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ABSTRACT

Described herein are copolymers, and methods of making and utilizing such copolymers. Such
copolymers have at least two blocks: a first block that has at least one unit that i1s hydrophilic at
physiologic pH, and a second block that has hydrophobic groups. This second block further has
at least one unit with a group that 1s anionic at about physiologic pH. The described copolymers
are disruptive of a cellular membrane, including an extracellular membrane, an intracellular
membrane, a vesicle, an organelle, an endosome, a liposome, or a red blood cell. Preferably, in
certain instances, the copolymer disrupts the membrane and enters the intracellular environment.

In specific examples, the copolymer is endosomolytic.
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DIBLOCK COPOLYMERS AND POLYNUCLEOTIDE COMPLEXES
THEREOF FOR DELIVERY INTO CELLS

FIELD
[0001] This invention relates to the fields of organic chemistry, polymer chemistry, biochemistry,
molecular biology, and medicine. In particular it relates to copolymers (e.g., diblock copolymers) and
complexes thereof with polynucleotides to be used as vehicles for delivery of the polynucleotides into

living cells.

BACKGROUND OF THE INVENTION
[0002] In certain instances, it is beneficial to provide therapeutic agents (e.g., oligonucleotides) to
living cells. In some instances, delivery of such polynucleotides to a living cell provides a therapeutic

benefit.

SUMMARY
[0003] In some embodiments, provided herein are copolymers comprising at least two blocks, the
first block comprising at least one constitutional unit that is hydrophilic (e.g., at about physiologic
pH), and the second block comprising a plurality of hydrophobic moieties. In certain embodiments.,
the second block further comprises a chargeable species, in either the charged or non-charged state.
that is anionic at physiologic pH. However, when the pH is at about the pK, of the chargeable species,
there will exist an equilibrium distribution of chargeable species in both forms, that is about 50 % will
be anionic and about 50% will be non-charged. The further the pH is from the the pK, of the
chargeable species, there will be a corresponding shift in this equilibrium such that at higher pH
values, the anionic form will predominate and at lower pH values, the uncharged form will
predominate. The embodiments described herein include the form of the copolymers at any pH value.
At a pH value of an endosome (an endosomal pH), the chargeable species will be predominantly in
the uncharged form.
[0004] Pretferably, in certain instances, wherein a polymer described herein is in contact with a
cellular membrane, it disrupts or otherwise destabilizes the membrane and enters the intracellular
environment. In specific embodiments, a polymer provided herein is endosomolytic or otherwise
destabilizing of an endosomal membrane
[0005] In certain embodiments, provided herein is a cellular membrane destabilizing (e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:
(a) a first block, the first block being a hydrophilic block; and
(b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising:
(1)  a first chargeable species that is anionic at about physiologic pH

(11)  asecond chargeable species that cationic at about physiologic pH.
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[0006] In some embodiments, provided herein is a cellular membrane destabilizing (e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:

(a) a first block, the first block being a hydrophilic block comprising a first
chargeable species that is cationic at about physiologic pH;

(b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising:

(1)  asecond chargeable species that is anionic at about neutral pH; and
(1)  athird chargeable species that is cationic at about physiologic pH;
and

(¢) an oligonucleotide associated with the first block.

[0007] In certain embodiments, provided herein is a cellular membrane destabilizing (e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:

(a) a first block, the first block being a hydrophilic block;

(b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising an acrylic acid residue or alkylacrylic acid
residue.

[0008] In one aspect the current invention relates to a copolymer (e.g., diblock copolymer)
comprising;
a first block comprising a first constitutional unit that is hydrophilic at normal physiological
pH;
a second block comprising:
a second constitutional unit that is cationic at normal physiological pH and
which can be the same as or different than the first constitutional unit;
a third constitutional unit that is anionic at normal physiological pH;
a hydrophobicity-enhancing moiety wherein:
the hydrophobicity-enhancing moiety is covalently bonded to the
second constitutional unit; or,
the hydrophobicity enhancing moiety is covalently bonded to the
third constitutional unit; or,
the hydrophobicity-enhancing moiety is comprised in a fourth
constitutional unit of the second block: or,
any combination of the above; and,
the second block 1s substantially neutral in overall charge.
[0009] In various embodiments, the first constitutional unit is cationic at normal physiological pH
(1.e., about physiologic pH), is anionic at normal physiological pH, is neutral at normal physiological
pH, or 1s zwitterionic at normal physiological pH. In some embodiments, the first block of the

copolymer is polycationic at normal physiological pH, is polyanionic at normal physiological pH, is

-
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neutral at normal physiological pH, or 1s polyzwitterionic at normal physiological pH. In further
embodiments, the first block of the copolymer has substantially the same 10nic properties at
endosomal pH as at normal physiological pH, ¢.g., 1s polycationic at endosomal pH, 1s polyanionic at
endosomal pH, is neutral at endosomal pH, or 1s polyzwitterionic at endosomal pH.
[0010] In one aspect the current invention relates to a copolymer (e.g., diblock copolymer)
comprising:
a first block comprising a first constitutional unit that 1s cationic at normal physiological pH;
a second block comprising;:
a second constitutional unit that 1s cationic at normal physiological pH and
which can be the same as or different than the first constitutional unit;
a third constitutional unit that is anionic at normal physiological pH;
a hydrophobicity-enhancing moiety wherein:
the hydrophobicity-enhancing moiety i1s covalently bonded to the
second constitutional unit; or,
the hydrophobicity enhancing moiety is covalently bonded to the
third  constitutional unait; or,
the hydrophobicity-enhancing moiety is comprised in a fourth
constitutional unit of the second block; or,
any combination of the above; and,
the second block is substantially neutral in overall charge.
[0011] In an aspect of this mmvention, the first constitutional unit comprises a cationic nitrogen
species (i.€., a nitrogen species that is cationic at normal phystological pH). In an aspect of this
invention the cationic nitrogen species 1s an ammonium species. In an aspect of this invention the
second constitutional unit 1s the same as the first constitutional unit. In an aspect of this invention the
anionic species comprises a carboxylic acid anion. In an aspect of this invention the first block further
comprises a charge neutral constitutional unit randomly interspersed among the first constitutional
units. In an aspect of this invention, the first and/or second block comprises at least one reactive or
amenable to modification groups. In an aspect of this invention, if present, the fourth constitutional
unit comprises from about 10% to about 60% by weight of the second block.
[0012] In certain embodiments, the first polymer block is approximately 10,000 daltons in size, or
about 2,000 daltons to about 30,000 daltons, or about 8,500 daltons to about 13,000 daltons. In some
embodiments, the first polymer block has a net positive charge similar in absolute value to the net
negative charge on the siRNA molecule being delivered.
[0013] In some embodiments, the second polymer block 1s approximately equal to the first polymer
block in molecular weight, or about 0.2-5 times, or about 1-3 times the size of the first polymer block

and 1n most preferred embodiments the second polymer block is approximately 2-3 (two to three)

times the size of the first polymer block.
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[0014] In some embodiments, the hydrophilic, charged block i1s complexed with (used
interchangeably herein with "associated with" or "attached to", e.g., by one or more covalent bond,
one or more 1onical interaction, a combination thereof, or the like) at least one nucleotide, including a
polynucleotide, €.g., an siRNA.

