I*I Innovation, Sciences et Innovation, Science and CA 3154334 A1 2021/04/22
Développement économique Canada Economic Development Canada
21) 3 1 54 334

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

(13 A1
(86) Date de dépo6t PCT/PCT Filing Date: 2020/10/15 (51) ClInt./Int.Cl. CO8G 61/08(2006.01),
o o . A61TK 47/54(2017.01), A6TK 47/59(2017.01),
(87) Date publication PCT/PCT Publication Date: 2021/04/22 AGTK 47/60(2017.01) COBL 65/00(2006.01)
(85) Entrée phase nationale/National Entry: 2022/04/11 . )
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: US 2020/055862 MASSACHUSETTS INSTITUTE OF TECHNOLOGY, US
(87) N° publication PCT/PCT Publication No.: 2021/076821 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2019/10/16 (US62/916,036) JOHNSON, JEREMIAH A., US;

JIANG, YIVAN, US;
NGUYEN, HUNG VANTHANH, US

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : PROMEDICAMENTS A BROSSE ET LEURS UTILISATIONS
(54) Title: BRUSH PRODRUGS AND USES THEREOF

R' R 0

; Hj’[ M\[ Rs JI\Q,T\
(R - vfﬁ\w""z—u n
: rllnj\o/ "

amy

Hydrolysis [o] )
\I’0 b - \)LOH C‘)

Eelir
TR, ~no R
© Ter ©

o
o QP 0 ™"
_
OH S Ra
pharmaceutical agent
released

o]
Hydrolysis o ~R>
T, A2 L0 IR ,;)kou O\jNi@,\ll 5
NIG‘)I R © o Ry ¢ 1©
O Ry I

Ry, .R3

20 N

Pharmaceutical
agent released

Flgure 18

(57) Abrégé/Abstract:

The present disclosure provides, in some aspects, macromonomers of Formula (1), and salts thereof, methods of preparing the
macromonomers, and salts thereof, Brush prodrugs (polymers); methods of preparing the Brush prodrugs; compounds of
Formula (Il); conjugates of Formula (lll), and salts thereof, pharmaceutical compositions comprising a Brush prodrug, or a
conjugate or a salt thereof; kits comprising: a macromonomer or a salt thereof, a Brush prodrug, a compound, a conjugate or a salt
thereof, or a pharmaceutical composition; methods of using the Brush prodrugs, or conjugates or salts thereof, and uses of the
Brush prodrugs, and conjugates or salts thereof. These chemical entities may be useful in delivering pharmaceutical agents to a
subject or cell.

C an a d a http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC
OPIC - CIPO 191



Date Submitted: 2022/04/11

CA App. No.: 3154334

Abstract:

The present disclosure provides, in some aspects, macromonomers of Formula (1), and salts thereof;
methods of preparing the macromonomers, and salts thereof; Brush prodrugs {polymers); methods of
preparing the Brush prodrugs; compounds of Formula (11); conjugates of Formula (111}, and salts
thereof; pharmaceutical compositions comprising a Brush prodrug, or a conjugate or a salt thereof;
kits comprising: a macromonomer or a salt thereof, a Brush prodrug, a compound, a conjugate or a
salt thereof, or a pharmaceutical composition; methods of using the Brush prodrugs, or conjugates or
salts thereof; and uses of the Brush prodrugs, and conjugates or salts thereof. These chemical entities
may be useful in delivering pharmaceutical agents to a subject or cell.
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BRUSH PRODRUGS AND USES THEREOF

RELATED APPLICATIONS
The present application claims priority to U.S. Provisional Application No.
62/916,0306, filed October 16, 2019, which is incorporated herein by reference.

5 BACKGROUND OF THE DISCLOSURE
Bottlebrush polymers have found widespread applications in fields ranging

from drug delivery and molecular imaging to novel materials preparation.'” Graft-
through ring-opening metathesis polymerization (ROMP) offers distinct advantages
over other bottlebrush synthesis methods.** The fast-initiating Grubb’s 3™ generation

10 catalyst {(Ru) has been shown to sustain propagation of polymer chains with
exceptionally high tolerance towards a wide range of sterically-hindered multivalent
macromonomers (MMs), reaching high degrees of polymerization and low dispersity
values, even at low millimolar concentrations.®’ Furthermore, using Ru, it is possible
to control composition, morphology, and size of final macro molecules, preparing

15  remarkable polymeric architectures such as bottlebrushes and stars.”!! Due to high
packing density of their side-chains, the backbone of bottlebrush polymers is very
rigid and adapts extended morphology with minimal side-chain entanglement.®
Recently, self-assembly behaviors of bottlebrush block copolymers (BBCPs) have
become an active area of research, as these macromolecules readily undergo phase

