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CROSSLINKING COMONOMERS FOR HIGH PERFORMANCE DEGRADABLE
THERMOSETS

RELATED APPLICATIONS
This application claims priority under 35 U.S.C. § 119(e) 1o U.S. Provisional Application

No. 63/111608, filed November 9, 2020, which is incorporated herein by reference.

SUMMARY OF THE DISCLOSURE

There is a need to improve the reprocessability of thermosets. Ao approach to convert
existing thermosets into degradable variants would nvolve the use of a fow-cost co-monomer
additive that, when introduced at low levels during standard thermoset formulation conditions,
could introduce cleavable bonds at precise tocations within the thermoset polymer network
enabling material degradation with otherwise little to no impact on properties. The use of such
co-monomer strategies to imbue commodity polymers with degradability or reprocessability is
exceedingly rare. To our knowledge, such an approach has not been demonstrated in the context
of existing high-performance thermosets.

Here, in one aspect, we establish this co-monomer approach in the context of
commercially important thermosets, such as poly-dicyclopentadiene (pDCPD). pDCPD may be
prepared through ring-opening metathesis polymerization (ROMP) of the abundant hydrocarbon
feedstock dicyclopentadiene (DCPD). See, e.g., U.S. patent application Nos. 16/542,824, filed
August 16, 2019, and 17/022,021, filed September 13, 2020, which are incorporated herein by
reference. In this curing process, the norbornene component of DCPD polymerizes rapidly to
produce linear polymer strands that are subsequently crosslinked through metathesis reactions of
their cyclopentene sidechains. The resulting entirely hydrocarbon thermoset is valued for its high
impact resistance and compatibility with reaction injection molding processes. Moreover,
emerging manufacturing concepts, such as frontal polymerization, enable pDCPD curing with
energy consumption orders-of-magnitude lower than other thermosets (e.g., epoxies).

The present disclosure provides, for example, compounds, copolymers, hydroxylated
oligomers, hydroxylated polymers, conjugates, compositions, kits, methods of preparing the
compounds, methods of preparing the hydroxylated oligomers and hydroxylated polymers,

methods of preparing the copolymers, and methods of preparing the conjugates.
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DEFINITIONS

Definitions of specific functional groups and chemical terms are described in more detail
below. The chemical elements are identified in accordance with the Pertodic Table of the
Elements, CAS version, Handbook of Chemistry and Physics, 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 Thomas
Sorrell, Organic Chemisiry, University Science Books, Sausalito, 1999, Smith and March,
March's Advanced Organic Chemistry, S Bdition, John Wiley & Sons, Inc., New York, 2001;
Larock, Comprehensive Organic Transformations, VCH Publishers, Inc, New York, 1989; and
Carrathers, Some Modern Methods of Organic Synthesis, 3 Edition, Cambridge University
Press, Cambridge, 1987

Compounds described herein can comprise one or more asymmetric centers, and thus can
exist in various isomeric forms, e.g., enantiomers and/or diastereomers. For example, the
compounds described heretn can be 1u the form of an individual enantiomer, diastereomer or
geometric isomer, or can be in the form of a mixture of sterecisomers, including racemic
mixtures and mixtures enriched in one or more stereoisomer. Isomers can be isclated from
mixtures by methods known to those skilled in the art, including chiral high pressure liquid
chromatography (HPLC), supercritical fluid chromatography (SFC), and the formation and
crystallization of chiral salts; or preferred isomers can be prepared by asymmetric syntheses. See,
for example, Jacques ef al., Enantiomers, Racemates and Resolutions {Wiley Interscience, New
York, 1981); Wilen et al., Tetrahedron 33:2725 (1977); Eliel, Stereochemisiry of Carbon
Compounds (McGraw-Hill, NY, 1962); and Wilen, Tables of Resolving Agents and Optical
Hesolutions p. 268 (E.L.. Eliel, Ed , Univ. of Notre Dame Press, Notre Dame, IN 1972). The
present disclosure additionally encompasses compounds described herein as individual isomers
substantially free of other isomers, and alternatively, as mixtures of various isomers.

ln a formula, the bond ww»w is a single bond, the dashed line ~-~ is a single bond or
absent, and the bond === or === i3 a single or double bond.

Unless gtherwise provided, a formula depicted herein includes compounds that do not
include isotopically enriched atoms and also compounds that include isotopically enriched atoms.
Compounds that include isotopically enriched atoms may be useful as, for example, analytical
tools, and/or probes in biological assays.

The term “aliphatic” includes both saturated and unsaturated, nonaromatic, straight chain
{i.e., unbranched), branched, acyclic, and cyclic (i.e., carbocyclic} hydrocarbons. In some
embodiments, an aliphatic group is optionally substituted with one or more functional groups

{e.g., halo, such as fluorine). As will be appreciated by one of ordinary skill in the art, “aliphatic”
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is intended herein to include alkyl, alkenyl, alkvnyl, cycloalkyl, cycloalkenyi, and cycloalkynyi
moieties.

When a range of values (“range”) 1s listed, it is intended to encompass each 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 47 refersto 1, 2, 3, and 4. For
example “Cis alkyl” is intended to encompass, Ci, Cz, Cs, Ca, Cs, Cg, Crus, Cros, Crog, Ciz, Cra,
Crs, Crs, Cag, Cos, Cag, Cas, Cag, Cas, Cas, and Cso alkyl.

“Alkyl” refers to a radical of a straight-chain or branched saturated hydrocarbon group
having from 1 to 20 carbon atoms (“Cize alkyl”). In some embodiments, an alkyl group has 1 to
12 carbon atoms (“Cy.2 alkyl”). In some embodiments, an alkyi group bas 1 to 10 carbon atoms
(“C1ao alkyl”}. In some embodiments, an altkyl group has 1 to 9 carbon atoms ("Ci alkyl”). In
some embodiments, an alkyl group has 1 to 8 carbon atoms (“Cis alkyl”}. In some embodiments,
an alkyl group has 1 to 7 carbon atoms (“Ci7 alkyl”). In some embodiments, an alkyl group has
1 to 6 carbon atoms (“Cis alkyl”). To some embodiments, ao alkyl group has 1 o 5 carbon atoms
(“Ci.s alky!”). In some embodiments, an alkyl group has 1 to 4 carbon atoms ("Ci.4 alky!”). In
some embodiments, an alkyl group has 1 to 3 carbon atoms ("Ci3 alkyl”}. In some embodiments,
an alkyl! group has 1 to Z carbon atoms (“Ci2 alkyl™). In some embodiments, an alky! group has
1 carbon atom {(“C1 alkyl”). In some emmbodiments, an alkyl group has 2 to 6 carbon atoms (“Cis
alkyl”). Examples of Cis alkyl groups include methy! (), ethyl (Cy), n-propyl (C:}, isopropyl
{C3), n—butyl (Cs), tert-butyl {Cy), sec—butyl (Cy), 1so-butyl {C4), 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 (Cr), n—octyl {Cs) and the like. Unless
otherwise specified, each tnstance of an atky! group is independently optionally substituted, e.g.,
unsubstituted {an “unsubstituted alkyl”} or substituted (a “substituted alkyl”) with one or more
substituents. In certain embodiments, the alkyl group is unsubstituted Cag alkyl (e.g, -CHz
{(Me), unsubstituted ethy! (Et), unsubstituted propyl (Pr, e.g., unsubstituted n-propyl (m-Pr},

unsubstifuted isopropy! (-Pr)), unsubstituted butyl (Bu, e.g., unsubstituted n-buty! (+-Bu),
unsubstituted fert-butyl {fert-Bu or i~Buj, unsubstituted sec-butyl (sec-Bu or s-Bu), unsubstituted
isobutyl (i-Bu)). In certain embodiments, the alkyl group s substituted Ci-1z alkyl (such as
substituted Cis alkyl, e.g., -CHoF, ~CHF,, ~CFs, ~CHCHF, ~CHCHF  ~CHCF3, or benzyl
{Bn)}. The attachiment point of alkyl may be a single bond (e.g., as in -CH3), double bond (e.g.,
as i =CHy), ot triple bond {e.g., as in =CH). The moieties =CH, and =CH are also alkyl.

In some embodiments, an alkyl group is substituted with one or more halogens.

“Perhaloalkyl” is a substituted alkyl group as defined herein wherein all of the hydrogen atoms

are independently replaced by a halogen, e.g., fluoro, bromo, chloro, ortodo. In some



10

20

[\
h

30

WO 2022/099210 PCT/US2021/058668
4

embodiments, the alkyl moiety has 1 to & carbon atoms (“Ci-s perhaloalky!”). In some
embodiments, the alkyl moiety has 1 to 6 carbon atoms (“Cis perhalcalky!”}. In some
embodiments, the alkyl moiety has 1o 4 carbon atoms (“C i perhaloalky!”). In some
embodiments, the alkyl motety has 1 to 3 carbon atoms (“C1.z perhaloalkyl™). In some
embodiments, the alkyl moiety has 1 to 2 carbon atons ("C; perhaloalky!”). In some
embodiments, all of the hydrogen atoms are replaced with fluoro. In some embodiments, all of
the hydrogen atoms are replaced with chloro. Exaruples of perhaloaliyl groups include —~CFs, —
CELFs, ~CECFLCFs, ~CCls, ~CECl, ~CFCL, and the like.

“Alkenyl” refers to a radical of a straight—chain or branched hydrocarbon group having
from 2 to 20 carbon atoms, one or more {e.g., two, three, or four, as valency permits) carbon-
carbon double bonds, and no triple bonds (“Cazo alkenyl”). In some embodiments, an alkenyl
group has 2 to 10 carbon atoms ("Cro alkenyl™). In some emboduments, an alkenyl group has 2
10 @ carbon atoms (“Cz-9 alkenv!™). In some embodiments, an alkenyl group has 2 to 8 carbon
atorns (“Cog alkenyl”). In some embodiments, an alkenyl group has 2 io 7 carbon atoms (“Cr—
alkenyl”). In some embodiments, an alkenyl group has 2 to 6 carbon atoms (*Co5 alkeny!”). In
some embodiments, an alkenyl group has 2 to 5 carbon atoms (“Chros alkeny!”). In some
embodiments, an alkenyl group has 2 to 4 carbon atoms {“Cz4 alkenyl”}. In some embodiments,
an alkenyl group has 2 to 3 carbon atoms (“Ca-3 alkeny!™). In some embodiments, an alkenyl
group has 2 carbon atoms (“Cy alkeny!”}. The one or more carbon-carbon double bonds can be
internal (such as in 2-butenyl) or terminal (such as in I-butenyl). Examples of Cy ¢ alkenyl
groups include etheny! (Ca), I-propenyl (Cs), 2-propeny] {Cs), T-butenyl (Cy}, 2-butenyl (Ca},
butadienyl {Cy), and the like. Examples of C,.6 alkenyl groups include the aforementioned Cy4
alkeny! groups as well as pentenyl (Cs), pentadienyl (Cs), hexenyl (Co), and the like. Additional
examples of alkenvl include heptenyl (Cr), octenyl (Cs), octatrienyl {Cs}, and the like. Unless
otherwise specified, each instance of an alkenyl group is independently optionally subsiituted,
e.g., unsubstituted (an “unsubstituted atkenyl”) or substituted (a “substituted alkeny!”) with one
or more substituents. In certain embodiments, the alkenyl group is unsubstituted Coio alkenyl. In
certain embodiments, the alkenvl group is substituted Cr.wo atkenyl. In an alkeny! group, a C=C

N

double bond for which the sterecchemisiry is not specified {e.g., ~-CH=CHCHs or * }may

be in the (£)- or {Z)-configuration.

“Alkynyl” refers to a radical of a straight-chain or branched hydrocarbon group having
from 2 to 20 carbon atoms, one or more {2.g., two, three, or four, as valency permits) carbon-—
carbon triple bonds, and optionally one or more double bonds ("Cre alkyovl”). o some

embodiments, an alkyny! group has 2 to 10 carbon atoms (“Ca.10 alkynvl”). In some
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embodiments, an alkynyl group has 2 to @ carbon atoms (“Cas alkynyl”). In some embodiments,
an alkynyl group has 2 to 8 carbon atoms (“Czs alkynvl”). In some embodiments, an alkynyl
group has 2 to 7 carbon atoms (“Car alkynyl”). In some embodiments, an alkynyl group has 2 to
6 carbon atoms {“Cr.¢ alkyny!”). In some embodiments, an alkynyl group has 2 1o 5 carbon
atorns (“Cos alkyoyl”) In some embodiments, an alkynyl group has 2 to 4 catbon atoms ("Cry
alkynyl”}. In some embodiments, an alkynyl group has 2 to 3 carbon atoms (“Cz.z alkynyl”). In
some embodiments, an alkyoyl group has 2 carbou atoras (“C; alkynyl”). The cue or more
carbon-carbon triple bonds can be internal (such as in 2-butynyi) or terminal {such as in i~
butynyl). Examples of Cr4 alkynyl groups include ethynyl (Co), 1-propynyl (Cs), 2—propynyl
{C3), I-butynvl (Cy), 2-butynyl (€4}, and the like. Examples of Cy.¢ alkenyl groups include the
atorementioned Cr4 alkynyl groups as well as pentynyl (Cs), hexynyl {Ce), and the like.
Additional examples of alkynyl include heptynyl (C7), octynyl (Cs), and the Hike. Unless
otherwise specified, each instance of an alkynyl group is independently optionally substituted,
2.g., unsubstituted (an “unsubstituted alkyny?”) or substituted (a “substituted alkyoy!”) with one
or more substituents. In certain embodiments, the alkynyl group is unsubstituted Ci.10 alkynyl. In
certain embodiments, the alkynyl group is substituted Coojo alkynyl.

“Carbocyclyl” or “carbocyelic” refers to a radical of a non—aromatic cyclic hydrocarbon
group having from 3 to 13 ring carbon atoms (“Ca_i3 carboeyclyl”y and zero heteroatoms in the
non-aromatic ring system. In some embodiments, a carbocyclyl group has 3 to 8 ring carbon
atoms (“Cs-s carbocyclyl”). In some embodiments, a carbocyclyl group has 3 to 7 ring carbon
atoms {“Cs. carbocyelyl™). In some embodiments, a carbocyclyl group has 3 to 6 ring carbon
atoms (“Cs.s carbocyclyl”). In some embodiments, a carbocyclyl group has 5 te 10 ring carbon
atorns (“Csae carbocyely]”). Exemplary Csoe carbocyely] groups include cyclopropyl (Cs),
cyclopropenyl (C3), cyclobutyl (Cs), cyclobutenyl {Ca), cyclopentyl (Cs), cyclopentenyl (Cs),
cyclohexyl {Cs), cyclohexenyl (Cs), cyclohexadienyl {(Ce), and the like. Exemplary Cs
carbocyelyl groups include the aforementioned Cas carbocyelyl groups as well as cycloheptyl
{C), cycloheptenyl] (Cr), cycloheptadienyl (Cr), cycloheptatrienyl {Cy), eyclooctyl (Cq),
cyclooctenyl {Cg), bicyclo[2.2 Tiheptanyl {Cr), bicyclof2.2 2joctanyl (Cs), and the like.
Exemplary Cso carbocyclyl groups include the aforermentioned Csg carbocyclyl groups as well

s cvclononyl (Ce), cyclononenyl {Co), cyclodecyl (Cio), cyclodecenyl {(Cio), octahydro—14-
indenyl (Ce), decahydronaphthalenyl {Cio), spiro[4 S]decanyl {Cio), and the like. As the
foregoing examples illustrate, in certain erbodiruents, the carboceyclyl group is etther
monocyclic (“monocyclic carbocyclyl™) or contain a fused, bridged, or spire ring system such as
a bicyclic systern (“bicyclic carboeyclyl”). Carbocyclyl can be saturated, and saturated

carbocyclyl is referred to as “cycloalkyl.” In some embodiments, carbocyclyl is a monoeyelic,
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saturated carbocyciyl group having from 3 to 10 ring carbon atoms (“Cs.ye cycloalkyl™}. In some
embodiments, a cycloalkyl group has 3 to 8 ring carbon atoms {“Cs.xs cycloalkyl™). In some
embodiments, a cycloalkyl group has 3 to 6 ring carbon atoms (“Cis cycloalkyl™). In some
embodiments, a cvcloalkyl group has 5 te 6 ring carbon atoms (“Cs.s cyeloalkyl™). In some
embodiments, a cycloalkyl group has S to 10 ring carbon atoms (“Cs_o cycloalkyl”). Examples
of Cs-s cycloalkyl groups include cyclopentyl {Cs) and cyclohexyl (Cs). Examples of Cs
cycloalkyl groups include the aforemeuntioned Cs_e cycloalky] groups as well as cyclopropyl {Cs)
and cyclobutyl (T4} Examples of Cs-g cycloalkyl groups include the aforementioned Cs6
cveloalkyl groups as well as cycloheptyl {C-) and cyclooctyl (Ce). Unless otherwise specified,
each instance of a cycloalky!l group is independently unsubstituted (an “unsubstituted
cycloalkyl”) or substituted (a “substituted cycloalkyl”) with one or more substituents. In certain
embodiments, the cycloalkyl group is unsubstituted Csoio cycloalkyl. In certain embodiments, the
cycloalkyl group is substituted Csoi0 cycloalkyl. Carbocyclyl can be partially unsaturated.
Carbocyclyl may inchude zero, one, or more {e.g., two, three, or four, as valency permits) C=C
double bonds in all the rings of the carbocyclic ring system that are not aromatic or
heteroaromatic. Carbocycelyl including one or more (e.g., two or three, as valency permiis) C=C
double bonds in the carbocyclic ring is referred to as “cycloatkenyl.” Carbocyclyl including one
or more {e.g., two or three, as valency permits) C=C triple bonds in the carbocyclic ring is
referred to as “eycloalkynyl” “Carbocyclyl” also includes ring systerns wherein the carbocyclyl
ring, as defined above, i3 fused with one or more aryl or heteroary! groups wherein the point of
attachment 1s 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 18 independently optionally substituted, e.g., unsubstituted (an
“unsubstituted carbocyclyl”) or substituted (a “substituted carbocyclyl™) with one or more
substituents. In certain embodiments, the carbocyelyl group is unsubstituted Cs-10 carbocyclyl. In
certain embodiments, the carbocyclyl group is a substituted Cag carboeyclyl. In certain
embodiments, the carbocyclyl is substituted or unsubstituted, 3- to 7-membered, and monocyclic.