[0015] In an aspect of this invention, the polynucleotide block is attached to one of the polymer
blocks through an optionally cleavable covalent bond. In an aspect of this invention, the
polynucleotide acid is selected from the group consisting of DNA, RNA and natural and synthetic
analogs thereof. In an aspect of this invention the polynucleotide is antisense. In an aspect of this
invention the polynucleotide is RNA. In an aspect of this invention the RNA is selected from the
group consisting of mRNA, piIRNA, miRNA and siRNA. In an aspect of this invention the RNA 1s
siRNA.

[0016] In an aspect of this invention each of the constitutional units i1s independently derived from an
ethylenic monomer and synthesis of the copolymer comprises living polymerization.

[0017] In an aspect of this invention, the ethylenic monomer 1s an acrylic monomer.

[0018] Provided in certain embodiments herein 1s a diblock copolymer, having the chemical

Formula I;
i ) N o
I
i/ i - —[Azlp/ 1A3|q/ w —|
Yo Y 1 Jv L Y5 W
| | |
Qg Q Q, 03
4.
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(0019] In some embodiments:
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Ap, A1, Ay, Az and Ay are selected from the group consisting of -C-C-, -C-,
-C(O)O),C(O)0-, -O(C),C(0)- and —O(C),O-; wherein,

aisl—4:

bis2—-4;

Y, 1s selected from the group consisting of hydrogen, (1C-10C)alkyl, (3C-
6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl, C(O)NR4(1C-10C) and aryl,
any of which is optionally substituted with one or more fluorine groups;
Yo, Y;and Y, are mdependently selected from the group consisting of a covalent
bond, (1C-10C)alkyl-, -C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-
10C)alkyl- and -S(2C-10C)alkyl- —C(O)NR((2C-10C) alkyl-;
Y, 1s selected from the group consisting of a covalent bond, (1C-10C)alkyl and
(6C-10C)aryl; wherein
tetravalent carbon atoms of A,-A, that are not fully substituted with
R,-R5 and
Yo-Y, are completed with an appropriate number of hydrogen atoms;
each Ry, R, R;3, R4, Rs, and Ry are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl and heteroaryl, any of which may be optionally substituted with one or more
fluorine atoms;

Qo 1s a residue selected trom the group consisting of residues which are
hydrophilic at physiologic pH and are at least partially positively charged at
physiologic pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, pyridyl, or the like); at least partially negatively charged at physiologic
pH but undergo protonation at lower pH (e.g., carboxyl, sulfonamide, boronate,
phosphonate, phosphate, or the like); substantially neutral (or non-charged) at
physiologic pH (e.g., hydroxy, polyoxylated alkyl, polyethylene glycol,
polypropylene glycol, thiol, or the like); at least partially zwitterionic at physiologic
pH (e.g., a monomeric residue comprising a phosphate group and an ammonium
group at physiologic pH); conjugatable or functionalizable residues (e.g. residues that
comprise a reactive group, €.g., azide, alkyne, succinimide ester, tetrafluorophenyl
ester, pentafluorophenyl ester, p-nitrophenyl ester, pyridyl disulfide, or the like); or
hydrogen;

QQ, 1s a residue which 1s hydrophilic at physiologic pH, and is at least partially
positively charged at physiologic pH (e.g., amino, alkylamino, ammonium,
alkylammonium, guanidine, imidazolyl, pyridyl, or the like); at least partially

negatively charged at physiologic pH but undergoes protonation at lower pH
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(e.g., carboxyl, sulfonamide, boronate, phosphonate, phosphate, or the like);
substantially neutral at physiologic pH (e.g., hydroxy, polyoxylated alkyl,
polyethylene glycol, polypropylene glycol, thiol, or the like); or at least partially
zwitterionic at physiologic pH (e.g., a monomeric residue comprising a phosphate
group and an ammonium group at physiologic pH);

Q; 1s a residue which is positively charged at physiologic pH, including but
not limited to amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, and pyridyl;

(J; 18 a residue which 1s negatively charged at physiologic pH, but undergoes
protonation at lower pH, including but not limited to carboxyl, sulfonamide, boronate,
phosphonate, and phosphate;

m 1s O to less than 1.0 (e.g., O to about 0.49);

n 1§ greater than O to 1.0 (e.g., about 0.51 to about 1.0); wherein

m-+n=]
p 1s about 0.1 to about 0.9 (e.g., about 0.2 to about 0.5);
q is about 0.1 to about 0.9 (e.g., about 0.2 to about 0.5); wherein:
r1s 0 to about 0.8 (e.g., 0 to about 0.6); wherein

prqtr=1
v 18 from about 1 to about 25 kDa; and,

w 18 from about 1 to about 50 kDa.
[0020] In a specific embodiment, v is about 5 to about 25 kDa. In further or alternative specific
embodiments, w 1s about 1 to about 50 kDa.
[0021] In some embodiments, the number or ratio of monomeric residues represented by p and q are
within about 30% ot each other, about 20% of each other, about 10% of each other, or the like. In
spectitic embodiments, p is substantially the same as q. In certain embodiments, at least partially

charged generally includes more than a trace amount of charged species, including, e.g., at least 20%

of the residues are charged, at least 30% of the residues are charged, at least 40% of the residues are
charged, at least 50% of the residues are charged, at least 60% of the residues are charged, at least
70% of the residues are charged, or the like.

[0022] In certain embodiments, m is 0 and Q, 1s a residue which is hydrophilic and substantially
neutral (or non-charged) at physiologic pH. That 1s, at physiologic pH, any chargeable species on Q,
1s predominantly in a neutral form. In some embodiments, substantially non-charged includes, e.g.,
less than 5% are charged, less than 3% are charged, less than 1% are charged, or the like. In certain
embodiments, m is 0 and Q, is a residue which is hydrophilic and at least partially cationic at
physiologic pH. In certain embodiments, m is 0 and Q, is a residue which is hydrophilic and at least
partially anionic at physiologic pH. In certain embodiments, m is >0 and n is >0 and one of and Q, or

Q; 1s a residue which is hydrophilic and at least partially cationic at physiologic pH and the other of

_6-
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Qo or Q, 1s a residue which 1s hydrophilic and 1s substantially neutral at physiologic pH. In certain
embodiments, m 18 >0 and n 1s >0 and one of and Q or Q, is a residue which is hydrophilic and at
least partially anionic at physiologic pH and the other of Qg or Q) 1s a residue which 1s hydrophilic
and 1s substantially neutral at physiologic pH. In certain embodiments, m 1s >0 and n1s >0 and Q, 1s a
residue which 1s hydrophilic and at least partially cationic at physiologic pH and Q) 1s a residue which
1s hconjugatable or functionalizable residues. In certain embodiments, m 1s >0 and n 1s >0 and Q; 1s a
residue which 1s hydrophilic and substantially neutral at physiologic pH and Qg 1s a residue which 1s
hconjugatable or functionalizable residues.

