1000.

[0083] In other embodiments, the invention provides
monomers useful for making the polymers and bulk mate-
rials of the mvention.

[0084] In one embodiment, the invention provides a
monomer having the formula:

]_‘{EI
Rry— X, T Xp—R3
X,
|
Y
[0085] or a salt thereof,
[0086] wherein
[0087] R, and R, are independently selected from a func-

tional group suitable for polymerization by addition, con-
densation, or ring opening, or iree radical polymerization;
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[0088] X  1s selected from —(CH,),—, wheren 1s 0 to 6;
[0089] X, 1s —(CH,),—, where p 1s 1 to 6;

[0090] R“ 1s selected from hydrogen and C,-C, alkyl;
[0091] X_1s —(CH,) —, where q1s 1 to 6; and

[0092] Y is selected from CO,~, SO,", or PO,*".

[0093] In another embodiment, the mvention provides a

monomer having the formula:

Ra
R,—X, (‘: X, —R;
X
Rb—leT—R‘f

X,

.
[0094] or a salt thereof,
[0095] wherein
[0096] R, and R, are independently selected from a func-

tional group suitable for polymerization by addition, con-
densation, or ring openming, or free radical polymerization;

[0097] X  1s selected from —(CH,),—, where n 1s 0 to 6;
[0098] X, 1s —(CH,),—, where p 1s 1 to 6;
[0099] R“ R”, and R° are independently selected from

hydrogen and C1-Cé6 alkyl;

[0100] X_1s —(CH,)_ —, where q 15 1 to 6;

[0101] X ,1s —(CH,) —, where r1s 1 to 6; and

[0102] Y is selected from CO,~, SO,", or PO,”".

[0103] In a further embodiment, the imnvention provides a

monomer having the formula:

R“ O

R,—X,—N—X,—O0—P—0—X,.—R;

R? O

[0104] or a salt thereof,
[0105] wherein
[0106] R, and R, are independently selected from a func-

tional group suitable for polymerization by addition, con-
densation, or ring openming, or free radical polymerization;

[0107] X  1s selected from —(CH,),—, wheren 1s 0 to 6;
[0108] X, i1s —(CH,),—, where p 1s 1 to 6;
[0109] R“ and R” are independently selected from hydro-

gen and C1-C6 alkyl; and

[0110] X_1s —(CH,),—, where q 1s 1 to 6.

[0111] In certain embodiment of the monomers and mac-
romonomers of the invention, R, and R, are independently
selected from the group consisting of F, Cl, Br, I, SH,
protected thiols, NH,, —NH— (secondary amine),
N—C=—0, protected NCO, N—C=—S, COOH, COSH,
C(=S)SH, OCOOH, OCOSH, OC(=5)0OH, SC(=0)SH,
SC(—=S)SH, N(C=—0O)NH,, N(C=NH)NH,, N(C=S5)NH,,
d-valerolactone moiety, e-caprolactone moiety, CH,—CH—
C(=0)— 00— CH,—CH—(C(=0)—NH—, CH,—CH—

C(=0)—-S—, CN, CH,—CH(CH;)—(C(=0)—0—,
CH,—CH(CH,)—C(=0)—0—, OH, azides, alkynes, or
void.
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[0112] In certain embodiments, R, and R, are selected
from the group consisting of —N—C—0 and —N—C=—S.
In other embodiments, R, and R, are Michael acceptors,
such as CH,—CH—C(—0)—0—, CH,—CH—C(=0)—
NH—, CH,—CH—(C(=0)—S—, CH,—CH(CH,;)—C
(—=0)—0—, and CH,—CH(CH,)—C(=0)—0—. In fur-
ther embodiments, R, and R, are rng openmng
polymerization moieties or ring opening metathesis polym-
erization moieties, such as

L,
| M
Ry—A| -Rs T
|
L» L>
| |
B2=O B2=O
|
| |
Rjr and Rjr
[0113] wherein
[0114] m and n are independently selected from 1 to 3.
[0115] R, and R. are independently selected from the

group consisting of hydrogen, C,-C,, alkyl, and C.-C, , aryl,
cyclic alkyl, fluoroalkyl, and void;

[0116] L, 1s independently selected from —(CH,) —,
—C(=0O)NH(CH,),—, —C(=0)O(CH,),—, —C(=0)
oC(=0O)0O(CH,) —  —(CH,)—0—(CH,)—, and
—(CH,) —S—S—(CH, ) —, where x at each occurrence 1s
an 1nteger mdependently selected from 0 to 20, combina-
tions thereof, or void;

[0117] L, 1s —(CH,), where x 1s an integer from 1 to 20;
[0118] A, 1s N;

[0119] B, 1s C or SO; and

[0120] M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,,

PF., N(SO,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate, or void.

[0121] In certain embodiments, the monomer 1s a stabi-
lizing monomer that imparts advantageous strength proper-
ties to the polymers and bulk materials of the mvention.
[0122] In certain of these embodiments, the monomer i1s a
CN-substituted monomer that imparts a CN group to the
polymer backbone. In this embodiment, the monomer has
the formula:

a Rb
\ /

NC N CO~y
P N 2
\I.I/\Xﬁl Xy

[0123] or a salt thereof,
[0124] whereln
[0125] X 1s selected from —O(C—0)(CH,),— where n

1s 1 to 6, —O(CH,) — where m 1s 1 to 6, or 1s absent;

[0126] R“ and R” are independently selected from hydro-
gen and C1-C6 alkyl; and

[0127] X, 1s —(CH,) — wheren i1s 1 to 6.
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[0128] In certain of these embodiments, the monomer is a
CN-substituted monomer that imparts a CN group to the
polymer side chains. In this embodiment, the monomer has

the formula:
X,
Y e
CN R“

[0129] or a salt thereof,
[0130] wherein
[0131] X 1s selected from —O(C=—0)(CH,),—, where n

1s 1 to 6, or —NH(C=—0)(CH,) —, where m 1s 1 to 6;
[0132] R and R” are independently selected from hydro-
gen and C1-C6 alkyl; and

[0133] X, 1s —(CH,),—, where p 1s 1 to 6; and
[0134] X_1s —(CH,) — where q1s 1 to 6.
[0135] In certain embodiments, the monomer 1s a stabi-

lizing monomer that imparts advantageous strength proper-
ties to the polymers and bulk materials of the imvention.
[0136] In certain of these embodiments, the stabilizing
monomer 1s an amide- or diamide-containing monomer that
imparts an amide or a diamide group to the polymer side
chain. In one embodiment, the diamide-containing monomer
has the formula:

Q R4 Rb

H
\)I\f\l_r*\f\/co

[0137] or a salt thereof,

[0138] wherein

[0139] X  1s selected trom —(CH,),—, where n 1s 0 to 6;
[0140] X, 1s —(CH,),—, where p 1s 1 to 6;

[0141] R and R” are independently selected from hydro-

gen and C1-C6 alkyl; and

[0142] X_1s —(CH,) —, where q 1s 1 to 6.

[0143] In certaimn of these embodiments, the stabilizing
monomer 1s a urea-containing monomer that imparts a urea

group to the polymer side chain. In one embodiment, the
urea-containing monomer has the formula:

O R Rb

\)’I\ \rH\f\f

COy”

[0144] or a salt thereof,

[0145] wherein

[0146] X 1s selected from —(CH,) —, where n 1s 0 to 6;
[0147] X, 1s —(CH,),—, where p 1s 1 to 6;

[0148] R“ and R” are independently selected from hydro-

gen and C1-C6 alkyl; and

[0149] X_1s —(CH,) —, where q 1s 1 to 6.

[0150] In another aspect of the invention, polymers and
bulk materials comprising the polymers are provided.
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[0151] In certain embodiments, the polymer or bulk mate-
rial 1s prepared by polymerizing a monomer or macromono-
mer of the invention, as described herein.

[0152] In other embodiments, the polymer or bulk mate-
rial 1s prepared by polymerizing a monomer or macromono-
mer of the invention, as described herein, with a second
monomer (e.g., a monomer that does not include either a
Zwitterionic or zwitterionic precursor group).

[0153]
mula:

In certain embodiments, the polymer has the for-

Ro—+M—KI—2Z— Ky~ Mp—M |t K3—X—Ky 57— Mo +—R3

[0154] wherein

[0155] K,,K,, K;, and K, are independently selected from
—(CHy),—  —(CH(CN)),— —C(=O)NH(CH,) —,
—C(=0)O(CH,),— —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—(CH,),—, and —(CH,),—S—5—(CH,)

—, where x at each occurrence 1s an 1integer independently

X

selected from O to 20, combinations thereof, or void;

[0156] R, and R, are independently selected from H, F, Cl,
Br, I, OH, SH protected thiols, NH,, —INH— (secondary
amine), N—C—0, N—C=—5, COOH, COSH, C(=S)SH,
OCOOH, OCOSH, OC(=S)OH, SC(=0)SH, SC(_S)SH
N(C—=O)NH,, N(C=NH)NH,, N(C=—S)NH,, o-valerolac-
tone moiety, e-caprolactone moiety, CH,—CH—C(=0)—
O—, CH,—CH—C(=0)—NH—, CH,—CH—C(=0)—
S—, CN, CH,—CH(CH,;)—(C(=0)—0— CH,—CH
(CH;)—C(=0O)—NH—, or void;

[0157]
[0158] 1 15 an mteger from 1 to about 1000;

[0159] M, and M, are independently selected from
—(CH,),— —(CH(CN)),—  —C(=0)NH(CH,),—
4(—0)0(CH2)I 4(—0)0(3(—0)0((1312)3;
—(CH,),—0O (CHz).x—: and —(CH,),—S—S (CHZ)
—, where X at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void; and

n 1s an integer from 5 to about 10,000;

[0160] Z and X are independently selected from zwitter-
OniC groups.
[0161] In certain embodiments of these embodiments, 7

and X are independently selected from the group consisting

of

e
Ra— A —Rs R4y— A —Rs C
s L L
‘B1=O ]|31=0 R4—;L1+—R5
. . e
:
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-continued
Ry
O O
é =0 B;=0
’ ’ R R

L L L Ly
| | M | |
Ry—A;"™—Rs R4y—A"—Rs R4y—A;"—Rs B=0
| | | |
Rﬁ R(, Rﬁ O_ Ellld
R Rg

R4—A1+—R5 B=0

[0162] wherein

[0163] R, and R, are group consisting of hydrogen, fluo-
rine, trifluoromethyl, C1-C20 alkyl, and C6-C12 aryl
groups, CN;

[0164] R, R, R, and R, are independently selected from
the group consisting of hydrogen, C1-C20 alkyl, C6-C12
aryl, cyclic alkyl, fluoroalkyl, or void;

[0165] L 1s C or S1 or void,;

[0166] L., L;, L., and L. are independently selected from
—(CH,),—, —(CH(CN)),—  —C(=O0)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—
—(CH,),—0—(CH;),—, and —(CH,),—S—5—(CH,)

—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;

[0167] L, 1s independently selected from —(CH,) —, or
—(CH(CN)),—, where x 1s an mteger from 1 to 20;

[0168] A, 15 N;

[0169] B, i1s C, S, SO, PO, or PO,™;

[0170] B, 1s C or SO;

[0171] C, 1s PO,; and

[0172] M s selected from Cl, Br, I, SO,, NO,, ClO,, BF,,

PF., N(S80,CF,),, SO,CF;, RCOO (R 1s C1-C20 alkyl),
lactate, benzoate, salicylate, or void.

[0173] In certain embodiments, the polymer has a formula
selected from the group consisting of:

Rj Rs
| |
—tM—L—Lo— L35+ My—Ly—Ls—Ls15~

L, Le

| |
RQ_A1+—R3 B,=0

| |

R4 O

Apr. 20, 2023

-continued
R Rs
| |
—M|—L; TIO—L3ﬂW—EM2—L4—T[5—L?ﬂH—
L2 Lﬁ
| M |
RZ_A1+—R3 B1=O
| |
) [
R¢
[0174] wherein
[0175] R, and R; 1s selected from the group consisting of

hydrogen, fluorine, trifluoromethyl, C,-C,, alkyl, and
Cq-C,, aryl groups, CN;

[0176] R, R;, R,, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C, , aryl,
cyclic alkyl, fluoroalkyl, or void;

[0177] L, and L. are independently C or S1 or void;
[0178] L,, L,, L;, L,, L., and L. are independently
selected from —(CH,),—, —(CH(CN)) —, —C(=0O)NH
(CH,),—, —C(=0)O(CH,)— —C(=0)0C(=0)0O
(CH,),—, —(CH,)—0O—(CH,)—, and —(CH,) —S
S—(CH,) —, where x at each occurrence 1s an integer
independently selected from 0 to 20, combinations thereof,
or void;

[0179] M, and M, are independently selected from the
group consisting of —O—(CH,), —, S—(CH,),—,
~C(=0)—(CH,),— —C(=S)—(CH,),—
—C(=NH)—(CH,),— and —NH—(CH,), —, wherein n 1s
an integer from 1 to 20; —(CH,),—, —(CH(CN)),—,
—C(=0)NH(CH,),—, —C(=0)O(CH,),—, —C(=0)
OC(=0)O(CH,)—,  —(CH,)—0—<(CH,)—, and
—(CH,),—S—S—(CH,,),—, where X at each occurrence 1s
an integer independently selected from O to 20, combina-
tions thereot, or void;

[0180] B, 1s C, S, SO, P, or PO;

[0181] B, 1s C or SO;

[0182] A, 1s N, S, or P;

[0183] M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,,

PF., N(SO,CF,),, SO,CF,, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, salicylate, or void;

[0184] wherein the ratio between m and n 1s selected from
0.8 to 1.2; and
[0185] wherein m and n are independently integers from 1

to about 10,000.

[0186] In certain embodiments, the polymers and bulk
materials of the invention have a fibrinogen binding level of
less than 30 ng/cm” in a fibrinogen binding assay (polymer
surface 1s incubated at 37° C. for 90 minutes with a 1.0
mg/mL fibrinogen solution 1 0.15 M phosphate buffered
saline at pH 7.4).

[0187] In certain embodiments, the polymers and bulk
materials of the invention have a tensile or compressive
strength greater than 0.5 MPa.

[0188] In certain embodiments, the polymers and bulk
materials of the invention have a fibrinogen binding level of
less than 30 ng/cm? in a fibrinogen binding assay (polymer
surface 1s ncubated at 37° C. for 90 minutes with a 1.0
mg/mL fibrinogen solution 1 0.15 M phosphate buffered
saline at pH 7.4) and a tensile or compressive strengths
greater than 0.5 MPa.

[0189] In certain embodiments, the polymers and bulk
materials of the invention are crosslinked.
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[0190] In a further aspect, the mvention provides compos-
ite that include the polymers and bulk materials of the
invention.

[0191] In one embodiment, the composite comprises a
polymer of the mvention and a second polymer. Suitable
second polymers include polyesters, polycarbonates, poly-
urcthanes, polyureas, polysulfides, polysuliones, polyim-
ides, polyepoxies, aromatic polyesters, cellulosics, fluoropo-
lymers, polyacrylics, polyamides, polyanhydrides,
polyethers, vinyl polymers, phenolics, elastomers, and other
addition polymers.

[0192] In certain embodiments, the composite further
includes a strength additive. Representative strength addi-
tives include fibers, clays, nanotubes, and other norganic
objects.

[0193] In certain embodiments, the polymers or bulk
materials of the mvention are formed into an object by a
method selected from the group consisting of inmjection
molding, blow molding, extrusion molding, calendaring
molding, tlow casting, compression molding, prevarication
molding, and 3D printing.

[0194] In another aspect, the invention provides a surface
coating for a substrate that includes a polymer or bulk
material of the invention. In certain embodiments, the sub-
strate 1s a consumer product. In other embodiments, the
substrate 1s a marine product. Representative marine prod-
ucts include marine vessel hulls, marine structures, bridges,
propellers, heat exchangers, periscopes, sensors, fish nets,
cables, tubes/pipes, containers, membranes, and o1l booms.
In further embodiments, the substrate 1s a biomedical prod-
uct. Representative biomedical products include catheters,
car drainage tubes, feeding tubes, glaucoma drainage tubes,
hydrocephalous shunts, keratoprosthesis, nerve guidance
tubes, tissue adhesives, x-ray guides, artificial joints, artifi-
cial heart valves, artificial blood vessels, pacemakers, lett
ventricular assist devices (LVAD), artery grafts, vascular
grafts, stents, intravascular stents, cardiac wvalves, joint
replacements, blood vessel prostheses, skin repair devices,
cochlear replacements, contact lenses, artificial ligaments
and tendons, dental implants, and tissue scatiolds for regen-
crative tissue engineering. In certain other embodiments, the
substrate 1s a delivery vehicle selected from the group
consisting of a drug delivery vehicle, a gene delivery
vehicle, an RNA delivery vehicle, a protein delivery vehicle.

[0195] In a further aspect, the mvention provides conju-
gate polymers and bulk materials where the polymer or bulk
material 1s coupled (e.g., covalently) to a biomolecule.
Representative biomolecules include therapeutic agents,
nucleic acids (e.g., gene or DNA or RNA), proteimns (e.g.,
antibody or functional fragment thereot), lipids, peptides, or
small molecules having a molecular weight less than about

300.

[0196] In certain embodiments, the polymer or bulk mate-
rial 1s coupled (e.g., covalently) to a cell or microorganism.

[0197] In other embodiments, the polymer or bulk mate-
rial 1s coupled (e.g., covalently) to a nanoparticle. Repre-
sentative nanoparticles include liposomes and micelles,
quantum dots, and 1ron oxide, silica, or gold nanoparticles.

DESCRIPTION OF THE DRAWINGS

[0198] The foregoing aspects and many of the attendant
advantages of this mvention will become more readily
appreciated as the same become better understood by ret-
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erence to the following detailed description, when taken 1n
conjunction with the accompanying drawings.

[0199] FIG. 1 illustrates the chemical structures of com-
ponents of an exemplary embodiment of 1n-situ crosslinked
polymer of the mvention (PTCBEE) and compression test
data before hydrolysis.

[0200] FIG. 2 compares ELISA test data for a free-stand-
ing, non-fouling polymer of the present technology (PTC-
BEE-1.0) after hydrolysis with tissue culture polystyrene
(TCPS) and polycarboxybetaine (PCB) hydrogel.

[0201] FIG. 3 illustrates compressive test data for a free-
standing, non-fouling polymer of the present technology
(PTCBEE-1.0) after hydrolysis.