In certain embodiments, the carboeyelyl is substituted or unsubstituted, 5- to 13-membered, and

In some embodiments, “carbocyelyl” is a monocyclic, saturated carbocyclyl group having
from 3 to 10 ring carbon atoms (“Cio evcloalkyl”). In some embodiments, a cycloalkyl group
has 3 to 8 ring carbon atoms (“Cig cycloalkyl”). In some embodiments, a cyclealkyl group has 3
to & ring carbon atoms (“Ca.s cycloalkyl”). 1o some embodiments, a cycloalkyl group has 5 t0 6
ring carbon atoms (“Cs.s cycloalky!™). In some embodiments, a cycloalkyl group has 5 to 10 ring

carbon atoms (“Cs_io cycloalkyl”). Exanples of Css eycloalkyl groups include cyclopentyl (Cs)
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and cyclohexyl (Cs). Examples of Ca cycloalkyl groups include the aforementioned Us ¢
cycloalkyl groups as well as cyclopropyl (Cs) and cyclobutyl (C4). Examples of Cig cycloalkyl
groups include the aforementioned Ui cycloalkyl groups as well as cyclobeptyl (Cr) and
cyclooetyl {(Cs). Unless otherwise specitied, each instance of a cycloalkyl group is independently
unsubstifuted {an “vusubstituted cycloalkyl”) or substituted (8 “substituted cycloalkyl™) with one
or more substituents. In certain embodiments, the cycloalkyl group is unsubstituted Ciag
cycloalkyl. In certain ernbodiments, the cycloatkyl group is substituted Cayp cycloalkyl

“Heterocyclyl” or “hetercevelic” refers to a radical of a 3 to 13-membered non-
aromatic ring system having ring carbon atoms and 1 to 4 ring hetercatoms, wherein each
heteroatom is independently selected from nitrogen, oxygen, suifur, or silicon ("3-13 membered
heterocyclyl”). Tn heterocyclyl groups that contain one or more nitrogen atoms, the point of
attachment can be a carbon or nitrogen atom, as valency permits. A heterocyclvl group can either
be monoecyclic (“monocyclic heterocycly!”) or a fused, bridged, or spiro ring system such as a
bicyclic system (“bicychic heterocycyl™). A heterocyclyl group can be saturated or can be
partially unsaturated. Heterocyclyl may include zero, one, or more {e.g., two, three, or four, as
valency permiis) double bonds in all the rings of the heterocyclic ring system that are not
aromatic or hetercaromatic. Heterocyclyl bicyclic ring systems can include one or more
heteroatoms in one or both rings. “Heterocyelyl” also includes ring systems wherein the
heterocyclyl ring, as defined above, is fused with cne or more carbocyclyl groups wherein the
point of attachment is either on the carbocyelyl or heterocyclyl ring, or ring systems wherein the
heterocyclyl ring, as defined above, is fused with one or more ary!l or heteroaryl groups, wherein
the point of attachment is on the heterocyclyl ring, and in such instances, the mumber of ring
mernbers continue to designate the sumber of ring members in the beterocyclyl ring system.
Unless otherwise specified, each instance of heterocyelyl is independently optionally substituted,
e.g., unsubsiituted (an “unsubstituted heterocycly!”) or substituted (a “substituied heterocyclyl™)
with one or more substituents. In certain embodiments, the heterocyclyl group ts unsubstituted 3
10 membered heterocyclyl. In certain embodiments, the heterocyclyl group is substituted 3-10
membered heterocyclyl. In certain embodiments, the heterocycly! is substituted or unsubstituted,
3- to 7-membered, and monocyclic. In certain embodiments, the heterocyelyl is substituted or
unsubstituted, 3~ to 13-membered, and bicyclic

In some embodiments, a heterocyelyl group s a 5—10 membered non—aromatic ring
systern having riog carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
independently selected from nifrogen, oxygen, sulfur, and silicon (“5-10 membered
heterocyclyl”). In some emwbodiments, a heterocyclyl group s a 5-8 membered non—aromatic

ring system having ring carbon atoms and 1-4 ring hetercatoms, wherein each hetercatom is
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independently selected from nitrogen, oxygen, sulfur, and silicon (“5-8 membered
heterocyclyl™). In some embodiments, a heterocyclyl group is a 5-6 membered non—aromatic
ring system having ring carbon atoms and 1-4 ring heteroatorns, wherein each heteroatom is
independently selected from nitrogen, oxygen, sulfur, and silicon ("5-6 membered
heterocyclyl™). In some embodiments, the 5-6 membered heterocyclyl has 1-3 ring helercatoms
selected from nitrogen, oxygen, sulfur, and silicon. In some embodiments, the 5-6 membered
heterocyclyl has 1-2 ring heteroatoms selected from nitrogen, oxygen, sulfur, and silicon. In
some embodiments, the 56 membered heterocyclyl has one ring hetercatom selected from
nitrogen, oxygen, sulfur, and silicon.

Exemplary 3-membered heterocyclyl groups containing one heteroatom include
azirdinyl, oxiranyl, or thiiranyl. Exemplary 4-membered heterocyclyl groups containing one
heteroatorn include azetidinyl, oxetanyl and thietanyl. Exemplary S—membered heterocyclyl
groups containing one hetercatom include tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothiophenyl, dibydrothiophenyl, pyrrolidinyl, dihydropyrroivl and pyrrolyl-2 5-dione.
Exemplary 5-membered heterocyclyl groups containing two heteroatoms include dioxolanyl,
oxasutfuranyl, disulfuranyl, and oxazolidin-2-one. Exemplary S—membered heterocyclyl groups
containing three heteroatoms include triazolinyl, oxadiazolinyl, and thiadiazeolinyl. Exemplary 6
membered heterocyclyl groups containing one heteroatom include piperidinyl, tetrahydropyranyl,
dihydropyridinyl, and thianyl. Exemplary 6-membered heterocyelyl groups containing two
heteroatoms include piperazinyl, morpholinyl, dithianyl, and dioxanyl. Exemplary 6—membered
heterocycly! groups containing two heteroatoms include triazinanyl. Exemplary 7-membered
heterocycly! groups containing one heteroatom include azepanyl, oxepanyl and thiepanyl.
Exeroplary 8—membered heterocyclyl groups containing one heteroatom include azocanyl,
oxecanyl, and thiocanyl. Exemplary 5-membered heterocyelyl groups fused to a Cs aryl ring
(also referred to herein as a 5 6-bicyclic heterocyclic ring) include indolinyl, isoindolinyl,
dibydrobenzoturanyl, dihvdrobenzothienyl, benzoxazolinonyl, and the like. Exemplary 6-
merabered heterocyclyl groups fused to an aryl ring {also referred to herein as a 6,6-bicyclic
heterocyclic ring} include tetrahydroquinolinyd, tetrahydroisoquinoliny, and the like.

“Aryl” refers to a radical of a monocyclic or palycyclic {e.g,, bicyelic or tricyclic) 4n+2
aromatic ring system {e.g., having 6, 10, or 14 n electrons shared in a cyclic array) having 614
ring carbon atoms and zero heteroatoms provided in the aromatic ring system {"Csa arvl”) In
some embodiments, an aryl group has six ring carbon atoms (“Cs aryl”; e.g,, phenyl). In some
embodiments, an aryl group has ten ring carbon atoms (*Cisarvl”; e.g., naphthyl such as 1-
naphthy! and 2Z-naphthyl}. In some embodiments, an aryl group has fourteen ring carbon atoms

(“Craaryl”; e.g., anthracyl}. “Aryl” also includes ring systems wherein the aryl ning, as defined
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above, is fused with one or more carbocyclyl or heterocyelyl groups wherein the radical or point
of attachment is on the aryl ring, and in such instances, the number of carbon atoms continue to
designate the number of carbon atoms tn the aryl ring system. Unless otherwise specified, each
instance of an aryl group is independently optionally substituted, e.g., unsubstituted {an
“unsubstituted aryl”} or substituted (a “substituted aryl™) with one or more substituents. In certain
embodiments, the aryl group is unsubstituted Csaa aryl In certain embodiments, the aryl group is
substituted Cee aryl.

“Heteroaryl” refers to a radical of a 5-10 membered monocyclic or bicyclic 4n+2
aromatic ring system {e.g., having 6 or 10 7 electrons shared in a cyclic array) having ring carbon
atoms and 1-4 ring heteroatoms provided in the aromatic ring system, wherein each heteroatom
is independently selected from nitrogen, oxygen and sulfur {*5-10 membered hetercary!”). In
heteroaryl groups that contain one or more nitrogen atoms, the point of attachment can be a
carbon or nitrogen atom, as valency permits. Heteroaryl bicyclic ring systerns can include one or
more hetercatoms in one or both rings. “Hetercary!” includes ring systems wherein the hetercaryl
ring, as defined above, 1s fused with one or more carbocyclyl or heterocyclyl groups wherein the
point of attachment is on the heteroaryl ring, and in such instances, the number of ring members
continue to designate the number of ring members in the hetercaryl ring system. “Heteroaryl”
also includes ring systems wherein the hetercaryl ring, as defined above, is fused with one or
more aryl groups wherein the point of attachruent is either on the aryl or heteroary] ring, and in
such instances, the number of ring members designates the number of ring members in the fused
(arvl/heteroarvl) ring system. Bicyclic heteroaryl groups wherein one ring does not contain a
hetercatom {e.g., indolyl, quinolinyl, carbazolyl, and the like) the point of attachment can be on
either ring, ¢.g., etther the ring bearing a heteroatom (e.g., 2-indolvl} or the ring that does not
contain a hetercatom {e.g., S—indolyl).

In some embodiments, a heteroaryl group is a 5-10 membered aromatic ring system
having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring system,
wherein each hetercatom is independently selected from nitrogen, oxygen, and sulfur (“5-10
membered heteroaryl”). In some embodiments, a heteroaryl group is a 53-8 membered aromatic
ring system having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring
systern, wherein each heteroatom is independently selected from nitrogen, oxygen, and sulfur
{*5--& membered hetercaryl”). In some embodiments, a heteroarvl group is a 5-6 membered
aromatic ring system having ring carbon atoms and 14 ring heteroatoms provided in the
aromatic ring system, wherein each hetercatom is independently selected from nitrogen, oxygen,
and sulfur (“5-6 membered heteroaryl”). In some embodiments, the 5-6 membered hetercaryl

has 1-3 ring heteroatoms selected from nitrogen, oxygen, and sulfur. In some embodiments, the



10

20

[\
h

30

WO 2022/099210 PCT/US2021/058668
10

5-6 membered heteroaryt has 1-2 ring heteroatoms selected from nitrogen, oxygen, and sulfur,
in some embodiments, the 5-6 membered heteroaryl has 1 ring hetercatom selected from
nitrogen, oxygen, and sulfur. Unless otherwise specified, each instance of a heteroaryl group 1s
independently optionally substituted, e.g., unsubstituted {“unsubstituted hetercary!”) or
substituted (“substituted heteroaryl”) with one or more substituests. In ceriain embodiments, the
heteroaryl group is unsubstituted 5-14 membered hetercaryl. In certain embodiments, the
heteroaryl group is substituted 5-14 membered hetercaryl.

Exemplary 5--membered heteroaryl groups containing one heteroatom include pyrrolyl,
furanyl and thiophenyl. Exemplary 5—membered heteroaryl groups containing two heteroatoms
include imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, and isothiazolyl. Exemplary 5-
membered heteroaryl groups containing three hetercatoms include triazolyl, oxadiazolyl, and
thiadiazolyl Exemplary 5—membered heteroaryl groups containing four heteroatoms include
tetrazolyl. Exemplary 6—membered heteroaryl groups containing one heteroatom include
pyridinyl. Exemplary 6—membered heteroary] groups containing two heteroatorss wnclude
pyridazinyl, pyrimidinyl, and pyrazinyl. Exemplary 6-membered hetercaryl groups containing
three or four heteroatoms include triazinyl and tetrazinyl, respectively. Exemplary 7-membered
heteroaryl groups containing one heteroatom include azepinyl, oxepinyl, and thiepinyl.
Exemplary S 6-bicyclic heteroaryl groups include indolvl, 1soindolyvl, indazolyl, benzotriazolyl,
benzothiophenyl, isobenzothiophenyl, benzofuranyl, benzoisofuranyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzoxadiazolyl, benzthiazolyl, benzisothiazoiyl,
benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6-bicyclic heteroary! groups include
naphthyridinyl, pteridinyl, quinolinyl, isoquinolinyl, cinnolinyl, quinoxalinyl, phthalazinyl, and
quinazolioyl,

“Partially unsaturated” refers to a group that includes at least one double or triple bond.
The term “partially unsaturated” 1s intended to encompass rings having multipie sites of
unsaturation, but is not intended to include aromatic groups (e.g., aryl or hetercaryl groups) as
herein defined. Likewise, “saturated” refers to a group that does not contain a double or triple
bond, i.e., contains all single bonds.

In some embodiments, aliphatic, altkyl, alkenyl, alkynyl, carbocyelyl, heterocyelyl, aryl,
and heteroary! groups, as defined herein, are optionally substituted {e.g., “substituted” or
“unsubstituted” alkyl, “substituted” or “unsubstituted” alkenyl, “substituited” or “unsubstituted”
alkynyl, “substituted” or “unsubstituted” carboeyelyl, “substituted” or “unsubstituted”
heterocyclyl, “substituted” or “unsubstituted” aryl or “substituted” or “unsubstituted” heteroaryl
group). In general, the term “substituted”, whether preceded by the term “optionally” or not,

means that at least one hydrogen present on a group {e.g,, a carbon or nitrogen atony) is replaced
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with a permissible substituent, e.g., a substituent which upon substitution results in a stable
compound, e.g., a compound which does not spontaneously undergo transtormation such as by
rearrangement, cyclization, elimination, or other reaction. Unless otherwise indicated, a
“substituted” group has a substituent at one or more substitutable positions of the group, and
when more than one position in any given structure is substituted, the subsiituent is either the
same or different at each position. The term “substituted” is contemplated to include substitution
with all permissible substituents of organic compounds, any of the substituents described herein
that results in the formation of a stable compound. The present disciosure contemplates any and
all such combinations in order to arrive at a stable compound. For purposes of this disclosure,
heteroatoms such as nitrogen may have hydrogen substituents and/or any suitable substinzent as
described herein which satisfy the valencies of the heteroatoms and results in the formation of a
stable moiety.

Exemplary carbon atom substituents include halogen, —CN, —NQOz, —N3, —SOzH, —SO3H,
~OH, ~OR® ~ON(R™Y,, ~NRD®),, ~NR™): "X, ~-N(OR™RY®, ~8H, ~SR® ~S8R
~C(=0)R» —COH, ~CHO, —C{OR*Y),, ~CO:R®, —OC(=0R? —0CO:R* —C(=0NR™ ),
~QCEOINRYY, ~NRPCEGIR® -NRPCORY -NRPC(=0IN(R ), ~CENRPRS,
—C=NR"YOR® —QC(ENRPIR® —QCENRIORS —CENRINRY Y, —OCENRIEINR Y,
—NRPCENRPINGR DY, —~C{=0INRPSQ:R®, -NRP®SO,R®, —~SO:NR™):, —SO:R™ —80,0R™,
~0O8OR™ ~8§(=0R™ ~0OS(=0)RY ~Si(R™), ~OSI{R¥);, ~C{=NRY Y, ~C(=0)8R™,
—C(=8)SR*, —8C(=8)SR*® —SC{=0)SR* ~OC(=0)SR* —SC(=0)OR™, —SC(=0)R*,
~PEOYR™Y,, ~PEONOR ), ~ORE0NR™),, ~OPEOWOR™ ), ~PEOHNER:),
—OP(=0)NERM L), —NRPPEOY R, -NRPPP=0YORS),, ~NRPP=CHNER™ ), —PRS),,
~P{OR* ), ~P(R) X", ~P(OR“) X", ~P(R ), ~P{OR*)4, ~OP(R®),, ~OP(R) "X,
—QP(OR™ ), —~OP(OR™ X", —OP(R* ), —~OP{OR), —B(R™),, —B(OR*),, —BR™OR*), C1.
alkyl, Ci.0 perhaloatkyl, Caao atkenyl, G alkynyl, heteroCho alkyl, heteroCrao alkenyl,
heteroCr.o alkynyl, Cs.o catbocyclyl, 3-14 membered heterocyclyl, Coag aryl, and 5-14
mernbered heteroaryl, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heterpalkynyl, carbocyelyl, heteracyelyl, aryl, and heteroaryl is independently substituted with 0,
1,2, 3,4, or 5 R% groups; wherein X is a counterion;

or two geminal hydrogens on a carbon atom are replaced with the group =0, =5,
=NNRP), =NNRPCEORE, =NNRPC(=0)0R®, =NNR™S(=0)pR* =NR", or =NOR";

each instance of R™ is, independently, selected from Ciao alkyl, Crao perhaloalkyl, Coae
alkenyl, Cz.10 alkynyl, heteroCi.ae alkyl, heteroChraealkenyl, heteroChr.acalkynyl, Csae carboeyclyl,