[0023] Provided in certain embodiments herein is copolymer having at least two blocks, the first
block having the chemical Formula Ia, the second block having the chemical Formula Ib, wherein

each of the terms described therein are as described above:

p—

v R ) B
i | e/ e

- Yo T1 Jv - 2 - W
QO 01 Q.‘Z Q3
(Ia) (Ib)
[0024] In certain embodiments, provided herein 1s a compound of Formula II:
R R, R R4 Rs

| | | | |

[/ Al | = [ L/ [/ lad = -
| | | |
N T1 Jv L Tz Y3 Yq 4w
i

[0025] In some embodiments:

Ag, Ay, Ay, Az and A, are selected from the group consisting of —C-C-,
-C(O)(C),C(O)0O-, -O(C),C(0)- and —O(C),O-; wherein,

ais 1 —4;

bis2—-4;
Yo and Y, are independently selected from the group consisting of hydrogen,
(1C-10C)alkyl, (3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl,
C(O)NR4(1C-10C) and aryl, any of which 1s optionally substituted with one or more

tluorine groups;
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Y and Y, are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, -C(O)O(2C-10C) alkyl-, -OC(O)}1C-10C) alkyl-, -O(2C-10C)alkyl-
and -S(2C-10C)alkyl- <C(O)NR4(2C-10C) alkyl;
Y5 1s selected from the group consisting of a covalent bond, (1C-10C)alkyl and
(6C-10C)aryl; wherein

tetravalent carbon atoms of A;-A, that are not fully substituted with

R,-Rs; and Y,-Y, are completed with an appropriate number of hydrogen

atoms:

each R, R, Ri, R4, Rs, and R¢ are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl and heteroaryl, any of which may be optionally substituted with one or more
fluorine atoms;

Q) and Q, are residues which are positively charged at physiologic pH,
including but not limited to amino, alkylamino, ammonium, alkylammonium,
guanidine, imidazolyl, and pyridyl;

(Q; is a residue which is negatively charged at physiologic pH, but undergoes
protonation at lower pH, including but not limited to carboxyl, sulfonamide, boronate,
phosphonate, and phosphate;

m 1s 0 to about 0.49;

n 1s about 0.51 to about 1.0; wherein

m+n=]
p 1s about 0.2 to about 0.5;
q 1s about 0.2 to about 0.5; wherein:

p 1s substantially the same as q;
r 1s 0 to about 0.6; wherein

ptqtr=1
v 18 from about 5 to about 25 kDa: and,

w 18 from about 5 to about 50 kDa.
[0026] Provided in some embodiments herein 1s a diblock copolymer, having (at normal

physiological pH) the chemical formula III:

gr— — —

AN R R R
M/ i | i/ i/
lom [|1ln [|2]p I|3‘q [14]r (1)
_ YO T1 Jv L Tz T3 Y4 4 W
* NRgR-Rg *NRgR1gR{1 COO"
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[0027]

[0028]

10029

In some embodiments:
Ag, Ay, A,, Az and Ay are selected from the group consisting of —C-C-, -C(O)(C),C(O)O-, -
O(C),C(O)- and —-O(C),O-; wherein,

ats | —4;

bis2-4;
Ri, Ry, Rz, Ry, Rs, Rg, R; Rg, Rg, Rjp and R, are independently selected from the group
consisting of hydrogen, (1C-5C)alkyl, (3C-6C)cycloalkyl and phenyl, any of which may be
optionally substituted with one or more fluorine atoms;
Y, and Y, are independently selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl and phenyl, any of which is
optionally substituted with one or more fluorine groups;
Y, and Y, are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, -C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and
-S(2C-10C)alkyl-;
Y 1s selected from the group consisting of a covalent bond, (1C-5C)alkyl and phenyl;
wherein

tetravalent carbon atoms of A,-A, that are not fully substituted with R;-R;, and Y,-Y4
are completed with an appropriate number of hydrogen atoms;
Z 1s a physiologically acceptable counterion,
m 18 O to about 0.49;
n 18 about 0.51 to about 1.0; wherein

m+n=]
p 1s about 0.2 to about 0.5;
q 1s about 0.2 to about 0.5; wherein:

p is substantially the same as q;
r is 0 to about 0.6; wherein

ptqtr=1

v 1s from about 5 to about 25 kDa; and,
w 18 from about 5 to about 50 kDa.
In an aspect of this invention,
A 1s —C-C-
Y, 1s <C(O)OCH,CH,-;
R, 1s hydrogen;
R, and Ry are each —CH;; and,
R, 18 -CHs;.
In an aspect of this invention,

A, 18 (C-C-:
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Y, 1s C(O)OCH,CH,-;

Ry 1s hydrogen;

R,o and R, are each —CHj;; and,

R; is —CHas.
[0030] In an aspect of this invention,

Ax1s ~C-C-;

R; 1s CH;CH,CH,-;

Y 1s a covalent bond; and

/. 18 a physiologically acceptable anion (e.g., polycation or plurality of cations).
[0031] In certain embodiments:

A4 18 C-C-;

R; is selected from the group consisting of hydrogen and —CHj; and,

Y, 1s “C(O)O(CH,);CHs.
[0032] In some embodiments:

Ag 18 C-C-

R, 1s selected from the group consisting of hydrogen and (1C-3C)alkyl; and

Y 1s selected from the group consisting of —~C(O)O(1C-3C)alkyl.
[0033] In some embodiments, m 18 0. In certain embodiments, r 1s 0. In some embodiments, m and r
are both 0.
[0034] In certain embodiments, provided herein is a method of delivering a polynucleotide into a
cell, comprising contacting the cell with a polymer: polynucleotide complex hereof. In specific
embodiments, the polymer: polynucleotide complex 1s attached in any suitable manner including, by
way of non-limiting example, ioni¢c and non-1onic interactions, such as one or more covalent bond,
combinations thereof, or the like. In a specific embodiment, provided herein is a method of delivering
a polynucleotide into a cell, comprising contacting the cell with a covalent conjugate of the polymer
and polynucleotide.
[0035] In an aspect of this invention, the polynucleotide is selected from the group consisting of
DNA, RNA and natural and synthetic analogs thereof.
[0036] In an aspect of this invention, the DNA, RNA or natural or synthetic analogs thereof is
antisense. In an aspect of this invention, the polynucleotide is RNA. In an aspect of this invention, the
RNA 1s siRNA. In an aspect of this invention, the siRNA 1s delivered to a cell in vivo. In an aspect of
this invention, the polymer of this invention is attached or complexed to a targeting moiety. In an
aspect of this invention, the targeting moiety is covalently attached to the a-end of the copolymer
(e.g., diblock copolymer). In an aspect of this invention, the targeting moiety is covalently attached to

the w-end of the copolymer, or 1s covalently attached to a pendant group of the copolymer