[0202] FIG. 4 1llustrates contact angle measurements of a

representative mn-situ crosslinked polymer of the mvention
(PTCBIBE-2.0) after hydrolysis.

[0203] FIG. 5 illustrates the IR spectra of the PTCBIBE-
2.0) before and after hydrolysis.
[0204] FIG. 6 1llustrates ELLISA test data for PTCBIBE-2.0

aiter hydrolysis.
[0205] FIG. 7 illustrates BAEC adhesion test data for

PTCBIBE-2.0 after hydrolysis.
[0206] FIG. 8 1llustrates tensile test data for PTCBIBE-2.0
aiter hydrolysis.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0207] The present invention provides polymeric materi-
als having both excellent non-fouling properties and high
mechanical strength. In certain aspects, the invention pro-
vides 1Iree-standing non-fouling zwitterionic and mixed
charge bulk polymeric materials having a zwitterionic and/
or zwitterionic precursor content greater than or equal to
about 50 weight % and having fibrinogen binding level less
than about 30 ng/cm” and tensile/compressive strengths
greater than about 0.5 MPa.

[0208] The polymers of the invention are prepared by
polymerization of monomers. In certain embodiments, each
of the monomers (or comonomers) used in the polymeriza-
tion or copolymerization includes a zwitterionic group (or a
latent zwitterionic group, also referred to herein as a zwait-
terionic precursor). In these embodiments, the product poly-
mer has a zwitterionic and/or zwitterionic precursor content
of 100 weight %. It will be appreciated that in certain
instances the polymerization process includes an initiator
and that the final polymer product will include components
in addition to repeating units derived from the monomers. In
these instances, the product polymer will have a zwitterionic
and/or zwitterionic precursor content of less than 100 weight
%, even though only zwitterionic and/or zwitterionic pre-
cursor monomers are used. Thus, 1n certain embodiments,
weight % refers to weight % of the repeating units derived
from the monomers used in the polymerization. In other
embodiments, only a portion of the monomers used 1n the
polymerization or copolymerization includes a zwitterionic
group (or latent zwitterionic group). In these embodiments,
the product polymer has a zwitterionic and/or zwitterionic
precursor content less than 100 weight %. When 350 weight
% of the monomers (or comonomers) used in the polymer-
1zation or copolymerization includes a zwitterionic group (or
latent zwitterionic group), the product polymer has a zwait-
terionic and/or zwitterionic precursor content of 50 weight
%. The polymers of the mvention are substantially non-
fouling (e.g., fibrinogen binding level less than about 30
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ng/cm”) due to their zwitterionic or zwitterionic precursor
content at least about 50 weight %.

[0209] In certain embodiments, the polymers and mater-
als of the invention have a zwitterionic and/or zwitterionic
precursor content greater than or equal to about 50 weight
%, greater than or equal to about 60 weight %, greater than
or equal to about 70 weight %, greater than or equal to about
80 weight %, or greater than or equal to 90 weight %, and
in some embodiments about 100 weight %.

[0210] As used herein, the term “mixed charge™ refers to
monomer pairs, polymers, and materials of the mmvention
that bear substantially equal numbers of positive and nega-
tively charged groups (and/or latent positively or latent
negatively charged groups) derived from more than a single
monomer (€.g., a first monomer having a positive charge and
a second monomer having a negative charge). Mixed charge
monomers, precursors, polymers, and materials are consid-
ered to be zwitterionic groups. Due to their substantially
equal number of positively charged groups and negatively
charged groups, mixed charge polymers and materials of the
invention are substantially electronically neutral and as
non-fouling as their zwitterionic counterparts.

[0211] In one aspect, the present disclosure provides non-
fouling zwitterionic/mixed charge bulk materials having a
fibrinogen adsorption of less than about 30 ng/cm” in a
fibrinogen binding assay when the material 1s incubated at
3’7 degrees C. for 90 minutes with a 1.0 mg/ml fibrinogen
solution (0.15 M phosphate buflered saline at pH 7.4), and
having tensile/compressive strength greater than about 0.5
MPa.

[0212] In certain embodiments, the polymers and materi-
als of the present disclosure have fibrinogen adsorption less
than about 20 ng/cm?, less than about 10 ng/cm?, less than
about 5 ng/cm”, or less than about 0.3 ng/cm?, and where the
tensile/compressive strength 1s greater than about 0.75 MPa,
greater than about 1 MPa, greater than about 2 MPa, or
greater than about 5 MPa. In certain of these embodiments,
the polymers and materials of the invention have a zwitte-
rionic or zwitterionic precursor content greater than or equal
to about 50 weight %, greater than or equal to about 60
weight %, greater than or equal to about 70 weight %,
greater than or equal to about 80 weight %, or greater than
or equal to 90 weight %, and 1n some embodiments about

100 weight %.

[0213] In certain aspects, the non-fouling zwitterionic/
mixed charge bulk materials of the invention are free-
standing, non-fouling polymers.

[0214] As used herein, the terms “free-standing” and
“stand-alone”, which may be used interchangeably, refer to
an object (1.e., polymeric composition) that 1s able to hold 1ts
shape without the need for a substrate or surface. In certain
embodiments, the Iree-standing polymer of the present
invention 1s connected, attached, or otherwise coupled to a
surface or other object. However, the presence of the surface
or other object 1s not required for the free-standing polymer
to maintain the polymer’s structural integrity.

[0215] In certain embodiments, the polymers according to
the present technology include copolymers, including block
copolymers, random copolymers, and the like (e.g., alter-
nating polymers, homopolymers, star polymers, branched
and hyperbranched polymers).

[0216] In certain embodiments, the copolymers of the
present disclosure include polyesters, polycarbonates, poly-
urethanes, polyureas, polysulfides, polysulfones, polyim-
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ides, polyepoxies, aromatic polyesters, cellulosics, fluoropo-
lymers, polyacrylics, polyamides, polyanhydrides,
polyethers, vinyl polymers, phenolics, elastomers and other
addition polymers 1n addition to the non-fouling polymers of
the present technology.

[0217] As used herein, the term “copolymer” refers to a
polymer that is the result of polymerization of two or more
different monomers. The number and the nature of each
constitutional unit can be separately controlled in a copoly-
mer. The constitutional units can be disposed 1 a purely
random, an alternating random, a regular alternating, a
regular block, or a random block configuration unless
expressly stated to be otherwise. A purely random configu-
ration can, for example, be: X-X-y-z-X-y-y-z-y-Z-z-Z . . . Or
y-Z-X-y-Z-y-Z-X-X . . . . An alternating random configuration
can be: X-y-X-z-y-X-y-z-y-X-Z . . ., and a regular alternating
configuration can be: X-y-z-x-y-z-X-y-z . . . . Aregular block
configuration has the following general configuration: . . .
X-X-X-y-y-y-Z-Z-Z-X-X-X . . . , while a random block con-
figuration has the general configuration: . . . X-X-X-Z-Z-X-X-
V-Y-Y-Y-Z-Z-Z-X-X-Z-Z-Z- . . . .

[0218] As used herein, the term “block copolymers” refers
to a polymer formed of two or more covalently joimned
segments of polymers.

[0219] In certain embodiments, the free-standing, non-
fouling polymer 1s a crosslinked polymer. As used herein,
the term “crosslink™ refers to a constitutional unit connect-
ing two parts ol a macromolecule. In certain preferred
embodiments, the crosslink comprises or consists of or 1s
derived from ethylene glycol dimethacrylate crosslinker

(EGDMA).

[0220] In certain embodiments, such free-standing, non-
fouling polymers and monomers comprise zwitterionic and/
or mixed charge repeating units, as described further herein.
As used herein, “mixed charge” refers to polymers compris-
ing both positive or latent positive and negative or latent
negative charges 1n substantially equal proportions. Such
polymers are described 1n, for example, PC'T application no.

PCT/US2007/075409, which 1s imncorporated herein by ret-
erence 1n 1its entirety.

[0221] In certain embodiments, the zwitterionic repeating
units are selected from carboxybetaines (CB), sulfobetaines
(SB), phosphobetaines (PHB) and other zwitterionic com-
pounds such as phosphorylcholine (PC) as well as their
protected (latent) versions.

[0222] Generally, the zwitterionic repeating units com-
prise a cationic center and an anionic center. In addition to
zwitterionic moieties, non-fouling moieties can be acrylam-
ide, oxazoline, vinylpyrrolidone, PEG or polysaccharide. In
certain embodiments, the cationic centers within the zwit-
terionic moieties are selected from quaternary, tertiary and
secondary ammonium, imidazolium, triazollum, pyri-
dinium, morpholinium and other cationic monomers or
combinations thereof. The anionic moieties can be selected
from hydrophilic and/or hydrophobic anions, their mixtures,
or modified hydrophilic and/or hydrophobic anions thereof.

[0223] In certain embodiments, the free-standing, non-
fouling polymers of the present disclosure comprise cross-
links that increase the compressive and/or tensile strength of
the polymers. Such crosslinks can be hydrophilic or hydro-
phobic.

[0224] In certain further embodiments, the free-standing,
non-fouling polymers of the present disclosure are rein-
forced with material to increase their compressive and/or
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tensile strengths. Such maternial can include, for example,
fibers, silk, nylon, polymer meshes, springs, clays, and
nanotubes.

[0225] The {free-standing, non-fouling polymers of the
present disclosure can be made by free radical, living radical
or condensation/addition polymerization reactions.

[0226] Because the free-standing, non-fouling polymers
of the present disclosure do not require a surface for support
they can be easily and eflectively cast, extruded, molded,
blow-molded, calendar molded, flow cast, compression
molded, prevarication molded, 3d-printed or otherwise
tformed according to industry standard methods for forming
polymer objects and devices.

[0227] Such objects, devices, and components can include
without limitation implantable biosensors; wound care
devices, including glues and sealants; cardiovascular
devices such as catheters, stents, artificial blood vessels,
artificial valves, LVADs, or implanted cardiac rhythm man-
agement devices; gastroenterology devices such as feeding
tubes, alimentary canal clips, gastro-intestinal sleeves, or
gastric balloons; OB/Gyn devices such as implantable birth
control devices or vaginal slings; nephrology devices such
as anastomotic connectors or subdermal ports; neurosurgery
devices such as nerve guidance tubes, cerebrospinal fluid
drains or shunts, dermatology devices such as skin repair
devices; opthalmic devices such as contact lenses, artificial
lenses, keratoprostheses, or intraocular shunts; orthopedic
devices such as artificial joints, tendons, or ligaments, oral
and maxillofacial surgical devices such as artificial cartilage
for implanted use; dental implants; surgical fillers; otorhi-
nolaryngology devices such as stents, cochlear implants,
tubes, shunts or spreaders; hepatology devices such as stents
or shunts; plastic/reconstructive/aesthetic devices such as
breast implants, mjectable fillers, tissue scaflolds or other
structural 1implants; pulmonic devices such as valves for
management of COPD or artificial lungs; radiology devices
such as radio-opaque or sono-opaque markers; or urology
devices such as catheters or artificial urethrae. The materials
may also be used as injectable or implantable medical
devices for the delivery of drugs or biomaterial such as
cellular components such as genes, proteins, or other bio-
logical molecules, or cells such as stem cells, T-cells,
B-cells, or 1slet cells.

[0228] The present disclosure also provides therapeutic
and diagnostic devices comprising the free-standing, non-
fouling polymers of the present technology. These 1nclude
without limitation particles comprising the standing, non-
fouling polymers of the present technology useful for, but
are not limited to, particles for the delivery of drugs, genes,
RNAs and proteins and diagnostics.

[0229] The present disclosure also provides marine
devices comprising the free-standing, non-fouling polymers
ol the present technology. Such marine devices include, for
example, marine vessel hull, marine structures, bridge, pro-
peller, periscope, sensor, o1l boom, fish net, cables, tubes/
pipes, containers, or plates.

[0230] The present disclosure also provides membranes
comprising the free-standing, non-fouling polymers of the
present technology, useful in separation, purification, filtra-
tion or desalination.

[0231] Representative Free-Standing Zwitterionic Poly-
mers and Copolymers

[0232] In one embodiment, the invention provides a free-
standing, zwitterionic copolymer prepared from a zwitteri-
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onic monomer and a stabilizing monomer that includes a
moiety capable of generating dipole-dipole interactions or
hydrogen bonding. Free-standing zwitterionic copolymers
include zwitterionic and a stabilizing repeating units. In this

embodiment, the stabilizing group can be a part of the
polymer backbone.

[0233] In another embodiment, the mvention provides a
free-standing, zwitterionic polymer prepared from a zwitte-
rionic monomer that includes a stabilizing moiety capable of
generating dipole-dipole interactions or hydrogen bonding.
Free-standing zwitterionic polymers include repeating units
that include zwitterionic and stabilizing groups. In this
embodiment, the stabilizing group can be a part of the
pendant group coupled to the polymer backbone.

[0234] Representative copolymers and polymers accord-
ing to these embodiments include copolymers/homopoly-
mers according to the following formulae:

=I=/(’\ 71 7 * Qy:&:
O
N// 7

HN O
CN
RO,
0 o
- N

[0235] wherein m and are independently integers from 1 to
about 10,000. In these polymers, the cyano moiety 1s the
stabilizing moiety.

[0236] Zwitterionic Monomers for Condensation/Addi-
tion Polymerization

[0237] In another aspect, the present disclosure provides
monomers useful in the synthesis of free-standing, non-
fouling zwitterionic and mixed charge polymers via con-
densation/addition polymerization. The polymers based on
such monomers can be linear or crosslinked polymers.
Materials containing these polymers (homopolymers, copo-
lymers, or composites) can be prepared as Iree-standing
devices, objects, or particles with both non-fouling and high
strength. Such polymers can be free-standing and do not
require that they be grafted to or from a surface. Further such
polymers are usetul in a broad range of biomedical/biotech-
nological, consumer product, engineering/marine and thera-
peutics/diagnostics applications. In certain embodiments,
the polymers of the present technology can also be used as
surface coatings.

[0238] The present disclosure provides polymerizable
zwitterionic monomers useful 1n, for example, the synthesis
of macrodiols and macrodiamines. Such monomers are, 1n
turn, useful in the synthesis of non-fouling zwitterionic
polymers via condensation/addition polymerization.
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[0239] In certain embodiments, the zwitterionic mono-
mers comprise zwitterionic moieties selected from carboxy-

betaines (CB), sulifobetaines (SB), phosphobetaines (PHB),
and phosphorylcholine (PC).

[0240] In certain embodiments, the monomers of the pres-
ent disclosure are useful 1n making polymers selected from
polyesters, polycarbonates, polyurethanes, polyureas, poly-
sulfides, polysuliones, polyimides, polyepoxides, poly-
amides, polyanhydrides, polyethers through condensation/
addition reactions.

[0241] In certain embodiments, the zwitterionic mono-
mers of the present technology comprise a cationic center
selected from the group comprising a quaternary, tertiary
and secondary ammonium, imidazolium, triazolium, pyri-
dinium, and morpholinium.

[0242] In certain embodiments, the monomer of the imnven-
tion 1s a bifunctional monomer having a first and a second
functional group that allow for the monomer to be 1mcorpo-
rated mto a polymer by reaction through the first and second
groups by, for example, condensation and addition polym-
erization methods with suitable condensation and addition
comonomers, respectively. In these methods, the first and
second functional groups may be the same or different, and
serve as the point at which the monomer 1s incorporated 1nto
the condensation or addition polymer. For condensation
polymerization, the first and second functional groups form
covalent bonds with suitable condensation comonomers. For
addition polymerization, the first and second functional
groups form covalent bonds with suitable addition comono-
mers. The nature of the first and second functional groups of
the monomers of the invention 1s not critical. Suitable first
and second functional groups include those known 1n the art
(e.g., Michael addition groups, click chemistry groups,
lactones for ring opening polymerization). Representative
monomers having first and second functional groups are
described below. For the monomers of the invention having
first and second functional groups, the first and second
functional groups are defined as R, and R, in the chemical
structures of these monomers.

[0243] In the following description of the monomers,
macromonomers, and polymers, the term “void” refers to
embodiments where the specified substituent or specified
group 1s absent from that embodiment (1.e., void (when
substituent or group 1s absent)). Therefore, as used herein,
the term “void” 1n the context of a specified substituent or
specified group means that in the “void” embodiment, the
specified substituent or specified group 1s absent.

[0244] In certain embodiments, the polymerizable zwaitte-
rionic monomers according to the present technology have
one of the following the formulae:

Ll Ll
| |
Ry— A —Rs C
| |
L, L,
| |
B=0 Ry—A|"—Rs
| |
O Rg
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R,—I;—L—I,—R; R,—I;—A, —L,—R;

L L
| ]
Ri— A —Rs B,=0O

| |
L, O
|
B,=0
|
|
R7

R

| M

[0245] wherein

[0246] R, 1s selected from the group consisting ot hydro-
gen, fluorine, trifluoromethyl, C,-C,, alkyl, and C.-C,, aryl
groups, CN;

[0247] R, R., R, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, and C.-C,,
aryl, cyclic alkyl (e.g., 1sobornyl, cyclohexyl, cyclopentyl),
fluoroalkyl (e.g., pertluorobutyl, pertfluoroethyl), or void;

[0248] R, and R, are independently selected from F, CI,
Br, 1, SH, protected thiols, NH,, —NH-— (secondary
amine), N—C=—0, protected NCO, N=—=C=—S, COOH,
COSH, C(=S)SH, OCOOH, OCOSH, OC(=S)O0OH,
SC(=0O)SH, SC(=S)SH, N(C=—0O)NH,, N(C=NH)NH.,,
N(C=85)NH,, o-valerolactone moiety, e-caprolactone moi-
etyy, CH,—CH—(C(=0)—0—, CH,—CH—(C(=0)—
NH—, CH,—CH—C(=0)—S—, CN, CH,—CH(CH,)—

C(=0)0—  CH,—CH(CH,;)—(C(=0)—0—, OH,
azides, alkynes, or void;
[0249] L 1s C or S1 or void;

[0250] L,, L, and L, are independently selected from

~(CH,).—, —(CH(CN)).—, — C(=O)NH(CH,)
— C(=0)O(CH,),—. — C(=0)OC(=0)O(CH,).—.
~(CH,)—O—(CH,)—, and —(CH,)—S—S(CH,)

—, where X at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereot, or void;

[0251] L, 1s independently selected from —(CH,),—, or
—(CH(CN)),—, where x 1s an integer from 1 to 20;

[0252] A, 15 N;

[0253] B, 1s C, S, SO, PO, or PO,~;

[0254] B, 1s C or SO;

[0255] C, 15 PO,; and

[0256] M 1s selected from Cl, Br, I, SO,, NO, CIlO,, BF,,

PF., N(S0,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate or void.