20  separation and can be used to design materials with novel mechanical properties in
bulk ®'?2 On the other hand, polymeric star nanoarchitectures offer several valuable
features such as tunable nanoscale sizes and shapes that mimic globular
biomacromolecules, allowing for extended blood circulation and efficient

13-

biodistribution and/or tumor accumulation. "' These properties make star polymers

25  particularly well-suited for biological applications,'°

SUMMARY OF THE DISCLOSURE
The present disclosure provides, in some aspects, macromonomers, and salts
thereof, methods of preparing the macromonomers, and salts thereof, Brush prodrugs

{(polymers), methods of preparing the Brush prodrugs; pharmaceutical compositions

1
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comprising a Brush prodrug; kits comprising: a macromonomer, or a salt thereof, a
Brush prodrug, or a pharmaceutical composition; methods of using the Brush
prodrugs; and uses of the Brush prodrugs.

The Brush prodrugs may be polymers prepared by polymerizing a

5  macromonomer of Formula (I):

0O B
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D,
or a salt thereof, in the presence of a metathesis catalyst, wherein each instance of —
O
-«
,gLN/‘s.
J
L

Y—Z— is independently or

10 . In certain embodiments, the metathesis

catalyst is a Grubbs catalyst.
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Not bound by any particular theory, the advanteges of the Brush prodrugs may

. The

properties (e.g., release of the free pharmaceutical agents) of the Brush prodrugs may

be due to the moiety
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RZ
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|
5 R® . For example, the size, polarity, chemical reactivity, and/or

photochemical reactivity of one or more moieties thereof may affect the release (e.g.,
rate of release) of the pharmaceutical agent. Bulkier moieties may slow the release.
Less polar moieties may slow the release. Therefore, the release may be fine tuned by

modifying the one or more moieties.

10 In another aspect, the present disclosure provides compounds of Formula (IT);
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In another aspect, the present disclosure provides conjugates of Formula (1II):

3
SUBSTITUTE SHEET (RULE 26)

CA 03154334 2022-4-11



10

15

20

25

CA 03154334 2022-4-11

WO 2021/076821 PCT/US2020/055862

¢ (1.

In certain embodiments, each instance of T is substituted or unsubstituted
methylene; and each instance of M is independently an ammonium salt or iminium
salt of a pharmaceutical agent, wherein the attachment point is the N* of the
ammonium salt or iminium salt. The compounds and conjugates may be useful for
conjugating with a delivery vehicle a pharmaceutical agent that does not contain a
conventional reaction handle.

In another aspect, the present disclosure provides methods of preparing the
Brush prodrugs.

In another aspect, the present disclosure provides macromonomers of Formula
(@D,
and salts thereof’

In another aspect, the present disclosure provides methods of preparing the
macromonomers, and salts thereof,

In another aspect, the present disclosure provides pharmaceutical
compositions comprising a Brush prodrug and optionally a pharmaceutically
acceptable excipient.

In another aspect, the present disclosure provides pharmaceutical
compositions comprising a conjugate and optionally a pharmaceutically acceptable
excipient.

In another aspect, the present disclosure provides kits comprising: a
macromonomer, or a salt thereof, a Brush prodrug, or a pharmaceutical composition;
and instructions for using the macromonomer, or a salt thereof, the polymer, or the
pharmaceutical composition.

In another aspect, the present disclosure provides kits comprising a compound,
and instructions for using the compound.

In another aspect, the present disclosure provides kits comprising a conjugate,

or a salt thereof, or a pharmaceutical composition; and

4
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instructions for using the conjugate, or a salt thereof, or the pharmaceutical
composition.

In another aspect, the present disclosure provides methods of delivering a
pharmaceutical agent to a subject in need thereof comprising administering to the

5 subject in need thereof a polymer or a pharmaceutical composition.

In another aspect, the present disclosure provides methods of delivering a
pharmaceutical agent to a cell comprising contacting the cell with a polymer or a
pharmaceutical composition.

In another aspect, the present disclosure provides methods of treating a disease

10  in a subject in need thereof comprising administering to or implanting in the subject in
need thereof a therapeutically effective amount of: a polymer or a pharmaceutical
composition; wherein at least one instance of the pharmaceutical agent is a therapeutic
agent.

In another aspect, the present disclosure provides methods of preventing a

15  disease in a subject in need thereof comprising administering to or implanting in the
subject in need thereof a prophylactically effective amount of: a polymer or a
pharmaceutical composition; wherein at least one instance of the pharmaceutical agent
is a prophylactic agent.

In another aspect, the present disclosure provides methods of diagnosing a

20  disease in a subject comprising administering to or implanting in the subject a
diagnostically effective amount of: a polymer or a pharmaceutical composition;
wherein at least one instance of the pharmaceutical agent is a diagnostic agent.