(e.g., diblock copolymer). In an aspect of this invention, the targeting moiety is selected form but not

_10-
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limited to antibodies, antibody fragments, antibody-like molecules, peptides, cyclic peptides, and

small molecules.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] The novel features of the invention are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompanying drawings of which:
[0038] FKigure 1 1s an illustrative synthesis of [PEGMAw]-[B-P-D]
[0039] Figure 2 is an illustrative characterization of P7-PEGMA100-40 kDa
[0040] Figure 3 is an illustrative synthesis of [PEGMAw-MAA(NHS)]-[B-P-D]
[0041] Figure 4 1s an illustrative RAFT copolymerization of PEGMA and MAA-NHS
[0042] Figure 5 1s an 1illustrative RAFT copolymerization of DMAEMA and MAA-NHS
[0043] Figure 6 is an illustrative synthesis of PDSMA
[0044] Figure 7 1s an illustrative synthesis of HPMA-PDSMA copolymer for siRNA conjugation
[0045] Figure 8 illustrates the hemolysis of (A) polymers and (B) polymer/siRNA constructs
[0046] Figure91 illustrates HeLa cell internalization of FAM-labeled siRNA and polymer/siRNA
complexes.
[0047] Figure 10 1illustrates nonspecific HeLa cytotoxicity (A) and GAPDH knockdown (B) as a
tunction of siRNA polymer carrier
[0048] Figure 11 illustrates GAPDH knockdown in HeLas
[0049] Figure 12 illustrates the polymer design for Poly HPMA]-b-[(PAA)(BMA)(DMAEMA)]
[0050] Figure 13 illustrates the synthesis of pyridyl disulfide-CTA
[0051] Figure 14 illustrates reaction of pyridyl disulfide polymer end group with the peptide cysteine
[0052] Figure 13 illustrates An SDS PAGE gel for characterizing peptide-polymer conjugates

[0053] Figure 16 illustrates a membrane disruption assay used to measure the capacity of the

polymer to trigger pH-dependent disruption of lipid bilayer membranes

[0054] Figure 17 illustrates peptide intracellular localization following polymer conjugation
[0055] Figure 18 illustrates conjugates that lacked the pH-responsive block were similar to both
control groups and did not result in significant toxicity

[0056] Figure 19 illustrates bioactivity of peptide conjugates

DETAILED DESCRIPTION OF THE INVENTION
[0057] While preferred embodiments of the present invention have been shown and described herein,
it will be obvious to those skilled in the art that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions will now occur to those skilled in the art

without departing from the invention. It should be understood that various alternatives to the

-11-
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embodiments of the invention described herein may be employed in practicing the invention. It is
intended that the following claims define the scope of the invention and that methods and structures
within the scope of these claims and their equivalents be covered thereby.
Polymer
[0058] Provided in certain embodiments, the present invention provides carrier polymers and
polymer: polynucleotide constructs. In certain instances, these polymers and polymer: polynucleotide
constructs meet the need for a safe, robust system for delivering therapeutic polynucleotides into cells.
[0059] In certain embodiments, provided herein is a cellular membrane destabilizing (e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:
(a) a first block, the first block being a hydrophilic block; and
(b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising:
(1)  a first chargeable species that is anionic at about physiologic pH
(1)  a second chargeable species that cationic at about physiologic pH.
[0060] In some embodiments, provided herein is a cellular membrane destabilizing (e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:
(a) a first block, the first block being a hydrophilic block comprising a first
chargeable species that is cationic at about physiologic pH;
(b) a second block, the second block being a membrane destabilizing
hydrophibic block comprising:
(1)  asecond chargeable species that is anionic at about neutral pH; and
(11)  athird chargeable species that is cationic at about physiologic pH;
and
(c) an oligonucleotide associated with the first block.
[0061] In specific embodiments of the polymers described herein, each chargeable species is present
on a different constitutional unit. In some embodiments, a first constitutional unit comprises the first
chargeable species. In further or alternative embodiments, a second constitutional unit comprises the
second chargeable species. In further or alternative embodiments, a third constitutional unit comprises
the third chargeable species.
[0062] Some of the constitutional units of this invention are stated to be cationic or anionic at normal
physiological pH. Thus, in certain instances, at normal physiological pH, the species have a pKa that
results 1n 1t being protonated (cationic, positively charged) or deprotonated (anionic, negatively
charged). Presently preferred cationic species at physiological pH are nitrogen species such as
ammonium, -NRR'R", guanidinium (-NRC(=NR'H) 'NR"R", ignoring canonical forms that are known
to those skilled in the art) wherein the R groups are independently hydrogen, alkyl, cycloalkyl or aryl
or two R groups bonded to the same or adjacent nitrogen atoms may be also be joined to one another

to form a heterocyclic species such as pyrrole, imidazole, indole and the like. Monomeric residues or

-12-

CA 2972694 2017-07-06



constitutional units described herein as cationic at normal physiological pH comprise a species
charged or chargeable to a cation, including a deprotonatable cationic species.

[0063] In various embodiments described herein, constitutional units, that are cationic or positively
charged at physiological pH (including, e.g., certain hydrophilic constitutional units) described herein
comprise one or more amino groups, alkylamino groups, guanidine groups, imidazolyl groups, pyridyl
groups, or the like, or the protonated, alkylated or otherwise charged forms thereof. In some
embodiments, constitutional units that are cationic at normal physiological pH that are utilized herein
include, by way of non-limiting example, monomeric residues of dialkylaminoalkylmethacrylates
(e.g., DMAEMA). In various embodiments described herein, constitutional units, that are anionic or
negatively charged at physiological pH (including, ¢.g., certain hydrophilic constitutional units)
described herein comprise one or more acid group or conjugate base thereof, including, by way of
non-limiting example, carboxylate, sulfonamide, boronate, phosphonate, phosphate, or the like. In
some embodiments, constitutional units that are anionic or negatively charged at normal physiological
pH that are utilized herein include, by way of non-limiting example, monomeric residues of acrylic
acid, alkyl acrylic acid (e.g., methyl acrylic acid, ethyl acrylic acid, propyl acrylic acid, etc.), or the
like. In various embodiments described herein, hydrophilic constitutional units that are neutral at
physiologic pH comprise one or more hydrophilic group, e.g., hydroxy, polyoxylated alkyl,
polyethylene glycol, polypropylene glycol, thiol, or the like. In some embodiments, hydrophilic
constitutional units that are neutral at normal physiological pH that are utilized herein include, by way
of non-limiting example, monomeric residues of PEGylated acrylic acid, PEGylated methacrylic acid,
hydroxyalkylacrylic acid, hydroxyalkylalkacrylic acid (e.g, HPMA), or the like. In various
embodiments described herein, hydrophilic constitutional units that are zwitterionic at physiologic pH
comprise an anionic or negatively charged group at physiologic pH and a cationic or positively
charged group at physiologic pH. In some embodiments, hydrophilic constitutional units that are
zwitterionic at normal physiological pH that are utilized herein include, by way of non-limiting
example, monomeric residues of comprising a phosphate group and an ammonium group at
physiologic pH, such as set forth in US 7,300,990.