[0257] In further embodiments, the zwitterionic mono-
mers according to the present technology have one of the
tollowing the formulae:
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R7
|
| i
BI=O B2=O
| |
L2 L2
| |
R,— 1L, IY I.—R; R,—1L, L‘, L,—R;
I, L,
| | M
Ry— A —Rs Rg—A|"—Rs;
| |
Re R¢
[0258] wherein

[0259] R, and R, are independently selected from F, CIl,
Br, 1, SH, protected thiols, NH,, —NH-— (secondary
amine), N—C—0, N—C=—5, COOH, COSH, C(=S)SH,
OCOOQOH, OCOSH, OC(=S)OH, SC(=0)SH, SC(=S)SH,
N(C=0O)NH,, N(C=NH)NH,, N(C=S)NH,, o-valerolac-
tone moiety, e-caprolactone moiety, CH,—CH—C(=0)—
O—, CH,—CH—C(=0)—NH—, CH,—CH—C(=0)
S—, CN, CH,—CH(CH,)—(C(=0)—0—, CH,—CH
(CH,)—C(=0)—0—, OH, azides, alkynes, or void;

[0260] R, R., R, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C,, aryl,
cyclic alkyl groups (e.g., 1sobornyl, cyclohexyl, cyclopen-
tyl), fluoroalkyl (e.g., pertluorobutyl, perfluoroethyl), or
void;

10261]

[0262] L,, L., L,, and L, are independently selected from
—(CH,),—  —(CH(CN)),—  —C(=0O)NH(CH,),—
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0O—(CH,),—, and —(CH,)—S—S—(CH,)
—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;
[0263] A, 15 N;

[0264] B, 1s C, S, SO, PO, or PO,";

[0265] B, 1s C or SO;

[0266] C, 1s PO,; and

[0267] M 1s selected from Cl, Br, 1, SO,, NO, Cl1O,, BF,,
PF., N(S80,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate or void.

[0268] In further embodiments, the zwitterionic mono-
mers according to the present technology have one of the
following the formulas:

[L1s C or Si1 or void;

R,— L —Ly—L3—Ls—Ls—R;

L, Lg

| |
Ry—A"-Rs B=

| |

R+ O
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R, Rs
| |
Ry—L—Lo—L;—I4—ILs—R;
| |
L,  Le
| M
R4_A1+_R5 B2=O
| |
R- (‘J
Rg
[0269] wherein
[0270] R, and R 1s selected from the group consisting of

hydrogen, fluorine, trifluoromethyl, C,-C,, alkyl, C.-C,,

aryl, CN, cyclic alkyl (e.g.,

1sobornyl, cyclohexyl, cyclo-

pentyl), fluoroalkyl (e.g., perfluorobutyl, perfluoroethyl), or

void;
[0271]

R., R., R, and R, are independently selected from

the group consisting of hydrogen, C,-C,, alkyl, C.-C,, aryl,
cyclic alkyl group (e.g., 1sobornyl, cyclohexyl, cyclopentyl),
fluoroalkyl (e.g., pertfluorobutyl, pertluoroethyl), or void;

[0272] R, and R, are inde

Br, I, SH, protected thiols, NH,, —N

pendently selected from F, (I,
H— (secondary

amine), N—C—0, N—C

S, COOH, COSH, C(=S)SH,

OCOOH, OCOSH, OC(=S)OH, SC(=0)SH, SC(=S)SH,

N(C—O0)NH,, N(C=—=NH)N

H,, N(C=S)NH,, o-valerolac-

tone moiety, e-caprolactone moiety, CH,—CH—C(=0)—
O—, CH,—CH—C(=0)—NH—, CH,—CH—C(=0)—

S, CN, CH,—CH(CH,
(CH,)C(=0)—0O—, OH,

10273]
10274]

L,and L, are C or
L,,L,, L;, Ls, and

—C(=0)—0—, CH,—CH
azides, alkynes, or void;

S1 or void;

L are independently selected

from —(CH,),—, —(CH(CN)),—, —C(—O)NH(CH,).—,
— C(—0)O(CH,),—. — C(—0)OC(—0)O(CH,),—,
~ (CH,),—O—(CH,).—, and —(CH,).—S—S—(CH,)

X

selected from 0 to 20, comb
[0275] A, 15 N;

[0276] B, 1s C, S, SO, PO
[0277] B, 1s C or SO;
[0278] C, 1s PO,; and

10279]
PFg, N(SO,CF3),, SO;CF;,

—, where x at each occurrence 1s an integer independently

inations thereof, or void;

, or PO,;

M 1s selected from Cl, Br, 1, SO,, NO, CIO_, BF_,

RCOO (R 1s C,-C,, alkyl),

lactate, benzoate, and salicylate, or void.

10280]
10281]

Macromonomers
T

he present disclosure further provides mac-

romonomers having one of the following formulae:

R
|
R,— 13— —T43—R;

L,

.
Ry—A|—R;
|
L,
|
B=0

|
O
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-continued

[0282] wherein

[0283] R, 1s selected from the group consisting of hydro-
gen, fluorine, trifluoromethyl, C,-C,, alkyl, C.-C,, aryl,
CN;

[0284] R., R., R, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C, , arvyl,
cyclic alkyl (e.g., 1sobornyl, cyclohexyl, cyclopentyl), fluo-
roalkyl (e.g., pertluorobutyl, perfluoroethyl), or void;

[0285] R, and R, are independently selected from F, (I,
Br, I, SH, protected thiols, NH,, —NH-— (secondary
amine), N—C—0, N—C=—5, COOH, COSH, C(=S)SH,
OCOOQOH, OCOSH, OC(=S)OH, SC(=0)SH, SC(=S)SH,
N(C=—O)NH,, N(C=NH)NH,,, N(C=—S)NH,, o-valerolac-
tone moiety, e-caprolactone moiety, CH,—CH—C(=0)—
O—, CH,—CH—(C(=0)—NH—, CH,—CH—(C(=0)
S—, CN, CH,—CH(CH,)—(C(=0)—0—, CH,—CH
(CH,)—C(=0)—0—, OH, azides, alkynes, or void;

10286]

[0287] L,, L;, and L, are independently selected from
—(CHy),—  —(CH(CN)),—, —C(=0O)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—.
—(CH,)—0—(CH,)—, and —(CH,)—S—S—(CH,)
—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;

[0288] L, 1s independently selected from —(CH,),—, or
—(CH(CN)),—, where x 1s an mteger from 1 to 20;

[0289] A, 15 N;

[0290] B, 1s C, S, SO, PO, or PO,~;
[0291] B, 1s C or SO;

[0292] C, 15 PO,;

[0293] M 1s selected from Cl, Br, 1, SO,, NO, Cl1O,, BF,,
PF., N(SO,CF,),, SO,CF,, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate or void; and

[, 1s C or S1 or void;

[0294] j 1s an integer from 1 to about 1000.

[0295] In further embodiments, the zwitterionic mono-
mers according to the present technology have one of the
following formulae:

12
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Ro—1;

—F—F‘—E— O

&
i
<

_RS

-

[0296] wherein

[0297] R, R, R, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C, , aryl,
cyclic alkyl (e.g., 1sobornyl, cyclohexyl, cyclopentyl), fluo-
roalkyl (e.g., perfluorobutyl, perfluoroethyl), or void;

[0298] R, and R, are independently selected from F, CI,
Br, I, SH, protected thiols, NH,, —NH— (secondary
amine), N—C—0, N—C=—5, COOH, COSH, C(=S)SH,
OCOOH, OCOSH, OC(=S)OH, SC(=0)SH, SC(=S)SH,
N(C=—0O)NH,, N(C=NH)NH,, N(C=5)NH,, o-valerolac-
tone moiety, e-caprolactone moiety, CH,—CH—C(=0)—
O—, CH,—CH—(C(=0)—NH—, CH,—CH—C(=0)
S—, CN, CH,—CH(CH,;)—(C(=0)—0—, CH,—CH
(CH,)—C(=0)—0—, OH, azides, alkynes, or void;

10299]

[L 1s C or Si1 or void;

[0300] L,, L;, and L, are independently selected from
—(CH,),—  —(CH(CN)),—, —C(=0)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,,),—,
—(CH),—O0—(CH;),—, and —(CH,),—S5—5—(CH,)
—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereot, or void;

[0301] L, 1s independently selected trom —(CH,) —, or
—(CH(CN)),—, where x 1s an integer from 1 to 20;

[0302] A, 15 N;
[0303] B, 1s C, S, SO, PO, or PO,;
[0304] B, 1s C or SO;

[0305] M 1s selected from Cl, Br, I, SO,, NO, CIlO,, BF,,
PF., N(S0,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate or void; and

[0306] j 1s an integer from 1 to about 1000.

[0307] In another embodiment, the polymerizable zwaitte-

rionic monomers of the present disclosure have one of the
following the formulas:

R Rg
| / |
Rz—ﬁLl_]rﬂ—Ls 7 ¢ L3—]‘44—L5TR3
L, Lg
| |
R4_A1+—R5 B1=O
| |
R~ O
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-continued

L, L
Ry —JL F—Rg é =0
R :
g
[0308] wherein
[0309] R, and R are selected trom the group consisting of

hydrogen, fluorine, trifluoromethyl, C,-C,, alkyl, C,-C,,
aryl, CN, cyclic alkyl (e.g., 1sobornyl, cyclohexyl, cyclo-
pentyl), fluoroalkyl (e.g., perfluorobutyl, pertluoroethyl), or
void;

[0310] R.,, R, R, and R are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C, , arvyl,
cyclic alkyl (e.g., 1sobomyl, cyclohexyl, cyclopentyl), fluo-
roalkyl (e.g., perfluorobutyl, perfluoroethyl), or void;
[0311] R, and R, are independently selected from F, (I,
Br, I, SH, protected thiols, NH,, —INH— (secondary
amine), N—C—0, N—C=—5, COOH, COSH, C(=S)SH,
OCOOQOH, OCOSH, OC(=S)OH, SC(=0)SH, SC(=S)SH,
N(C=—0O)NH,, N(C=NH)NH,, N(C=S)NH,, o-valerolac-
tone, e-caprolactone, CH,—CH—C(=0)—0—,
CH,—CH—C(=0)—NH—, CH,—CH—C(=0)—S—,
CN, CH,—CH(CH,)—C(=0)—0—, CH,—CH(CH;)—C
(—0)—0O—, OH, azides, alkynes, or void;

[0312] L, and L, are C or S1 or void;

[0313] L,, L., L;, L., and L, are independently selected
from —(CH,),—, —(CH(CN)),—, —C(=0O)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—.
—(CH,),—0O0—(CH,),—, and —(CH,) —S—S—(CH,)
—, where X at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;

[0314] A, 15 N;

[0315] B, 1s C, S, SO, PO, or PO,~;

[0316] B, 1s C or SO;

[0317] C1 1s PO;

[0318] M 1s selected from Cl, Br, I, SO,, NO, Cl1O,, BF,,

PF., N(SO,CF,),, SO,CF,, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate or void; and

[0319] 7 and k are integers independently selected from 1
to about 1000.

[0320] Stabilizing Monomers

[0321] As noted above, the stabilizing monomer includes
moieties that are capable of generating hydrogen bonding
interactions and/or moieties capable of generating dipole-
dipole interactions.

[0322] In certain embodiments, the stabilizing monomer
comprises moieties capable of generating hydrogen bonding
interactions. In certain embodiments, the moieties capable of
generating hydrogen bonding interactions are selected from
the group consisting of amide group (—(NH)—(C=0)—),
multiple amide groups ((—(NH)—(C=0)—)_ (n=1-5)),
urethane group (—(NH)—(C=0)—0—), multiple ure-
thane groups ((—(NH)—(C=—=0)—0—) (n=1-5)), urea
group (—(NH)—(C—0)—(NH)—), multiple urea groups
(—(NH)—(C=0)—(NH)—), (0=1-3)).

[0323] In other embodiments, the stabilizing monomer
comprises moieties capable of generating dipole-dipole

Apr. 20, 2023

interactions. In certain embodiments, the moiety capable of
generating dipole-dipole interactions 1s a cyano group (CN).

[0324] The moieties capable of generating dipole-dipole
and hydrogen bonding interactions can be located on the
backbone of the free-standing polymer itsell or pendant
from polymer the backbone.

[0325] Representative monomers include the following
MONOMmers:

NC ‘ O
\"/\ Nt
o

Cyano group on backbone

I |
INN
CN

Cyano group on side chain

O
H
‘ _
\)J\E/\(U)/N\/\ ‘ +/\(|;‘)/O

diamuide (hydrogen bonding group) on side chain
O

H H
p ; -
\)J\E NTN\/\ ‘ /\l_(O

O

O
\)I\E/\/ﬁ\ﬂ/g\/\w/w/o
O O

urea (hydrogen bonding group) on side chain

[0326] Free-Standing Non-Fouling Polymers

[0327] In a further aspect, the present disclosure provides
free-standing non-fouling polymers. In certain embodi-
ments, these polymers have fibrinogen binding of less than
30 ng/cm” in a fibrinogen binding assay when the surface is
incubated at 37° C. for 90 minutes with a 1.0 mg/mL
fibrinogen solution (0.15 M phosphate butlered saline at pH
7.4), and tensile or compressive strengths greater than 0.5
MPa.

[0328] In certain embodiments, the polymer has the for-
mula:

Ro—tM—tKi—Z— Ky Mo—M =T K3—X—K4 57— Mo 1,—R3
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[0329] with n repeating units -M, -(K,—7. KZ) -M,-M, -
(Ky—X—K,),-M,-, which meludes 1 repeatmg umts
—K,—7/—K, —and 1 repeating units —K,—X—K_,—. K,
K, K;, and K4 are linkers as defined abeve for L 1n the case
of monomers, and also are the product functional groups
formed by polymerization reaction between monomers.
[0330] In the above formula,

[0331] K,,K,, K,, and K, are independently selected from
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—
—(CH,),—0—(CH;),—, and —(CH,),—S—5—(CH,)
—, where x at each occurrence 1s an integer independently

X

selected from O to 20, combinations thereof, or void;
[0332] R, and R, are independently selected from H, F, Cl,
Br, I, OH, SH protected thiols, NH,, —NH— (secondary
amlne) N C—0, N—C=S5, COOH COSH, C(=S)SH,
OCOOH, OCOSH, OC(—S)OH SC(—O)SP SC(—S)S’{
N(C= O)NHZj N(C_NH)NHZ, N(C=5)NH,, o-valerolac-
tone moiety, e-caprolactone moiety, CH,—CH—C(=—0)—
O—, CH,—CH—C(=0)—-NH—, CH,—CH—C(=0)—
S—, CN, CH,—CH(CH,)—(C(=0)—0—, CH,—CH
(CH;)—C(=0)—NH—, or void;

[0333] n 15 an mteger from 5 to about 10,000;

[0334] j 1s an integer from 1 to about 1000;

[0335] M, and M, are independently selected from the
group consisting of —O—(CH,) —, S—(CH,),—,
—C(=0)—(CH,),—, —C(=S)—(CH,),—
—C(=NH)—(CH,),— and —NH—(CH,),—, wherein n 1s

an 1integer from 1 to 20; —(CH,),—, —(CH(CN)) —,
—C(=0)NH(CH,),—, —C(=0)O(CH,),— —C(=0)
OC(=0)O(CH,),—  —(CH,)—0—(CH,)—, and

—(CH,) —S—S—(CH, ) —, where x at each occurrence 1s
an 1teger independently selected from O to 20, combina-
tions thereof, or void; and

[0336] Z and X are independently selected from zwaitter-
Onic groups.
[0337] Incertain embodiments, the zwitterionic groups are

independently selected from the group consisting of the
following formulae:

L] L] i Ll
| | M |
Ry— A" —Rs R4—A;"—Rs C
| | |
L, L, L,
| | |
B=0 B=0 R4—A1+—R5
| | |
O ? R,
R7
R7
(‘]' O
BI=O B2=O'
| |
L5 L5 Rl RS

| | | |
Rg Rg Re O
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R Rg

e | g — L —*

L La
e
R4_1TL1 —Rs B,=0

|

R
R7
[0338] wherein
[0339] R, and R, are selected from the group consisting of

hydrogen, fluorine, trifluoromethyl, C,-C,, alkyl, and
C-C,, aryl groups, CN;

[0340] R., R, Ry, and R, are independently selected from
the group consisting of hydrogen, C,-C,, alkyl, C.-C,, aryl,
cyclic alkyl (e.g., 1sobornyl, cyclohexyl, cyclopentyl), fluo-
roalkyl (e.g., perfluorobutyl, perfluoroethyl), or void;

[0341] L 1s C or S1 or void;

[0342] L,, L;, L, and L; are independently selected from
—(CH,),—, —(CH(CN)),—, —C(=0O)NH(CH,),—
—C(=0)O(CH,),—, —C(=0)0C(=0)O(CH,,),—.
—(CH,),—0O—(CH,),—, and —(CH,),—S—S—(CH,)
—, where x at each occurrence 1s an integer independently
selected from O to 20, combinations thereodf, or void;

[0343] L, 1s independently selected from —(CH,) —, or
—(CH(CN)),—, where x 1s an integer from 1 to 20;
[0344] A, 1s N;

[0345] B, 1s C, S, SO, PO, or PO,~;

[0346] B, 1s C or SO;

[0347] C, 1s PO,; and

[0348] M 1s selected from Cl, Br, I, SO,, NO, CIlO,, BF,,

PF., N(SO,CF;),, SO,CF;, RCOO(R 1s C,-C,, alkyl), lac-
tate, benzoate, and salicylate or void.