In another aspect, the present disclosure provides methods of delivering a
pharmaceutical agent to a subject in need thereof comprising administering to the

25  subject in need thereof a conjugate or a pharmaceutical composition.

In another aspect, the present disclosure provides methods of delivering a
pharmaceutical agent to a cell comprising contacting the cell with a conjugate or a
pharmaceutical composition.

In another aspect, the present disclosure provides methods of treating a disease

30  in a subject in need thereof comprising administering to or implanting in the subject in
need thereof a therapeutically effective amount of: a conjugate or a pharmaceutical
composition; wherein at least one instance of the pharmaceutical agent is a therapeutic

agent.

5
SUBSTITUTE SHEET (RULE 26)

CA 03154334 2022-4-11



WO 2021/076821 PCT/US2020/055862

In another aspect, the present disclosure provides methods of preventing a
disease in a subject in need thereof comprising administering to or implanting in the
subject in need thereof a prophylactically effective amount of: a conjugate or a
pharmaceutical composition; wherein at least one instance of the pharmaceutical agent

5 isaprophylactic agent.

In another aspect, the present disclosure provides methods of diagnosing a
disease in a subject comprising administering to or implanting in the subject a
diagnostically effective amount of: a conjugate or a pharmaceutical composition;
wherein at least one instance of the pharmaceutical agent is a diagnostic agent.

10 In certain embodiments, the disease is cancer.

The present disclosure refers to various issued patent, published patent

applications, journal articles, and other publications, all of which are incorporated

herein by reference.

15 DEFINITIONS

For convenience, certain terms employed herein, in the specification,
examples and appended claims are collected herein.

Unless otherwise required by context, singular terms shall include pluralities
and plural terms shall include the singular.

20 The following definitions are more general terms used throughout the present
application:

The singular terms “a,” “an,” and “the” include plural referents unless context
clearly indicates otherwise. Similarly, the word “or” is intended to include “and”
unless the context clearly indicates otherwise.

25 Other than in the operating examples, or where otherwise indicated, all
numbers expressing quantities of ingredients or reaction conditions used herein should
be understood as modified in all instances by the term “about.” "About" and
"approximately" shall generally mean an acceptable degree of error for the quantity
measured given the nature or precision of the measurements. Exemplary degrees of

30  error are within 20 percent (%), typically, within 10%, and more typically, within 5%,
4%, 3%, 2% or 1% of a given value or range of values.

Definitions of specific functional groups and chemical terms are described in
more detail below. The chemical elements are identified in accordance with the
Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,

6
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75" Ed., inside cover, and specific functional groups are generally defined as
described therein. Additionally, general principles of organic chemistry, as well as
specific functional moieties and reactivity, are described in Orgaric Chemistry,
Thomas Sorrell, University Science Books, Sausalito, 1999; Smith and March

5  March’s Advanced Organic Chemistry, 5™ Edition, John Wiley & Sons, Inc., New
York, 2001; Larock, Comprehensive Organic Tramsformations, VCH Publishers, Inc.,
New York, 1989; and Carruthers, Some Modern Methods of Organic Synthesis, 3™
Edition, Cambridge University Press, Cambridge, 1987.

Compounds described herein can comprise one or more asymmetric centers,

10  and thus can exist in various stereoisomeric forms, ¢.2., enantiomers and/or
diastereomers. For example, the compounds described herein can be in the form of an
individual enantiomer, diastereomer or geometric isomer, or can be in the form of a
mixture of stereoisomers, including racemic¢ mixtures and mixtures enriched in ong or
more stereoisomer. Isomers can be isolated from mixtures by methods known to those

15  skilled in the art, including chiral high pressure liquid chromatography (HPLC) and
the formation and crystallization of chiral salts; or preferred isomers can be prepared
by asymmetric syntheses. See, for example, Jacques et al., Enantiomers, Racemates
and Resolutions (Wiley Interscience, New York, 1981); Wilen et al., Tetrahedron
33:2725 (1977); Eliel, E. L. Stereochemistry of Carbon Compounds (McGraw—Hill,

20 NY, 1962), and Wilen, S H. Tables of Resolving Agenits and Optical Resolutions p.
268 (E.L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, IN 1972). The
invention additionally encompasses compounds as individual isomers substantially
free of other isomers, and alternatively, as mixtures of various isomers.

When a range of values (“range™) is listed, it is intended to encompass each

25  value and sub-range within the range. A range is inclusive of the values at the two
ends of the range unless otherwise provided. For example, “an integer between 1 and
4” refers to 1, 2, 3, and 4. For example “Ci— alkyl” is intended to encompass, C1, Ca,
Cs, Ca, Cs, Cs, Cis, Ci_s, C1, Ci3, Ci2, Cas, Crs, C24, Cas, Cis, Cis, C3a, Cuas,
Ca-s, and Cs alkyl.