[0064] In certain embodiments, polymers provided herein further comprise one or more
constitutional unit comprising a conjugatable or functionalizable side chain (e.g., a pendant group of a
monomeric residue). In some instances, a conjugatable or functionalizable side chain is a group
bearing one or more reactive groups that can be used for post-polymerization introduction of
additional functionalities via know in the art chemistries, for example, "click" chemistry (for example
of "click" reactions, see Wu, P.; Fokin, V. V. Catalytic Azide-Alkyne Cycloaddition: Reactivity and
Applications. Aldrichim. Acta, 2007, 40, 7-17). In certain embodiments, conjugatable or
tfunctionalizable side chains provided herein comprise one or more of any suitable activated group,

such as but not Iimited to N-hydrosuccinimide (NHS)ester, HOBt (1-hydroxybenzotriazole) ester, p-
nitrophenyl ester, tetratluorophenyl ester, pentafluorophenyl ester, pyridyl disulfide group or the like.
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[006S] In some embodiments, constitutional units that are anionic at normal physiological pH
comprise carboxylic acids such as, without limitation, monomeric residues of 2-propyl acrylic acid
(1.., the constitutional unit derived from it, 2-propylpropionic acid, -CH,C((CH,),CH3)(COOH)-
(PAA)), although any organic or inorganic acid that can be present, either as a protected species,
€.g., an ester, or as the free acid, in the selected polymerization process is also within the
contemplation of this invention. Anionic monomeric residues or constitutional units described herein
comprise a species charged or chargeable to an anion, including a protonatable anionic species. In
certain instances, anionic monomeric residues can be anionic at neutral pH 7.0.

[0066] Monomers such as maleic-anhydride, (Scott M. Henry, Mohamed E. H. El-Sayed,
Christopher M. Pirie, Allan S. Hoffman, and Patrick S. Stayton "pH-Responsive Poly(styrene-alt-
maleic anhydride) Alkylamide Copolymers for Intracellular Drug Delivery" Biomacromolecules
7:2407-2414, 2006) may also be used for introduction of negatively charged units (e.g., the third
constitutional unit) into the second block. In such embodiments, the negatively charged constitutional
unit 18 a maleic anhydride monomeric residue.

[0067] An embodiment of this invention is a polymer having the following general structure of

Formula I:

_ R R T R3 R4 Rs _
| | I— | | | -
—[Ao]rﬁﬁ—/_[/fwlﬁﬂ'" T [Azlp/mlAalq_/_[AzllrmJ 0
| |
- Yo T1 Jv L Tz Ta Y4 W
Qo Q; Q, Q;

[0068] In some embodiments:

Ay, Ay, Az, A; and Ay are selected from the group consisting of -C-, —-C-C-,

-C(O)(C).C(O)O-, -O(C),C(O)- and “O(C),O-; wherein,

ais1—4:
bis2—4;

Y 4 18 selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl, C(O)NR4(1C-100),
(4C-10C)heteroaryl and (6C-10C)aryl, any of which is optionally substituted with one
or more fluorine groups;
Yo, Y and Y, are independently selected from the group consisting of a covalent
bond, (1C-10C)alkyl-, “C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-
10C)alkyl- and -S(2C-10C)alkyl-, C(O)NR(2C-10C) alkyl-, -(4C-10C)heteroaryl-
and -(6C-10C)aryl-;

-14-

CA 2972694 2017-07-06



Y5 1s selected from the group consisting of a covalent bond, -(1C-10C)alkyl-, -(4C-
10C)heteroaryl- and -(6C-10C)aryl-; wherein
tetravalent carbon atoms of A;-A, that are not fully substituted with
R,-Rs and
Y,-Y 4 are completed with an appropriate number of hydrogen atoms;

R, Ry, R3, Ry, Rs, and R are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl and heteroaryl, any of which may be optionally substituted with one or more
tluorine atoms:

Qo 1s a residue selected from the group consisting of residues which are
hydrophilic at physiologic pH, and are at least partially positively charged at
physiologic pH (e.g., amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, pyridyl, or the like); at least partially negatively charged at physiologic
pH but undergo protonation at lower pH (e.g., carboxyl, sulfonamide, boronate,
phosphonate, phosphate, or the like); substantially neutral (or non-charged) at
physiologic pH (e.g., hydroxy, polyoxylated alkyl, polyethylene glycol,
polypropylene glycol, thiol, or the like); at least partially zwitterionic at physiologic
pH (e.g., a monomeric residue comprising a phosphate group and an ammonium
group at physiologic pH); conjugatable or functionalizable residues (e.g. residues that
comprise a reactive group, €.g., azide, alkyne, succinimide ester, tetrafluorophenyl
ester, pentatfluorophenyl ester, p-nitrophenyl ester, pyridyl disulfide, or the like); or
hydrogen;

Q, 1s a residue which 1s hydrophilic at physiologic pH, and i1s at least partially
positively charged at physiologic pH (e.g., amino, alkylamino, ammonium,
alkylammonium, guanidine, imidazolyl, pyridyl, or the like); at least partially
negatively charged at physiologic pH but undergoes protonation at lower pH
(e.g., carboxyl, sulfonamide, boronate, phosphonate, phosphate, or the like);
substantially neutral at physiologic pH (e.g., hydroxy, polyoxylated alkyl,
polyethylene glycol, polypropylene glycol, thiol, or the like); or at least partially
zwitterionic at phystologic pH (e.g., comprising a phosphate group and an ammonium
group at physiologic pH);

Q- 18 a residue which 1s positively charged at physiologic pH, including but
not limited to amino, alkylamino, ammonium, alkylammonium, guanidine,
imidazolyl, and pyridyl;