[0349] In certain further embodiments, the polymers of the
present disclosure have the formulae:

Lg Lﬁ

|4 |
Ro—A|I—Rj3 B=0

| |

R4 O

Rl RS

)
R,— A|—Rs B,=0
|
Ry O
R¢
[0350] wherein
[0351] R, and R 1s selected from the group consisting of

hydrogen, fluorine, trifluoromethyl, C,-C,, alkyl, and
C4-C,, aryl groups, CN;
[0352] R,, R;, R,, and R are independently selected from

the group consisting of hydrogen, C,-C,, alkyl, C.-C,, aryl,
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cyclic alkyl (e.g., 1sobornyl, cyclohexyl, cyclopentyl), fluoro
alkyl (e.g., pertluorobutyl, perfluoroethyl), or void;

[0353] L, and L. are C or S1 or void;

[0354] L[L,, L,, Ly, L,, L, and L, are independently
selected from —(CH,) —, —(CH(CN)) —, —C(=0O)NH
(CH,),—, —C(=0)O(CH,),—, —C(=0)OC(—0)O
(CH,),—, —(CH,),—0O—(CH,),—, and —(CH,),—S

S—(CH,),—, where x at each occurrence 1s an integer

independently selected from 0 to 20, combinations thereof,
or void;

[0355] M, and M, are independently selected from the
group consisting of —O—(CH,) —, S—(CH,), —,
—C(=0)—(CH,),—, —C(=5)—(CH,),—,
—C(=NH)—(CH,),— and —NH—(CH,),—, wherein n 1s
an integer from 1 to 20; —(CH,),—, —(CH(CN)),—,
—C(=0O)NH(CH,),—, —C(=0)0O(CH,),—, —C(=0)
OoC(=0)O(CH,),—,  —(CH,),—0—CH,),—, and
—(CH,) —S—S—(CH,) —, where x at each occurrence 1s
an 1teger mdependently selected from 0 to 20, combina-

tions thereot, or void;

[0356] B, 1s C, S, SO, P, or PO;

[0357] B, 1s C or SO;

[0358] A, 1s N, S, P;

[0359] M 1s selected from Cl, Br, 1, SO,, NO, Cl10,, BF_,

PF., N(SO,CF,),, SO,CF;, RCOO (R 1s C,;-C,, alkyl),
lactate, benzoate, and salicylate, or void;

[0360] wherein the ratio between m and n 1s selected from
0.8 to 1.2; and
[0361] wheremn m and n are independently integers from 1

to about 10,000.

[0362] Representative Free-Standing Zwitterionic Poly-
mers and Copolymers

[0363]
standing, zwitterionic copolymer prepared from a zwitteri-

In one embodiment, the invention provides a free-

onic monomer and a stabilizing monomer that includes a
moiety capable of generating dipole-dipole interactions or
hydrogen bonding. Free-standing zwitterionic copolymers
include zwitterionic and a stabilizing repeating units. In this

embodiment, the stabilizing group can be a part of the
polymer backbone.

[0364] In another embodiment, the invention provides a
free-standing, zwitterionic polymer prepared from a zwitte-
rionic monomer that includes a stabilizing moiety capable of
generating dipole-dipole interactions or hydrogen bonding.
Free-standing zwitterionic polymers include repeating units
that include zwitterionic and stabilizing groups. In this
embodiment, the stabilizing group can be a part of the
pendant group coupled to the polymer backbone.

[0365] Representative copolymers and polymers accord-
ing to these embodiments include copolymers/homopoly-
mers according to the following formulae:
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[0366] wherein m and are independently integers from 1 to
about 10,000. In these polymers, the cyano moiety 1s the
stabilizing moiety.

[0367] Representative In-Situ Hydrolyzed Robust Zwitte-
rionic Materials

[0368] In another aspect, the present disclosure provides a
crosslinked zwitterionic precursor material (after treatment
of surface hydrolysis) having fibrinogen binding of less than
30 ng/cm” in a fibrinogen binding assay when the surface is
incubated at 37° C. for 90 minutes with a 1.0 mg/mL
fibrinogen solution (0.15 M phosphate bullered saline at pH
7.4) and tensile or compressive strengths greater than 0.5
MPa. In certain embodiments the crosslinked zwitterionic
precursor material comprises zwitterionic betaine precursor.

[0369] In certain embodiments, such zwitterionic precur-
sors or zwitterionic betaine precursors comprise (a) polymer
backbone; (b) a plurality of cationic centers, each cationic
center covalently coupled to the polymer backbone by a first
linker; (¢) a counter 10n associated with each cationic center;
and (d) a hydrolyzable group covalently coupled to each
cationic center through a second linker, wherein the hydro-
lyzable group 1s hydrolyzable to an anionic center to provide
a zwitterionic polymer having the anionic center covalently
coupled to the cationic center through the second linker.

[0370] In certain further embodiments, the zwitterionic
betaine precursor has the formula:

[0371] P-(L,-N"(R,)(R,)-L,-A(=0)—0R,),(X),,
wherein P 1s the polymer backbone having n pendant groups
L,-N"(R_)R,)-L,-A(=—0)—0OR); N" 1is the cationic cen-
ter; R and R, are imdependently selected from hydrogen,
alkyl, and aryl; A(=0)—OR_. 1s the hydrolyzable group,
wherein A 1s selected from the group consisting of C, S, SO,
P, or PO, and R 1s a halo, alkyl, cyclic, aryl, acyl, or silyl
group that may be further substituted with one or more
substituents; L, 1s a linker that covalently couples the
cationic center to the polymer backbone; L, 1s a linker that
covalently couples the cationic center to the hydrolyzable
group; X~ 1s the counter 1on associated with the cationic
center; and n 1s an integer from about 10 to about 10,000.

[0372] In certain embodiments, the polymer backbone is
selected from the group consisting of acrylate, acrylamide,
methacrylamide and methacrylate and silicone.

[0373] In certain embodiments, the cationic center 1s
selected from the group consisting of tertiary ammonium,
tertiary 1midazolium, triazolium, pyridinium, morpholinium
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or to secondary ammonium, imidazolium, triazolium, pyri-
dinium, morpholinium and other cationic monomers or
combinations thereof.

[0374] Incertain embodiments, the crosslinkers are hydro-
philic crosslinkers. In certain other embodiments, the cross-
linkers are hydrophobic crosslinkers. In certain embodi-
ments the crosslinker 1s zwitterionic.

[0375] The amount of crosslinker can be adjusted from
0.01 to 100 weight % related to total monomer weight.

[0376] In certain embodiments, the crosslinker 1s ethylene
glycol dimethacrylate crosslinker (EGDMA).

[0377] Polycarboxybetaine (PCB) analog ester polymer
(with tertiary amine instead of quaternary amine, named
PTCBE) were made by carboxybetaine (CB) analog ester
(TCBE) monomer with different ester groups such as ethyl

T1**

and 1sobornyl (referred to herein as “PTCBEE” and
“PTCBIBE,” respectively). To prepare PTCBE, 0.5-2 wt %
(related to TCBE monomer) of ethylene glycol dimethacry-
late crosslinker (EGDMA) and 0.1-2 wt % (related to TCBE

monomer) of azobisisobutyronitrile (AIBN) are mixed with
TCBE monomer.

[0378] The crosslinked zwitterionic precursor material can
be used to make any number of articles and devices. For
example, the crosslinked zwitterionic precursor material can
be cast mto discs, tubular molds, or any other customized
molds. The thermo-polymerization 1s carried out at a time
range from 2 hours to 5 days 1n a convection oven at a
temperature range from 50° C. to 150° C.

[0379] The crosslinked zwitterionic precursor material can
be further converted into super hydrophilic zwitterionic
moieties 1n the outer layer via hydrolysis, light, or heat
treatment.

[0380] The shape of robust free-standing crosslinked zwat-
terionic precursor material can be constructed via injection
molding, blow molding, extrusion molding, calendaring
molding, tlow casting, compression molding, prevarication
molding and 3D printing.

[0381] Performance characteristics of representative 1in-
situ hydrolyzed robust zwitterionic polymeric maternals are
shown and described 1n FIG. 1-3.

[0382] The surface of PTCBIBE-2.0 (2 wt % of cross-
linker relative to monomer) crosslinked bulk polymer was
simply hydrolyzed under soaking with 1M NaOH aqueous
solution at 50° C. Contact angle goniometer was used to
monitor the degree of the surface hydrolysis of PTCBIBE-
2.0 bulk polymer. When the 1sobornyl ester was hydrolyzed,
the surface slowly turned from hydrophobic to super hydro-
philic indicating successiul formation of the CB analog with
tertiary amine. The static contact angle decreased with
soaking time and became lower than 10 degree after about
110 hours indicating full surface hydrolysis, as shown 1n
FIG. 4.

[0383] The infrared spectra (ATR-FTIR) of non-hydro-
lyzed and hydrolyzed PTCBIBE-2.0 are shown i FIG. 5.
Two new peaks can be identified at 1639 and 1390 cm™'
were assigned to the presence of COO™ groups, indicating,
the hydrolysis of ester and the formation of PCB analog
groups. Furthermore, an enhanced broad shoulder appears at
3393 cm™', which represents water signal resulting from an
increase 1n hydration caused by the formation of hydrophilic

zwitterionic polymer.

[0384] The tertiary PCB analog (where the quaternary
amine of PCB 1s replaced by tertiary amine) achieved
strongly zwitterionic state under physiological conditions
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(such as pH 7.4). The polymer brush made from the tertiary
PCB analogue resulted in less than 5+2.1 ng/cm?® protein
adsorption for serum or plasma via surface plasmon reso-
nance (SPR) measurements. The pka of tertiary amine and
carboxylic group 1s 8.7 and 2.6 respectively. At pH 7.4 (PBS
solution), the tertiary amine tended to be protonated while
the carboxylic deprotonated. In addition, the tertiary amine
and carboxylic group are close enough to affect each other’s
protonation and deprotonation, called synergistic eflect,
resulting 1n forming anti-fouling zwitterionic structure.
Here, fibrinogen adsorption via enzyme-linked immunosor-
bent assay (ELISA) was used to test the anti-fouling ability
on the hydrolyzed surface of PTCBIBE-2.0 crosslinked bulk
polymer. Tissue culture polystyrene (TCPS) was used as
positive control. Typical PCB non-fouling hydrogel (made
from polymernzation of monomer 2-carboxy-N, N,-dim-
cthyl-N-(2'-(methacryloyloxy)ethyl) ethanaminium 1nner
salt and crosslinker N,N'-methylenebis(acrylamide)) was
used as negative control. The results 1n FIG. 6 showed that
PTCBIBE-2.0 bulk polymers with an optimum soaking time
of 110 hours showed similar nonfouling behavior to PCB
hydrogel with less than 30 ng/cm” of fibrinogen adsorption.

[0385] Low cell adhesion on the material surface plays an
important role 1 designing various types of biomedical
devices. FIG. 7 shows the adhesion behaviors of bovine
aortic endothelial cell (BAEC) on the PTCBIBE-2.0 (after
hydrolysis of 110 h), PCB hydrogel (as a negative control),
and TCPS (as a positive control). The quantitative statistics
of the attached BAEC was obtained by the MTT assay. After
BAEC seeding for 48 h, only few cell adhesion was
observed on both the PCB hydrogels and the PTCBIBE-2.0
(after hydrolysis), while BAEC adhered on the surface of
TCPS. The surtace of PTCBIBE-2.0 suppressed more than
95% BAEC attachment compared to that of TCPS. BAEC
adhesion tests showed that both the PCB hydrogels and the
PTCBIBE-2.0 (after hydrolysis) have the same excellent cell
adhesion-resistance properties due to their superhydrophi-
licity of zwitterion group, which 1s also consistent with the
results of fibrinogen adsorption tests.

[0386] The mechanical properties of PTCBIBE-2.0 bulk
polymer after hydrolysis process were examined by tensile
tests. As shown 1n FIG. 8, the mechanical properties after
hydrolysis shightly decreased and no significant difference
was observed. Due to the stable of 1sobornyl ester group of
PTCBIBE and control of optimized hydrolysis time, only
the outer-most polymer layer was hydrolyzed to be super
hydrophilic without sacrificing 1ts bulk mechanical proper-

ties. The tensile tests successiully verily the dual properties
(non-fouling and high strength) of PICBIBE-2.0.

[0387] The preparation of PTCBE crosslinked bulk poly-
mers 1s described 1in Example 29.

[0388] Methods for measuring polymer mechanical prop-
erties (compression and tensile tests) and non-fouling prop-

erties (ELISA tests) are described in Examples 30 and 31,
respectively.

[0389] The invention 1s not limited to particular embodi-
ments described, as such may, of course, vary. It 1s also to
be understood that the terminology used herein 1s for the
purpose of describing particular embodiments only, and 1s
not intended to be limiting.

[0390] As used herein, the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly
dictates otherwise. As such, this statement 1s intended to
serve as antecedent basis for use of such exclusive termi-
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nology as “solely,” “only” and the like 1n connection with
the recitation of claim elements, or use of a “negative”
limitation.

[0391] As used herein, the term “a” entity or “an” enfity
refers to one or more of that entity. For example, a polymer
refers to one or more polymers. As such, the terms *““a”, “an”,
“one or more” and “at least one” can be used interchange-
ably. Similarly the terms “comprising”, “including” and
“having” can be used interchangeably. Moreover, as used
herein, the terms about and substantially refer to a variation

of less than 5% from the object of the term, and preferably
less than 2%.

[0392] The publications discussed herein are provided
solely for their disclosure prior to the filing date of the
present application. Nothing herein 1s to be construed as an
admission that the present mvention 1s not entitled to ante-
date such publication by virtue of prior invention. Further,
the dates of publication provided may be different from the
actual publication dates, which may need to be indepen-
dently confirmed.

[0393] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used 1n the practice or testing of the present invention, the
preferred methods and materials are described. All publica-
tions mentioned herein are incorporated herein by reference
to disclose and describe the methods and/or materials in
connection with which the publications are cited.

[0394] Except as otherwise noted, the methods and tech-
niques of the present embodiments are generally performed
according to conventional methods well known 1n the art
and as described in various general and more specific
references that are cited and discussed throughout the pres-
ent specification.

[0395] It 1s appreciated that certain features of the mnven-
tion, which are, for clanty, described in the context of
separate embodiments, may also be provided 1n combination
in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described 1n the context of
a single embodiment, may also be provided separately or 1n
any suitable sub-combination. All combinations of the
embodiments are specifically embraced by the present
invention and are disclosed herein just as 1f each and every
combination was ndividually and explicitly disclosed. In
addition, all sub-combinations are also specifically
embraced by the present invention and are disclosed herein
just as 1f each and every such sub-combination was 1ndi-
vidually and explicitly disclosed herein.

[0396] The following examples are provided for the pur-
pose of illustrating, not limiting, the 1nvention.

EXAMPLES
Example 1

Representative Diamide Zwitterionic Monomer

[0397] In this example, the preparation of a representative
diamide zwitterionic monomer 1s described. The synthesis 1s
shown below:
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[0398] Glycine 1 (1.0 eq) 1s dissolved 1n water containing
NaOH (1.2 eq). After complete dissolution, acryloyl chlo-
ride (1.2 eq) 1s added dropwise and reaction 1s stirred for 3
hrs. After completion of the reaction, pH of the solution 1s
adjusted to 2 wherein compound 2 precipitates out 1 72%
yield.

[0399] To a stirred solution of compound 1 (1 eq.) in THE,
duisopropyl carbodimide (1.5 eq) and hydroxybenzotriazole
(1.5 eq.) are added. The reaction 1s maintained at 0° C. After
15 min, N,N-dimethyl ethylenediamine (1 eqg.) 1s added. The
reaction 1s stirred overnight. After completion of the reac-
tion, the reaction contents are puriﬁed by column chroma-
tography to give compound 3 in 58% yield. '"H NMR (300
MHz, DMSO-d,) 6 8.36 (s, 1H), 7.90 (s, 1H), 6.82-6.62 (m,
1H), 632(ddd J=17.1, 10.1, 1.3 Hz, 1H), 5.62 (dt, J=10.1,

1.7 Hz, 1H), 3.77 (d, J= 58Hz 2H), 3.53-3.38 (t, 2H), 245
(t, I=6.7 Hz, 2H), 2.32-2.20 (m,, 6H).

[0400] To a stirred solution of compound 3 (1 eg.) 1n
acetonitrile, ethyl bromoacetate (3 eq.) 1s added. The reac-
tion 1s heated at 60° C. for 24 hours. After completion of the
reaction, the reaction contents are purified by column chro-
matography to give ethyl ester protected compound. Pro-
tected ester on hydrolysis with IRN-78 followed by evapo-

ration of solvent gives compound 4 in 54% vyield. "H NMR
(300 MHz, Methanol-d,) 0 6.45-6.20 (m, 2H), 5.74 (dd,

1=9.8, 2.2 Hz, 1H), 4.47 (s, 2H), 4.34 (q, J=7.2 Hz, 2H), 3.95
(d, J=9.9 Hz, 2H), 3.81-3.69 (m, 4H), 3.38 (m, 6H).

Example 2

Representative Cyano-Substituted Zwitterionic
Monomers

[0401] In this example, the preparation of representative
high strength cyano-substituted zwitterionic monomers 1s
described. The synthesis of carboxybetaine monomers CB-

CN-1 and CB-CN-2 1s shown below.
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[0402]
N,N-dimethylaminomethyl-acrylonitrile
shown 1n figure below.

The synthesis of the monomers 1s based on the
intermediate

O
J
/ H H . O PBr; -
/ N~ K>CO4, RT Et,0
56% 9%
NC
Br ‘
CH3CN
60° C N,N-Dimethylaminomethyl-
acrylonitrile
[0403] Once the N,N-dimethyl cyano acrylate was

obtained, the CB-CN monomers were prepared as shown 1n
below.

‘ O
v
o 10" N ‘ OtBu
NC Br .
OFt  T1(OPr-1)4, Triflic acid (0.5 mol %)
Tol. 70° C., then reflux 5 h
O O
NC /\/W\)J\ 1) TEA:CH>Cl» _
O OtBu 2) Neutralization
Br
O O
NC w\)‘\
O/\/ O
CNA-CB-1
O
NC - 1) Br\)-l\
N OFEt .
2) Resin
NC O
O
CB-CN-1

CB-CN-2
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Example 3
Representative Cyano-Substituted Zwitterionic
Monomers
[0404] In this example, the preparation ol representative

cyano-substituted zwitterionic monomers (cyano-substi-
tuted carboxybetaine monomers, CN-CB) with cyano
groups 1n the side chain from (cyanomethyl)phosphonate 1s

described.

O

PR

H H

K,CO3, RT
66%

H

NC N
O / \
- :
THF,
45° C

79%

//
/\/

T

O

OH \”)km

NC

[0405] From the above intermediate, CN-CBs of various
carboxybetaine spacer lengths can be prepared.

o
i

CN-CB-1

1) Br
OFt

2) Resin

O

\ﬁw -
/\K\/l\/\ff

CN-CB-2
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Example 4

Representative Diisocyanate Zwitterionic
Monomers

[0406] In this example, the preparation of representative
diisocyanate zwitterionic monomers (carboxybetaine and

sulfobetaine monomers) 1rom zwitterionic diols 1s
described. The syntheses are shown n Schemes la and 1b

below.