3-14 membered heterocyclyl, Couiq aryl, and 5-14 membered heteroaryl, or two R™ groups are

joined to form a 3-14 membered heterocyclyl or 5-14 membered hetercary! ring, wherein each
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alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroatkynyl, catbocyclvl, heterocyelyl, aryl,
and hetercarvyl is independently substituted with 0, 1, 2, 3, 4, or 3 R™ groups;

each instance of R® is, independently, selected from hydrogen, —OH, ~OR®, —N(R),,
—CN, ~C(EORY, ~C(=0INRS), ~COR™, ~SOR® ~C(=NRE)OR™, —C(=NREIN(R),,
=B NERSY, ~SORY, ~80,0R™, ~SOR™, ~C(=8)N{R*);, ~C{=0)SRE, ~C(=8)8R™,
“PE0YR®), PEOWOR ), PEOYNR 2R, Crao alkyl, Crap perhaloalkyl, Ca.e alkenyl, Co.

w atkynyl, heteroCi.palkyl, heteroCratkenyl, heteroCriealkyuyl, Cs.e carbocyclyl, 3~14

membered heterocyclyl, Ce.s aryl, and 5-14 membered heteroaryl, or two R?

groups are joined
to form a 3-14 membered heterocyclyvl or 5-14 membered heteroaryl ring, wherein each alkyl,
alkenyl, alkynvl, beteroalkyl, heteroalkenyl, hetercalkynyl, carboeyclyl, heterocyclyl, aryl, and
heteroaryl is independently substituted with 0, 1, 2, 3, 4. or 5 R% groups; wherein X isa
counterion;

each instance of R is, independently, selected from hydrogen, Cie altkyl, Crae
perhaloalkyl, Couro alkenyl, Couro alkynyl, heteroCiae alkyl, heteroCaaio alkenyl, heteroCaao
alkynyl, Csao carboeyclyl, 3-14 membered heterocycivl, Ce.14 aryl, and 5-14 membered
heteroaryl, or two R groups are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wherein each alkyl, altkenyl, atkynyl, heteroalkyl, hetercalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with O,
1,2, 3,4, or 5 R* groups,

each instance of R is, independently, selected from halogen, —CN, —NO3, —Na, —SO:H,
=SOsH, ~OH, ~OR%, ~ONRT ), —N{Ry,, —NRYTX, ~NOR®RY ~SH, ~SR*, -SSR,
—C(=0R*, —COH, —COR®, —QCEORT, —OCOR®, —C(=0NR T, ~OCE=0INERT,,
~NRIC(=0)R®, ~NRICO,R®, ~NREIC(=0)NR D), ~CENRHORS, ~OCENRIRS,
—QC{=NRHOR®, ~C(=NRENRDS),, —~OC(ENRINRT),, -NRICENRHNERD),, -NRYSO;R®,
~SONR T, -8R, ~SO20R, ~0S0R® ) ~8(-=0IR®, ~Si(R%), ~OSi{R®), ~C{=S)N(RT),,
~C{=0)SR®, ~C(=8)8R%, —SC{=SERY, ~P(=0}OR* ), ~PEOXRSY):, ~OPEOHRY ),
=~OPEOHORS ), Cis alkyl, Crs perhaloalkyl, Cag alkenyl, Cos alkynyl, heteroCsalkyl,
heteroCa.calkenyl, heteroCrsalkynyl, Ci.o carbocyelyl, 3-10 membered hetercevelyl, Ce.io aryl,
5-10 membered heteroaryl, wherein each alkyl, alkenvl, alkynyi, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyelyl, aryl, and heteroaryl is independently substituted with 0,
1,2, 3, 4, or 5 R® groups, or two geminal RY substituents can be joined to form =0 or =§;
wherein X is a counterion;

cach instance of R* is, independently, selected from Cis alkyl, Cis perhaloalkyl, Crs
alkenvl, Ca.s alkynyl, beteroCis alkyl, heteroCarsalkenyl, heteroCar. alkynyl, Csao carbocyclyl,

Ce-10 aryl, 3-10 membered heterocyelyl, and 3-10 membered hetercaryl, wherein each atkyl,
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alkenyl, alkynyl, beteroalkyl, heteroalkenyl, hetercalkynyl, carboceyclyl, heterocycivl, aryl, and
heteroarvl is independently substituted with 0, 1, 2, 3, 4, or 5 R groups;

each instance of R% is, independently, sefected from hydrogen, Cie alkyl, Crs
perhaloalkyl, Cos alkenyl, Cr6 alkynyl, heteroCisalkyl, heteroC:salkenyl, heteroCasalkynyl, Cs.
10 carboeyelyl, 3-10 membered heterocyclyl, Coao aryl and 5-10 membered heteroaryl, or two RE
groups are joined to form a 3-10 membered heterocyclyl or 5-10 membered hetercaryl ring,
wherein each alkyl, atkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynvl, carboeyclyl,
heterocyelyl, aryl, and hetercaryl is independently substituted with 6, 1, 2, 3, 4, or 5 R® groups;
and

each instance of R2 is, independently, halogen, —~CN, —NO», —Nz, —~SO:H, ~80:H, —~OH,
~0C 16 alkyl, ~ON(Ciw alkyl)z, —MN{Ciws alkyl)z, —“N{C1.6 alkyl)a" 2, ~NH{C 16 alky)2 "2,

“NHACr alkyl) "X, ~NH "X, ~N{OC 16 alky X Cro alkyl), -N(OH}C 1.6 alkyl), ~NH(OH),

—8H, —SCi.s alkyl, —=S8{Ci alkyl}, ~C(=0X 16 alkyl), ~COzH, —CO{C15 alkyl), "OCEOHCL
6 alkyl), '*»OLO;’,((A@ alkyl), ~C{=0INHa, ~C{(=0N{C. alkyl ), ~OC{=CYNH{Cs alkyl),
—NHC(=0){ Ci.6 alkyl}, -N(Ci6 alkyDC(=0) Ci6 alkyl), -NHCO:{C 16 alkyl), -NHC(=ON(C;.
s alkyl)s, »»-NHC(::G)NH(C 1.6 alkyl), ~NHC(EOINH,, ~CENHO(Cgs alkyl), ~OCENHNC L
alkyl), “OC(ENHYOC 16 alkyl, -CENHIN(C L alkylh, —CENHINHC 6 alkyl), ~CENHINH:,
—QOC(=NH}N{C1.s alkyl)s, “-OC(NH)NH{C1 alkyl}, “-OC(NH)NH;, -NHC(NHYN(C1. alkyl}):,
~NHC(=NHINH:, ~NHSO{Crs alkyl), ~SOuN(Crus alkylh, —SONH{C 16 alkyl), —SO:NH
—S0:C1 alkyl, —800C 1 alkyl, —080:C16 alkyl, —80C 16 alkyl, —Si{Ci6 alkyl), —GSl(CM,
alkylys ~C(=8IN({C1.s alkyly, CE=SINH(C s alkyly, C(=8)NH,, ~CEOYS(Crs alkyly, ~C(=838(.
s alkyl, =SC(ES)SCrs alkyl, PO OC s alkyl)y, —P(=0NCrs alkylh, —OPOHC s alkyl),
~OPE0N0C L6 alkylh, Cre alkyl, Crs perhaloalkyl, Cag alkenyl, Cos alkynyl, heteroCrsalkyl,
heteroCralkenyl, heteroCrsalkynyl, Cs.io carbocyelyl, Coaio aryl, 3-10 membered heterocyelyl,
5-10 membered heteroaryl; or two geminal R## substituents can be joined to form =0 or =§;
wherein X is a counterion.

In certain embodiments, the carbon atom substituents are independently halogen,
substituted (e.g., substituted with one or more halogen) or unsubstituted (.6 alkyl, ~OR™, —8R™,
“NR™), -CN, -8CN, -NO;, ~C(=0R® —CO:R* —C(=0INR™ ), ~OC(=0)R* —OCOR®
~OCEDINRY,, ~NRPCEOIRY, -NRPCORY, or ~NRPCEOINRY . In certain
embodiments, the carbon atom substituents are independently halogen, substituted (e. g,
substituted with one or more halogen)} or ynsubstituted Ci. alkyl, ~OR™, ~SR® ~N(R™), —CN,
~8CN, ~NO;, ~C(=0)R™ —COR®, ~C=OIN(R®),, ~OC(=0IR*, —~OCOR™, —OCE=0INRM),,
~NRPC(=OR®, ~NRPCOR®, or ~NRPC(=INR)Y,, wherein R¥ is hydrogen, substituted

(e.g., substituted with one or more halogen} or unsubstituted Ci.6 alkyl, an oxygen protecting
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group when attached to an oxygen atom, or a sulfur protecting group (e.g., acetamidomethyl, #-
Bu, 3-nitro-2-pyridine suifenyl, 2-pyridine-sulfenyl, or triphenylmethyl) when attached to a
sulfur atom; and each R is independently hydrogen, substituted (e.g., substituted with one or
more halogen} or unsubstituted C1e alkyl, or a nitrogen protecting group. In certain
embodiments, the carbon atom substituents are independently halogen, substituted {e. g,
substituted with one or more halogen) or unsubstituted Cig alkyl, “OR® —SR® —N{R"),, ~CN,
=SCN, or =NO;. In certain embodiments, the carbon atom substituents are independently
halogen, substituted {e.g., substituted with one or more halogen moieties) or unsubstituted CTis
alkyl, “OR®, —SR® —N(R"™);, -CN, -SCN, or —-NO», wherein R*® is hydrogen, substituted {e.g.,
substinuited with one or more halogen) or unsubstituted Cis alkyl, an oxygen protecting group
when attached to an oxygen atom, or a sulfur protecting group {e.g., acetarmidomethyl, #-Bu, 3-
nitro-2-pyridine sulfenyl, 2-pyridine-sulfenyi, or triphenyimethyl) when attached to a sulfur
atom; and each R™ is independently hydrogen, substituted {(e.g., substituted with one or more
halogen} or unsubstituted Ci alkyl, ot a nitrogen protecting group.

A “counterion” or “anionic counterion” is a negatively charged group associated with a
positively charged group in order to maintain electronic neutrality. An anionic counterion may be
monovalent {i.e, including one formal negative charge). An anionic counterion may also be
multivalent (i.c, including more than one formal negative charge), such as divalent or trivalent.
Exemplary counterions include halide ions (e.g., F~, CI7, Br, I7), NGy~ CIOs~, OH™, HoPO4,
HCO3™, HSOy™, sulfonate ions {e.g., methansulfonate, trifluoromethanesulfonate, p—
toluenesulfonate, benzenesulfonate, 10-camphor sulfonate, naphthalene-2-sulfonate,
naphthalene-1-sulfonic acid-5-sulfonate, ethan—1-sulfonic acid-2-sulfonate, and the like),
carboxylate ions (e.g., acetate, propanoate, benzoate, glycerate, lactate, tartrate, glycolate,
gluconate, and the likey, BF4™, PFy, PFq™, AsFs™, SbF¢, B]3,5-(CF: 1 CsHa ™, B{CeFs)™, BPha,
AHOC(CF3)au™, and carborane anions (e.g., CByiHu™ or (HCBuiMe:sBis) ). Exemplary
counterions which may be multivalent include CO5*, HPOL, PO B4OA4, SO, $205°,
carboxylate amons {e.g., tartrate, citrate, fumarate, maleate, malate, malonate, ghuconate,
succinate, glutarate, adipate, pimelate, suberate, azelate, sebacaie, salicylate, phthalates,
aspartate, glutamate, and the like), and carboranes.

“Halo” or “halogen” refers to fluorine (fluoro, —F}, chlorine (chloro, ~Cl), bromine
{bromo, —Br), or iodine {iodo, —1).

Nitrogen atoms can be substituted or unsubstituted as valency permtts, and include
primary, secondary, terfiary, and quaternary nitrogen atoms. Exemplary nitrogen atom
substituents include hydrogen, —OH, —~OR™, ~NR®)s, ~CN, ~C{=0)R*, ~C{=0)N(R*)z,
—COR™® —SHR® —C{=NR"IR® —~C(=NR*JOR® —C(=NR"IN(R*}), —SO;N(R*}z, ~SR™,
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~S(ORY, ~SORM, ~C{=SNR Y, ~C(=0)SR", ~C(=S)8R*, ~P(=0)OR"Y,, ~PEOHRY Y,
—P=0)NER* Y22, Ciae alkyl, Ciao perhaloalkyl, Cr.i0 alkenyl, Co.io alkynyl, heteroCi.nalkyl,
heteroCracalkenyl, heteroCrasalkynyl, Caao carboeyclyl, 3-14 membered heterocyclyl, Cooig aryl,
and 5-14 membered hetercarvl, or two R groups attached to an N atom are joined to form a 3-14
mernbered heterocyclyl or 5-14 membered heteroary! ring, wherein each alkyl, alkenyi, alkynyl,
heteroalkyl, hetercatkenyl, hetercalkynyl, carbocycelyl, heterocyclyl, aryl, and heteroaryl is
independently substituted with 0, 1, 2, 3, 4, or 5 R% groups, and wherein R% R*® R aud R are
as defined above.

In certain embodiments, the nitrogen atom substituents are independently substituted
{e.g., substinsted with one or more halogen) or unsubstituted Cis alkyl, ~C(=ORY, ~COR™,
—C(=0)N{R"),, or a nitrogen protecting group. In certain embodiments, the nitrogen atom
substituents are independently substituted (e.g., substituted with one or more halogen) or
unsubstituted Cr alkyl, ~CEORS —CORY, —C=0N(R™ ), or a nitrogen protecting group,
wherein R* is hydrogen, substituted {e.g., substituted with one or more halogen) or unsubstituted
C1. alkyl, or an oxygen protecting group when attached to an oxygen atom; and each R is
independently hydrogen, substituted (e.g., substituted with one or more halogen) or unsubstituted
Cis alkyl, or a nitrogen protecting group. In certain embodiments, the nitrogen atom substituents
are independently substituted {e.g., substituted with one or more halogen} or unsubstituted Cis
alkyl or a nitrogen protecting group.

In certain embodiments, the substituent present on a nitrogen atom is 4 nitrogen
protecting group {also referred to as an amino protecting group). Nitrogen protecting groups
include ~OH, ~OR®, -NR ), ~C(=0RY ~C(=0INR ), ~COR™ ~S0R*® ~C(=NR*IR*
C(=NRYOR¥, —C(=NRFINR ), —=SONR ), —SOR*, =8O, 0R™, -SOR™, ~C{(=S)N{R*)z, —
C(=0)8R*, ~C{=8)8R*, Cip altkyl {e.g., aralkyl, hetercaralkyl), Cr-10 atkenyl, Cro alkynyl,
Cs-10 carhocyclyl, 3—14 membered heterocyelyl, Coia aryl, and 5-14 membered heteroary]
groups, wherein each alkyl, alkenyl, alkynyl, carbocyelyl, heterocyelyl, aralkvl, aryl, and
heteroaryl is independently substitnted with 0, 1, 2, 3, 4, or 5 R™ groups, and wherein R¥, R,
R and R% are as defined herein. Nitrogen protecting groups are well known in the art and
include those described in detatl in Prowecting Groups in Organic Synthesis, T. W. Greene and P.
G. M. Wuts, 3" edition, John Wiley & Sons, 1999, incorporated herein by reference.