Qs 1s a residue which is negatively charged at physiologic pH, but undergoes
protonation at lower pH, including but not limited to carboxyl, sulfonamide, boronate,

phosphonate, and phosphate;
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m is about O to less than 1.0 (e.g., 0 to about 0.49);
n 1s greater than 0 to about 1.0 (e.g., about 0.51 to about 1.0); wherein
m-+n=1]
p 1s about 0.1 to about 0.9 (e.g., about 0.2 to about 0.5);
q is about 0.1 to about 0.9 (e.g., about 0.2 to about 0.5); wherein:
r is 0 to about 0.8 (¢.g., 0 to about 0.6); wherein
ptqtr=1
v 1s from about 1 to about 25 kDa, or about 5 to about 25 kDa; and,
w 1S from about 1 to about 50 kDa, or about 5 to about 50 kDa.
[0069] In some embodiments, the number or ratio of monomeric residues represented by p and q are
within about 30% of each other, about 20% of each other, about 10% of each other, or the like. In
specific embodiments, p is substantially the same as q. In certain embodiments, at least partially
charged generally includes more than a trace amount of charged species, including, e.g., at least 20%
of the residues are charged, at least 30% of the residues are charged, at least 40% of the residues are
charged, at least 50% of the residues are charged, at least 60% of the residues are charged, at least
70% of the residues are charged, or the like.
[0070] In certain embodiments, m 1s O and Q) 1s a residue which 1s hydrophilic and substantially
neutral (or non-charged) at physiologic pH. In some embodiments, substantially non-charged
includes, e.g., less than 5% are charged, less than 3% are charged, less than 1% are charged, or the
like. In certain embodiments, m 1s O and Q) 1s a residue which 1s hydrophilic and at least partially
cationic at physiologic pH. In certain embodiments, m 1s 0 and Q, 1s a residue which is hydrophilic
and at least partially anionic at physiologic pH. In certain embodiments, m is >0 and n is >0 and one
of and Qg or Q, is a residue which 1s hydrophilic and at least partially cationic at physiologic pH and
the other of Qg or Q; 1s a residue which 1s hydrophilic and is substantially neutral at physiologic pH.
In certain embodiments, m 1s >0 and n 1s >0 and one of and Q, or Q, 1s a residue which 1s hydrophilic
and at least partially anionic at physiologic pH and the other of Q, or Q, 1s a residue which i1s
hydrophilic and is substantially neutral at physiologic pH. In certain embodiments, m i1s >0 and n is
>0 and Q), 1s a residue which 1s hydrophilic and at least partially cationic at physiologic pH and Qg 1s a
residue which 1s a conjugatable or functionalizable residue. In certain embodiments, m is >0 and n is
>0 and Q) 1s a residue which 1s hydrophilic and substantially neutral at physiologic pH and Q is a
residue which is a conjugatable or functionalizable residue.
[0071] In some embodiments, the positively charged or at least partially positively charged at
physiologic pH group is a -NR'R" group, wherein R' and R" are independently selected from
hydrogen, alkyl, cycloalkyl, or heteroalkyl which may be optionally substituted with one or more
halogen, amino, hydroxyl groups and/or comprise one or more unsaturated bonds; in some

embodiments, R' and R' are taken together to form a substituted of unsubstituted heteroaryl or

alicyclic heterocycle. In some embodiments, groups described herein as positively charged or at least
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partially positively charged at physiologic pH may include, by way of non-limiting example, amino,

alkyl amino, dialkyl amino, cyclic amino (e.g., piperidine or N-alkylated piperidine), alicyclic imino

(e.g., dihydro-pyridinyl, 2,3,4,5-tetrahydro-pyridinyl, or the like), heteroaryl imino (e.g., pyridinyl), or

the like. In some embodiments, groups described herein as negatively charged or at least partially

negatively charged at physiologic pH but undergoes protonation at lower pH, such as, by way of

non-limiting example, carboxylic acid (COOH), sulfonamide, boronic acid, sulfonic acid, sulfinic

acid, sulfuric acid, phosphoric acid, phosphinic acid, phosphorous acid, carbonic acid, the

deprotonated conjugate base thereof, or the like.

[0072] In certain embodiments, provided herein is a compound of Formula II:

R, R4 Rs
_lfl\olm_/—_[lfwln_ __Ii\zlﬁ"_/_[i:a]q_/—[idr_ (1)

R R,

| - W
|
Q; Qo Q3

[0073] In some embodiments:
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Ag, A1, Ag, A and Ay are selected from the group consisting of —C-C-, -C(O)(C),C(0)O-,
-0(C),C(0)- and —O(C),O-; wherein,

ais 1l —4;

bis2—-4:
Yo and Y, are independently selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl, C(O)NR4(1C-10C) and aryl,
any of which is optionally substituted with one or more fluorine groups;
Y and Y, are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, -C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and
-S(2C-10C)alkyl- —C(O)NR(2C-10C) alkyl:
Y; 18 selected from the group consisting of a covalent bond, (1C-10C)alkyl and (6C-10C)aryl;
wherein

tetravalent carbon atoms of A|-Ay that are not fully substituted with R;-R; and

Yo-Y4 are completed with an appropriate number of hydrogen atoms:
R}, Ry, Rz, R4, Rs, and R¢ are independently selected from the group consisting of hydrogen,
-CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl, any of
which may be optionally substituted with one or more fluorine atoms:
Qi and Q, are residues which are positively charged at physiologic pH, including but not

limited to amino, alkylamino, ammonium, alkylammonium, guanidine, imidazolyl, and

pyridyl.
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Qs 1s a residue which is negatively charged at physiologic pH, but undergoes protonation at
lower pH, including but not limited to carboxyl, sulfonamide, boronate, phosphonate, and
phosphate.
m 1S O to about 0.49;
n 1s about 0.51 to about 1.0; wherein

m+n=1]
p 1s about 0.2 to about 0.5;
q 18 about 0.2 to about 0.5; wherein:

p 1s substantially the same as q;
r1s O to about 0.6; wherein

prq+r=1
v 1s from about 1 to about 25 kDa, or about 5 to about 25 kDa; and,
w 18 from about 1 to about 50 kDa, or about 5 to about 50 kDa.
[0074] In certain embodiments, the block copolymer is a diblock copolymer, having the chemical

formula (at normal physiological or about neutral pH) of Formula III;

R R | [ R R R
B l/‘%] m_/"' A | = Al p—"‘/— A q—'/—[AJ o (I
| | | |
L \(0 7(1 Jv L ‘Tz \r3 \ﬂ4 - W
' NR6R7R8 +NR9R10R11 COO° 7.