Scheme 1a. Synthesis of CB based di-isocyanate:

HO ‘ OH
\/\ N/\/ a

1

HO\/\ }E@ /B-\/OH

b
O R ot
OtBu
2
O=—(C=N LB N=—(C=—=0
\/\N/\/
Br’
O
O

(a) BrCH,CO>tBu, CH3;CN
(b) Cyanuric chlornide, BuyNCO, CH;CN

Scheme 1b. Synthesis of CB based di-isocyanate

HO\/\IL /\/OH o
HO\/\ }E@) /\/OH

d
O —i-
O-
4
()—=(C—=N L:") N=—=(C=—=0
~_ N . N
O
O
S
(¢) CICH2COONa, CH3CN
(d) Cyanuric chlornide, BuyNCO, CH;CN
Example 5

Representative Diisocyanate Zwitterionic
Monomers

[0407] In this example, the preparation of representative
diisocyanate zwitterionic monomers (carboxybetaine and
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sulfobetaine monomers) from diamines 1s described. The
syntheses are shown 1 Schemes 2a and 2b below.

Alternate Synthesis of Zwitterionic Di-1socyanate Monomer

[0408]

Scheme 2a.

H>N NH a
2 \/\N/\/ 2 .
H

6

H
7
CbhzHN NHCbz C
~ N N AN .
Q
OtBu
8
CbzHN ‘ NHCbz d
\/\ N N —
I
O
OtBu
9

QO
OtBu
10
lo 1
O=C=N/\/ \/\N=C=O
Q
OtBu

11

(a) CbzO5u, DCM (b) BrfCH>CO»tBu, DIEA, DCM (¢) Mel, CH3CN (d)
|H>], Pd/C, CH30OH {¢) Triphosgene, NaHCO3, DCM

Scheme 2b.

H>N NH a
2 \/\N/\/ 2 —
H

CbZHN\/\ N/\/ NHCbz —bp-
H

7
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-continued
CszN\/\ /\/NHCbz C
N »
O
O
12
CszN\/\‘ A~ WHCbzd
+
-
O
O
13
c
H,N ‘ NH, —
NN TN
-
O
O
14
O=—(C=—=N N=—=C=—=0
O
O
15

(a) CbzOSu, DCM (b) BrCH>CO,Na, CH3CN (c) Mel, CH3CN (d)
|H>], Pd/C, CH30OH (e) Triphosgene, NaHCO;, DCM

[0409] The sulifobetaine-based diisocyanates are obtained
by same synthetic route as for the carboxybetaine diisocya-
nates.

[0410] The syntheses are described below.
HO OH
\/\L(B;\/
T
O
OtBu
[0411] N-Methyl-diethanolamine 1 1s dissolved 1n acetoni-

trile and tert-butylbromoacetate 1s added. After completion
of the reaction, the reaction mixture 1s concentrated under
vacuum. Crystallization of the residual mixture affords
desired compound 2.

O=—C=—N ® N=—C=0
\/\Né\/

~

OtBu

[0412] A solution of compound 2 in dichloromethane is
added to a stirred solution of aqueous sodium bicarbonate.
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The biphasic mixture i1s cooled 1n an ice bath and stirred
while adding triphosgene 1n one single lot. After completion
of the reaction, the organic layer 1s collected and aqueous
layer 1s extracted with dichloromethane. The combined
organic layers are dried using Na,SQO,, filtered, concentrated
and purified by column chromatography to give di-isocya-
nate 3.

NN N@/\/ o

[0413] N-Methyl-diethanolamine 1 1s dissolved 1n
acetonitrile and tert-butylbromoacetate 1s added to 1t. After
completion of the reaction, the reaction mixture 1s concen-
trated under vacuum. Crystallization of the residual mixture
allords desired compound 4.

O=—=C

N N=C=0

[0414] A solution of compound 4 in dichloromethane 1s
added to a stirred solution of aqueous sodium bicarbonate.
The biphasic mixture 1s cooled 1n an ice bath and stirred
while adding triphosgene 1n one single lot. After completion
of the reaction, the organic layer 1s collected and aqueous
layer 1s extracted with dichloromethane. The combined
organic layers are dried using Na,SQO,, filtered, concentrated
and purified by column chromatography to give di-1socya-
nate 5.

CbzHN NHCb
g NN NS s
H

[0415] CbzOSu dissolved in dichloromethane 1s added

dropwise to a stirred solution of diethylenetriamine in DCM
at 0° C. The reaction mixture 1s allowed to warm to room
temperature and stirred for 15 h. The reaction mixture 1s then
washed with water. The aqueous layer 1s re-extracted with
dichloromethane. The combined organic washes are dried
using sodium sulfate and then filtered to give compound 7.

CbzHN NHCb
: NN N s

O

OtBu

[0416] A solution of tert-butyl bromoacetate 1mn dichlo-
romethane 1s added dropwise to a solution of 7 in dichlo-
romethane and diisopropylethylamine at 0° C. for a period




US 2023/0124554 Al

of 30 min. The reaction mixture 1s allowed to warm to room
temperature and stirred overnight. The reaction mixture 1s

then washed with 1M HCI, water, and brine. The organic
layer 1s concentrated to leave a residue which i1s further
purified by column chromatography to give compound 8.

[0417] Compound 8 1s dissolved 1n acetonitrile and methyl
iodide 1s added. The reaction contents are heated at 60° C.
for 48 h. The reaction contents are stirred until the starting
material 1s completely consumed. The reaction mixture 1s

concentrated to dryness 1n vacuo and is used in the next step
without further punfication.

H,N | NH
2 \/\N_{\/ 2

O

OtBu

[0418] Compound 9 is taken up in MeOH and 10% Pd/C
1s added. Hydrogenation 1s carried overnight at 50 psi. The
reaction contents are filtered over diatomaceous earth and
concentrated to give compound 10 and 1s used 1n the next
step without further purification.

[0419] A solution of compound 10 1n dichloromethane 1s
added to a stirred solution of aqueous sodium bicarbonate.
The biphasic mixture 1s cooled 1 an ice bath and stirred
while adding triphosgene 1n one single lot. After completion
of the reaction, the organic layer 1s collected and aqueous
layer 1s extracted with dichloromethane. The combined
organic layers are dried using Na,SQO,, filtered, concentrated
and purified by column chromatography to give di-1socya-
nate 11.

CbzHN NHCb
Z \/\ N/\/ 2

O
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[0420] To a stirred solution of 7 1n acetonitrile 1s added
sodium bromoacetate. The reaction mixture 1s stirred over-
night and the product 1s purified by crystallization.

CbzHN NHCb
4 \/\Nj{\/ Z

h

0

[0421] Compound 12 1s dissolved in acetonitrile and
methyl 10dide 1s added. The reaction contents are heated at
60° C. for 48 h. The reaction contents are stirred until the
starting material 1s completely consumed. The reaction
mixture 1s concentrated to dryness in vacuo and 1s used in
the next step without further purification.

IT,N ‘ NH
2 \/\N/\/ 2

+ I
O

[0422] Compound 13 1s taken up in MeOH and 10% Pd/C

1s added. Trnethylsilane 1s added dropwise to the reaction
mixture. After completion of the reaction, the reaction
contents are filtered over diatomaceous earth and concen-

trated to give compound 14 and 1s used in the next step
without further purification.

®
N I
O

he

0"

[0423] A solution of compound 14 in dichloromethane 1s
added to a stirred solution of aqueous sodium bicarbonate.
The biphasic mixture i1s cooled 1n an ice bath and stirred
while adding triphosgene 1n one single lot. After completion
of the reaction, the organic layer 1s collected and aqueous
layer 1s extracted with dichloromethane. The combined
organic layers are dried using Na,SQO,, filtered, concentrated
and purified to give ditsocyanate 15.

Example 6

Representative Diisocyanate Zwitterionic
Monomers

[0424] In this example, the preparation of representative
diisocyanate zwitterionic monomers (phosphobetaine and
phosphocholine monomers) from diols 1s described. The
syntheses are shown 1 Schemes 3 and 4 below.
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Scheme 3. Synthesis of Phosphocholine based di-isocyanate:
Cyanuric chloride, BuyNCO, CH;CN

HO N@/\/O\ P/O\/\ -
O/ \O'

16
OCN 0O 0
NN NG NN
‘ o// \o-

17

Scheme 4. Synthesis of PC and PB diols:

0O
N\ _O
/\P< ~ o
* 0O 0O
1

— —

o o
\_/
18

9

Y
o\\ .
-~ N
O/P\O d HO\/\N@/\/O\P/O\
T 7'\
_/ Ho " Yo
20 21

(a) Ethylene glycol, TEA, THF (b) N-Methyldiethanolamine, CH3CN
(¢) MeOH, TEA, THF (d) N-Methyl Diethanolamine, CH3CN

[0425] Compounds 16, 19, and 21 can also be synthesized

with protected alcohols and the protecting groups cleaved
ofl at the end of the synthesis. Diol 21 can also be converted
into the corresponding diisocyanate using the standard pro-
cedure as described for making diisocyanate 17 from 16.

[0426] Compound 18 1s dissolved in THF and added
dropwise to a stirred solution of ethylene glycol and TEA at
—-20° C. The reaction contents are stirred overnight at this
temperature. The precipitates are filtered ofl and the filtrate
1s concentrated 1n vacuo to give compound 16.

HO\/\ IL@)/‘\/O\P/O\/\OH
‘ O// \O_

[0427] To a stirred solution of compound 18 1n acetonitrile
1s added N-methyl-diethanolamine. The temperature of the

Apr. 20, 2023

reaction 1s gradually increased to 60° C. After completion of
the reaction, the reaction mixture 1s concentrated 1n vacuo
and the product 1s purified by crystallization.

[0428] 'To a stirred solution of MeOH, TEA and THF at

-20° C. 1s added compound 18. After completion of the
reaction, the precipitated white solid 1s filtered out and the

HO O O
b \/\L@/\/ \P,\/ N7 N0

‘ 7 o

16

solution 1s concentrated in vacuo and the resulting mixture
1s purified to give compound 20.

HO\/\JJ@/\/O\P/O\
/\/ 7 \0'

HO

[0429] 'To a stirred solution of compound 20 1n acetonitrile
1s added N-methyl-diethanolamine. The temperature of the
reaction 1s gradually increased to 60° C. After completion of
the reaction, the reaction mixture 1s concentrated 1n vacuo
and the product 1s purified by crystallization.

OCN O O
\/\TL@/\/ >P\ \/\NCO

‘ 07 o

[0430] A solution of compound 16 1n dichloromethane 1s
added to a stirred solution of aqueous sodium bicarbonate.
The biphasic mixture i1s cooled 1n an ice bath and stirred
while adding triphosgene 1n one single lot. After completion
of the reaction, the organic layer 1s collected and aqueous
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layer 1s extracted with dichloromethane. The combined -continued

organic layers are dried using Na,SO,, filtered, concentrated O— C=N/\l/\N= c—o

and purified by column chromatography to give diisocyanate

17. N&
[0431] Other representative zwitterionic diisocyanate
monomers include:
O=—C=N N=C=0 SO;5-
O:C:N/\‘/\Nzczo
__le
yd S
N >P< N
O/ O
O
O
\ o/ Example 7
®
——N
N=(=0 Representative Diol Zwitterionic Monomers
O TN=C=0 [0432] In this example, the preparation ol representative
0 diol zwitterionic monomers 1s described. The synthesis 1s
shown in Scheme 5.
Scheme J.
a b C
HO/\‘/\OH e HO/\[/\OH . HO/\‘(\OH _c o HO/\‘/\OH
® I ®
NH, NH — N— —N—
22
O O O
O O O
< :
23 24
d
Y
C
. /\/\OH o /\(\OH
N N&)
N %
26
O
O
23

(a) BrCH>CO>tBu, CH3UN, DIEA (b) Mel, CH3CN, heat (¢) TFA/DCM followed IRN-78 Neutralization (d) Mel, CH3CN (e) BrCH>CO;Na, CH3CN
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[0433] Representative zwitterionic diols that can be pre-
pared as described above include the following:

HO OH

O
O
O 0
. /\(\OH
\ OH —N@—
_ Oy
OH
O OH
O SO
. /\(\OH
e
O\P O
7 '\
O O
Example 8

Representative Zwitterionic Macromonomers

[0434] In this example, the preparation of representative
zwitterionic macromonomers (macrodiols and macrodi-
amines) from zwitterionic precursors 1s described.

[0435] The zwitterionic precursor 1s prepared as shown
below.
Me
| Boc,O, NaOH
NH >
HO/\/ H,0, 0° C.-RT
| 12 h, Quant.
O
Me
‘ Cl
N N O\/
HO -
Et;N, CH,Cl,
0O 0° C.-RT

24 h, 89%

2
O Me
T‘J o TFA/CHLCl
12 h, 98%
O
3
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-continued
O

O Me
IL Br\)]\
O/\/ OR
Hydroquinone
-
4

Et;N/CH;CN
60° C.
12 h, 70%

O Me O
.

07 S OR
[0436] N-tert-Butoxycarbonyl-N-methyl-ethanolamine
(2). N-Methyl-ethanolamine was dissolved in 1 N sodium
hydroxide and the solution was cooled to 0° C. Di-tert-butyl
dicarbonate was added to the mixture and the reaction was
stirred and allowed to warm to room temperature overnight.
The product was then extracted with ethyl acetate and the
combined organic phase was dried over anhydrous sodium
sulfate. After removal of the ethyl acetate under reduced
pressure, the pure product was obtained as colorless.
[0437] N-tert-Butoxycarbonyl-N-methyl-2-aminoethyl-
methacrylate (3). N-tert-Butoxycarbonyl-N-methyl-etha-
nolamine and triethylamine were dissolved in anhydrous
dichloromethane and the solution was cooled to 0° C.
Methacryloyl chloride was added dropwise and the solution
was stirred at room temperature. The reaction was quenched
at 0° C. by slow addition of ice-water then diluted with
dichloromethane. The solvent phases were separated and the
organic phase was washed with H,O and brine. After drying
over sodium sulfate, the solvent was removed under reduced
pressure and the crude mixture was purified by silica gel
chromatography. The pure product was obtained as yellow
o1l.
[0438] N-Methyl-2-aminoethyl-methacrylate (4). N-tert-
Butoxycarbonyl-N-methyl-2-aminoethyl-methacrylate was
dissolved 1n anhydrous dichloromethane. Trifluoroacetic
acid was added and the reaction mixture was stirred at room
temperature. The solvent was removed under reduced pres-
sure and the crude residue was purified by silica gel chro-
matography. The pure product was obtained as light yellow
o1l.
[0439] 2-((2-Ethoxy-2-oxoethyl)(methyl)amino)ethyl
methacrylate (5) (R 1s ethyl). N-methyl-aminoethyl-meth-
acrylate and triethylamine were dissolved in anhydrous
acetonitrile. Ethylbromoacetate was added dropwise and the
mixture was stirred at 60° C. The reaction was cooled to
room temperature and the solvent was removed under
reduced pressure. The crude residue was dissolved in ethyl
acetate and the organic phase was washed with H,O. After
drying over sodium sulfate and evaporation of the solvent,
the crude mixture was purified by silica gel chromatography.
The pure product was obtained as light brown oil.
[0440] 2-((2-(tert-Butoxy)-2-oxoethyl)(methyl)amino)
cthyl methacrylate (6) (R 1s tert-butyl). N-methyl-amino-
cthyl-methacrylate and triethylamine were dissolved 1n
anhydrous acetonitrile. t-Butylbromoacetate was added
dropwise and the mixture was stirred at 60° C. The reaction
was cooled to room temperature and the solvent was

removed under reduced pressure. The crude residue was
dissolved in ethyl acetate and the organic phase was washed
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with H,O. After drying over sodium sulfate and evaporation
of the solvent, the crude mixture was purified by silica gel
chromatography. The pure product was obtained as light

yellow oil.

[0441] Synthesis of Zwitterionic Macrodiol or Macrodi-
amine

[0442] Zwitterionic macrodiol or macrodiamine can be

synthesis by step polymerization, free radical chain growth
polymerization, or living radical polymerization. Examples
are as follows:

[0443] macrodiol made by reversible addition-fragmenta-
tion chain-transier polymerization (RAFT);

[0444] macrodiol made by 1free radical polymerization
with presence of chain transfer agent; and

[0445] macrodiol or macrodiamine made by atom transfer
radical polymerization (ATRP).

Example 9

Representative Zwitterionic Polyurethanes

[0446] In this example, the preparation of representative
zwitterionic polyurethanes 1s described. The synthesis 1s
shown 1n Scheme 6 below.

Scheme 6. Synthesis of Polyurethane:

‘ Br

N
o—c—=N" | Ny—c—oH -
0O
OtBu
‘ Br
N b
o~ N\ og —2°,
0O
OtBu
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-continued

/{O\/\IL%/OTE\/\I‘\T@/\/ §Y
O An

KKO O K(O
O O
(a) DME, 60° C. (b) TFA/DCM (¢) IRN-78 resin neutralization

[0447] To a stirred solution of ditsocyanate 3 1 dry
acetonitrile 1s added compound 2. The reaction contents are
heated at 60° C. in presence ol inert nitrogen gas. After
polymerization, the deprotection of tert-butyl protecting
groups 1s performed using TEFA/DCM followed by neutral-
ization with IRN-78 to give desired polyurethane.

[0448] This example shows the synthesis of a zwitterionic
polyurethane (PU) with protected carboxybetaine (CB). The

method 1s directly applicable to the synthesis of protected or
unprotected CB, SB, PB, and PC.

Example 10

Representative Mixed Charged Monomers

[0449] In this example, the preparation of representative
mixed charge monomers 1s described. Polymerizable mixed
charged monomers or precursors ol mixed charged mono-
mers used for the synthesis of nonfouling zwitterionic
polymers via condensation/addition polymerization.

[0450] Mixed charged condensation polymers can be pre-
pared by copolymerizing cationic monomer, 2-1socyanato-
N-(2-1socyanatoethyl)-N,N-dimethylethanaminium bromide
with hydrolysable hydrophobic monomer, ethyl 3-hydroxy-
3-(2-hydroxyethyl)pentanoate. Condensation polymeriza-
tion 1s used (Scheme 7). The synthesis 1s a representative
mixed charge polyurethane 1s shown 1n Scheme 7.

Scheme 7. Synthesis of representative mixed charge polyurethanes.