Amide mtrogen protecting groups fe.g., “C(=0)R*) include tormamide, acetamide,
chloroacetamide, trichloroacetamide, trifluoroacetamide, phenylacetamide, 3~
phenylpropanamide, picolinamide, 3-pyndylcarboxamide, N-benzoylphenylalanyl derivative,
benzamide, p—phenylbenzamide, o-nitophenylacetamide, o—nitrophenoxyacetamide,

acetoacetamide, (N —dithicbenzyloxyacylamino)jacetamide, 3—{p-hydroxyphenyl)propanamide,
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3-{o-nitropheny! jpropanamide, 2-methyl-2-{o-nitrophenoxy Jpropanamide, 2-methyl-2-(o-
phenylazophenoxypropanamide, 4—chlorcbutanamide, 3-—methyl-3-nitrebutanamide, o—
nitrocinnamide, N—acetylmethionine, o-nitrobenzamide, and o—{benzoyloxymethy! jbenzamide.
Carbamate nitrogen protecting groups (e.g., ~C{=0)OR*} include methyl carbamate,
ethy! carbamate, 9—{luorenylmethyl carbamate (Fmoc), 9-2—sulfo}fluorenyimethyl carbamate,
92, 7-dibromojtluoroenylmethyl carbamate, 2, 7-di—#-butyl-{9-+10,10-dioxo-10,10,10,10~
tetrahydrothioxanthyl)lmethyl carbamate (DBD-Tmoc), 4-methoxyphenacyl carbamate
{Phenoc), 2,2, 2-trichloroethyl carbamate (Troc), Z-trimethyisilylethyl carbamate (Teoc), 2-

phenylethy] carbamate (h7), 1-{1-adamantyl}-1—methylethyl carbamate (Adpoc), 1, 1-dimethyl-

2,2, 2—trichloroethyl carbamate {TCBOC), 1—-methyl-1-(4-biphenylyliethyl carbarate (Bpoc),
1—(3,5—di—-butylphenyl}-1-methylethyl carbamate (i Bumeoc), 22— and 4’ —pyridyljethyl
carbamate (Pyoc), 2-(N N-dicyclohexylcarboxamido)ethy! carbamate, #-butyl carbamate (BOC),
I—adamantyl carbamate {Adoc}, vinyl carbamate (Voc), allyt carbamate (Altoc), I—isopropylaliyi
carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc}), 8—quinolyl
carbamate, N-hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl carbamate (Chz), p—
methoxybenzyl carbamate (Moz), p-nitobenzyl carbamate, p-bromobenzyl carbamate, p—-
chlorobenzyl carbamate, 2 4—dichlorobenzyl carbamate, 4-methylsulfinylbenzy!l cartbamate
{Msz}, 9-anthrylmethyl carbamate, diphenylmethvl carbamate, Z-methylthioethyl carbamate, 2-
methylsulfonylethyl carbamate, 2—(p—toluenesulfonyvljethyl carbamate, [2—(1,3—dithianyl}jmethyl
carbamate (Dmoc), 4-methylthiophenyl carbamate (Mtpc}, 2,4-dimethylthiophenyl carbamate
{Bmpc}, 2-phosphonicethyl carbamate {(Peoc), 2—-triphenylphosphenicisopropy! carbamate
(Ppoc), 1, 1-dimethyl-2-cyanoethyl carbarnate, m—chloro—p—acyloxybenzy] carbamate, p—
{dihydroxyboryDbenzyl carbamate, S-benzisoxazolylmethyl carbamate, 2-(trifluoromethyi)-6-
chromonylmethyl carbamate (Tcroc), m—nitrophenyl carbamate, 3,5—dimethoxybenzyl
carbamate, o-nitrobenzyl carbamate, 3 4-dimethoxy-O-sitrobenzyl carbamate, phenyl{o-
nitrophenyhmethyl cartbamate, ~~amyl carbamate, S-beunzyl thiocarbamate, p—cyancbenzyl
carbamaie, cyclobutyl carbamate, cyclohexyl carbamate, cyclopentyl carbamate,
cyclopropyimethyl carbamate, p—decyloxybenzyl carbamate, 2,2—dimethoxyacylvinyl carbamate,
o-{N,N-dimethylcarboxamido)benzyl carbamate, 1, 1-dimethvl-3-{N N~
dimethylcarboxamido)propyl catbamate, 1, I -dimethylpropynyl carbamate, di(2—pyridylimethyl
carbamate, 2—furanylmethyl carbamate, 2—iodoethyl carbamate, isoborynl carbamate, 1sobutyl
carbamate, isonicotinyl carbamate, p—{p —methoxyphenylazolbenzyl carbamate, 1

methyleyclobutyl carbamate, 1-methyleyclohexyl carbamate, 1-methyl-I—cyclopropyimethyl
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phenylazophenyljethyl carbamate, 1-methyl-1-phenylethyl carbamate, 1-methyl-1-(4-
pyridylethyl carbamate, phenyl carbamate, p—(phenylazotbenzy! carbamate, 2.4,6-4ri-7-
butyiphenyl carbamate, 4-{(irimethylammonium)benzyl carbamate, and 2.4,6-tnmethylbenzyl
carbamate.

Sulfonamide nitrogen protecting groups {e.g., =8{=0):R™} include p—toluenesulfonamide

trimethoxybenzenesulfonamide (Mtb), 2, 6—dimethyl—4-methoxybenzenesulfonamide (Pme),
2,3,5,6-tetramethyi-4-methoxybenzenesulfonamide {(Mtie), 4-methoxybenzenesulfonamids
(Mbs), 2,4, 6—trimethylbenzenesulfonamide (Mts), 2,6—dimethoxy—4-—methyibenzenesulfonanide
(iMds), 2,2,5,7, &-pentamethylchroman-6-sulfonamide (Pmc), methanesulfonamide (Ms), -
trimethylsilylethanesulfonamide (SES}, 9—-anthracenesulfonamide, 4-(47,8'—
dimethoxynaphthylmethyDbenzenesulfonamide (DNMBS), benzylsulfonamide,
triflucromethylsulfonamide, and phenacylsulfonamide.

Other nitrogen protecting groups include phenothiazinyi-—(10)-acy] derivative, N —p—
toluenesulfonylaminoacyl derivative, N -phenylaminothicacyl derivative, N~
benzoylphenylalanyl derivative, N—acetylmethionine derivative, 4,5—diphenyl-3—oxazolin—2-
one, N-phthalimide, N-dithiasuccinimide (D5}, N2 3~diphenvimaleimide, N-2,5-~
dimethyipyrrole, A-1, 1,4 4—tetramethyldisilylazacyclopentane adduct (STABASE), 5-
substifitted 1 3-dimethyl-1,3 5-triazacyclohexan-2-one, S-substituted 1,3-dibenzyl-1,3 5~
triazacyclohexan-2—one, 1-substituted 3, 5—dinitro—4-pyridone, N—-methylamine, N-allylamine,
N-{2-(rimethylsilylyethoxyimethylamine (SEM), N-3-acetoxypropylamine, N-(1-isopropyl—4-
nitro-2—oxo-3-pyrrolin-3-yljamine, quaternary ammonium salts, N-benzylamine, N-di(4-
methoxyphenylmethylamine, N-5—dibenzosuberylamine, N—triphenylethylamive (Tr), N—{(4-
methoxyphenyl)diphenyimethyljamine (MMTr), N-9—-phenvifluorenylamine (PhF), N-2,7-
dichloro-9—{luorenylmethyleneamine, N{ferrocenylmethylamino (Fom), N-2-picolylamino N'—
oxide, N-1, I-dimethvlthiomethyleneamine, N-benzylideneamine, N-p-
methoxybenzylhideneamine, N—diphenyhuethylencamine, N—{{2—
pyridylymesityl jmethyleneamine, N-{N N -dimethylaminomethylenejamine, NN -
isopropylidenediamine, N-p-nitrobenzylideneamine, N—salicylideneamine, N-5—
chlorosalicylidencamine, N-{5-chioro-Z-hydroxyphenyljphenylmethviencamine, N
cyclohexylidencamine, N—{(§,5—dimethyl-3—oxo—1—cyclohexenylamine, N-borane derivative,
N-diphenylborinte acid derivative, N-{phenyl{pentaacylchromiuro— ot ungstenlacyljamine, N—
copper chelate, N-zinc chelate, N—nitroamine, N-nitrospamine, amine N-oxide,
diphenylphosphinamide (Dpp), dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide

(Ppt), dialkyl phosphoramidates, dibenzyl phosphoramidate, dipheny! phosphoramidate,
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benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesuifenamide,
pentachlorobenzenesulfenamide, Z-nitro—4-methoxybenzenesulfenamide,
triphenylmethyisulfenamide, and 3-nitropyridinesulfenamide (Npys).

In certain embodiments, a nitrogen protecting group is Bn, Boc, Cbz, Fmoc,
iriffuoroacetyl, triphenyimethyl, acetyl, or Ts.

In certain embodiments, the oxygen atom substituents are independently substituted (e.g.,
substituted with one or more halogen) or unsubstituted Cig alkyl, ~C(=0R*, ~COR*,
~C{=0YN(R™ ), or an oxygen protecting group. In certain embodiments, the oxygen atom
substituents are independently substituted {e.g., substituted with one or more halogen) or
unsubstituted (. alkyl, ~C=0IR™, ~CORY, ~CEOINIRY,, or an oxygen protecting group,
wherein R™ is hydrogen, substituted {e.g., substituted with one or more halogen) or unsubstituted
Cre alkyl, or an oxygen protecting group when attached to an oxygen atom; and each R™ g
independently hydrogen, substituted (e.g., substituted with one or more halogen) or unsubstituted
Ci.s alkyl, or & nitrogen protecting group. In certain embodiments, the oxygen atom substituents
are independently substituted {(e.g., substituted with one or more halogen) or unsubstituted Cis
alkyl or an oxygen protecting group.

In certain embodiments, the substituent present on an oxygen atom iS an oXygen
protecting group {also referred to herein as an “hydroxyl protecting group”). Oxygen protecting
groups include ~R¥ ~N(R™Y,, ~CEOSRY, ~CEORY ~CORS, ~C{=0IN(R™),,
—C(=NR®R* —C(=NR™YOR® —C(=NR™INR™}),, -S(=0R®, —80R¥ —Si(R®);, ~-P(R*},
PRy KT, ~P(OR®), ~P(ORCHTXT, —P(=O)R™),, ~PEOWORTY,, and ~PEONR®) ),
wherein X, R® R and R™ are as defined herein. Oxygen protecting groups are well known in
the art and include those described in detail in Protecting Groups 1o Organic Syothesis, T. W,
Greene and P. G. M. Wuts, 3™ edition, John Wiley & Sons, 1999, incorporated herein by
reference.

Exemplary oxygen protecting groups include methvl, methoxylmethyl (MOM),
methylthiomethyl (MTM), #~butvithiormethyl, {(phenyldimethylsilyDmethoxymethyi (SMOM),
benzyloxymethy! (BOM}, p-methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy ymethyl
{(p—AOM), guatacolmethyl (GUM), —butoxymethyl, 4—pentenyloxymethyl (POM), stloxymethyl,
Z-methoxyethoxymethyl (MEM), 2,2 2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2
(trimethylsilyDethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl, I-methoxyeyclohexyl, 4-methoxytetrabydropyranyt (MTHP), 4-
methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl 8§ S—dioxide, 1-[{2—chloro-4—
methyDphenvli—4-methoxypiperidin—4—yt (CTMP}), 1, 4—dioxan-2-yl, tetrahydrofuranvi,

tetrahydrothiofuranyl, 2,3,3a,4,5,6,7, 7a—octahydro-7, 8, 8~trimethyl-4, 7-methanobenzofuran-2—~

2 '
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benzyloxyethyl, 1-methvl-1-benzyvioxy-2-flucroethyl, 2,2, 2-trichloroethyl, 2—-
trimethylsiiylethyl, 2—(phenylselenyethyl, i~butyl, alivl, p—chlorophenyl, p—methoxyphenyl,
2, 4-dinitrophenyl, benzyl (Bn), p—methoxybenzyl, 3 4-dimethoxybenzyl, o-nitrobenzyl, p-
nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p—cyanobenzyl, p—phenylbenzyl, 2-picolyl, 4-
picolyl, 3—methyl-2-picolyl N—oxido, diphenvimethyl, p,p ~dinitrobenzhydryl, 5~
dibenzosuberyl, triphenylmethyl, c—naphthyldiphenyimethyl, p—ruethoxyphenyldiphenylmethyl,
di{p-methoxyphenylyphenylmethyl, tri{p-methoxyphenyhmethyt, 4-(4"-
bromophenacyloxyphenyldiphenylmethyl, 4,4’ 4"—tris(4, S—dichlorophthalimidophenyDmethyl,
4.4" 4"-ris((evulinoyloxyphenylymethyl, 4,4', 4" -tris(benzoyloxyphenyDmethyl, 3-(imidazol-1-
yhbis{4' 4"~dimethoxyphenyDmethyl, 1, 1-bis{(4—methoxyphenyl)-1'-pyrenylmethyl, S—anthryl,
9—{(9-phenylixanthenyl, 9—«9-phenyl-10-oxojanthryl, 1 3-benzodisulfuran—2-v1,
benzisothiazolyl §,S—dioxido, trimethylsilyl (TMS), triethvisilyl (TES), triisopropylsiivl (TIPS},
dimethylisopropylsilyl (IPDMS), diethylisopropylsityl (DEIPS), dimethylthexylalyl, -
butyldimethylsilyl (TBDMS), t-butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri—p-xylvlsilyl,
triphenylsilyl, diphenyimethylsilyl (DPMS), /~butylmethoxyphenylsilyl (TBMPS), formate,
benzoyiformate, acetate, chlorcacetate, dichloroacetate, trichloroacetate, trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate, phenoxyacetate, p—chlorophenoxyacetate, 3—
phenylpropionate, 4-oxopentanoate (levulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithicacetal}, pivaloate, adamantoate, crotonate, 4—methoxycrotonate, benzoate, p—
phenyibenzoate, 2,4,6-trimethylbenzoate {mesitoate), alkyl methyl carbonate, 9-fluorenylmethyl
carbonate (Fmoc), alkyl ethyl carbonate, altkyl 2,2, 2-trichloroethyl carbonate (Troc), 2
(trivoethylsilyljethyl carbonate (TMSEC), 2—(phenylsulfonyl} ethyl carbonate (Psec), 2—
{triphenylphosphonio) ethyl carbonate {(Peoc), alkyl isobutyl carbonate, alkyl vinyl carbonate
alkyl allyl carbonate, alkyl p-nitrophenyl carbonate, alkyl benzyl carbonate, alkvl p—
methoxybenzyl carbonate, alkyl 3,4-dimethoxybenzy! carbonate, atkyl o-nitrobenzyl carbonate,
alkyl p—outrobenzyl carbounate, alkyl S—benzyl thiocarbonate, 4—cthoxy—1-naphthyl carbonate,
methy! dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpentanoate, o
{(dibromomethylbenzoate, 2—formylbenzenesulfonate, 2—(methylthiomethoxy jethyl, 4—
{methvithiomethoxybutyrate, 2-(methylthiomethoxymethylbenzoate, 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro—4—(1,1,3 3—tetramethyvibutyl)phenoxyacetate, 2 4-bis(l, -
dimethylpropy!jphenoxyacetate, chlorodiphenylacetate, 1sobutyrate, roonosuccinoate, (£-2—
methyl-2-butenocate, o-(methoxyacylibenzoate, a—naphthoate, nitrate, alkyl NN N N -

tetram ethylphosphorodiamidate, alky] N-phenylcarbamate, borate, dimethylphosphinothioyi,
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alkyl 2,4-dinitrophenylsulfenate, sulfate, methanesulfonate (mesylate), benzylsulfonate, and
tosylate {T's}.

In certain embodiments, an oxygen protecting group 15 siivl, TBDPS, TBDMS, TIPS,
TES, TMS, MOM, THP, -Bu, Bn, allyl, acetyl, pivalovl, or benzoyl.

In certain embodiments, the sutfur atom substituents are independently substituted {e.g.,
substituted with one or more halogen) or unsubstituted Ci alkyl, —C(=0)R*™, —C(OR*,
~C{=OYN(R®Y,, or a sulfur protecting group. Tn certain embodiments, the sulfur atom
substituents are independently substituled {e.g., substituted with one or more halogen} or
unsubstituted Cis alkyl, “C(=0R® —CG:R™, —C{=0N(R"}s, or a sulfur protecting group,
wherein R™ is hydrogen, substituted {e.g., substituted with one or more halogen) or unsubstituted
C1.6 alkyl, or an oxygen protecting group when attached to an oxygen atom; and each R is
independently hydrogen, substituted (e.g., substituted with one or more halogen) or unsubstituted
Ci¢ alkyl, or a nitrogen protecting group. In certain embodiments, the sulfur atom substituents
are independently substituted {(e.g., substituted with cue or ruore halogen} or vnsubstituted Cie
alkyl or a sulfur protecting group.

In certain embodiments, the substituent present on a sulfur atom is a sulfur protecting
group (also referred to as a “thiol protecting group”). Sulfur protecting groups include —R™|

“NR™), ~C(=0)SR®, ~C{(=0}R¥, ~COR¥, ~C{=0N(R™);, ~C(=NR®)R*, ~C(=NR*"JOR®,

—P{OR®): "X, —P(=0)R™),, ~P(=OWOR* ), and —P(=0)N(R"} 1)z, wherein R® R™, and R*
are as defined herein. Sulfur protecting groups are well known in the art and include those
described in detail in Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M. Whuts,
39 edition, John Wiley & Sons, 1999, incorporated herein by reference. In certain erobodiments,
a sulfur protecting group is acetamidomethyl, #Bu, 3-nitro-2-pyridine sulfenyl, 2-pyridine-
sulfenyl, or triphenylmethyl.

The “molecular weight” of -R, wherein ~R is any monovalent moiety, is calculated by
subtracting the atomic weight of a hydrogen atom from the molecular weight of the molecule R~
H. The “molecular weight” of ~L- wherein ~L-is any divalent moiety, is calculated by
subtracting the combined atomic weight of two hydrogen atoms from the molecular weight of the
molecule H-L-H.

In certain embodiments, the molecular weight of a substituent is lower than 200, lower
than 150, lower than 100, lower than 50, or lower than 25 g/mol. To certain embodiments, a
substituent consists of carbon, hydrogen, fluorine, chlorine, bromine, iodine, oxygen, sulfur,
nitrogen, and/or silicon atoms. In certain embodiments, a substituent consists of carbon,

hydrogen, fluorine, chlorine, bromine, and/or iodine atoms. In certain embodiments, a substituent
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consists of carbon, hydrogen, and/or flucrine atoms. In certain embodiments, a substituent does
not comprise one or more, two or more, or three or more hyvdrogen bond donors. In certain
embodiments, a substituent does not comprise one or rwore, two or more, or three or more
hydrogen bond acceptors.

The termn “leaving group” is given its ordinary meaning in the art of synthetic organic
chemistry and refers to an atom or a group capable of being displaced by a nucleophile.
Examples of suitable leaving groups include halogen {such as F, Cl, Br, or I (icdine}),
alkoxycarbonyloxy, arvloxycarbonyloxy, alkanesulfonyloxy, arenesulfonyloxy, alkyl-
carbonyloxy {e.g., acetoxy), arylcarbonyloxy, aryloxy, methoxy, N,O-dimethylhydroxylamino,
pixyl, and haloformates. In some cases, the leaving group is a sulfonic acid ester, such as
toluenesulfonate (tosylate, —0Ts), methanesulfonate (mesylate, ~OMzs}, p-
bromobenzenesulfonyloxy (brosylate, —ORBs), ~OS(=0n(CF2:CF; (nonaflate, ~ONT}, or
triflucromethanesulfonate (triflate, —~OTT). In some cases, the leaving group is a brosylate, such
as p-bromobenzenesulfonyloxy. In some cases, the leaving group is a nosylaie, such as 2-
nitrobenzenesulfonyloxy. In some embodiments, the leaving group is a sulfonate-containing
group. In some embodiments, the leaving group is a tosylate group. The leaving group may also
be a phosphineoxide {(e.g., formed during a Mitsuncbu reaction} or an internal leaving group such
as an epoxide or cychic sulfate. Other examples of leaving groups are water, ammonia, alcohols,
ether moieties, thioether moieties, zinc halides, magnesium moteties, diazonium salts, and copper
rmoieties.