[0075] In certain embodiments, Ay, A, A,, Az, and A4, substituted as indicated comprise the
constitutional units (used nterchangeably herein with "monomeric units" and "monomeric residues")
ot the polymer of Formula III. In specific embodiments, the monomeric units of constituting the A
groups of Formula III are polymerizably compatible under appropriate conditions. In certain
stances, an ethylenic backbone or constitutional unit, -(C-C-),,- polymer, wherein each C is di-
substituted with H and/or any other suitable group, is polymerized using monomers containing a
carbon-carbon double bond, >C=C<. In certain embodiments, each A group (e. g.,each of Ay, A, A,,
A;, and A4) may be (i.e., independently selected from) -C-C- (i.e., an ethylenic monomeric unit or
polymer backbone), -C(O)(C),C(O)O- (i.e., a polyanhydride monomeric unit or polymer backbone),
-0(C).((0)- (i.e., a polyester monomeric unit or polymer backbone), -O(C),O- (i.e., a polyalkylene
glycol monomeric unit or polymer backbone), or the like (wherein each C is di-substituted with H
and/or any other suitable group such as described herein, including R, and/or R;; as described
above). In specific embodiments, the term "a" is an integer from 1 to 4, and "b" is an integer from 2 to
4. In certain instances, each "Y" and "R" group attached to the backbone of Formula III (i.e., any one
of Yo, Y1, Y2, Y3, Ya, Ry, Ry, R3, Ry, Rs) is bonded to any "C" (including any (C), or (C)y) of the

specific monomeric unit. In specific embodiments, both the Y and R of a specific monomeric unit is
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attached to the same "C". In certain specific embodiments, both the Y and R of a specific monomeric
unit 1s attached to the same "C", the "C" being alpha to the carbonyl group of the monomeric unit, if
present.
[0076] In specitic embodiments, R;-R,; are independently selected from hydrogen, alkyl (e.g., 1C-5C
alkyl), cycloalkyl (e.g., 3C-6C cycloalkyl), or phenyl, wherein any of R;-R,; is optionally substituted
with one or more fluorine, cycloalkyl, or phenyl, which may optionally be further substituted with one
or more alkyl group.
[0077] In certain specific embodiments, Y, and Y, are independently selected from hydrogen, alkyl
(e.g., 1C-10C alkyl), cycloalkyl (e.g., 3C-6C cycloalkyl), O-alkyl (e.g., O-(2C-10C)alkyl, -C(O)O-
alkyl (e.g., -C(O)O-(2C-10C)alkyl), or phenyl, any of which is optionally substituted with one or
more fluorine.
[0078] In some embodiments, Y, and Y, are independently selected from a covalent bond, alkyl,
preferably at present a (1C-10C)alkyl, -C(O)O-alkyl, preferably at present -C(O)O-(2C-10C)alkyl,
-0C(0O)alkyl, preferably at present -OC(O)-(2C-10C)alkyl, O-alkyl, preferably at present —O(2C-
10C)alkyl and —S-alkyl, preferably at present —S-(2C-10C)alkyl. In certain embodiments, Y is
selected from a covalent bond, alkyl, preferably at present (1C-5C)alkyl and phenyl.
[0079] In some embodiments, Z- is present or absent. In certain embodiments, wherein R, and/or R,
18 hydrogen, Z- 1s OH-. In certain embodiments, Z is any counterion (e.g., one or more counterion),
preferably a biocompatible counter ion, such as, by way of non-limiting example, chloride, inorganic
or organic phosphate, sulfate, sulfonate, acetate, propionate, butyrate, valerate, caproate, caprylate,
caprate, laurate, myristate, palmate, stearate, palmitolate, oleate, linolate, arachidate, gadoleate,
vaccinate, lactate, glycolate, salicylate, desamionphenylalanine, desaminoserine, desaminothreonine.,
e-hydroxycaproate, 3-hydroxybutylrate, 4-hydroxybutyrate or 3-hydroxyvalerate. In some
embodiments, when each Y, R and optional fluorine is covalently bonded to a carbon of the selected
backbone, any carbons that are not fully substituted are completed with the appropriate number of
hydrogen atoms. The numbers m, n, p, q and r represent the mole fraction of each constitutional unit
1n 1ts block and v and w provide the molecular weight of each block.
[0080] In certain embodiments,

Ao, Ay, Ay, Az and Ay are selected from the group consisting of -C-, -C-C-,

-C(O)CR 2R 13).C(O)O-, -O(CR ;R 3),C(O)- and O(CR;,R;3),O; wherein,

ais 1 —4;:
bis 2 —4;
Ry, Ry, R3, Ry, Rs, Rg, Ry Rg, Ro, Ryo, Ry1, Ry5, and Ry; are independently selected from the
group consisting ot hydrogen, (1C-5C)alkyl, (3C-6C)cycloalkyl, (5C-10C)aryl, (4C-

[0C)heteroaryl, any of which may be optionally substituted with one or more fluorine atoms:
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Yo and Y, are independently selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl and phenyl, any of which is
optionally substituted with one or more fluorine groups;
Y, and Y, are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, -C(O0)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and -
S(2C-10C)alkyl-;
Y3 18 selected trom the group consisting of a covalent bond, (1C-5C)alkyl and phenyl;
wherein tetravalent carbon atoms of A|-A, that are not fully substituted with R;-Rs and Y,-Y,
are completed with an appropriate number of hydrogen atoms;
Z 1s one or more physiologically acceptable counterions,
m 15 0 to about 0.49;
n 1s about 0.51 to about 1.0; wherein

m-+n=]
p 1s about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein:

p 1s substantially the same as q;
r 1s O to about 0.6; wherein

ptq+r=1
v 1s from about | to about 25 kDa, or about 5 to about 25 kDa; and,
w 1s from about I to about 50 kDa, or about 5 to about 50 kDa.

[0081] In a specific embodiment,

CA 2972694

Ao, Ay, Ay, Az and A, are independently selected from the group consisting of ~C-C-,

-C(O)(C),C(0)0O-, -O(C),C(0O)- and —-O(C),O-; wherein,
aisl —4;:
bis2—4;

Ri, Ry, R3, Ry, Rs, R, R7 Rg, R, Rjg and R, are independently selected from the group
consisting of hydrogen, (1C-5C)alkyl, (3C-6C)cycloalkyl and phenyl, any of which may
be optionally substituted with one or more fluorine atoms;

Yo and Y, are independently selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl and phenyl, any of which is
optionally substituted with one or more fluorine groups;

Y and Y, are independently selected from the group consisting of a covalent bond, (1C-
10C)alkyl-, —C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and
-S(2C-10C)alkyl-;

Y3 18 selected from the group consisting of a covalent bond, (1C-5C)alkyl and phenyl:

wherein tetravalent carbon atoms of A;-A, that are not fully substituted with R,-Rs and Y,-Y,

are completed with an appropriate number of hydrogen atoms;