30 The term “alky]™ refers to a radical of a C1-C1o00 straight—chain or branched
saturated hydrocarbon group. In some embodiments, an alkyl group has 1 to 200
carbon atoms (“C1-Cz00 alkyl™), 1 to 20 carbon atoms (“C1-Czo alkyl™), 1 to 10 carbon
atoms (“C1-Cio alkyl™), 1 to 9 carbon atoms (“C1-Co alkyl™), 1 to 8 carbon atoms
(“C1-Csg alkyl™), 1 to 7 carbon atoms (“C1-C+7 alkyl™), 1 to 6 carbon atoms (“C-Cs

.
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alkyl™), 1 to 5 carbon atoms (*C)-Cs alkyl™), 1 to 4 carbon atoms (“C1-C4 alkyl™), 1 to
3 carbon atoms (“C)-Cs alkyl™), 1 to 2 carbon atoms (“C)1-C: alkyl”), or 1 carbon atom
(“Cy alkyl™). Examples of C1-Cs alkyl groups include methyl (C1), ethyl (C2), n—
propyl (Cs), isopropyl (C3), n—butyl (C4), tert-butyl (Ca), sec—butyl (Cai), iso—butyl
(Ca), n—pentyl (Cs), 3—pentanyl (Cs), amyl (Cs), neopentyl (Cs), 3—methyl-2-butanyl
(Cs), tertiary amyl (Cs), and n—hexyl (Cs). Additional examples of alkyl groups
include n—heptyl (C7), n—octyl (Cs) and the like. C30-Ciooo alkyl may be obtained from
polymerization. Unless otherwise specified, each instance of an alkyl group is
independently unsubstituted (an “unsubstituted alkyl”) or substituted (a “substituted
alkyl) with one or more substituents.

The term “alkenyl” refers to a radical of a straight—chain or branched
hydrocarbon group having from 2 to 1000 carbon atoms and one or more carbon-
carbon double bonds (e.g., 1, 2, 3, or 4 double bonds). In some embodiments, an
alkenyl group has 2 to 200 carbon atoms (“Cz 200 alkenyl™). In some embodiments, an
alkenyl group has 2 to 20 carbon atoms (“Cz—0 alkenyl™). In some embodiments, an
alkenyl group has 2 to 9 carbon atoms (“Cz-o alkenyl”). In some embodiments, an
alkenyl group has 2 to 8 carbon atoms (“Cz-s alkenyl”). In some embodiments, an
alkenyl group has 2 to 7 carbon atoms (*C;-7 alkenyl”). In some embodiments, an
alkenyl group has 2 to 6 carbon atoms (“Cz- alkenyl”). In some embodiments, an
alkenyl group has 2 to 5 carbon atoms (“Cz-s alkenyl”). In some embodiments, an
alkenyl group has 2 to 4 carbon atoms (“C:z-4 alkenyl™). In some embodiments, an
alkenyl group has 2 to 3 carbon atoms (“C:-s alkenyl™). In some embodiments, an
alkenyl group has 2 carbon atoms (“Cz alkenyl”). The one or more carbon—carbon
double bonds can be internal (such as in 2-butenyl) or terminal (such as in 1-
butenyl). Examples of C24 alkenyl groups include ethenyl (Cz), 1-propenyl (Cs), 2—
propenyl (Cs), 1-butenyl (Ca), 2-butenyl (C4), butadienyl (Ca), and the like. Examples
of Ca6 alkenyl groups include the aforementioned Cz4 alkenyl groups as well as
pentenyl (Cs), pentadienyl (Cs), hexenyl (Cs), and the like. C30-Ciooo alkenyl may be
obtained from polymerization. Unless otherwise specified, each instance of an alkenyl
group is independently unsubstituted (an “unsubstituted alkenyl”) or substituted {(a
“substituted alkenyl™) with one or more substituents. In an alkenyl group, a C=C
double bond for which the stereochemistry is not specified (e.g., -CH=CHCH3,

.
W , Or .1'1/\) may be in the (£)- or (Z)-configuration.