DME, 60° C.

O=C=N ‘ N=C=0 + HO OH
\/\N/\/ NN NS g

_|_

‘ Br-

\

O

)

O

H
NI C Hydrolysis
PRGN PN N

O
O

/
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-continued

0 ‘ 0
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Example 11

Representative Zwitterionic Polymer by
Polycondensation Reaction

[0451] In this example, the preparation of representative
zwitterionic polymer (a linear carboxybetaine) 1s described.
The zwitterionic polymer 1s prepared by a polycondensation
reaction between a latent zwitterionic diamine and a latent
zwitterionic diester.

ik

N
MO0 N N N oM

Monomer A
O J<
HJ\O
—

N
I,N /\/ \/\ NH,

Monomer B

[ AX
\\ﬂ/\/N\/\n/N\/\N/\/\E
O O Oﬁ)

O

[0452] A mixture of solution of diamine and diester 1s
heated to 140-190° C. Upon completion (4-8 hours), the
crude product 1s treated with TFA to provide the zwitterionic
linear polymer.

[0453]
below:

Monomers A and B can be synthesized as described

K,CO;

MeOH/THF
O

N Br\)]\ /<
N
MeOQC/\/ \/\COgMe O

THF

-

MeO,C CO,Me
\/\NHg s NS

-
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O
-continued
O J<
H‘\O
N
Meozc/\/ \/\CC)gMe
Monomer A
[0454] Monomer A: To the solution of amine 1 (10 mmol)

in THE/MeOH (1:1, 200 mL) was added K,CO, (20 mmol)
at room temp. Bromo compound (10 mmol) was then added
to the suspension and the mixture was stirred for 2 h. H,O
was added and the mixture was extracted with EtOAc,
washed with brine and dried with Na,SO,. Removing the
solvent under vacuum aflorded crude secondary amine,
which was used for next step without purification. To this
solution of crude secondary amine (10 mmol) in THF was
added tert-Butyl bromoacetate (11 mmol). The mixture was
stirred for 4 h and the solvent was removed under vacuum.
The residual was purified with flash column (MeOH:CH, (1,
1:10) to give monomer A (70% for 2 steps).

[0455] 'H NMR (400 MHz, CDCl,) & 1.44 (s, 9H), 2.44
(t, I=7.9 Hz, 4H), 2.96 ((t, J=7.9 Hz, 4H), 3.28 (s, 2H), 3.65
(s, 6H).

(Boc),, DMAP
THF

-

H
N
I1,N /\/ \/\ NH,
O

H BT\)J\ /k
N
BocEN” N N N ioc o
0
J< TFA/CH,Cl,
O -

N
BDGHN/\/ \/\ NHBoc
O
Hl\ok

N
HgN /\/ \/\ NH2

Monomer B

-

[0456] Monomer B: To the solution of diethylenetriamine
(10 mmol) in THF (100 mL) was added Boc anhydride (20

mmol) and DMAP (1 mmol) at room temp. The mixture was
stirred for 4 h and poured 1n to H,O (50 mL). The aqueous
layer was extracted with EtOAc (3x) and the combined
organic was washed with brine, dried with Na,SO,. The
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solvent was removed under vacuum to afford the crude
secondary amine, which was used for next step without
purification. To the solution of crude secondary amine (10
mmol) in THF was added tert-Butyl bromoacetate (11
mmol). The mixture was stirred for 4 h and the solvent was
removed under vacuum. The residual was purified with tlash
column (MeOH:CH,Cl, 1:10) to give completely protected
precursor. Boc protecting groups are then deprotected using,
TFA/CH,CI, at room temp for 2 hours. The mixture was
neutralized with aqueous NaOH and extracted with CH,C,,
washed with brine, and dried with Na,SO,. The solvent was
removed under vacuum to aflord the desired crude mono-
mer, which was purified with flash column (MeOH:CH, (1,

1:3) to give monomer B (62% for 2 steps).

[0457] 'H NMR (400 MHz, CDCL,) & 1.44 (s, 9H), 2.51
(t, J=6.2 Hz, 4H), 2.96 (m, 4H), 3.28 (s, 2H).

Example 12

Representative Degradable Zwitterionic Polymer by
Polycondensation Reaction

[0458] In this example, the preparation of representative
degradable zwitterionic polymer (a linear carboxybetaine
that includes ester bonds i1n the polymer backbone) 1s
described. The zwitterionic polymer 1s prepared by a poly-
condensation reaction between a latent zwitterionic diol
amine and a latent zwitterionic diester.

ik

o~ NS N\/\OH

O
J< 1) condensation
O -
2) TFA
N
\/ \/

EtO,C CO5Et

O
\I‘(\ N
K O
CO0OP

[0459]
below:

Monomers A and B can be synthesized as described

MeO,C CO,Me K»>CO3
\/\NH2 + Br/\'/ -

MeOH/THF
O

N Br\)]\ /<
N
MeOQC/\/ \/\COgMe O

THF

-
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-continued

O J<
H‘\O
N
MO0 N N o Me

Monomer A

[0460] Monomer A: To the solution of amine 1 (10 mmol)
in THE/MeOH (1:1, 200 mL) was added K,CO, (20 mmol)
at room temp. Bromo compound (10 mmol) was then added
to the suspension and the mixture was stirred for 2 h. H,O
was added and the mixture was extracted with EtOAc,
washed with brine and dried with Na,SO,. Removing the
solvent under vacuum aflorded crude secondary amine,
which was used for next step without purification. To this
solution of crude secondary amine (10 mmol) in THF was
added tert-Butyl bromoacetate (11 mmol). The mixture was
stirred for 4 h and the solvent was removed under vacuum.
The residual was purified with flash column (MeOH:CH, (1,

1:10) to give monomer A (70% for 2 steps).

[0461] 'H NMR (400 MHz, CDCl,) 8 1.44 (s, 9H), 2.44
(t, I=7.9 Hz, 4H), 2.96 ((t, JI=7.9 Hz, 4H), 3.28 (s, 2H), 3.65
(s, 6H).

(Boc)y, DMAP

q
N
HEN/\/ \/\NH2 TaF

O
E Br\)l\ /I<
BocEN” " N poc o
O
0J< TFA/CH,Cl»
-

N
BDGHN/\/ \/\ NHBoc

-

N
I,N /\/ \/\ NH,

Monomer B

[0462] Monomer B: To the solution of diethylenetriamine
(10 mmol) in THF (100 mL) was added Boc anhydride (20
mmol) and DMAP (1 mmol) at room temp. The mixture was
stirred for 4 h and poured 1n to H,O (50 mL). The aqueous
layer was extracted with EtOAc (3x) and the combined
organic was washed with brine, dried with Na,SO,. The
solvent was removed under vacuum to aflord the crude
secondary amine, which was used for next step without
purification. To the solution of crude secondary amine (10
mmol) mm THF was added tert-Butyl bromoacetate (11
mmol). The mixture was stirred for 4 h and the solvent was
removed under vacuum. The residual was purified with flash
column (MeOH:CH,Cl, 1:10) to give completely protected
precursor. Boc protecting groups are then deprotected using
TFA/CH,CI1, at room temp for 2 hours. The mixture was
neutralized with aqueous NaOH and extracted with CH,Cl,,
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washed with brine, and dried with Na,SO,. The solvent was
removed under vacuum to aflord the desired crude mono-
mer, which was purified with flash column (MeOH:CH,CI1,
1:35) to give monomer B (62% for 2 steps).

[0463] 'H NMR (400 MHz, CDCl,) & 1.44 (s, 9H), 2.51
(t, I=6.2 Hz, 4H), 2.96 (m, 4H), 3.28 (s, 2H).

[0464] Monomer A was synthesized as described 1n
Example 11.
[0465] The mixture of solution of diol and diester 1s heated

in presence ol a transesterification catalyst to 140-190° C.
Upon completion (4-8 hours), the crude product is treated
with TFA to provide zwitterionic linear polymer with
molecular weight about 26,000 as determined by GPC.

Example 13

Representative Zwitterionic Polymer by Michael
Addition: Ester-Containing Backbone

[0466] In this example, the preparation of representative
zwitterionic polymer, a carboxybetaine that includes ester
bonds 1n the polymer backbone, 1s described. The zwitteri-
onic polymer 1s prepared by Michael addition between an
acrylate and an amine.

O

y O 2 - - O O
/w/ NH Br\)ol\OX /\ﬂ/ E/\(l_j(

O

O
O
/W(O\AN/\Q)J\O/\/N\,)(\I_(O\/\ .
O O
O O

O
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[0467] In the above scheme, 2-aminoethyl acrylate is
added to THF with triethylamine, then t-butyl bromoacetate
added to form the secondary amine carboxybetaine-tert-
butyl acrylate ester, to provide the monomer (a), which 1s the
reacted 1 conditions favoring Michael addition between
cach amine and acrylate and not free-radical polymerization
of acrylates to form poly(ester CB-tBu) (b), followed by
treatment with 1odomethane to methylate the resulting ter-
tiary amines (¢), hydrolysis of the tert-butyl esters with TFA,
and neutralization with IRN-78 basic 1on exchange resin.

Example 14

Representative Zwitterionic Polymer by Michael
Addition: Amide-Containing Backbone

[0468] In this example, the preparation of representative
zwitterionic polymer, a carboxybetaine that includes amide
bonds in the polymer backbone, 1s described. The zwitteri-
onic polymer 1s prepared by Michael addition between an
acrylamide and an amine.

[0469] This linear CB polymer 1s only minimally biode-
gradable owing to amides 1n 1ts polymer backbone. The

L

c, d

O
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polymer 1s appropriate for applications 1n which long-term
polymer stability 1s desirable.

O

\)]\N/\/N}Lz -

H

O

Br/\)]\o
O
T% /\)I\ J< :
/\l_r \/\E 0
O

O

C

H
/\H/N\/\E/\)J\O@ g
O

©
0 0
O
I
/\n/ N\/e\\}? /\)‘\ N/9V /Ne\
H #
O
©
0 0

[0470] In the above scheme, aminoethyl methacrylamide
1s added to tert-butyl 3-bromoproionate in THF to form 2°
amine CB acrylamide-tBu (a), which 1s deprotected under
acidic conditions using TFA to provide the monomer (b),
which 1s placed 1n a catalytic solution (e.g., pH=9, adjusted
with triethylamine or carbonate) to initiate Michael-type
polyaddition and the reaction 1s allowed to proceed at room
temperature for up to one week (c¢), and 10domethane 1s

29
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added to methylate tertiary amines (d). Polymers are purified
by dialysis or size-fractionation.

Example 15

Representative Zwitterionic Polymer by Michael
Addition

[0471] Thioether- and Ester-Containing Backbone

[0472] In this example, the preparation of representative
zwitterionic polymer, a carboxybetaine that includes thio-
cther and ester bonds in the polymer backbone, 1s described.
The zwitterionic polymer 1s prepared by alkene-thiol click
addition.

[0473] A schematic outlining the synthesis of poly(sulfi-
decarboxybetaine) (PSCB) 1s shown below. Care must be
taken throughout not to oxidize thiol groups so as to avoid
disulfide formation. In part I, a tBu-protected acrylate mono-
mer containing a tertiary amine 1s formed. In part II, a
trityl-protected, bromoacetamide thiol component 1s pro-
duced. Finally, these two compounds are reacted in acetoni-
trile at 70° C. to generate the trityl-protected monomer used
to produce PSCB. Next, this monomer 1s deprotected and
polymerized 1n one pot to minimize the chance of disulfide
formation after deprotection. To deprotect the thiol, trieth-
ylsilane and TFA are added in a 1:2 volume ratio to the
protected monomer dissolved 1n degassed DCM with a stir
bar. The reaction 1s vented with a needle and stirred rapidly
for 15 mun until color change indicates the deprotection 1s
complete. The triethylsilane acts as a scavenger to prevent
reprotection of the thiol. The solution 1s once again degassed
and polymernization 1s mitiated by adding TEA (or other
basic catalyst) or hexylamine/phosphine (or other nucleo-
philic catalyst). Polymerization reaction 1s stirred for 48 h
and watched for color or viscosity changes. Finally, product
1s purified through repeated precipitation and dialysis.

Example 16

Representative Zwitterionic Polymer by Michael
Addition: Disulfide- and Amide-Containing
Backbone

[0474] In this example, the preparation of representative
zwitterionic polymer, a linear carboxybetaine that includes
disulfide and amide bonds in the polymer backbone, is
described. The linear polymers are formed by Michael
addition of zwitterionic diamine with a zwitterionic diacry-
late.
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Example 17

Representative Zwitterionic Polymer by Michael
Addition: Diacrylate and Secondary Diamine

[0475] In this example, the preparation of representative
zwitterionic polymer, a linear carboxybetaine that includes
ester bonds in the polymer backbone, 1s described. The
linear polymers are formed by Michael addition of latent
zwitterionic diamine with a zwitterionic diacrylate.

O O / \
NH HN
\)‘\O/\/N\/\O)v T
S= 0O O
O HO OH

O

ITriethylamine
Methanol/Water

' COOH
0O O (
MO/\/ N\/\O)k/\N/\/Nl
SZO HOOC)

Trifluoroacetic acid
Dichloromethane

O H O
| ® H ®
H

[0476] In the above scheme, the zwitterionic diacrylate 1s
treated with ethylenediamine diacetic acid 1n triethylamine/
water mixture for 6 days.

[0477] Protected tertiary amine zwitterionic diacrylate
(0.25 g, 0.00076 mol) 1s mixed with ethylenediamine
diacetic acid (0.1 g, 0.000568 mol) 1n methanol (8 mL)/
water (1 mL) mixture 1n presence of trimethylamine (2 mL)
for 6 days. The solution turned brown 1n color. The solvent
was removed by rotary evaporation. The polymer 1s purified
by precipitation 1n THF. The deprotection reaction was
performed in dichloromethane using trifluoroacetic acid,

followed by neutralization with IRN-78 basic 1on exchange

resin. The final polymer purified by precipitation in tetra-
hydrofuran (THF).

Example 18

Representative Zwitterionic Polymer by Michael
Addition: Diacrylate and Secondary Diamine

[0478] In this example, the preparation ol representative
zwitterionic polymer, a linear carboxybetaine that includes
ester bonds 1n the polymer backbone, 1s described. The
linear polymers are formed by Michael addition of latent
zwitterionic secondary diamine with a zwitterionic diacry-
late.

0 0O
| / \
\)J\O/\/N@)\/\OJ\/ A -
S=O SZO Oze
HO OH

O

Triethylamine
Water
RT

[0479] In the above scheme, the zwitterionic diacrylate 1s
treated with ethylenediamine diacetic acid 1n triethylamine/
water mixture for 6 days.

[0480] In a typical reaction 0.47 g (0.0015 mol) of the
zwitterionic diacrylate 1s added with 0.205 g (0.011 mol) of
cthylenediaminediacetic acid 1n a round bottom flask. Then
10 g of water was added to the flask followed by the addition
of 0.35 g triethyl amine (3xmolar excess). The solution
becomes clear and turns into brown color. The solution was
allowed to stir at room temperature for 6 days. The solution
1s concentrated using rotary evaporation method. The final
polymer 1s purified by precipitating the polymer 1n tetrahy-
drofuran (THF) as non-solvent. Upon MALDI analysis the
polymer was found to have molecular weight in the range of

1000-3000 Da.
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Example 19

Representative Zwitterionic Polymer by Michael
Addition: Diacrylate and Secondary Diamine

[0481] In this example, the preparation of representative
zwitterionic polymer, a linear carboxybetaine that includes
ester bonds 1n the polymer backbone, 1s described. The
linear polymers are formed by Michael addition of latent
zwitterionic secondary diamine with a zwitterionic diacry-
late.

[0482] Typical examples of synthesizing this polymer
involve Michael addition reaction between a zwitterionic
diacrylate and a bis(secondary amine). If excess of diacry-
late 1s used 1n this reaction, the final polymer will have
acrylate on both ends and usetul as a degradable crosslinker.

/ \
/W/O\/\IL/\/O\(\ . NH N
O ? O
V HO o0 OH
dD
TEA
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Water
Y
63
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LARA0SY

O

O O

[0483] In the above scheme, the zwitterionic diacrylate 1s
treated with ethylenediamine diaceticacid 1n methanol/water
mixture for 6 days in presence of triethyl amine base.
Solvents are removed from the polymer using freeze drying
method. The final polymer 1s purified by using tetrahydro-
turan (THF) as non-solvent.

Example 20

Representative Zwitterionic Polymer by Michael
Addition: Diacrylate and Amino Acid

[0484] In this example, the preparation of representative
linear zwitterionic polymer 1s described. The linear poly-
mers are formed by Michael addition of an amino acid (e.g.,
glycine) with a diacrylate.

0O
NH,

O COOH

TEA
Methanol/
Water
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[0485] In the above scheme, the diacrylate 1s treated with
glycine (an amino acid) i methanol/water mixture to pro-
vide the linear polymer.

[0486] In a typical reaction 5 g of glycine (0.066 mol) 1s
treated with 22 g of tetracthyleneglycol dicarylate (0.066
mol) i presence of 20 g (0.199 mol) of trimethylamine in
20 g of water. The reaction was allowed to run at room
temperature for 6 days in presence of tricthylamine base.
Solvents are removed from the polymer using freeze drying
method. The final polymer 1s purified by precipitating in
tetrahydrofuran (THF) as non-solvent. The molecular

weight of the obtained polymer 1s around 2500 as measured
by MALDI.

Example 21

Representative Zwitterionic Polymer by Michael
Addition: Diacrylate and Amino Acid

[0487] In this example, the preparation of representative
zwitterionic polymer, a linear carboxybetaine that includes
ester bonds 1n the polymer backbone, 1s described. The
linear polymers are formed by Michael addition of an amino
acid (e.g., glycine) with a zwitterionic diacrylate.

NH;
ﬁﬁﬁxxﬂffoxhxxfkigx”“xxffo“xnxfﬁﬁb+<<
O O COOH
O

O

TEA
Methanol/
Water

Y
0 | 0 N
by
O O
O %) 0

&

[0488] In the above scheme, the zwitterionic diacrylate 1s
treated with glycine (an amino acid) in methanol/water
mixture for 6 days 1n presence of triethylamine base. Sol-
vents are removed from the polymer using freeze drying
method. The final polymer 1s purified by using tetrahydro-
furan (THF) as non-solvent.