The term “salt” refers to 1onic compounds that result from the neuiralization reaction of
an acid and a base. A salt is composed of one or more cations {(positively charged ions) and one
or more anions {negative ions) so that the salt is elecirically neutral {without a net charge). Salts
of the compounds of this disclosure include those denved from inorganic and organic acids and
bases. Examples of acid addition salts are saits of an amino group {formed with inorganic acids
such as hydrochioric acid, hydrobromic acid, phosphoric acid, sulfuric acid, and perchloric acid,
or with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid,
succinic acid, or malonic acid or by using other methods known in the art such as ion exchange.
Other salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisuifate,
borate, butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconaie,
dodecylsulfate, ethanesulfonate, formate, fumarate, gluccheptonate, glveerophosphate, gluconate,
hemisulfate, heptanoate, hexanoate, hydrotodide, 2-hydroxy—ethanesulfonate, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2—
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,

persulfate, 3—phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
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sulfate, tartrate, thiccyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like. Salts
derived from appropriate bases include alkali metal, alkaline earth metal, ammonium and N{Ci
alkyl)s salts. Representative alkali or alkaline earth metal salts include sodium, lithtum,
potassium, calcium, magnesium, and the like. Further salts include ammonium, quaternary
ammonium, and amine cations formed using counterions such as halide, hydroxade, carboxylate,
sulfate, phosphate, nitrate, lower alkyl sulfonate, and aryl sulfonate.

“Compounds” include, e.g., small molecules and macromolecules. Macromolecules
include, e.g., polymers, peptides, proteins, carbohydrates, monosaccharides, oligosacchandes,
polysaccharides, nucleoproteins, mucoproteins, lipoproteins, synthetic polypeptides or proteins,
glycoproteins, steroids, nucleic acids, DNAs, RNAs, nucleotides, nucleosides, oligonucieotides,
antisense oligonucleotides, lipids, hormones, vitamins, and cells.

The term “small molecule” refers to molecules, whether naturally-occurring or artificially
created {e.g., via chemical synthesis} that have a relatively low molecular weight. Typically, a
small molecule is an organic compound {7.¢., it contains carbon). The small molecule may
contain multiple carbon-carbon bonds, stereocenters, and other functional groups {e.g., amines,
hydroxyl, carbonyls, and heterocyclic rings, efc.). In certain embodiments, the molecular weight
of a small molecule is not more than 2,000 g/mol. In certain embodiments, the molecular weight
of a small molecule 15 not more than 1,500 g/mol. In certain embodiments, the molecular weight
of a small molecude i3 not more than 1,000 g/mol, not more than 900 g/mol, not more than 800
g/mol, not more than 700 g/mol, not more than 600 g/mol, not more than 500 g/mol, not more
than 400 g/mol, not more than 300 g/mol, not more than 200 g/mol, or not more than 100 g/mol.
In certain embodiments, the molecular weight of a small molecule is at least 100 g/mol, at least
200 g/mol, at least 300 g/mol, at least 400 g/mol, at least 500 g/mol, at least 600 g/mol, at teast
700 g/mol, at least 800 g/mol, or at least 900 g/mol, or at least 1,000 g/mol. Combinations of the
above ranges (e.g., at least 200 g/mol and not more than 300 g/mol} are also possible. In certain
embodiments, the small molecule is a therapeutically active agent such as a drug{e.g., a
molecule approved by the U.S. Food and Drug Admirnstration as provided in the Code of Federal
Regulations {C F.R)). The small molecule may also be complexed with one or more metal atoms
and/or metal ions. In this instance, the small molecule is also referred to as a “small
organometaliic molecule.” Preferred small molecules are biclogically active in that they produce
a biological effect in animals, preferably mammals, more preferably humans. Small molecules
include radionuclides and 1maging agents. In certain embodiments, the swall molecule 18 a drug.
Preferably, though not necessarily, the drug is one that has already been deemed safe and
effective for use in humans or animals by the appropriate governmental agency or regulatory

bedy. For example, drugs approved for human use are listed by the FDA under 21 CFR. §§
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330.5, 331 through 361, and 440 through 460, incorporated herein by reference; drugs for
veterinary use are listed by the FDA under 21 CF.R. §§ 500 through 589, incorporated herein by
reference. All listed drugs are considered acceptable for use in accordance with the present
disclosure.

The termn “oligomer” refers to a compound comprising two to ten, inclusive, covalently
connected repeating units. In certain embodiments, an oligomer comprises two to five, inclusive,
covalently connected repeating units. In certain embodiments, an oligomer comprises six to ten,
inclusive, covalently connected repeating units.

The term “polyvmer” refers to a compound comprising eleven or more covalently
connected repeating units. In certain embodiments, a polymer is naturally occurring. In certain
embodiments, a polymer is synthetic {e.g., not naturally occurring). In certain embodiments, the
Mbuw of a polymer 1s between 1,000 and 2,000, between 2,000 and 10,000, between 10,000 and
30,000, between 30,000 and 100,000, between 100,000 and 300,000, between 300,000 and
1,000,000, g/mol, inclusive. In certain embodiments, the Mw of a polymer is between 2,000 and
1,000,000, g/mol, inclusive.

When a polymer is prepared by polymerizing two or more different types of monomers,
the monomers may be referred t0 as comonomers. The pelymer may be referred to as a
copolymer.

The term “average molecular weight” may encompass the number average molecular
weight (M), weight average molecular weight (M), higher average molecular weight (M, or M,
+1}, GPC/SEC {gel permeation chromatography/size-exclusion chromatography )-determined
average molecular weight {Mp), and viscosity average molecular weight (M, ). Average molecular
weight may also refer to average molecular weight as determined by gel permeation
chromatography.

The term “degree of polymerization” {(DP) refers to the number of repeating units in a
polymer. In certain embodiments, the DP is determined by a chromatographic method, such as
gel permeation chromatography. For a homopolymer, the DP refers to the number of repeating
units included in the homopolymer. For a copolymer of two types of monomers (e.g., a first
monomer and a second monomer) wherein the molar ratio of the two types of monomers is about
1:1, the DP refers to the number of repeating units of either one of the two type of monomers
included in the copolymer. For a copolymer of two types of monomers {e.z., a first monomer and
a second monomer) wherein the roolar ratio of the two types of monomers is not about 1:1, two
DPs may be used. A first DP refers to the number of repeating units of the first monomer
included 1o the copolymer, and a second DP refers to the number of repeating uniis of the second

monomer included in the copolymer. Unless provided otherwise, a DP of “xx”, wherein xx is an
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integer, refers to the number of repeating units of either cue of the two types of monomers of a
copolymer of two types of monomers {e.g., a first monomer and a second monomer) wherein the
molar ratio of the two types of monomers is about 111, Unless provided otherwise, a DP of “xx-
vy”, wherein xx and yy are integers, refers to xx being the number of repeating units of the first
monomer, and vy being the number of repeating untts of the second meonomer, of a copolymer of
two types of monomers {(e.g., a first monomer and a second monomer) wherein the molar ratio of
the two types of monomers is not about 1:1.

The term “ring-opening metathests polymerization (ROMP)” refers to a type of olefin
metathesis chain-growth polymerization that is driven by the relief of ring strain in ¢yclic olefing
{e.g. norbornene or cyclopentene). The catalysts used in the ROMP reaction (“metathesis
catalyst”) include RuCla/alcohol mixture, bis{eyclopentadienylydimethyizirconiom({(IV},
dichloro{1,3-bis(2,6-1sopropylphenyl)-2-
imidazolidinylidene}{(benzylidene){tricyclohexviphosphineyruthenium(l}, dichiorof1,3-Bis(2-
methylphenyi)-2-imidazolidinylidene](benzylidene}{iricyclohexylphosphine) ruthentum(ll),
dichloro{1,3-bis(2,4,6-trimethylphenyl}-2-imidazolidinylidene}{3-(2-
pyridinyhpropyiidenejrutheniom(H), dichioro(3-methyl-2-butenylidenejbis
(tricyclopentylphosphinejruthenium(l), dichlore[1,3-bis(Z-methyiphenyl)-2-
imidazolidinylidene}{ 2-isopropoxyphenylmethylene ruthentum(IT) (Grubbs C371},
dichioro{benzylidene)bis(tricyclohexyiphosphine yuthenium{i) (Grubbs I}, dichloro[1,3-
bis(2,4,0-trimethylphenyl)-2-imidazolidinylideneJ(benzylidene ) tricy clohexylphosphine}
ruthentum{i1} {Grubbs If), and dichloro[1,3-bis(2.4,6-trimethylphenyl}-2-imidazolidinylidene]
{benzylidene)bis(3-bromopyridine)ruthenium{l} (Grubbs Hi}

The terms “v/v7 and “viv” refer to volume per volume and is used herein to express
concentrations of monomers. Unless otherwise provided, a percent concentration of a second
monomer in a first monomer 15 expressed in v/v. For example, a mixture of a {irst monomer and
10% second monomer refers to a mixture of a first monomer and a second monomer, wherein the
volume of the second monomer 15 10% of the combined volumns of the first and second
monomers.

The disclosure is not intended to be limited in any manner by the above exemplary listing

of substituents. Additional terms may be defined 1n other sections of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
The figures are exemplary and do not limit the scope of the present disclosure.
FIG. 1A shows crosslinking comonomers for preparing DCPD copolymers (pDBCPDs;

copolymers prepared by polymerizing DCPD and one or more different types of monomers).
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FIG. 1B shows the structures of certain comparative monomers.

FIG. 1€ shows the structures of certain monomers of the present disclosure.

FIG. 2 shows the design of crosshinking comonomers.

FIG. 3 shows 'H NMRs of crosslinked silyl ether monomers. Top panel: XLSi7. Bottom
panel: X1L.S17-2.

FIG. 4A shows an exemplary degradation of copolymers of the present disclosure. Before

]
{
i

degradation, the vial on the left contained a BCPD-XL.517 copolymer, and the vial on the right
contained a BUCPD-XL.817-2 copolymer.

FIG. 4B shows fluorine incorporation in pDCPD fragments. Left panel: 'H NMR. Right
panel: F NMR.

FIGs. 5A to 5C show mechanical characterization of DCPD-XL.8i7 copolymers.

FIG. 6 shows the glass-transition temperature (73) of DCPD copolymers with a
crosslinking monomer (XL, e.g., XL.5i7} or a non-crosslinking monomer {e.g., 818 or 5i7).

FIGs. 7A to 7C show 'H NMR (FIG. 7A), PC NMR (FIG. 7B) and »°Si NMR (FIG. 7C)
of the spirocyclic monomer SpiroSi.

FIG. B shows exemplary results of 200 mg samples of DCPD-SpiroSi copolymers
containing 0%, 5%, or 10% {v:v) of SpiroSi after being treated with S mL of 0.2 M TBAF in
THF.

FIGs 9A to 9B show a 'H NMR spectrum (FIG. 9A) and a P NMR spectrum (FIG. 9B8)
of the soluble materials obtained from a degradation of a DCPD-SpiroSi copolymer containing
5% (v.v) of SpiroSi.

FIGs. 10A to 10B show a 'H NMR spectrum (FIG. 10A) and a PC NMR spectrum (FIG.
10B) of NbMeSt.

FIGs. 11A to 11B show the dependence of the copolymer’s 7, on the identity and loading
of the crosslinking and non-crosslinking comonomers. 7y of native pDCPD was determined o be
166 Celsius, Tan(3) was chosen as global maximum value across curve. Crosslinking
comonomers maintained desired degradability and also maintained (e.g., SpiroSi) or even
boosted {(e.g., NbMeSi) desirable thermal properties, whereas non-crosslinking comonomers
{e.g., iIPr8i-8, iPr58i-7) diminished thermal properties.

FIG. 12 shows exemplary degradations of DCPD-SprioSi copelymers containing 3%, 5%,
or 10% (v.v) of Spire8i (left panel} and exemplary degradations of DCPD-NbMeSi copolymers

contatning 10% or 209 {v:v} of NbMeSi (right panel}.
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE DISCLOSURE

The present disclosure provides the subject matter described herein, e.g., subiect matter
described in the claims. For example, the present disclosure provides compounds, copolymers,
hydroxylated oligomers, hydroxylated polymers, conjugates, compositions, kits, methods of
preparing the compounds, ruethods of preparing the hydroxylated oligomers and bydroxylated
polymers, methods of preparing the copolymers, and methods of preparing the conjugates.

The compounds may be useful for preparing the copolymers. In certain embodiments, the
compounds are second monomers {second comonomers) for preparing the copolymers. In certain
embodiments, the first monomers (first comonomers) are dicyclopentadiene (DCPD). Ring
opening metathesis polymerization (ROMP) may be employed, in the presence of a metathesis
catalyst, to prepare the copolymers. The copolymers may be thermosetting polymers,
Thermosetting polymers are typically difficult to be recycled. The copolymers may be
degradable {e.g., biodegradable). In certain embodiments, one or moere (51 or O-C bonds of the
copolymers are the degradation sites. Tu certain embodiments, the presence of the second
monomers in the preparation of the copolymers increase the degradability of the copolymers.

It may be desirable to increase or maintain the glass-transition temperature (7y) of the
copolymers while the degradability of the copolymers is increased. In certain embodiments, the
presence of the second monomers in the preparation of the copolymers increase the 75 of the
copolymers. In certain embodiments, the presence of the second monomers in the preparation of
the copolymers do not significantly decrease the 7 of the copolymers. In certain embodiments,
the second monomers are crosslinking monomers, e.g., monomers with two or more
polymerization handles {e.g., ROMP handles). In certain embodiments, the presence of the
crosslinking monomers in the preparation of the copolymers increase the 7 of the copolymers. In
certain embodiments, the presence of the crosslinking monomers in the preparation of the
copolymers do not significantly decrease the 73 of the copolymers.

The hydroxylated oligomers and hydroxylated polymers may be degradation (e.g.,
hydrolysis) products of the copelymers. The hydroxylated oligomers and hydroxylated polyruers
may be soluble in, e.g., commercially available solvents (e.g., THF}. The hydroxylated oligomers
and hydroxylated polymers may be usetul for recycling the copolymers. The hydroxylated
oligomers and hydroxylaied polymers may be useful as starting materials for preparing additional
oligomers or polymers.

In one aspect, the present disclosure provides compounds of Formula (B}
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and salts thereof, wherein:

W is carbon or silicon;

Y is O or C(RY);

each instance of R¥ is independently hydrogen, halogen, or substituted or unsubstituted,
Crsatkyl;

each instance of RY is independently hydrogen, halogen, or substituted or unsubstituted,
Cisalkyl;

each instance of R” 1s independently hydrogen, halogen, or substituted or unsubstituted,
Cigalkyl;

R¥ is hydrogen, halogen, substituted or unsubstituted, Cr.1o alkyl, substituted or
unsubstituted, Cz.10 alkenyl, substituted or unsubstituted, C.i0 alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroarvl, ~L% -(substituted or unsubstituted carbocyelyl}, —
LY (substituted or unsubstituted heterocyelyl), -L™ (substituted or unsubstituted aryl}, L8
{(substituted or unsubstituted heteroaryl), or ~ORMN';

LRV is O substituted or unsubstituted, Ci-io alkylene, substituted or unsubstituted, Ca.o
heteroalkylene, substituted or unsubstituted carbocyclylene, substituted or unsubstituted
heterocyclylene, substituted or unsubstituted arylene, substituted or unsubstituted heteroarylene,
or 4 combination thereof,

RM is independently hydrogen, substituted or unsubstituted acyl, substituted or
unsubstituted, Ciie alkyl, substituted or unsubstituted carbocycelyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted aryl, substituted or unsubstituted hetercaryl, or an
oxygen protecting group,

R™ is halogen, substituted or unsubstituted, Caao altkenyl, substituted or unsubstituted, Ca.
1 alkynyl, substituted or unsubstituted carbocyclyl, substituted or unsubstituted heterocyelyl,
substituted or unsubstituted hetercaryl, —L¥*—(substituted or unsubstituted carbocyelyl), —LE -
(substituted or unsubstituted heterocyclyl), ~L¥~{substituted or unsubstituted aryl), or ~-QRM;

152 i O, substituted or unsubstituted, Ci.10 alkylene, substituted or unsubstituted, Caao

heteroalkylene, substituted or unsubstituted carbocyclylene, substituted or unsubstituted
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heterocyclylene, substituted or unsubstituted arylene, substituted or unsubstituted hetercarvlene,
or a combination thereof;

RN is independently hydrogen, substituted or unsubstituted acyl, substituted or
unsubstituted, Ci.io alkyl, substituted or unsubstituted carbocyclyl, substituted or unsubstituted

S heterocyclvl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, or an

oxygen protecting group;

or R*! and R™ are joined with the intervening atom to form substituted or unsubstituted
carbocyelyl or substituted or unsubstituted heterocyclyl;

jis 1,2, 0r3; and

10 kisl, 2, 0r3;

provided that the compound is not of the formula:

is In certain embodiments, the compound comprises one non-aromatic C=C or non-aromatic
C=C bond. In certain embodiments, the compound comprises two, three, or four non-aromatic
C=C and/or non-aromatic C=C bonds. In certain embodiments, the compound comprises two
(i.e, culy two) non-aromatic C=C and/or non-aromatic C=C bonds. In certain embodiments, the
compound comprises only three non-aromatic C=( and/or non-aromatic C=C bonds {1.¢, the

20 combined number of non-aromatic C=C bonds and non-aromatic C=C bonds is three). In certain
embodiments, the compound comprises no C=C bonds.