8
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The term “alkynyl™ refers to a radical of a straight—chain or branched
hydrocarbon group having from 2 to 1000 carbon atoms and one or more carbon-
carbon triple bonds (e.g., 1, 2, 3, or 4 triple bonds) (“C2-1p alkynyl™). In some
embodiments, an alkynyl group has 2 to 200 carbon atoms (“Ca2-200 alkynyl™), 2 to 20

5  carbon atoms (“Caz-20 alkynyl™), 2 to 9 carbon atoms (“Cz-9 alkynyl™), 2 to 8 carbon
atoms (“Cz-s alkynyl”), 2 to 7 carbon atoms (“Cz-7 alkynyl™), 2 to 6 carbon atoms
(“Cas alkynyl™), 2 to 5 carbon atoms (“Cz-s alkynyl™), 2 to 4 carbon atoms (“C24
alkyny!l™), 2 to 3 carbon atoms (“Cz_3 alkynyl”), or 2 carbon atoms (“C> alkynyl™).
The one or more carbon—carbon triple bonds can be internal {such as in 2-butynyl) or

10 terminal (such as in 1-butynyl). Examples of C2_4 alkynyl groups include, without
limitation, ethynyl (Cz), 1-propynyl (C3), 2—propynyl (C:3), 1-butynyl (Cs), 2—butynyl
(C4), and the like. Examples of C» 6 alkenyl groups include the aforementioned C; 4
alkynyl groups as well as pentynyl (Cs), hexynyl {Cs), and the like. C30-Ci000 alkynyl
may be obtained from polymerization. Unless otherwise specified, each instance of an

15 alkynyl group is independently unsubstituted (an “unsubstituted alkynyl™) or
substituted (a “substituted alkynyl™) with one or more substituents.

The term “heteroalkyl” refers to an alkyl group which further includes at least
one heteroatom (e.g., 1, 2, 3, 4, or more heteroatoms, as valency permits) selected
from oxygen, nitrogen, phosphorus, or sulfur within (i.e., inserted between adjacent

20  carbon atoms of) and/or placed at one or more terminal position(s) of the parent chain.
In certain embodiments, a heteroalkyl group refers to a saturated group having from 1
to 1000 carbon atoms and 1 or more heteroatoms within the parent chain (*“C1-Cioo0
heteroalkyl™), 1 to 20 carbon atoms and 1 or more heteroatoms within the parent chain
(“C1-Czo heteroalkyl™), 1 to 10 carbon atoms and 1 or more heteroatoms within the

25  parent chain (“C1-Co heteroalkyl™), 1 to 9 carbon atoms and 1 or more heteroatoms
within the parent chain (“Ci-Cy heteroalkyl™), 1 to 8 carbon atoms and 1 or more
heteroatoms within the parent chain (“C1_Cs heteroalkyl™), 1 to 7 carbon atoms and 1
or more heteroatoms within the parent chain (“C,-C7 heteroalkyl™), 1 to 6 carbon
atoms and 1 or more heteroatoms within the parent chain (“C,-Cs heteroalkyl™), 1 to 5

30  carbon atoms and 1 or more heteroatoms within the parent chain (“C1-Cs
heteroalkyl™), 1 to 4 carbon atoms and 1or more heteroatoms within the parent chain
(*C1-C4 heteroalkyl™), 1 to 3 carbon atoms and 1 or more heteroatoms within the
parent chain (“C1 Cs heteroalkyl™), 1 to 2 carbon atoms and 1 hetercatom within the

parent chain (“Ci-C2 heteroalkyl™), or 1 carbon atom and 1 heteroatom (“Cy

9
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heteroalkyl™). C30-Ci000 heteroalkyl may be obtained from polymerization. Unless
otherwise specified, each instance of a heteroalkyl group is independently
unsubstituted (an “unsubstituted heteroalkyl™) or substituted (a “substituted
heteroalkyl™) with one or more substituents.

5 The term “heteroalkenyl” refers to an alkenyl group, which further includes at
least one heteroatom (e.g., 1, 2, 3, 4, or more heteroatoms, as valency permits)
selected from oxygen, nitrogen, or sulfur within (i.e., inserted between adjacent
carbon atoms of) and/or placed at one or more terminal position(s) of the parent chain.
In certain embodiments, a heteroalkenyl group refers to a group having from 2 to

10 1000 carbon atoms, at least one double bond, and 1 or more heteroatoms within the
parent chain (“heteroCs_1000 alkenyl™). In certain embodiments, a heteroalkenyl group
refers to a group having from 2 to 20 carbon atoms, at least one double bond, and 1 or
more heteroatoms within the parent chain (“heteroCz 20 alkenyl™). In certain
embodiments, a heteroalkenyl group refers to a group having from 2 to 10 carbon

15  atoms, at least one double bond, and 1 or more heteroatoms within the parent chain
(“heteroCz-10 alkenyl™). In some embodiments, a hetercalkenyl group has 2 to 9
carbon atoms at least one double bond, and 1 or more heteroatoms within the parent
chain (“heteroC3zy alkenyl”). In some embodiments, a heteroalkenyl group has 2 to 8
carbon atoms, at least one double bond, and 1 or more heteroatoms within the parent