220-
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Z.1s a physiologically acceptable counterion,
m 1s 0 to about 0.49;
n 1s about 0.51 to about 1.0:
whereinm +n=1
p 1s about 0.2 to about 0.5;
q 1s about 0.2 to about 0.5; wherein:
p 18 substantially the same as q;
r 1s O to about 0.6; wherein
ptqtr=1
v 1s from about 5 to about 25 kDa: and
w 18 from about 5 to about 25 kDa.
[0082] In some embodiments,
A 1s -C-C-
Y, 1s -C(O)OCH,CH,-;
Rg 1s hydrogen;
R, and Rg are each —CHj; and,
R, 1s —CH,;.
[0083] In some embodiments,
A, 18 —C-C-;
Y, 1s =C(O)OCH,CH>-;
Ry is hydrogen;
R)p and R,; are each —CHj;; and,
R; 1s -CHs;.
[0084] In some embodiments,
Az 1s —C-C-;
R4 1s CH;CH,CH;-;
Y3 18 a covalent bond;
and Z’ 1s a physiologically acceptable anion.
[0085] In some embodiments,
Ay 18 C-C-;
R; 1s selected from the group consisting of hydrogen and —CHjs; and,
Y 4 1s “C(O)O(CH,);CHs.
[0086] In some embodiments,
Ag 18 C-C-
R, 1s selected from the group consisting of hydrogen and (1C-3C)alkyl; and,
Yo 1s selected from the group consisting of —C(O)O(1C-3C)alkyl.

[0087] In some embodiments, m is 0.
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[0088] In some embodiments, r is 0.
[0089] In some embodiments, m and r are both O.

[0090] Provided in some embodiments, is an exemplary but non-limiting polymer of this invention:

s
- (|3H2
CH CH CH CH
Hy 7 ° Hy 7 ° H2 | “ / H, | ° .l
| —Cc—Cc— | — —C—¢— [|—c—cC —c-C
¢=0 o= C=0 \ cI::o
? 7 " o 6o
?Hz ?Hz | I
CH, OH
| (I:I_I2 | (%HZ CH2
AR A cH
2
H;C CH, H,C CH, |
CH,
__ iy Jw

1V1

[0091] In certain instances, the constitutional units of compound 1 are as shown within the square

bracket on the left and the curved brackets on the right and they are derived from the monomers:

I N )
|

HZC=(|3—C-O-CHQCH2-N(CH3)2 HzC=(|3—C-OH H20=(I;—0—O(CH2)3CH3
CHj (CH2).CH3 4nd CH3

?

[0092] The letters p, q and r represent the mole fraction of each constitutional unit within its block.
The letters v and w represent the molecular weight (number average) of each block in the diblock

copolymer.

[0093] Provided in some embodiments, a compound provided herein is a compound having the

structure:
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CH CH CH CH
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O O P CI) 9 | r
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ﬁ”*z |
O CH
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- 4120 /" \ btz
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1V2

[0094] As discussed above, letters p, q and r represent the mole fraction of each constitutional unit
within 1ts block. The letters v and w represent the molecular weight (number average) of each block
in the diblock copolymer.

[0095] In some embodiments, provided herein the following polymers:

[DMAEMA,-[B,-/-P,-/-D,]., V3
[PEGMA],-[B,~/-P,-/-D], V4
[PEGMA,,-/-DMAEMA,,-[B,-/-P./-D,]., V5
[PEGMA ,-/-MAA(NHS),],-[B,-/-Po~/-D,]\ IV6
[DMAEMA,,-/-MAA(NHS),],-[B,~/-P¢~/-D,], V7
[HPMA,,-/-PDSM, ],-[B,-/-P,-/-D.].. Vs
[PEGMA,,-/-PDSM, },-[B,-/-P.-/-D,]., V9

[0096] In some embodiments, B 1s butyl methacrylate residue; P is propyl acrylic acid residue; D and
DMAEMA are dimethylaminoethyl methacrylate residue; PEGMA 1s polyethyleneglycol

methacrylate residue (e.g., with 1-20 ethylene oxide units, such as illustrated in compound IV-2, or
4-5 ethylene oxide units, or 7-8 ethylene oxide units); MAA(NHS) is methylacrylic acid-N-hydroxy
succinimide residue; HPMA is N-(2-hydroxypropyl) methacrylamide residue; and PDSM is pyridyl
disulfide methacrylate residue. In certain embodiments, the terms m, n, p, q, r, w and v are as
described herein. In specific embodiments, w is about 0.1 times to about 5 times v, or about 1 times to
about 5 times v.

[0097] Polymers IV1-IV9 are examples of polymers provided herein comprising a variety of
constitutional unit(s) making up the first block of the polymer. Moreover, polymers set forth in the
Figures and Table, as well as structurally related polymers (such as variations in MW and/or

monomeric residue ratios) are specifically provided for herein. In some embodiments, the
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constitutional unit(s) of the first block are varied or chemically treated in order to create polymers

where the first block 1s or comprises a constitutional unit that 1s neutral (e.g., PEGMA), cationic

(e.g., DMAEMA), anionic (e.g., PEGMA-NHS, where the NHS 1s hydrolyzed to the acid, or acrylic
acid), ampholytic (e.g., DMAEMA-NHS, where the NHS 1s hydrolyzed to the acid), or zwiterrionic
(for example, poly[2-methacryloyloxy-2'trimethylammoniumethyl phosphate]). In some
embodiments, polymers comprising pyridyl disulfide functionality in the first block,

e.g., [PEGMA-PDSM]-[B-P-D], that can be and 1s optionally reacted with a thiolated siRNA to form
a polymer-siRNA conjugate.

[0098] In some embodiments, the polymers of this invention are "diblock copolymers." The term
"copolymer" signifies that the polymer is the result of polymerization of two or more different
monomers. In some instances, a "block” copolymer refers to a structure in which distinct
sub-combinations of constitutional units are joined together. In certain instances, a "block” refers to a
segment or portion of a polymer having a particular characteristics (e.g., a hydrophilic segment or a
hydrophobic segment of a gradient copolymer). In some instances, a diblock copolymer comprises
just two blocks; a schematic generalization of such a polymer would look like: [A.B,C. ... ] -

[ X.Y,Z, ...]. wherein each letter stands for a constitutional unit, each subscript to a constitutional unit
represents the mole fraction of that unit in the particular block, the three dots indicate that there may
be more (but of course there may also be fewer) constitutional units in each block and m and n
indicate the molecular weight of each block in the diblock copolymer. As suggested by the
schematic, the number and the nature of each constitutional unit is separately controlled for each
block. It 1s understood that the schematic is not meant and should not be construed to infer any
relationship whatsoever between the number of constitutional units or the number of different types of
constitutional units in each of the blocks. Nor is the schematic meant to describe any particular
arrangement of the constitutional units within a particular block. That 1s, in each block the
constitutional units may be disposed in 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 configuration would, 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 would be: x-y-x-z-y-x-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>