In certain embodiments, the compound is of the formula:

/ p—
(0 B WL
RY/, R
Q Y
\!$i/
RK1 \RKZ

or a salt thereof,
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In certain embodiments, the compound is of the formula:

——
RZ
RZ

or a salt thereof

In certain embodiments, the compound is of the formula:

or a salt thereof.

In certain embodiments, the compound 1s of the formula:

O G
RK‘E RK2
or a salt thereof,
10 ln certain embodiments, the compound ts of the formula:

(_—\;
0\ e
Si

/
RK1 \RK'i

or a salt thereof,

In certain embodiments, the compound is of the formula:

RZ>
RY

15 or asalt thereof, wherein:

each instance of Y~ is independently O or C{R);

PCT/US2021/058668
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each instance of RY is independently hydrogen, halogen, or substituted or unsubstituted,
Cisalkyl;
each instance of RY is independently hydrogen, halogen, or substituted or unsubstituted,
Cisalkyl;
S each instance of RZ is independently hydrogen, halogen, or substituted or unsubstituted,
Crealkyl;
718 1, 2, or 3; and
¥isi, 2, or3

The compound of claim 7, or a salt thereof, wherein the compound 1s of the formula;

RZ)
RY \

RE
RE
10 " >
or a salt thereof.
The compound of claim 7, or a salt thereof, wherein the compound is of the formula:
< RY RZ\\
v 7
RV, RY
or a salt thereof.
15 The compound of claim 7, or a salt thereof, wherein the compound is of the formula:

or a salt thereof,
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In certain embodiments, each instance of Y™ is O. In certain embodiments, one instance of
Y’ 15 CHz, and the other instance of Y7 i3 O.

Tn certain embodiments, each instance of RY is hydrogen.

In certain embodiments, each instance of RY is hydrogen. In certain embodiments, each
instance of RY is independently hydrogen or unsubstituted Ci alkyl. Tn certain embodiments, at
least one instance of RY is substituted or unsubstituted, Ci.s alkyl.

T certain embodiments, each instance of R is hydrogen In certain embodiments, each
instance of R* is independently hydrogen or unsubstituted Ci. alkyl. In certain embodiments, at
least one instance of RZ is substituted or unsubstituted, C16 alkyl.

In certain embodiments, |” is 1, and k™ is 1. In certain embodiments, " is 1, and k" 1s 2. In
certatn embodiments, 17 is |, and X 18 3. In certain embediments, 17 is 2, and k™ 18 2. In certain
embodiments, i 15 2, and k7 15 3.

In certain embodiments, W is carbon. In certain embodiments, W is silicon.

In certain embodiments, Y is O. In certain embodiments, Y is CHs.

In certain embodiments, each instance of R¥ is hydrogen.

Tn certain embodiments, each instance of RY is hydrogen. In certain embodiments, each
instance of RY is independently hydrogen or unsubstituted Ci alkyl. In certain embodiments, at
least one instance of RY is substituted or unsubstituted, Cro alkyl.

In certain embodiments, each instance of R% is hydrogen In certain embodiments, each
instance of R” is independently hydrogen or unsubstituted Ci. alkyl. In certain embodiments, at
feast one instance of R” is substituted or unsubstituted, Cy alkyl.

In certain embodiments, jis 1, and kis |, In certain embodiments, jis 1, and kis 2. In
certain embodiments, 715 1, and k i3 3. In certain embodiments, j is 2, and k18 2. In certain
embodiments, ] is 2, and k is 3.

In certain embodiments, R® is substituted or unsubstituied, Ci.wp alkyl, substituted or
unsubstituted, Co.g alkenyl, substituted or unsubstituted, Cr.10 alkynyl, substituted or
unsubstituted carboeyelyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroary!, ~LX-(substituted or unsubstituted carbocyelyl), -
L5 (substituted or unsubstituted heterocyclyl), —L¥ ~(substituted or unsubstituted aryl), L5
(substituted or unsubstituted heteroary!), or ~ORM.

In certain embodiments, R®! is substituted or unsubstituted, Ciaoalkyl. In certain
embodiments, R* is unsubstituted methyl, unsubstituted ethyl, unsubstituted propyl (e.g.,
unsubstituted n-propy! or unsubstituted isopropyl), or unsubstituted butyl (e.g., unsubstituted n-

butyl}.
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In certain embodiments, R® is substituted or unsubstituted, saturated carbocyclyl. In
certain embodiments, R®! is unsubstituted cyclopropyl, unsubstituted cyelobutyl, unsubstituted
cyclopentyl, unsubstituted cyclohexyl, or unsubstituted cycloheptyl.

In certain embodiments, R®! is substituted or unsubstituted, partially unsaturated
carbocyclyl In certain embodiments, RM is substituted or unsubstituted carbocyclyl that
comprises only one unsaturated bond in the carbocyclic ring system. In certain embodiments, R®
is unsubstituted cyclobutenyl, unsubstituted cyclopentenyl, unsubstituted cyclohexenyl, or
unsubstituted cycloheptenyl. In certain embodiments, R*! is substituted or unsubstituted
carbocyclyl that comprises only two unsaturated bonds in the carbocyclic ring system. In certain
embodiments, RM is substituted or unsubstituted carbocyclyt that comprises no C=C bonds in the
carbocyclic ring system.

In certain embodiments, R¥! is:

wherein;

is Ring B, wherein Ring B’ is a substituted or unsubstituted, monocyclic
carboeyclic ting, substituted ot unsubstituted, monocyclic heterocyclic ring, substituted or
unsubstituted, monocyclic aryl ring, or substituted or unsubstituted, monocyclic heteroary! ring;

Zis CR  por O

each instance of RY is independently hydrogen, halogen, or substituted or unsubstituted,
Cisalkyl;

===z is 3 single bond or double bond;

each instance of RY is independently hydrogen, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyelyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, ~ORY, ~OCN, ~OC(=O)R?, ~OC=S)R?, -
OCE=0YORE, ~OC(=OINR R ~O5(=0)R?, ~OS5(=0J0R?Y, ~OS(=0N{RY)2, ~O8(=0)R?, —
OSEOROR?Y, ~OSEORN(R ), ~O81(R%:, ~OSI{RB(ORY, ~OSi1(RH{ORY),, —~O8i{OR™);, oxo, —
N{R", ~-N=C{R");, =NR", -NC, -NCO, -Nz, -NOy, -NR*CEOR?, -NR*C(=0)0OR?, —
NRAIC(EOINRY,, -NRIS(=OR?, -NRIS(=0)0R" -NRIS=0MNR"):, -NRIS(=0):R?, -
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NRIS(=0ROR?, ~NRIS(EORNRY,, -8R, -8CN, ~S{(=0)R?, ~8(=0)R?, ~S{(=N{RM, ~
S{=01:R?, —S(=0)10R? —S{(=0npNR,, .—SeR® halogen, -CN, -C(=NRR?, -C(=NR*JOR? -
CENRONRY,, -C(=0)RY, —CEOYORY, —C(=0)SRY, —C(=S)YOR?, or -C(=0)N(R*),

or the two instances of R are joined with the intervening carbon atoms to form a
substituted or unsubstituted, monocyclic carbocyelic ring, substituted or unsubstituted,
monocyclic heterocyclic ring, substituted or unsubstituted, monocyclic aryl ring, or substituted or
unsubstituted, monocyclic heteroaryl ring; and

each instance of R%is independently hydrogen, substituted or unsubstituted alkyi,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted, monocyclic carbocycelyl, substituted or unsubstinited, monocyclic heterocyclyl,
substituted or unsubstituted, monocyclic aryl, substituted or unsubsiituted, monocyclic
heteroaryl, a nitrogen protecting group when attached to a nitrogen atom, an oxygen protecting
group when attached to an oxygen atom, or a sulfur protecting group when attached to a sulfur
ator, or two instances of R? are joined to form substituted or unsubstituted heterocyclyl or
substituted or unsubstituted heteroaryl.

In certain embodiments, RX! is:

RH R/

5

R

In certain embodiments, Ring B’ is substituted or unsubstituted, monocyclic carbocyclic
ring. In certain embodiments, Ring B is substituted or unsubstituted, monocyclie, saturated
carbocyclyl. In certain embodiments, Ring B’ is unsubstituted cyclopropyi, unsubstituted
cyclobutyi, unsubstituted cyclopentyl, unsubstituted cyclohexyl, or unsubstituted cycloheptyl. In
certain embodiments, Ring B’ is substituted or unsubstituted, monocyclic, partially unsaturated
carbocyclyl. In certain embodiments, Ring B’ 18 substituted or unsubstituted, monocyclic
carbocyelyl that comprises only one unsaturated bond in the carboeyclic ring system. In certain
embodiments, Ring B’ is unsubstituted cyclobutenyl, unsubstituted cyclopentenyl, unsubstituted
cyclohexenyl, or unsubstituted cycloheptenyl. In certain embodiments, Ring B’ is substituied or
unsubstituted, monocyclic carbocyclyl that comprises only two unsaturated bonds in the
carbocyclic ring system. In certain embodiments, Ring B’ is substituted or unsubstituted,
monocyclic carbocyelyl that comprises no C=C bonds in the carbocyclic ring system.

In certain embodiments, 2 is CHs.
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In certain embodiments, each RY is hydrogen. In certain embodiments, two instances of
R™ are joined with the intervening carbon atoms to form an unsubstituted monocyclic
carbocyclic ring. In certain embodiments, two instances of R™ are joined with the intervening

carbon atoms to form an unsubstituted monocylic heterocyclic ring.

In certain embodiments, R® ix Z: .

Tn certain embodiments, R® is —(substituted or unsubstituted, Ci.e alkylene)—(substituted
or unsubstituted, partially saturated carbocycivl). In certain embodiments, R™ is —(unsubstituted
Ciap alkylene)—(substituted or unsubstituted carbocyclyl that comprises only one unsaturated
bond in the carbocyclic ring system).

In certain embodiments, R®! is substituted or unsubstituted heterocyelyl or -L¥—
(substituted or unsubstituted heterocyclyl). In certain embodiments, R™ is substituted or
unsubstituted heterocyclyl that comprises O-Si in the heterocyclic ring system or L5
{substituted or unsubstituted heierocyclyl that comprises O-81 in the heterocyclic ring systers}. In
certain embodiments, R® is —{(substituted or unsubstituted, Ci.16 alkylene)-(substituted or
unsubstituted heterocycliyl). In certain embodiments, R® is —(substituted or unsubstituted, Ciao
alkylene)-(substituted or unsubstituted heterocyclyl that comprises (-8 in the heterocyclic ning

system). In certain embodiments, R® is:

% e e
?,/W\Q Y/W\Q
(B 658 (B4 L)

K o or\ K " 'j‘

In certain embodiments, R® is —(substituted or unsubstituted phenylene)—(substituted or
unsubstituted, partially saturated heterocyclyl). In certain embodiments, R® is —{substituted or
unsubstituted phenylene)—{(substituted or unsubstituted heterocyelyl that comprises only one
unsaturated bond in the heterocyclic ring system). In certain embodiments, R® is —(substituted or
unsubstituted phenylene)—(substituted or unsubstituted, partially saturated heterocyclyl that
comprises O-51 in the heterccychic ring system). In certain embodiments, R® is —(substituted or
unsubstituted phenylene)-(substituted or unsubstituted heterocyclyl that comprises O-8t and

only ove unsaturated boud in the heterocyclic ring system),
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p

In certain embodiments, R8s _In certain embodiments, R¥ is
2 M

MG GREGING
, . , Ot . In certatn embodiments, R¥ is
A
0,0
or .

T certain embodiments, RM is hydrogen. In certain embodiments, R® is ~ORN.

1-10

In certain embodiments, R™! is substituted or unsubstituted, C1.10 alkyl. In certain
embodiments, RN is unsubstituted Ci alkyl.

In certain embodiments, LM is ~O- or substituted or unsubstituted, Ci.10 alkylene. In
certain embodiments, L* is unsubstituted Ci.s alkylene. In certain embodiments, L* is
substituted or unsubstiited phenylene.

In certain embodiments, R® is substituted or unsubstituted, satrated carbocyelyl In
certain embodiments, RM is unsubstituted cyclopropyl, unsubstituted cyclobutyl, unsubstituted
cyclopentyl, unsubstituted cyclohexyl, or unsubstituted cycloheptyl.

Tn certain embodiments, R®? is substituted or unsubstituted, partially unsaturated
carbocyclyl. In certain embodiments, R® is substituted or unsubstituted carbocyclyl that
comprises only one unsaturated bond in the carbocyclic ring system. In certain embodimnents, R®
is unsubstituted cyclobutenyl, unsubstituted cyclopentenvl, unsubstituted cyclohexenyl, or
unsubstituted cycloheptenyl. In certain embodiments, R® is substituted or unsubstituted
carbocyelyl that comprises only two unsaturated bonds in the carbocyclic ring system. In certain
embodiments, R® is substituted or unsubstituted carbocyclyl that comprises no C=C bonds in the
carbocyclic ring system.

In certain embodiments, RX? is:

2

wherein:
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s Ring B”, wherein Ring B” 13 a substituted or unsubstituted, monocyclic
carbocyclic ring, substituted or unsubstituted, monocyclic heterocyclic ring, substituted or
unsubstituted, monocychic aryl ring, or substituted or unsubstituted, monocychic heteroaryl ring;

77 is C(RY ) or O

each instance of R is independently hydrogen, halogen, or substituted or unsubstituted,
Cirsalkyl;

zzz= i3 a single bond or double bond;

each instance of RY is independently hydrogen, halogen, substituted or unsubstituied
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
aryl, substituted or unsubstituted hetercary!, ~OR, ~OCN, ~OC(=OR?, ~OC(=S)R?,
OC(=0)OR?, —“OC{(=0N{R*),—OS(=0)R* —O8(=0)0R?, —OS(=0N(R%*), —O5(=0)R? -
OSE=ORORY, ~OSEORN(RY,, ~O8iI(R%, ~OSHRYp(ORY), ~OSiRWORY,, ~08Si1(OR Yy, oxo, -~
N{R%h, -N=C{R"), =NR® -NC, -NCO, —N3, -NQO;, -NR*C(=O)R*, -NR*C(=0)OR", -
NRMCEOIN{R Y, ~NRISEOIR?, ~NRIS(=(OR?Y, ~-NRIS(=OIN{R ), ~NR*S(=0)R?, -~
NRS{(=0p0R?, -NRISEORMN®RY ), SR —8CN, —S(=0)R? -S(=0)0R? -3(=0N{R%), —
S{=ORRY, ~8(=0n0OR?, -SE=ORN(RYY,, ,-8eR? halogen, ~CN, ~C{=NRYR?, ~CENRHORS, -
CENRAONRY:, CE=ORY, C(=0)0RY, —C(=0)8R?, —C=5)0R° or -CEOINER:;

or the two instances of R™ are joined with the intervening carbon atoms to form a
substituted or unsubstituted, monocyclic carbocyciic ring, substituted or unsubstituted,
monocyclic heterocyclic ring, substituted or unsubstituted, movocyclic aryl ring, or substituted or
unsubstituted, monocyclic heteroaryl ring; and

each instance of R 1s independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyi, substituted or
unsubstituted, monocyclic carbocyclyl, substituted or unsubstituted, monocyclic heterocyclyl,
substituted or unsubstitited, monocyclic aryl, substituted or unsubstituted, monocyclic
heteroaryl, a nifrogen protecting group when attached t0 a nitrogen atom, an oxygen protecting
group when attached to an oxygen atom, or a sulfur protecting group when attached to a sulfur
atom, or two instances of R? are joined to form substituted or unsubstituted heterccyelyl or
substituted or unsubstituted hetercaryl

In certain embodiments, R®? is:
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RH RH ’ RH RH or RH RH .
in certain embodiments, Ring B” 1s substituted or unsubstituted, monocyclic carbocyclic
ring In certain embodiments, Ring B” is substituted or unsubstituted, monocyclic, saturated

carboeyclyl In certain embodiments, Ring B” is unsubstituted cyclopropyl, unsubstituted

(4]

cyclobutyl, unsubstituted cyclopentyl, unsubstituted cyclohexyl, or unsubstituted cyclohentyl. In
certain embodiments, Ring B” 1s substituted or unsubstituted, monocyclic, partially unsaturated
carbocyelyl. In certain embodiments, Ring B” is substituted or unsubstituted, monocyclic
carboeyclyl that comprises only one unsaturated bound in the carbocyclic ring system. In certain
embodiments, Ring B” is unsubstituted cyclobutenyl, unsubstituted cyclopentenyl, unsubstituted
10 cyclohexenyl, or unsubstituted cycloheptenyl. In certain embodiments, Ring B” 1s substituted or
unsubsstituted, monoeyclic carbocyclyl that comprises only two unsaturated bonds in the
carbocyclic ring system. In certain embodiments, Ring B” is substituted or unsubstituted,
monocyclic carboeyclyl that comprises no C=C bonds tn the carbocyclic ring system.
In certain embodimenis, 27 s CHy.
i5 In certain embodiments, each RY is hydrogen. In certain embodiments, two instances of
RY are joined with the intervening carbon atoms to form an unsubstituted monocyelic
carbocyclic ring. In certain embodiments, two instances of R are joined with the intervening

carbon atoms to form an unsubstituted monocylic heterocyclic ring.

In certgin embodiments, R¥ is z ‘
2

20 In certain embodiments, R™ is —(substituted or unsubstituted, Ci.10 alkylene)-{substituted
or unsubstituted, partially saturated carbocyciyl). In certain embodiments, R™ 1s —(unsubstituted
Ci.wo alkylene)-(substituted or unsubstituted carbocyclyl that comprises only one unsaturated
bond in the carbocyclic ring system).