20  chain (“heteroCz-s alkeny]”). In some embodiments, a heteroalkenyl group has 2 to 7
carbon atoms, at least one double bond, and 1 or more heteroatoms within the parent
chain (“heteroC>-7 alkenyl™). In some embodiments, a heteroalkenyl group has 2 to 6
carbon atoms, at least one double bond, and 1 or more heteroatoms within the parent
chain (“heteroCz¢ alkenyl”). In some embodiments, a heteroalkenyl group has 2 to 5

25  carbon atoms, at least one double bond, and 1 or 2 heteroatoms within the parent
chain (“heteroC>_s alkenyl”). In some embodiments, a heteroalkenyl group has 2 to 4
carbon atoms, at least one double bond, and 1or 2 hetercatoms within the parent chain
(“heteroCz4 alkenyl™). In some embodiments, a heteroalkenyl group has 2 to 3 carbon
atoms, at least one double bond, and 1 hetercatom within the parent chain (“heteroC2—

30 3 alkenyl”). In some embodiments, a heteroalkenyl group has 2 to ¢ carbon atoms, at
least one double bond, and 1 or 2 heteroatoms within the parent chain (*heteroCz s
alkenyl”). C30-Cio00 heteroalkenyl may be obtained from polymerization. Unless
otherwise specified, each instance of a heteroalkenyl group is independently

unsubstituted (an “unsubstituted heteroalkenyl™) or substituted (a “substituted

10
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heteroalkenyl™) with one or more substituents. In certain embodiments, the
heteroalkenyl group is an unsubstituted heteroCz-10 alkenyl. In certain embodiments,
the heteroalkenyl group is a substituted heteroCz-10 alkenyl.

The term “heteroalkynyl” refers to an alkynyl group, which further includes at
least one heteroatom (e.g., 1, 2, 3, 4, or more heteroatoms, as valency permits)
selected from oxygen, nitrogen, or sulfur within (7.e., inserted between adjacent
carbon atoms of) and/or placed at one or more terminal position(s) of the parent chain.
In certain embodiments, a heteroalkynyl group refers to a group having from 2 to
1000 carbon atoms, at least one triple bond, and 1 or more heterocatoms within the
parent chain (“heteroCz-1000 alkynyl™). In certain embodiments, a heteroalkynyl group
refers to a group having from 2 to 20 carbon atoms, at least one triple bond, and 1 or
more heteroatoms within the parent chain (“heteroCz 20 alkynyl™). In certain
embodiments, a heteroalkynyl group refers to a group having from 2 to 10 carbon
atoms, at least one triple bond, and 1 or more heteroatoms within the parent chain
(“heteroCa10 alkynyl™). In some embodiments, a heteroalkynyl group has 2 t0 9
carbon atoms, at least one triple bond, and 1 or more heteroatoms within the parent
chain (“heteroCz-s alkynyl”). In some embodiments, a heteroalkynyl group has 2 to 8
carbon atoms, at least one triple bond, and 1 or more heteroatoms within the parent
chain (“heteroCz-s alkynyl”). In some embodiments, a heteroalkynyl group has 2 to 7
carbon atoms, at least one triple bond, and 1 or more heteroatoms within the parent
chain (“*heteroC>-7 alkynyl”). In some embodiments, a heteroalkynyl group has 2 to 6
carbon atoms, at least one triple bond, and 1 or more heteroatoms within the parent
chain (“heteroCz-6 alkynyl”). In some embodiments, a heteroalkynyl group has 2 to 5
carbon atoms, at least one triple bond, and 1 or 2 heteroatoms within the parent chain
(“heteroC:-s alkynyl™). In some embodiments, a heteroalkynyl group has 2 to 4
carbon atoms, at least one triple bond, and 1or 2 heteroatoms within the parent chain
(“heteroCa—4 alkynyl™). In some embodiments, a heteroalkynyl group has 2 to 3
carbon atoms, at least one triple bond, and 1 heteroatom within the parent chain
(“heteroC,3 alkynyl”). In some embodiments, a heteroalkynyl group has 2 to 6
carbon atoms, at least one triple bond, and 1 or 2 heteroatoms within the parent chain
(*“heteroCy-s alkynyl™). C30-Ciooo heteroalkynyl may be obtained from polymerization.
Unless otherwise specified, each instance of a heteroalkynyl group is independently
unsubstituted (an “unsubstituted heteroalkynyl™) or substituted (a “substituted

heteroalkynyl”) with one or more substituents. In certain embodiments, the
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heteroalkynyl group is an unsubstituted heteroCz-10 alkynyl. In certain embodiments,
the heteroalkynyl group is a substituted heteroCz-10 alkynyl.