Example 22
Representative Zwitterionic Polymer by Ring
Opening Metathesis Polymerization

[0489] In this example, the preparation of representative
zwitterionic polymers by ring opeming metathesis polymer-
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ization (ROMP) 1s described. Synthesis of zwitterionic
monomer (3-cyclopentene-1-carboxylic acid) and zwitteri-
onic polymer via ring opening metathesis 1s shown below.

HO\/\N/

OH ‘
-
Isobutyl chloroformate,

O NMM, DCM

1

O
Aot
) |
2

CH;CN
N 0
/ "\

O Br

3

O

Ru Catalyst

H _
N Br O
\./.\N+ \/ -

O / \ O

IRIN-78 Resin

-
neurtalization

O
NH

;
J
(

Br’

ﬁ/\e

NH

\

N*

/

[0490] Referring to the above schemes, 3-cyclopente-1-
carboxylic acid 1 1s coupled with N,N-dimethyletha-
nolamine using 1sobutylchloroformate to give compound 2.
Reaction of compound 2 with ethyl bromoacetate gives ethyl
protected zwitterionic monomer 3.

[0491] Synthesis of ROMP monomer: To a stirred solution

of cyclopent-3-ene carboxylic acid (1.0 eq.) in 50 ml THE,
NMM (1.0 eq.) 1s added. The solution 1s cooled to 0° C.

After 10 minutes, 1sobutyl chloroformate (1.1 eq.) 1s added.

Apr. 20, 2023

After stirring for 15 minutes, N,N'-dimethylethylene
diamine (1.1 eq.) and NMM (1.1 eq.) 1s added. The reaction
1s allowed to stir for two hours and the reaction contents are
purified by flash chromatography to give desired compound
2 1n 84% vield. Compound 2 (1.0 eq) 1s then taken 1n 10 ml
acetonitrile and ethyl bromoacetate (1.1 eq.) 1s added. The
reaction 1s stirred at 55° C. for two hours to give crude
product which 1s then purified by flash chromatography to
give desired compound 1n 67% vield.

[0492] 'H NMR (500 MHz, Deuterium Oxide) & 5.69 (m,
2H), 4.35 (s, 2H), 4.29 (q, J=7.2 Hz, 2H), 3.76 (m, 2H), 3.69
(m, 2H), 3.33 (s, 6H), 3.07 (m, 1H), 2.67-2.60 (m, 2H), 2.46
(m, 2H), 1.28 (t, J=7.1 Hz, 3H).

Synthesis of Zwitterionic Polymer by Ring
Opening Metathesis Polymerization

[0493] To a stirred solution of ruthemium catalyst 1n aque-
ous HCI, zwitterionic ROMP monomer 4 1s added and the
reaction 1s carried out at 45° C. Upon completion, the
polymerization reaction 1s terminated using triethylene gly-
col methyl vinyl ether.

Example 23

Representative Zwitterionic Polymer by Ring
Opening Polymerization

[0494] In this example, the preparation of representative
zwitterionic polymers by ring opening polymerization 1s
described. Synthesis of zwitterionic monomer and ring
opening polymerization of the monomer to produce the
linear zwitterionic polymer i1s shown below.

O

O
/U\ BT\)'I\ J<
O -
Mel
\N/ THF
H
O O
O
m-CPBA
CH,CL
\N N
\/O \/O
O O
[0495] Synthesis of lactone monomer: To the solution of

piperidin-4-one (10 mmol) in THF (20 mL) was added
tert-Butyl bromoacetate (11 mmol), and the mixture was
stirred for 4 h. The mixture was poured to H,O and extracted
with EtOAc (3x). The combined organic was washed with
brine, dried with Na,SO,. The solvent was removed under
vacuum to afford the crude amineketone, which was used for
next step without purification. To the suspension of crude
amineketone (1 mmol) in CH,Cl, was added m-CPBA (2
mmol) at 0° C. The mixture was stirred for 8 h at room temp.
The aqueous Na,S,0O, was added and the mixture was
extracted with CH,Cl,, washed with brine and dried with
Na,SO,. The solvent was removed under vacuum, and the
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residual was purified with flash column (MeOH:CH,(Cl1, 1:4)
to give desired lactone (40% for 3 steps).

[0496] 'H NMR (400 MHz, CDCl,) & 1.47 (s, 9H), 2.52
(t, I=7.9 Hz, 2H), 2.94 t, J=7.9 Hz, 2H), 3.26 (s, 2H), 3.80
(m, 2H), 4.25 (m, 2H).

1) Ring Opening
-
2) TFA/DCM

0

L

O O
/QJ\O/\/N\/‘)H\

Ring opeming of the lactone followed by treatment with
TFA/DCM and IRN-78 resin neutralization gives linear
zwitterionic polymer.

Example 24

Representative Zwitterionic Polymer by Ring
Opening Polymerization

[0497] In this example, the preparation of representative
zwitterionic polymers by ring opening polymerization 1s
described. Synthesis of a linear branched zwitterionic poly-
mer (polycarboxybetaine) 1s shown below.

O N)\O
_</_>7!—0 \_/
TN

O

O —= O —
\6/\3/ o \GN/\J/ ]
H H F

A
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[0498] Referring to the above scheme, poly(methylethyl-
cmumine) (PMEI) was prepared and then dissolved 1n anhy-
drous DMF (0.05:1). Tert-butyl bromoacetate was added 1n
three times molar excess to tertiary amine. The reaction took
place at 60° C. overnight. The product was precipitated into
cther three times by redissolving into new DMEF. The poly
(carboxybetaine tert-butyl ester) was dissolved 1n minimal
tritfluoroacetic acid (TFA). The deprotection was allowed to
react for 3 hours. The polymer product was obtained by
precipitation in ether, dissolved 1n water, and turther purified
by dialysis for 3 days. The solution was then lyophilized to
give a pure white solid.

Example 25

Representative Zwitterionic Polymer: Linear
Polycarboxybetaine

[0499] In this example, the preparation ol representative

zwitterionic polymers, a linear polycarboxybetaine, 1s
described and shown below.

O OL O OFt
\I — - —
HO A O b
NH, N

O OFt
—
Br ¢
T/
O O O O
Br ‘ N — » Br ‘
J L ~ 3 LN j/
| |
O O

[0500] Referring to the above scheme, DL-serine was
esterified with ethanol 1n the presence of an excess of thionyl

chloride. Subsequent reductive amination 1s achieved using
a mixture of formaldehyde and sodium triacetoxyborohy-
dride (STAB-H) to afford the N,N-dimethylated serine ester
(a). Bromination of the hydroxyl group 1s done by reacting
the monomer with thionyl bromide (b). Polymer 1s formed
by refluxing 1 a solution of water and methanol, and
hydrolysis of the ethyl esters yield the linear carboxybetaine
(¢). The dimethylamine end of the polymer 1s capped using
a methylation with an excess of 1odomethane at 50° C. (d).

Example 26

Representative Zwitterionic Polymer: Double
Alternating Charge Linear Polycarboxybetaine

[0501] In this example, the preparation of representative
zwitterionic polymers, a double alternating charge linear
polycarboxybetaine, 1s described and shown below.
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[0502] Referring to the above scheme, 1.52 g of 2,3-

dibromosuccinic acid (0.0055 mol) and 0.645 g of tetram-
cthyl ethylenediamine (0.0055 mol) were dissolved 1n a
mixture of 10 mL water and 10 mL 2-propanol. The solution
was refluxed at 110° C. for 1 day. The polymer was obtained
by precipitating 1n THF and purified by repeated precipita-
tion.

Example 27

Representative Zwitterionic Polymer: Proline-Based
Linear Polymer by Polycondensation

[0503] In this example, the preparation of representative
zwitterionic polymers, proline-based linear polymer, by
polycondensation 1s described and shown below.

HO

\07 COOH
N

Stannous octoate

Neat, 140° C.

-

Dichloro methane/
Trifluoroacetic acid

-

.
5
P
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[0504] In the above scheme, tert-butyl acetate protected

hydroxyl proline 1s polymerized at 140° C. under vacuum
with stannous octoate catalyst. The deprotection of the
tertiary butyl group was carried out by trifluoroacetic acid to
obtain the proline-based linear zwitterionic polymer.

[0505] Tertiary amine protected hydroxyl proline 1s sub-
jected to polycondensation reaction at 140° C. 1 presence of
stannous octoate catalyst under vacuum. The reaction was
carried out for 6 h. The final polymer 1s a brown sticky
highly viscous substance that 1s soluble 1n organic solvents
such as chloroform and dichloromethane. Proton NMR 1n
deuterated chloroform was used to confirm the presence of
tertiary butyl group. The tertiary group was deprotected by
treating the polymer with trifluoroacetic acid 1n dichlo-
romethane at room temperature. The final proline-based

zwitterionic polymer was found to have a molecular weight
around 2000 when analyzed by MALDI-ToF.

Example 28

Representative Post-Modification of the End Group

[0506] In this example, the various post-polymer forma-
tion modifications are described. Post-formation modifica-
tions include conversion to mono-methacrylate, conversion
to a crosslinkable polymer (dimethacrylate), modification
for binding to a protein, modification for surface coating.

Methacryloyl
O chloride
(or)
HI\ acryloyl
R /\/N \/\O chloride _
/\Ia/ Trlethy amine

COOH%-')

O
O H\
O
o~ Do OH
| \[(\N
R
O k O !,
COo @
R"=H or CH;
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Example 29

Preparation of PTCBE Crosslinked Bulk Polymers

[0507] A reaction mixture contaimng TCBE monomer,
0.5, 1.0, 1.5 or 2.0 wt % (relative to the weight of TCBE

monomer) of crosslinker EGDMA and 1 wt % (relative to
the weight of TCBE monomer) of imitiator AIBN was
thermo-polymerized using sheet mold and tubular mold. The
oxygen 1n the reaction mixture was removed by bubbling
with mitrogen gas for 60 minutes. Note that no solvent 1s
used 1n this system. The PICBE bulk polymers with differ-

ent crosslinker were coded as PICBE-x, where X stands for
the wt % of crosslinker relative to the weight of TCBE
monomer. For the sheet mold, the solutions was polymerized
between two glass microscope slides separated by 0.5 mm
thick polytetrafluoroethylene (PTFE) spacers at 50° C. for
three days and followed by 80° C. for another three hours.
For tubular mold, the solution was casted into tube with
inner diameter 5 mm. The obtained PTCBE bulk polymer
samples were soaked thoroughly until equilibrium into 10
mM phosphate-buflered saline (PBS) bufler solutions (pH
7.4) at 37° C. before tests of mechanical properties. For tests
of biological properties, equilibrium samples were sterilized
under UV 254 nm for 45 minutes.

Example 30

Method for Measuring Mechanical Properties:
Compression and Tensile Tests

[0508] Compression and tensile tests were performed to
record the mechanical behavior of the PI'CBE samples. A
tensile-compressive tester Instron 5543 A mechanical tester
(Instron Corp., Norwood, Mass.) with a 10 kN load cell was
used to perform the tests. For compression tests, cylinder
samples were made from tubular mold with diameter and
height of 5 mm and 4 mm, respectively. The cylinder
samples were compressed to failure at a rate of 1 mm/min
and the compressive modulus was calculated from the 1nitial
10% strain. Average data was acquired by testing five
specimens for each PICBE sample. The fracture compres-
sion stress, fracture compression strain and compressive
modulus were recorded. For tensile tests, samples made
from sheet mold were cut into rectangular pieces with
dimensions of 20 mm*2 mm*0.5 mm. Crosshead speed was
set at 10 mm/min and average data was acquired by testing
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five specimens for cach PTCBE sample. The fracture tensile
stress, fracture tensile strain and automatic Young’s modulus
were recorded.

Example 31

Method for Measuring Nonfouling Properties:
ELISA Tests

[0509] To measure fibrinogen (Fg) adsorption, all of the
disk samples (5 mm in diameter, cut from samples made of
sheet mold) with the same surface area including the posi-
tive control tissue culture polystyrene (TCPS) and negative
control regular anti-fouling polycarboxybetaine (PCB)
hydrogel, was first incubated with 1 ml of PBS solution
contaiming of 1 mg/ml Fg and 1 ug/ml horseradish peroxi-
dase (HRP) conjugated anti-fibrinogen for 1.5 hours. All
samples were taken out following by another 5 washes with
pure PBS bufler. Finally, all samples were transierred to a
new 24-well plate. A standard curve was determined for the
concentration range of 1-1000 ng/mL horseradish peroxi-
dase (HRP) conjugated anti-fibrinogen in twolold serial
dilutions. Then 1 ml of 1 mg/ml o-phenylenediamine (OPD)
0.1 M citrate phosphate pH 5.0 bufler, containing 0.03%
hydrogen peroxide was added to wells of samples and
horseradish peroxidase (HRP) conjugated anti-fibrinogen
respectively. After incubation of 15 min, the reaction was
stopped by adding an equal volume of 2M H,SO,. Absor-
bance value at 492 nm was recorded by a plate reader. Five
specimens of each sample were averaged for comparison.

[0510] While illustrative embodiments have been 1llus-
trated and described, 1t will be appreciated that various
changes can be made therein without departing from the
spirit and scope of the invention.

The embodiments of the mnvention in which an exclusive
property or privilege 1s claimed are defined as follows:

1. A monomer having a formula selected from the group
consisting of:

R, R,
R,—L;—L—L;,—R;, R,—L;—L—1IL,—Rs,
L] Ll

|4 |
R—4—1T~1_R5 (‘31

Ly L,

| 4

B=—0 Ry—A;—Rs5

| |

O R,

R, R,

LIM_ L2

| |
R4_A1_R5 B2=O

| |

L, O

|

B2=O

O

Ry
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and wherein

R, 1s selected from the group consisting of hydrogen,
fluorine, trifluoromethyl, C,-C,, alkyl, and C.-C,, aryl
groups, or CN;

R,, Rs, R, and R, are independently selected from the
group consisting of hydrogen, C,-C,, alkyl, and C.-C,,
aryl, cyclic alkyl, fluoroalkyl, and void;

R, and R, are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening;

[, 1s C or S1 or void;

L, L;, and L, are independently selected from —(CH,)

s —(CHCN)—,  —C(=O0)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—CH,),—, and —(CH,),—5—=S

(CH,),—, where x at each occurrence 1s an integer
independently selected from O to 20, combinations
thereot, or void:

L, 1s independently selected from —(CH,),—, or —(CH
(CN)),—, where x 1s an 1nteger from 1 to 20;

A, 18 N;

B, 1s C, S, SO, PO, or PO,™;

B, 1s C or SO;

C, 1s PO,; and

M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,, PF,,
N(SO,CF,),, SO,CF,, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate, or void.

2. A monomer having a formula selected from the group
consisting of:

|
O

{
'y

L4 B R3 and |

[
—

— —t— — W—O

+
L
<

g
|
X

-

wherein

R, and R, are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening;

[, 1s C or S1 or void;

L,, L,, Ly, and L, are independently selected from
—(CH,),—, —(CH(CN)),— —C(=0)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
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—(CH,),—0—(CH,),— and —(CH,),—5—S
(CH,) —, where x at each occurrence i1s an integer
independently selected from O to 20, combinations
thereof, or void:

A, 1s N;

B, 1s C, S, SO, PO, or PO,~;
B, 1s C or SO;

C, 1s PO_; and

M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,, PF,,
N(SO,CF,),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, and salicylate or void.

3. A monomer having a formula selected from the group

consisting of:

Ry—Li—Ly—L3—L4—Ls—R3

L, Lg and
|+ |
Rs—A—Rs B=0
| |
R o}
R, Rg

R,—I,—L,—I;—I,—Ls—R;

Ly _ Lg
| .M |
R4_A1—R5 B2=O
|
R~ O
Rg

wherein

R, and R 1s selected from the group consisting of hydro-
gen, tluorine, trifluoromethyl, C1-C20 alkyl, C6-C12
aryl, CN, cyclic alkyl, fluoro alkyl, and void;

R4, Rs, R,, and R, are independently selected from the
group consisting of hydrogen, C1-C20 alkyl, C6-C12
aryl, cyclic alkyl group, fluoro alkyl, and void;

R, and R, are independently selected from a functional

group suitable for polymerization by addition, conden-
sation, or ring opening;

L, and L, are C or S1 or void;

L,, L,, L, Ls, and L, are independently selected from
—(CH,),—, —(CH(CN)),—, —C(—O)NH(CH,) —.
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—(CH,)—, and —(CH,)—S—S
(CH,) —, where x at each occurrence i1s an integer
independently selected from O to 20, combinations
thereof, or void:

A, 15 N;

B, 1s C, S, SO, PO, or PO2-;
B, 1s C or SO;

C, 1s PO,; and

M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,, PF,,
N(SO,CF,),, SO,CF,, RCOO (R 1s C1-C20 alkyl),
lactate, benzoate, salicylate, or void.
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4. A macromonomer having a formula selected from the

group consisting of:

R] Rl
|
Ro—tLz—L—L457—R3, R,—1; ]T Ly Rs,
Lj L
" |
R4—ZTL1—R5 o
|
L L»
| )
]?J_O R4_A1—R5
. 3
R

and wherein

R, 1s selected from the group consisting of hydrogen,
fluorine, trifluoromethyl, C,-C,, alkyl, C.-C,, aryl,
CN;

R.,, Rs, R, and R, are independently selected from the
group consisting of hydrogen, C,-C,, alkyl, C.-C,,
aryl, cyclic alkyl, fluoro alkyl, and void;

R, and R, are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening, or iree radical polymerization;

[L1s C or S1 or void;

L, L;, and L, are independently selected from —(CH,)
—  —(CH(CN))—,  —C(=O)NH(CH,),—
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,)—0—(CH,)—, and —(CH,)—S—S
(CH,),—, where x at each occurrence 1s an integer
independently selected from O to 20, combinations

thereot, or void:

L, 1s independently selected from —(CH,),—, or —(CH
(CN)),—, where x 1s an mteger from 1 to 20;

A, 158 N;

B, 1s C, S, SO, PO, or PO,~;
B, 1s C or SO;

C, 1s PO,;

M 1s selected from Cl, Br, I, SO,, NO, CIlO,, BF_, PF,
N(SO,CF,),, SO,CF,;, RCOO (R 1s C;-C,, alkyl),
lactate, benzoate, salicylate, or void; and

1 1s an integer from 1 to about 1000.
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5. A macromonomer having a formula selected from the
group consisting of:

R7
O-
| O
B1=O
‘ B2=O
I, |

L>

L
|+ L1 m
Ry— A;—Rs | .
| Ry— A|—R;
Re |
Rg

wherein

R4, R, Ry, and R, are independently selected from the
group consisting of hydrogen, C,-C,, alkyl, C.-C,,
aryl, cyclic alkyl, fluoro alkyl, and void;

R, and R, are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening, or iree radical polymerization;

[, 1s C or S1 or void:;

L,, L;, and L, are independently selected from —(CH,)
— —(CH(CN)),—, —C(=0O)NH(CH,), —,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—(CH,),—, and —(CH,)—S
(CH,) —, where x at each occurrence i1s an integer
independently selected from O to 20, combinations
thereof, or void;

L, 1s independently selected from —(CH,),—, or —(CH
(CN)),—, where x 1s an mteger from 1 to 20;

A, 1s N;

B, 1s C, S, SO, PO, or PO,;

B, 1s C or SO;

M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,, PF,,
N(SO,CF;),, SO,CF;, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, salicylate, or void; and

1 1s an 1nteger from 1 to about 1000.