In certain embodiments, R® is substituted or unsubstituted heterocyelyl or ~-L%-

[\
9]

{(substituted or unsubstituted heterocyclyl). In certain embodiments, R™ is substituted or

unsubstituted heterocyclyl that comprises O-8i in the heterocyclic ring system or L%

(substituted or unsubstituted heterocyclyl that comprises O-81 in the heterocyclic ring system). In
{KZ

certain embodiments, R™ is ~(substituted or unsubstituted, U0 alkviene-(substituted or

unsubstituted heterocyclyl). In certain embodiments, R® is —(substituted or unsubstituted, Cioio
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alkylene)-(substituted or unsubstituted heterocyelyl that comprises (-5 in the heterocyclic ring

system). In certain embodiments, R® is:

JJ-J“ RK’i _LKZ RK1
\W/ % \/
Y/ \‘ Y/ ~.
[ rZ l/\ }(R‘(\\) /'Rz :’\ A RY
F k) (RHbR)
& ! & }
or .

In certain embodiments, R* is —(substituted or unsubstituted phenylene)-(substituted or
unsubstituted, partially saturated heterocyclyl). In certain embodiments, R® 1s —(substituted or
unsubstituted phenvlene-(substituted or unsubstituted heterocyclyl that comprises only one
unsaturated bond in the heterocyclic ring system). In certain embodiments, R is —{substituted or
unsubstituted phenyiene)—(substituted or unsubstituted, partially saturated heterocyclyl that
comprises O-Si in the heterocyclic ring system). In certain embodiments, R® is —(substituted or
unsubstituted phenyiene -{substituted or unsubstituted heterocyclyl that comprises O-5t and

only one unsaturated bond in the heterocyclic ring system).

In certain embodiments, R% is . T certain embodiments, R {g

. £ o L {3
¥ O, W
) , , Of . In certain embodiments, R? is
2 { } [l
#y
or ‘

In certain embodiments, R* is hydrogen. In certain embodiments, R* is ~-OR™.
In certain embodiments, R™ is substituted or unsubstituted, Ciopo alkyl Fo certain
embodiments, RN is unsubstituted Crs alkyl.

Tn certain embodiments, LF2

is —O- or substituted or unsubstituted, Cr.jo alkylene. In
certain embodiments, L™ is unsubstituted C 1. alkylene. In certain embodiments, L* is
substituted or unsubstituted phenylene.

In certain embodiments, R and R®?

are joined with the intervening atom to form
substituted or unsubstituted, partially unsaturated carbocyclyl. In certain embodiments, R and
R* are joined with the intervening atom to form substituted or unsubstituted, monocyclic
carbocyclyl that comprises only one unsaturated bond in the carbocyclic ring system. In certain
embodiments, R and R*? are joined with the intervening atom to form unsubstituted

cyclobutenyl, unsubstituted cyclopentenyl, unsubstituted cyclohexenyl, or unsubstituted

cycloheptenyl. In certain embodiments, R®! and R™ are joined with the intervening atom to form
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substituted or unsubstituted, monocyclic carbocyclyl that comprises only two unsaturated bonds
in the carbocyclic ring system. In certain embodiments, R®' and R** are joined with the
intervening atom to form substituted or unsubstituted carboceyclyl that comprises no C=C bonds
in the carbocyclic ring system.

In certain embodiments, R™ and R®* are joined with the intervening atom to form
substituted or unsubstituted, partially unsaturated heterocyclyl. In certain embodiments, R®! and
R* are joined with the intervening atom to form substituted or unsubstituted, monocyclic
heterocyclyl that comprises only one unsaturated bond in the heterocyclic rning system. In certain
embodiments, R*' and R® are joined with the intervening atom to form substituted or
unsubstituted, monocyclic heterocyelyl that comprises only two unsaturated bonds in the
heterocyclic ring system. In certain embodiments, R®! and R™ are joined with the intervening
atom to form substituted or unsubstituted heterocyclyl that comprises no C=C bonds in the
heterocyclic ring system,

In certain embodiments, the C=C bond in the heterccyclic ring that comprises O-W-Y is
of the (Z)-configuration. In certain embodiments, the C=C bond in the heterocyclic ring that
comprises O-W-Y is of the {£}-configuration,

In certain embodiments, the compound is of the formula:

S
wd g
§

§

SN & N ¢ b3
{ \ L4
3 > N G‘\‘;\s \“((‘}

S RE
K&\,\\;»\\:} St f i on ot o
R
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or a salt thereof.

In certain embodiments, the compound is of the formula:

or a sali thereof

In certain embodiments, the compound 18 of the formula:

or
5  orasalt thereof.
In certain embodiments, a compound of the present disclosure is a compound of Formula
{B), or a sait thereof.
In another aspect, the present disclosure provides copolymers (copolymers of the present
disclosure) prepared by a method comprising polymerizing:
10 one or more instances of a first monomer;
onte or more nstances of a second monomer, wherein the second monomer is a compound
of the present disclosure, or a salt thereof], and

optionally one or more instances of a third monomer,;
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wherein any two instances of the first monomer are the same as or different from each
other, any two instances of the second monomer are the same as or different from each other, any
two tnstances of the third monomer are the same as or different from each other, and each
instance of the first monomer, the second monomer, and the third monomer if present, is different
from each other,

in the presence of a metathesis catalyst.

v another aspect, the present disclosure provides methods of preparing a copolymer of
the present disclosure comprising polymerizing:

one or more instances of a first monomer,

one or more tnstances of a second monomer, wherein the second monomer is a compound
of the present disclosure, or a salt thereof] and

optionally one or more instances of a third monomer;

wherein any two instances of the first monomer are the same as or different from each
other, any two instances of the second monomer are the same as or different from each other, any
two instances of the third monomer are the same as or different from each other, and each
instance of the first monomer, the second monomer, and the third monomer if present, is different
from each other;

in the presence of a metathesis catalyst.

In another aspect, the present disclosure provides hydroxylated oligomers (hydroxylated
oligomers of the present disclosure) or hydroxylated polymers (hyvdroxylated polymers of the
present disclosure} prepared by a method comprising hydrolyzing a copolymer of the present
disclosure, wherein the step of hydrolyzing the copolymer comprises hydrolyzing one or more
instances of the -0-51 bonds of the copolymer o form —OH.

In another aspect, the present disclosure provides methods of preparing a hvdroxylated
oligomer or hydroxylated polymer comprising hydrolyzing a copolymer of the present disclosure,
wherein the step of hydrolyzing the copolymer comprises hydrolyzing one or more instances of
the —-0-S51 bonds of the copolymer to form —OQH.

In certain embodiments, the step of polymerizing (Step {(a)) 1s substantially free of
solvents. In certain embodiments, Step (a) turther comprises the presence of a solvent (e.g.,
organic solvent).

In certain embodiments, Step (a) is substantially free of a chain transfer agent.

In certain embodiments, the temperature of Step (a) ts between 20 and 40, between 40
and 60, between &0 and 80, between 80 and 100, between 100 and 120, between 120 and 140, or
between 140 and 160 °C, inclusive. In certain embodiments, the temperature of Step {a) is

between 100 and 140 °C, inclusive.
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In certain embodiments, the time duration of Step (a} is between 1 and 10 minutes,
between 10 and 60 minutes, between 1 and 6 hours, between & and 24 hours, between 1 and 3
days, or between 3 and 7 days, inclusive. In certain embodiments, the time duration of Step (a) is
between 10 minutes and 2 hours, inclusive.

In certain embodiments, the polymerizing of Step (a) 1s ROMP,

In certain embodiments, the method of preparing the copolymer further comprises (b)
exposing the copolymer to a solvent.

in certain embodiments, the method of preparing the copolymer further comprises {¢)
solid-liguid phase separation. In certain embodiments, Step {(¢) is subsequent to Step (b).

In certain embodiments, the method of preparing the copolymer further comprises curing.
In some embodiments, curing forms a resin. In certain embodiments, curing is carried out at 70 o
156 °C, inclusive. In certain embodiments, curing is carried out at 100 to 150 °C, inclusive. In
certain embodiments, curing is carried out at 100 to 130 °C, inclusive. In certain embodiments,
curing ts carried out at 110 to 120 °C, inclusive. In some embodiments, curing s carried out at
about 110 °C. In some embodiments, curing is carried out at about 120 °C. In some
embodiments, curing is carried out for 1 minute to 3 hours, inclusive In some embodiments,
curing is carried out for 15 minutes to 1 hour, inclusive. In some embodiments, curing is carried
out for 15 minutes. In certain embodiments, curing is carried out for 30 minutes. In some
embodiments, curing is carried out for 1 hour. In certain embodiments, curing is carried out at
ambient pressure. In some embodiments, curing 18 carried out at lower-than-ambient pressure. In
some embodiments, curing 1s carried out at higher-than-ambient pressure.

The preparation of the copolymers may involve a metathesis reaction. In certain
embodiments, the metathesis reaction is a ring-opening metathesis copolymerization (ROMP)
(see, e.g., Liuetal J Am. Chem. Soc. 2012, 134, 16337, Liu, J; Gao, A. X ; Johnson, J. A J Vis
Exp 2013, e50874).

ln certain embodinments, the metathesis catalyst {e.g., ROMP catalyst} is 3 tungsien (W),
molybdenum (Mo), or ruthenium (Ru), metathesis catalyst. In certain embodiments, the
metathesis catalyst ts a ruthenium metathesis catalyst. Metathesis catalysts useful in the synthetic
methods described herein include catalysts as depicted below, and as described in Grubbs ef ol |
Ace. Chem. Res. 1995, 28, 446452, U.S. Pat. No. 5,811,515, Schrock er af., Organometaliics
(1982) 1 1645; Gallivan et al, Tewrahedron Leiters (2005) 46:2577-2580; Furstner ef af. | J. Am.
Chem. Soc. (1999) 121.9453,; and Chem. Fur. /. (2001} 7:5299; the entire coutents of each of
which are incorporated herein by reference.

In certain embodiments, the metathesis catalyst is a Grubbs catalyst. In certain

embodiments, the Grubbs catalyst is selected from the group consisting of:
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X=CLE Bl
Cy = cyclohexyl

Benzylidenebis—{tricyclohexylphosphine)-dichlororuthenium (X = Cl); Benzylidenebis-
{(tricyclohexylphosphine)—dibromoruthenium (X = Br);, Benzylidenebis—

{(tricyclohexylphosphine)-ditodoruthenium (X =1,

X=CLBr 1
R = cyclohexyl (Cv); phenyl (Ph); benzyl (B

L

p‘nmsphme)ruthemum (_ X =}, R = cyclohexyl); 1,3—(Bis(mesityl }—2—
imidazolidinylidenedibromo-{phenyimethylene) (tricyclohexyl-phosphinejruthentum (X = Br
R = ¢cyclohexyl); 1,3—(Bis{mesityl}-2—imidazolidinylideneyhiodo—{phenylmethylene)

10 {tricyclohexyl-phosphinejruthenium (X = [; R = cyclohexyl); 1,3-(Bis(mesityl}-2-
imidazolidinylidene)dichloro—(phenylmethylene) (triphenylphosphinejruthentum (X = Cl; R =
phenyl}, 1,3-(Bis{mesityl}-2—-imidazolidinylidene)dichloro—{phenylmethviene)

(tribenzylphosphinejruthenium (X =Cl; R = benzyl);

Gl MeS"'Nu JN—‘“MES
o !,fl C
R!’ - | _m"(} 3_%
"::-F}“:fi
‘ = Cl N 2h
Y R = cyclohexyl (Cy); phenyl (Ph) k|

R'= methyl; phenyl Br
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NMe,Ci

Py = pyridine
Ph = phenyl

In certain embodiments, the metathesis catalyst is a Grubbs-Hoveyda catalyst. In certain

embodiments, the Grubbs-Hoveyda catalyst is selected from the group consisting of:

[
Mesg— N\ e MN~—itog
C G H

and

In certain embodiments, the metathesis catalyst is sefected from the group consisting of:

Mes—N.__N-Mes
a ¢ H
W

Blechart Catalyst;

Gy,

i

e "":I:Fx’
il

cs“w

POy, “en Neolyst™ MiI; and Furstner

Catalyst.



10

20

[\
[

WO 2022/099210 PCT/US2021/058668
45

In certain embodiments, the metathesis catalyst is of the formula:

s«f‘{m;@ CyR N <
Mes—N, .. N-Mes S N—Q—'
& b | = T

,:\\\\\_{;?N
Yo &

In certain embodiments, the metathesis catalyst is the second-generation Grubbs catalyst.

In certain embodiments, the ratio of the combined molar amounts of the first monomer,
second monomer, and third monomer if present to the molar amount of the metathesis catalyst is
not fess than 1,000, In certain embodiments, the ratio of the combined molar amounts of the first
monomer, second monomer, and third monomer if present to the molar amount of the metathesis
catalyst is between 100 and 300, inclusive. In certain embodiments, the ratio of the combined
molar amounts of the first monomer, second monomer, and third monomer if present to the molar
ameount of the metathesis catalyst is between 300 and 1,000, inclusive. In certain embodiments,
the ratio of the combined molar amounts of the first monomer, second monomer, and third
monomer if present to the molar amount of the metathesis catalyst is between 1,000 and 1,500,
inclusive. In certain embodiments, the ratio of the combined molar amounts of the first monomer,
second monomer, and third monomer if present to the molar amount of the metathesis catalvst is
between 1,500 and 2,000, inclusive. In certain embodiments, the ratio of the combined molar
amounts of the first monomer, second monomer, and third monomer if present to the molar
amount of the metathesis catalyst is between 2,000 and 10,000, inclusive. In certain
embodiments, the ratio of the combined molar amounts of the first monomer, second monormer,
and third monomer if present to the molar amount of the metathesis catalyst is between 10,000
and 30,000, inclusive. In certain embodiments, the ratio of the combined molar amounts of the
first monomer, second monomer, and third monomer if present to the molar amount of the
metathesis catalyst is between 30,000 and 100,000, inclusive.

The ROMP can be conducted in one or more aprotic solvents. The term “aprotic solvent”
means a non-nucleophilic selvent having a boiling point range above ambient temperature,

preferably from about 25 °C to about 190 °C at atmospheric pressure. In certain embodiments, the



10

30

WO 2022/099210 PCT/US2021/058668
46

aprotic solvent has a boiling point from about 30 °C to about 160 °C at atmospheric pressure. In
certain embodiments, the aprotic solvent has a boiling point from about 80 °C to about 150 °C at
atmospheric pressure. Examples of such solvents are methylene chloride, acetontirile, toluene,
DMF, diglyme, THF, and DMSG.

RV4

waD 277 Ngvs

The ROMP can be quenched with a vinyl ether of the formula RY2 . Each
of RYL RY2 RY2, and RV is independently optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl, optionally substituted
phenyl, optionaliy substituted heterocyclyl, or optionally substituted hetercaryl. In certain
embodiments, RV is optionally substituted alkyi, and RV, RY’, and R™ are hydrogen. In certain
embodiments, RV! is unsubstituted alkyl, and RYZ, RY?, and RY* are hydrogen. In certain
embodiments, RY! is substituted alkyl, and RY? RY?, and RY? are hydrogen. In certain

embodiments, RV! is methyl, and RY2, RYY, and RY" are hydrogen. In certain embodiments, RY! is

I
b

ethyl, and RY2, RV’ and RY* are hydrogen. In certain embodiments, RY! is propyl, and RV RY?,
and RY are hydrogen. In certain embodiments, RY! is aptionally substituted alkenyi, and RY2,
RY? and RY* are hydrogen. In certain embodiments, RY! is unsubstituted afkenyt, and RY?, RY?,
and RY* are hydrogen. In certain embodiments, RV is vinyl, and RY?, RYY, and RY are hydrogen.
In certain embodiments, at least one of RVI RY? RY3 and RYY is conjugated with a diagnostic
agent ag defined above. In certain embeodiments, the ROMP is quenched by ethyl vinyl ether.
Excess ethyl vioyl ether can be removed from the copolymer under reduced pressure.

In certain embodiments, at least two instances of a variable {e.g., 2 moiety} are different
from each other. In certain embodiments, all instances of a variable are different from each other.
In certain embodiments, all instances of a variable are the same. For example, when a compound,
copolymer, hydroxylated oligomer, or hydroxylated polymer comprises two or more instances of
a moiety, any two instances of the moiety may be the same or different from each other, unless
otherwise provided. For example, when a compound of Formula (B) comprises two instances of
R¥ the two instances of R®! may be the same or different from each other.

In certain embodiments, at least one instance of the first monomer is of Formula:

or salt thereof, wherein
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each instance of Z is independently C(R % or O

each instance of R” is independently hydrogen, halogen, or substituted or unsubstituted,
Croalkyl;

each instance of ==== is independently a single bond or double bond;

each instance of R is independently hydrogen, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocycelyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
arvi, substituted or unsubstituted hetercaryl, ~OR?, ~-OCN, ~OC(=0WRE, ~OC{=8R,
OCE=00R?, —OCEOINER,-O5(=0)R?, -OS=00R?, —OS=0NRY),, —-OS(=0 1R, -
ORE=OROR?, ~O8(=0pNERY, ~OSH{R R, ~OSHR R(CRY), ~OSHR*NOR M, ~OSH{ORY);, oxo, -
N{R™, -N=C(R)z, =NR?, —NC, -NCO, -N3, —-NOGp, -NR*C(=0R® -NR*C(=0)OR? —
NRIC=OIN(R Y, —NRIS(=0)RY, -NRIS(=0)OR?, -NRIS(=0)N(R*)p, -NR*S(=0)R* -
NRIS(=030RY, ~NR*S(=0,NRY:, -SSR, -SCN, -S(=0WR?, ~S(=0)0RY, -S(=0)N(RY);,, —
SEQRRY, —SEORORE, —S{(=0RN(R"):;, .—SeR?, halogen, —CN, ~C(=NRYR? ~C{=NRHOR? -
C{=NRIN{RY,, ~C(=0)R?, -C(=0)0R?, -C(=0)SR?, ~C(=8S)OR®, or -C(=ON{R"n;

M

or the two instances of BY of one or more instances of R° R are joined with the
intervening carbon atoms to independently form a substituted or unsubstituted, monocyclic
carbocychic ning, substituted or unsubstituted, monocyclic heterocyclic ring, substituted or
unsubstituted, monocyclic arvl ring, or substituted or unsubstituted, monocyclic heteroary! ring;
and

each instance of R%is independently hydrogen, substituted or unsubstituted alkyi,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted, wonocyclic carbocycelvl, substituted or unsubstituted, movnocyclic heterocyclyl,
substituted or unsubstituted, monocyclic arvl, substituted or unsubstituted, monocyclic
heteroaryl, a nitrogen protecting group when attached to a nitrogen atom, an oxygen protecting
group when attached to an oxygen atom, or a sulfur protecting group when attached to a sulfur
atorn, or two instances of R* are joined to form substituted or unsubstituted heterocyclyl or
substituted or unsubstituted heteroaryl.