The term “carbocyclyl” or “carbocyclic” or “cycloalkyl” refers to a radical of
a non—aromatic cyclic hydrocarbon group having from 3 to 10 ring carbon atoms
(“Cs-10 carbocyclyl”) and zero heteroatoms in the non—aromatic ring system. In some
embodiments, a carbocyclyl group has 3 to 8 ring carbon atoms (“Cj3_g carbocyclyl™),
3 to 7 ring carbon atoms (“Cs_7 carbocyclyl™), 3 to 6 ring carbon atoms (“C3_s
carbocyclyl™), 4 to 6 ring carbon atoms (“Css carbocyclyl™), 5 to 6 ring carbon atoms
(*Cs_s carbocyclyl™), or 5 to 10 ring carbon atoms (“Cs_i0 carbocyclyl™). Exemplary
C36 carbocyclyl groups include, without limitation, cyclopropyl (C3), cyclopropenyl
(C5), cyclobutyl (Ca), cyclobutenyl (C4), cyclopentyl (Cs), cyclopentenyl (Cs),
cyclohexyl (Cs), cyclohexenyl (Cs), cyclohexadienyl (Ce), and the like. Exemplary
C3 g carbocyclyl groups include, without limitation, the aforementioned Ci s
carbocyclyl groups as well as cycloheptyl (C7), cycloheptenyl (C7), cycloheptadienyl
(C7), cycloheptatrienyl (C7), cyclooctyl (Cg), cyclooctenyl {Cs),
bicyclo[2.2.1]heptanyl (C7), bicyclo[2.2.2]octanyl (Cs), and the like. Exemplary Cs_1o
carbocyclyl groups include, without limitation, the aforementioned Cz_g carbocyclyl
groups as well as cyclononyl (Cs), cyclononenyl (Cs), cyclodecyl (Cio), cyclodecenyl
(C10), octahydro—1H—-indenyl (Cs), decahydronaphthalenyl (Cio), spiro[4.5]decanyl
(Ci0), and the like. As the foregoing examples illustrate, in certain embodiments, the
carbocyclyl group is either monocyclic (“monocyclic carbocyclyl™) or polycyclic
(e.g., containing a fused, bridged or spiro ring system such as a bicyclic system
(“bicyclic carbocyclyl™) or tricyclic system (“tricyclic carbocyclyl™)) and can be
saturated or can contain one or more carbon—carbon double or triple bonds.
“Carbocyclyl” also includes ring systems wherein the carbocyclyl ring, as defined
above, is fused with one or more aryl or heteroaryl groups wherein the point of
attachment is on the carbocyclyl ring, and in such instances, the number of carbons
continue to designate the number of carbons in the carbocyclic ring system. Unless
otherwise specified, each instance of a carbocyclyl group is independently
unsubstituted (an “unsubstituted carbocyclyl™) or substituted (a “substituted
carbocyclyl™) with one or more substituents.

The term “heterocyclyl” or “heterocyclic” refers to a radical of a 3—to 14—
membered non—aromatic ring system having ring carbon atoms and 1 to 4 ring

hetercatoms, wherein each heteroatom is independently selected from nitrogen,
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oxygen, phosphorus, and sulfur (“3—-14 membered heterocyclyl™). In heterocyclyl
groups that contain one or more nitrogen atoms, the point of attachment can be a
carbon or nitrogen atom, as valency permits. A heterocyclyl group can either be
monocyclic (“monocyclic heterocyclyl™) or polycyclic {e.g., a fused, bridged or spiro
ring system such as a bicyclic system (“bicyclic heterocyclyl™) or tricyclic system
(“tricyclic heterocyclyl™)), and can be saturated or can contain one or more carbon—
carbon double or triple bonds. Heterocyclyl polycyclic ring systems can include one
or more heteroatoms in one or both rings. “Heterocyclyl” also includes ring systems
wherein the heterocyclyl ring, as defined above, is fused with one or more carbocyclyl
groups wherein the point of attachment is either on the carbocyclyl or heterocyclyl
ring, or ring systems wherein the heterocyclyl ring, as defined above, is fused with
one or more aryl or heteroaryl groups, wherein the point of attachment is on the
heterocyclyl ring, and in such instances, the number of ring members continue to
designate the number of ring members in the heterocyclyl ring system. Unless
otherwise specified, each instance of heterocyclyl is independently unsubstituted (an
“unsubstituted heterocyclyl™) or substituted (a “substituted heterocyclyl”) with one or
more substituents.