6. A macromonomer having a formula selected from the
group consisting of:

L, Le
| |
R4_A1+—R5 B=0
| |
Rjr O_ El.Ild
R, Rg

L, Le
m—lxﬁ—m é =0
8, )

'
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wherein

R, and R, are selected from the group consisting of
hydrogen, fluorine, trifluoromethyl, C1-C20 alkyl,
C6-C12 aryl, CN, cyclic alkyl, fluoroalkyl, and void;

R,, R, R, and R, are independently selected from the
group consisting of hydrogen, C1-C20 alkyl, C6-C12
aryl, cyclic alkyl, fluoroalkyl, and void;

R, and R, are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening, or iree radical polymerization;

L, and L, are C or S1 or void;

L,, L., L, L, and L, are independently selected from

—(CH,),— —(CH(CN)),—, —C(=0)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—<(CH,)—, and —(CH,)—S—S
(CH,),—, where x at each occurrence 1s an integer
independently selected from O to 20, combinations
thereot, or void:

A, 1s N;

B, 1s C, S, SO, PO, or PO,™;

B, 1s C or SO;

C, 1s PO,_;

M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,, PF,
N(SO,CF,),, SO,CF,, RCOO (R 1s C1-C20 alkyl),
lactate, benzoate, and salicylate or void; and

1 and k are integers independently selected from 1 to about

1000.
7. A monomer having the formula:

Rﬂ

Rz_Xﬂ—N_Xb_R3

X,

|
Y

or a salt thereof,

wherein

R, and R, are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening, or iree radical polymerization;

X 1s selected from —(CH,) —, where n 1s 0 to 6;

X, 18 —(CH,),—, where p 1s 1 to 6;

R“ 15 selected from hydrogen and C1-C6 alkyl;

X. 18 —(CH,),—, where q 1s 1 to 6; and

Y is selected from CO,~, SO,~, or PO,”".

8. A monomer having the formula:

or a salt thereof,

wherein

R, and R, are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening, or iree radical polymerization;
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X 1s selected from —(CH,), —, where n 1s 0 to 6;
X, 18 —(CH,),—, where p 1s 1 to 6;

R"’I R”, and R’: are independently selected from hydrogen
and C,-C, alkyl;

X . 18 —(CHZ)Q—, where q 1s 1 to 6;

X ,1s —(CH,),—, where r 1s 1 to 6; and
Y is selected from CO,~, SO,~, or PO,*".
9. A monomer having the formula:

Rﬂ

—X,—N—X,—0O 0—X.—R;

C?—*—u:@

or a salt thereof,

wherein

R, and R; are independently selected from a functional
group suitable for polymerization by addition, conden-
sation, or ring opening, or iree radical polymerization;

X _ 1s selected from —(CHZ)H— where n 15 0 to 6;

X, 18 —(CH,),—, where p 1s 1 to 6;

R® and R” are mdependently selected from hydrogen and
C1-C6 alkyl; and

X. 18 —(CH,)_—, where q 1s 1 to 6.
10. The monomer of any one of claim 1-9, wherein R, and
R, are independently selected from the group consisting of

F, Cl Br, I, SH, protected thiols, NH,, —NH-— (secondary
amine), N—C—0, protected NCO N—C=—S, COOH,
COSH, (C(=S)SH, OCOOH, OCOSH, OC(_S)OJL,
SC(—0)SH, SC(=S)SH, N(C—0O)NH,, N(C=— NH)NHZ,
N(C=—S)NH,, o-valerolactone moiety, g-caprolactone moi-
etyy, CH,—CH—C(=0)—0— CH,—CH—C(=0)—
NH—, CH,—CH—C(=0)—S—, CN, CH,—CH(CH,)—
C(=0)-0—  CH,—CH(CH,)—(C(=0)—0—, OH,
azides, alkynes, or void.

11. The monomer of any one of claim 1-9, wherein R, and

R, are selected from the group consisting of —N—C—0
and —N—C=—S.

12. The monomer of any one of claim 1-9, wherein R, and
R are Michael acceptors selected from the group consisting
of CH,=—CH—C(=0)—0—  CH,—CH—C(=0)—
NH—, CH,—CH—(C(=0)—S—, CH,—CH(CH,;)—C
(—0)—0—, and CH,—CH(CH,)—C(=0)—0

13. The monomer of any one of claim 1-9, wherein R, and
R, are selected from the group consisting of

Ra—A[—R; N
, L
B=0 h=0
; ;
R~ and P‘?q
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wherein

m and n are imdependently selected from 1 to 3.

R, and R. are independently selected from the group
consisting of hydrogen, C,-C,, alkyl, and C.-C,, aryl,
cyclic alkyl, fluoroalkyl, and void;

L, 1s independently selected from —(CH,) —, —C(=0)
NH(CH,)—, —C(=0)O(CH,)—, —C(=0)0C
(—0)O(CH,),—  —(CH,),—O—(CH,)—, and
—(CH,) —S—S—(CH,) —, where x at each occur-
rence 1s an integer independently selected from O to 20,
combinations thereof, or void;

L, 1s —(CH,), where x 1s an integer from 1 to 20;

A, 18 N;

B, 1s C or SO; and

M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,, PF,,
N(SO,CF,),, SO,CF;, RCOO (R 1s C;-C,, alkyl),
lactate, benzoate, and salicylate, or void.

14. A monomer having the formula:

\/

NC COy"
\I_r\X:' \X,f

or a salt thereof,

wherein

X 1s selected from —O(C=—=0)(CH,),— where n 1s 1 to
6, —O(CH,), — where m 1s 1 to 6, or 1s absent;

R? and R” are independently selected from hydrogen and
C1-C6 alkyl; and

X, 1s —(CH,) — where n1s 1 to 6.

15. A monomer having the formula:

R A XMNfXCx
T T X
CN R4 Rb
or a salt thereof,

wherein
X 1s selected from —O(C—0)(CH,) —, wheren 1s 1 to

6, or —NH(C=0)(CH,),—, where m 1s 1 to 6;

R? and R” are independently selected from hydrogen and
C1-C6 alkyl; and

X, 18 —(CH,),— where p 1s 1 to 6; and

X.1s —(CH,) —, where q 1s 1 to 6.

16. A monomer having the formula:

\)I\ Xa % \ / COy”

O

CO5"

or a salt thereof,

wherein

X 1s selected from —(CH,, ) —, where n 1s O to 6;

X 1S —(CHZ) —, where p 1s 1 to 6;

R"’I and R” are 1ndependently selected from hydrogen and
C1-C6 alkyl; and

X, 18 —(CH,),—, where q 1s 1 to 6.
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17. A monomer having the formula:

or a salt thereof,
wherein

X _ 1s selected from —(CH,), —, where n 1s 0 to 6;
X, 18 —(CH,),—, where p is 1 to 6;

R and R” are independently selected from hydrogen and
C1-C6 alkyl; and

X.1s —(CH,)_—, where q 1s 1 to 6.

18. A polymer prepared by polymerizing a monomer of
any one of claim 1-17.

19. A polymer prepared by polymerizing a monomer of
any one of claim 1-17 with a second monomer.

20. A polymer having the formula:

Ro—1tM—tK—2— K 37— My —M|— K3 — X— Ky 57— Mo +,—R3

wherein

K,, K,, K;, and K, are independently selected from

—(CH,) —, —(CH(CN)),—, —C(=0O)NH(CH,), —,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0—(CH,),—, and —(CH,)—S

(CH,),—, where x at each occurrence 1s an integer
independently selected from O to 20, combinations
thereof, or void:

R, and R, are mndependently selected from H, F, Cl, Br, 1,
OH, SH, protected thiols, NH,, —NH— (secondary

amine), N—C—0, N—C=—S, COOH, COSH, C(=S)
SH, OCOOH, OCOSH, OC(=S)OH, SC(=—O0)SH,
SC(=S)SH, N(C=—0O)NH,, N(C=NH)NH,, N{(C=5)
NH,, o-valerolactone moiety, e-caprolactone moiety,
CH,—CH—(C(=0)—0—, CH,—CH—C(=0)—
NH—, CH,—CH—C(=0)—-S—, CN, CH,—CH
(CH;)—C(=0)—0—, CH,—CH(CH,)—(C(=0)—
NH—, or void:;

n 1s an integer from 5 to about 10,000;

1 1s an nteger from 1 to about 1000;

M, and M, are independently selected from —(CH,) —,
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L L L

|1 |1 M- |1
R4y—A;"—Rs Ry— A —R; C,

| | |

L, L, I,

| | |

B=0 Bi=0 Ry—™ A" —Rs

| | |

O ? R,

R
R7
(‘3' O
B1=O B1=O‘
| |
Ls Ls R; Rg
L, L, L, L,
| | M | |
Ry—A;"—Rs R4y—A;"—Rs R4y—A;"—Rs B=0
| | | |
Rq R Ry O and
R Rg

L, Ly
M
Ry—A; —Rs B{=0
| |
c

R7

wherein

R, and Ry are selected from the group consisting of

hydrogen, fluorine, trifluoromethyl, C1-C20 alkyl, and
C6-C12 aryl groups, CN;

R,, R., R, and R, are independently selected from the

group consisting of hydrogen, C1-C20 alkyl, C6-C12
aryl, cyclic alkyl, fluoroalkyl, or void;

[, 1s C or S1 or void;

L,, Ly, L,, and L. are independently selected from

—C(=0)O(CH,),— —C(=0)OC(=0)O(CH,),—
—(CH,),—0—CH,),—, and —(CH,),—5—S

(CH,),—, where x at each occurrence 1s an integer
independently selected from O to 20, combinations
thereof, or void;

~ (CH(CN)),——, — C(=O)NH(CH,),—, —C(=0)O
(CH,),—, —C(=0)OC(—0)O(CH,)—, —(CH,),—
O (CH,).—, and —(CH,) S S (CH,)

where X at each occurrence 1s an integer independently
selected from O to 20, combinations thereot, or void;

and

/. and X are independently selected from zwitterionic

groups.

21. The polymer of claim 20, wherein the Z and X are
independently selected from the group consisting of

L, 1s independently selected from —(CH,),—, or —(CH
(CN)),—, where x 1s an mteger from 1 to 20;

A, 1s N;

B, 1s C, S, SO, PO, or PO,™;
B, 1s C or SO;

C, 1s PO,; and

M 1s selected from Cl, Br, I, SO,, NO,, ClO,, BF,, PF,
N(SO,CF,),, SO,CF,, RCOO (R 1s C1-C20 alkyl),
lactate, benzoate, salicylate, or void.
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22. A polymer having the formula selected from the group
consisting of:

R, R
_EMI_LI_I‘JD Ls317 LMz—L4—T[5_L?ﬂH—
, L
R2—1L1+—R3 1!%1=0
3 b
R, R.

—tM—Li—Ly—Ls+5—F+My—Ly—Ls— L4~

L> Le
| M |
Rz_A1+—R3 B1=O
| |
) |
Rg

wherein

R, and R; 1s selected from the group consisting of hydro-
gen, fluorine, trifluoromethyl, C,-C,, alkyl, and C.-C,,
aryl groups, CN;

R,, R;, R,, and R, are independently selected from the
group consisting of hydrogen, C,-C,, alkyl, C.-C,,
aryl, cyclic alkyl, fluoroalkyl, or void;

L, and L: are independently C or Si or void;

L,,L,, L;, L., L, and L, are independently selected from

—(CH,),—, —(CH(CN)),—, —C(=0)NH(CH,),—,
—C(=0)O(CH,),—, —C(=0)OC(=0)O(CH,),—,
—(CH,),—0O—(CH,),—, and —(CH,),—S

(CH,),—, where x at each occurrence 1s an integer
independently selected from O to 20, combinations
thereof, or void:

M, and M, are independently selected from the group

consisting  of O—(CH,),—. S—(CH,),—,
—C(=0)—(CH,),— —C(=S)—(CH,),—
—C(=NH)—(CH,),— and —NH—(CH,), —,
wherein n 1s an integer from 1 to 20; —(CH,) —,

~ (CH(CN)),—, —C(=O)NH(CH,).—, —C(=0)O
(CH,)—, —C(—0)OC(—=O0)O(CH,),—, —(CH,),—
O (CH,).—, and —(CH,). S S (CH,). .

where x at each occurrence 1s an integer independently
selected from O to 20, combinations thereot, or void;

B, 1s C, S, SO, P, or PO;

B, 1s C or SO;

A, 1s N, S, or P;

M 1s selected from Cl, Br, I, SO,, NO, ClO,, BF,, PF,,
N(SO,CF,),, SO,CF,, RCOO (R 1s C,-C,, alkyl),
lactate, benzoate, salicylate, or void;

wherein the ratio between m and n 1s selected from 0.8 to
1.2; and

wherein m and n are independently integers from 1 to
about 10,000.

23. A polymer of any one of claim 18-22 having a
fibrinogen binding level of less than 30 ng/cm” in a fibrino-
gen binding assay (polymer surface 1s incubated at 37° C. for
90 minutes with a 1.0 mg/mL fibrinogen solution 1n 0.15 M
phosphate buflered saline at pH 7.4).

24. A polymer of any one of claim 18-22 having a tensile
or compressive strength greater than 0.5 MPa.
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25. A polymer of any one of claiam 18-22 having a
fibrinogen binding level of less than 30 ng/cm® in a fibrino-
gen binding assay (polymer surface 1s incubated at 37° C. for
90 minutes with a 1.0 mg/mL fibrinogen solution 1n 0.15 M
phosphate buflered saline at pH 7.4) and a tensile or com-
pressive strengths greater than 0.5 MPa.

26. A polymer of any one of claim 18-22, wherein the
polymer 1s crosslinked.

27. A composite, comprising a polymer of any one of
claim 18-22 and a second polymer.

28. The composite of claim 27, wherein the second
polymer 1s selected from the group consisting of polyesters,
polycarbonates, polyurethanes, polyureas, polysulfides,
polysulfones, polyimides, polyepoxies, aromatic polyesters,
cellulosics, fluoropolymers, polyacrylics, polyamides, poly-
anhydrides, polyethers, vinyl polymers, phenolics, elasto-
mers, and other addition polymers.

29. The composite of claim 27 further comprising a
strength additive.

30. The composite of claim 27 further comprising a
strength additive selected from the groups consisting of
fiber, clays, nanotubes, and other mmorganic objects.

31. A polymer of any one of claim 18-22 formed 1nto an
object by a method selected from the group consisting of
injection molding, blow molding, extrusion molding, calen-
daring molding, flow casting, compression molding, pre-
varication molding, and 3D printing.

32. A surface coating for a substrate, comprising a poly-
mer of any one of claim 18-22.

33. The surface coating of claim 32, wherein the substrate
1s a consumer product.

34. The surface coating of claim 32, wherein the substrate
1s a marine product.

35. The surface coating of claim 32, wherein the substrate
1s a marine product selected from the group consisting of
marine vessel hulls, marine structures, bridges, propellers,
heat exchangers, periscopes, sensors, fish nets, cables, tubes/
pipes, containers, membranes, and o1l booms.

36. The surface coating of claim 32, wherein the substrate
1s a biomedical product.

377. The surface coating of claim 32, wherein the substrate
1s a biomedical product selected from the group consisting
of catheters, ear drainage tubes, feeding tubes, glaucoma
drainage tubes, hydrocephalous shunts, keratoprosthesis,
nerve guidance tubes, tissue adhesives, x-ray guides, artifi-
cial joints, artificial heart valves, artificial blood vessels,
pacemakers, left ventricular assist devices (LVAD), artery
graits, vascular grafts, stents, intravascular stents, cardiac
valves, joint replacements, blood vessel prostheses, skin
repair devices, cochlear replacements, contact lenses, arti-
ficial ligaments and tendons, dental implants, and tissue
scallolds for regenerative tissue engineering.

38. The surface coating of claim 32, wherein the substrate
1s a delivery vehicle selected from the group consisting of a
drug delivery vehicle, a gene delivery vehicle, an RNA
delivery vehicle, a protein delivery vehicle.

39. A polymer of any one of claim 18-22 coupled to a
biomolecule.

40. The polymer of claim 39, wherein the biomolecule 1s
a therapeutic agent, a nucleic acid (e.g., a gene or DNA or
RNA), a protein (e.g., antibody or functional fragment
thereot), a lipid, a peptide, or a small molecule having a
molecular weight less than about 800.



US 2023/0124554 Al Apr. 20, 2023
42

41. A polymer of any one of claim 18-22 coupled to a cell
Or microorganism.

42. A polymer of any one of claim 18-22 coupled to a
nanoparticle.

43. The polymer of claim 42, wherein the nanoparticle 1s
a liposome or a micelle.

44. The polymer of claim 42, wherein the nanoparticle 1s
a quantum dot.

45. The polymer of claim 42, wherein the nanoparticle 1s
an 1ron oxide, silica, or gold nanoparticle.

46. A bulk matenial comprising a polymer of any one of
claim 18-22, wherein the bulk material 1s formed into an
object by a method selected from the group consisting of
injection molding, blow molding, extrusion molding, calen-
daring molding, flow casting, compression molding, pre-
varication molding, and 3D printing.

47. A surface coating for a substrate, comprising a bulk
material comprising a polymer of any one of claim 18-22.

48. The surface coating of claim 47, wherein the substrate
1s a consumer product.

49. The surface coating of claim 47, wherein the substrate
1s a marine product.

50. The surface coating of claim 47, wherein the substrate
1s a marine product selected from the group consisting of
marine vessel hulls, marine structures, bridges, propellers,
heat exchangers, periscopes, sensors, fish nets, cables, tubes/
pipes, containers, membranes, and o1l booms.
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