In some embodiments, a heterocyclyl group is a 5—10 membered non—
aromatic ring system having ring carbon atoms and 1-4 ring heteroatoms, wherein
each heteroatom is independently selected from nitrogen, oxygen, phosphorus, and
sulfur (“5-10 membered heterocyclyl™). In some embodiments, a heterocyclyl group
is a 5—8 membered non—aromatic ring system having ring carbon atoms and 1-4 ring
heteroatoms, wherein each heteroatom is independently selected from nitrogen,
oxygen, phosphorus, and sulfur (“5-8 membered heterocyclyl™). In some
embodiments, a heterocyclyl group is a 5-6 membered non—aromatic ring system
having ring carbon atoms and 14 ring hetercatoms, wherein each heteroatom is
independently selected from nitrogen, oxygen, phosphorus, and sulfur (“5-6
membered heterocyclyl™). In some embodiments, the 5—6 membered heterocyclyl has
1-3 ring heteroatoms selected from nitrogen, oxygen, phosphorus, and sulfur. In some
embodiments, the 5—6 membered heterocyclyl has 1-2 ring heteroatoms selected from
nitrogen, oxygen, phosphorus, and sulfur. In some embodiments, the 5—6 membered
heterocyclyl has 1 ring heteroatom selected from nitrogen, oxygen, phosphorus, and
sulfur.

13
SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

CA 03154334 2022-4-11

WO 2021/076821 PCT/US2020/055862

Exemplary 3—membered heterocyclyl groups containing 1 heteroatom include,
without limitation, azirdinyl, oxiranyl, and thiiranyl. Exemplary 4-membered
heterocyclyl groups containing 1 heteroatom include, without limitation, azetidinyl,
oxetanyl and thietanyl. Exemplary 5—membered heterocyclyl groups containing 1
heteroatom include, without limitation, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothiophenyl, dihydrothiophenyl, pyrrolidinyl, dihydropyrrolyl, and pyrrolyl—
2,5—dione. Exemplary 5—membered heterocyclyl groups containing 2 heteroatoms
include, without limitation, dioxolanyl, oxathiolanyl and dithiolanyl. Exemplary 5—
membered heterocyclyl groups containing 3 heteroatoms include, without limitation,
triazolinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary 6—membered heterocyclyl
groups containing 1 heteroatom include, without limitation, piperidinyl,
tetrahydropyranyl, dihydropyridinyl, and thianyl. Exemplary 6-membered
heterocyclyl groups containing 2 heteroatoms include, without limitation, piperazinyl,
morpholinyl, dithianyl, and dioxanyl. Exemplary 6—membered heterocyclyl groups
containing 3 heteroatoms include, without limitation, triazinanyl. Exemplary 7—
membered heterocyclyl groups containing 1 hetercatom include, without limitation,
azepanyl, oxepanyl, and thiepanyl. Exemplary 8—membered heterocyclyl groups
containing 1 heteroatom include, without limitation, azocanyl, oxecanyl and
thiocanyl. Exemplary bicyclic heterocyclyl groups include, without limitation,
indolinyl, isoindolinyl, dihydrobenzofuranyl, dihydrobenzothienyl, tetrahydrobenzo-
thienyl, tetrahydrobenzofuranyl, tetrahydroindolyl, tetrahydroquinclinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl, decahydroisoquinolinyl,
octahydrochromenyl, octahydroisochromenyl, decahydronaphthyridinyl, decahydro—
1,8—naphthyridinyl, octahydropyrrolo[3,2-b]pyrrole, indolinyl, phthalimidyl,
naphthalimidyl, chromanyl, chromenyl, 1H-benzo[e][1,4]diazepinyl, 1,4,5,7—tetra-
hydropyrano[3,4-b]pyrrolyl, 5,6—dihydro—4H—furo[3,2-b]pyrrolyl, 6,7-dihydro-5H-
furo[3,2-b]pyranyl, 5,7-dihydro—4H-thieno[2,3—¢]pyranyl, 2,3—dihydro-1H-
pyrrolo[2,3—-b]pyridinyl, 2, 3—dihydrofuro[2,3—-b]pyridinyl, 4,5,6,7—-tetrahydro—1H-
pyrrolo[2,3-b]pyridinyl, 4,5,6,7—tetrahydrofuro[3,2—]|pyridinyl, 4,5,6,7—tetrahydro-
thieno[3,2-b]pyridinyl, 1,23, 4—tetrahydro—1,6—naphthyridinyl, and the like.

The term “aryl” refers to a radical of a monocyclic or polycyclic (e.g., bicyclic
or tricyclic) 4n+2 aromatic ring system {e.g., having 6, 10, or 14 & electrons shared in

a cyclic array) having 6—14 ring carbon atoms and zero heteroatoms provided in the
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aromatic ring system (“Cs-14 aryl™). In some embodiments, an aryl group has 6 ring
carbon atoms (“Ce aryl”; e.g., phenyl). In some embodiments, an aryl group has 10
ring carbon atoms (“Cio aryl”; e.g., naphthyl such as 1-naphthyl and 2—naphthyl). In
some embodiments, an aryl group has 14 ring carbon atoms (“C4 aryl”; e.g.,
anthracyl). “Aryl” also includes ring system