In certain embodiments, each instance of the first monomer is independently of Formula

(B1)or (B2):



h

10

[y
31

20

WO 2022/099210 PCT/US2021/058668
48

(D1 (02),

or a salt thereof, wherein:

each instance of x 1s independently 0, 1, or 2; and

each 1nstance of y is independently 0, 1, or 2.

In certain embodiments, at least one instance of 7 is C(R).. In certain embodiments, each
wstance of Z 15 C(RM). In certain embodiments, at least one instance of 7 s CHy. In certain
embodiments, each instance of Z is CHy.

In certain embodiments, each instance of R is hydrogen. In certain embodiments, at least
one instance of RY is hydrogen. In certain embodiments, at least one instance of R” is halogen. In
certain embodiments, at least one instance of RY is unsubstituted, Cr.s alkyl or Cie alkyl
substituted with one or more halogen. In certain embodiments, at least one instance of RV is
unsubstituted methyl,

In certain embodiments, at least one instance of R is hydrogen. In certain embodiments,
each instance of RY is hydrogen.

In certain embodiments, at least one instance of RY is substituted or unsubstituted alkyl
(e.g., ~CFs). In certain embodiments, at least one instance of R™ is ~CN. In certain embodiments,
at least one instance of RM is —<C(=0)OR? (e.g., ~C{(=0YDCH:). In certain embodiments, at least
one instance of RY is ~C(=0IR®. In certain embodiments, at least one instance of RM is
CEOINRY,.

In certain embodiments, each instance of the linear units is of the formula;
I TN TN
e o or g 7 “

In certain embodiments, each instance of the first monomer is of Formula (D1}, or a salt
thereof. In certain embodiments, each instance of the first monomer 1s of Forrmula (B1).

In certain embodiments, at least one instance of the first monomer is of the formula:

o

In certain embodiments, each instance of the first monomer 1s of the formula:

In ceriain embodiments, each instance of the first monomer 15 of the formula:



10

WO 2022/099210 PCT/US2021/058668
49

e

. . X . ~ v 1] N N #H &)
In certain embodiments, the two instances of RY of one or more instances of R R
are joined with the intervening carbon atoms to independently form a substituted or
unsubstituted, monoeyclic carbocyclic ring, or substituted or unsubstituied, monocyclic

heterocyclic ring. In certain embodiments, the two instances of R of one or more instances of

=

H H .. R . . ) . .
R R" are joined with the intervening carbon atoms to independently form a substituted or
unsubstituted, monocyclic cycloalkenyl ring. In certain embodiments, the two instances of RY of

%

one or more instances of R° R are soined with the intervening carbon atoms to
independently form a substituted or unsubstituted, monocyclic, saturated heterocyclic ring. In
certain embodiments, at least one instance of the first monomer comprises a substituted or
unsubstituted partially unsaturated monocyclic carbocyclic ring or a substituted or unsubstituted
partially unsaturated monocyclic heterocyclic ring.

in certain embodiments, each instance of the linear uniis is of the formula;

o certain embodiments, each instance of the first monomer is of Formula (D23, or a salt
thereof. In certain embodiments, each instance of the first monomer is of Formuia (52).

In certain embodiments, each instance of x is 0. In certain embodiments, each instance of
% is 1. In certain embodiments, each instance of x 1s 2.

In certain embodiments, each instance of y is 1. In certain embodiments, each instance of
v is 0. In certain embodiments, each instance of v 18 2.

In certain embodiments, each instance of x is 1, and each instance of y is 1. In certain
embodiments, each instance of x is 1, and each instance of 'y 15 0. In certain embodiments, each
instance of x 18 0, and each instance of y 15 1.

Tn certain embodiments, each instance of the first monomer is of the formula:

. In certain embodiments, each instance of the first monomer s of the formula;
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In certain embodiments, each instance of the first monomer is of the formula:

i, /

To certain embodiments, at least one instance of the first monomer is of the formula:

RH RH or RH RH ‘

In certain embodiments, at least one instance of the first monomer 18 of the formula:

rH ’ RH
or salt thereof.

In certain embodiments, the hydroxylated oligomer or hydroxylated polymer,
hydroxylated polymer, or copolymer is crosslinked. In certain embodiments, the hydroxylated
oligomer or hydroxylated polymer is crosslinked because 1t comprises one or more instances of
the crosshinking units. In certain embodiments, the crosslinking degree 1s between 5% and 50%,
inclusive, mole:mole. In certain embodiments, the crossiinking degree is between 5% and 10%,
inclusive, raolemole. In certain embodiments, the crossiinking degree is between 10% and 20%,
inclusive, mole:mole. In certain embodiments, the crosslinking degree is between 20% and 30%,
inclusive, mole:mole. In certain embodiments, the crosslinking degree is between 30% and 40%,
inclusive, mole:mole. In certain embodiments, the crosslinking degree is between 40% and 530%,
inclusive, mole:mole. In certain embodiments, the crossiinking degree is not greater than the
concentration of all the instances of the second monomer in the hydroxylated oligomer or
hydroxylated polymer, hydroxylated polymer, or copolymer, mole mole.

In certain embodiments, the hydroxylated polymer is a thermosetting polymer. In certain
embodiments, the hydroxylated polymer is a thermosetting polyvmer. In certain embodiments, the
copolymer 1s a thermosetting polymer.

In certain embodiments, the aqueous solubility of the hydroxylated oligomer or
hydroxylated polymer is between 0.1 and 0.3, between 0.3 and 1, between 1 and 3, between 3
and 10, between 10 and 30, or between 30 and 100, inclusive, g/L, at | atmosphere and 20 °C. In
certain embodiments, the aqueous solubility of the hydroxylated oligomer or hydroxylated

polymer is between | and 10, inclusive, g/1., at 1 atmosphere and 20 °C.
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In certain embodiments, the aqueous solubility of the hydroxylated polymer is between
0.1 and 0.3, between 0.3 and 1, between | and 3, between 3 and 10, between 10 and 30, or
between 30 and 100, inclusive, g/L, at 1 atmosphere and 20 °C. In certain embodiments, the
aqueous solubility of the hydroxylated polymer is between 1 and 10, inclusive, g/L, at 1
atmosphere and 20 °C.

In certain embodiments, the molar ratic of the one or more instances of the first monomer
to the one or more instances of the second monomer is between 100:1 and 30:1, between 30:1
and 10:1, between 10:1 and 3:1, or between 3.1 and 1.1, inclusive. In certain embodiments, the
molar ratio of the one or more instances of the first monomer to the one or more instances of the
second monomer 18 between 12:1 and 1.3:1, inclusive. In certain embodiments, the molar ratio of
the one or more instances of the first monomer to the one or more instances of the second
monomer is between 8:1 and 2:1, inclusive. In certain embodiments, the molar ratio of the one or
more instances of the first monomer to the one or more instances of the second monomer 13
between 301 and 3:1, inclusive. In certain embodiments, the molar ratio of the one or more
instances of the first monomer to the one or more instances of the second monomer is between
20:1 and 5.1, inclusive. In certain embodiments, the molar ratio of the one or more instances of
the first monomer to the one or more instances of the second monomer is between 60:1 and 6:1,
inclusive. In certain embodiments, the molar ratio of the one or more instances of the first
monomer to the one or more instances of the second monomer 1s between 40:1 and 10:1,
inclusive. In certain embodiments, the molar ratio of the one or more instances of the first
monomer 1o one or more instances of a second monomer 18 between 1.2 and 2°1, inclusive, 6:1
and 19:1, inclusive, or 5:1 and 35:1, inclusive. In certain embodiments, the molar ratio of the one
or more instances of the first monomer fo the one or more instances of the second monomer is
between 1:2 and 21, inclugive. In certain embodiments, the molar ratio of the one or more
instances of the first monomer to the one or more instances of the second monomer 18 between
1:10 and 101 {e.g., between 1:5 and 5:1), inclusive. In some embodiments, the molar ratio of the
one or more instances of the first monomer to the one or more instances of the second monomer
is between 1:35 and 35:1, inclusive. In some embodiments, the molar ratio of the one or more
instances of the second monomer to the one or more instances of the first monomer is between
1:33 and 1:27, inclusive. In some embodiments, the molar ratio of the one or more instances of
the second monomer to the one or more instances of the first monomer is between 1:17 and 1:11,
inclusive. In some embodiments, the molar ratio of the one or more instances of the second
monomer to the one or more instances of the first monomer is between 1111 and 1:6, inclusive. In
certain embodiments, the molar ratio of the one or more instances of the first monomer to the one

or more instances of the second monomer is about 1:1.
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In certain embodiments, the volume ratio of the one or more instances of the first
monomer to the one or more instances of the second monomer 1s between 100:1 and 36:1,
between 301 and 1011, between 10:1 and 3:1, or between 3:1 and 1.1, inclusive. In certain
embodiments, the volume ratio of the one or more instances of the first monomer to the one or
more instances of the second monomer is between 12:1 and 1.3:1, inclusive. In certain
embodiments, the volume ratio of the one or more instances of the first monomer to the one or
more instances of the second monower 18 between 8:1 and 2:1, inclusive. In certain
embodiments, the volume ratio of the one or more instances of the firsi monomer to the one or
more instances of the second monomer is between 30:1 and 3.1, inclusive. In certain
embodiments, the volume ratio of the one or more instances of the first monomer to the one or
more instances of the second monomer is between 20:1 and 5.1, inclusive. In certain
embodiments, the volume ratio of the one or more tostances of the first monomer to the one or
more instances of the second monomer is between 60:1 and 6:1, inclusive. In certain
embodiments, the volume ratio of the one or more instances of the first monomer to the one or
more instances of the second monomer 1s between 40:1 and 10:1, inclusive.

In certain embodiments, the average molecular weight of the hydroxylated oligomer or
hydroxylated polymer is between 300 Da and 1 kDa, between 1 kDDa and 3 kDa, between 3 kDa
and 10 kDa, between 10 kDa and 100 kDa, or between 100 kDa and 1,000 kDg, inclusive. In
certain embodiments, the average molecular weight of the hydroxylated oligomer or
hydroxylated polymer is between 1 kDa and 10 kDa, inclusive. In certain embodiments, the
average molecular weight is as determined by gel permeation chromatography. In certain
embodiments, the average molecular weight of the hydroxylated oligomer or hydroxylated
polymer as determined by gel perreation chromatography is between 300 Da and 1,000 kDa,
inclusive. In certain embodiments, the average molecular weight of the hydroxylated oligomer or
hydroxylated polymer as determined by gel permeation chromatography is between 1 kDa and §
kDa, inclusive.

In certain embodiments, the average molecular weight of the hydroxylated polymer is
between 300 Da and T kDa, between 1 kiJa and 3 kDa, between 3 kIDa and 10 kDa, between 10
kTa and 100 kDa, or between 100 kDa and 1,600 kDa, inclusive. In certain embodiments, the
average molecular weight of the hydroxylated polvmer is between 1 kBa and 10 kBa, inclusive.
In certain embodiments, the average molecular weight is as determined by gel permeation
chromatography. In certain embodiments, the average molecular weight of the hydroxylated
polymer as determined by gel permeation chromatography is between 300 Da and 1,000 kida,
inclusive. In certain embodiments, the average molecular weight of the hydroxylated polymer as

determined by gel permeation chromatography is between 1 k¥a and 8 kD¥a, inclusive.
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In certain embodiments, the average molecular weight of the copolymer is between 10
kiDa and 10,000 kDa, inclusive. In certain embodiments, the average molecular weight of the
copolymer 1s between 10 kDa and 30 kia, between 30 kDa and 100 kDa, between 100 kDa and
1,000 kDa, between 1,000 kDa and 10,000 kDa, or between 10,000 kDa and 100,000 kDa,
inclusive. In certain embodiments, the average molecular weight of the copolymer 1s between 10
kDa and 100 kDa, inclusive. In certain embodiments, the average molecular weight is as
determined by gel permeation chromatography. In certain embodiments, the average molecular
weight of the copolymer as determined by gel permeation chromatography is between 10 kDa
and 100,000 kDa, inclusive. In certain embodiments, the number average polymernization degree
is between 2 and 1,000, tnclusive, with respect to the first monomer; and between 2 and 1,000,
inclusive, with respect to the second monomer. In certain embodiments, the number average
polymerization degree is between 10 and 200, inclusive, with respect to the first monomer; and
between 10 and 200, inclusive, with respect to the second monomer. Inn certain embodiments, the
number average polymerization degree is between 15 and 100, inclusive, with respect to the first
monomer; and between 15 and 100, inclusive, with respect to the second monomer. In certain
embodiments, the number average polymerization degree is between 2 and 1,000, between 10
and 1,000, between 100 and 1,000, between 2 and 100, between 10 and 100, between 2 and 10,
inclusive, with respect to the first monomer. In certain embodiments, the number average
polymerization degree is between 2 and 1,000, between 10 and 1,000, between 100 and 1,000,
between 2 and 100, between 10 and 100, between 2 and 10, inclusive, with respect to the second
monomer.

In certain embodiments, the dispersity (#7) of the copolymer is between | and 2, between
1.1 and 2, between 1.3 and 2, between 1.5 and 2, between 1.1 and 1.5, between 1.1 and 1.3,
between 1.3 and 2, between 1.3 and 1.5, between 1.5 and 2, inclusive.

In certain embodiments, the average hydrodynamic diameter of the hydroxylated
oligomer or hydroxvlated polymer is between 1 and 100 nm, inclusive. In certain embodiments,
the average hydrodynamic diameter of the hydroxylated oligomer or hydroxylated polymer is
between 1 and 10 num, inclusive. In certain embodiments, the average hydrodynamic diameter of
the hydroxylated oligomer or hydroxylated polymer is between 10 and 30 nm, inclusive. In
certatn embodiments, the average hydrodynamic diameter of the hydroxylated oligomer or
hydroxylated polymer is between 30 and 100 nm, inclusive. In certain embodiments, the average
hydrodynaroie diameter of the hydroxylated polyrmer is between 1 and 100 om, tnclusive. In
certain embodiments, the average hydrodynamic diameter of the hydroxylated polymer is
between 1 and 10 nm, inclusive. In certain embodiments, the average hydrodynamic diameter of

the hydroxylated polymer is between 10 and 30 nm, inclusive. In certain embodiments, the
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average hvdrodynamic diameter of the hydroxylated polymer is between 30 and 100 nm,
inclusive. In certain embodiments, the average hydrodynamic diameter is as determined by
diffusion ordered spectroscopy (DOSY).

In certain embodiments, the copolymer is a block copolymer, preferably a block polymer
comprising at least four consecutive blocks, wherewn:

each of the first consecutive block and the third consecutive block independently
CoOmprises one of more repeating units formed from the first monomer or the third monomer if
present; and

cach of the second consecutive block and the fourth consecutive block independently
comprises one or more repeating units formed from the second monomer.

Tn certain embodiments, the copolymer is a random copolymer.

In certain embodiments, the step of polymerizing is substantially free {e.g., between 90%-
99% free) of a chain transfer agent.

In certain embodiments, the step of hydrolyzing the copolymer comprises hydrolyzing at
feast 50% of the ~0-81 bonds of the copolymer to form —OH. In certain embodiments, the step of
hydrolvzing the copolymer comprises hydrolyzing between 50% and 70%, inclusive, of the -O—
Si bonds of the copolymer to form —OH. In certain embodiments, the step of hydrolyzing the
copolymer comprises hydrolyvzng between 70% and 90%, inclusive, of the ~0-51 bonds of the
copolymer to form ~OH. In certain embodiments, the step of hydrolyzing the copolymer
comprises hydrolyzing between 90% and 99%, inclusive, of the -0-St bonds of the copolymer to
form ~OH. In certain embodiments, the step of hydrolyzing the copolymer comprises
hydrolyzing at least 95% of the —~0O-5i bonds of the copolymer to form ~OH.

In certain embodiments, the step of bydrolyzing the copolymer comprises ambient
temperature, ambient pressure, and a reaction time of between 1 hour and 48 hours (e.g., between
1 hour and 6 hours, between 6 hour and 24 hours, between 24 hour and 48 hours), inclusive.

ln certain embodiments, the step of hydrolyzing the copolymer comprises reacting the
copolymer with a fluonide source. In certain embodiments, the fluornide source 13
tetra{unsubstituted alkyl-ammonium fluoride. In certain embodiments, the fluoride source is
tetra{unsubstituted Ci.e alkyl}-ammonium flucride (e.g., TBAF). In certain embodiments, the
fluoride source 1s a metal fluoride {(e.g., alkali metal fluoride or alkaline earth metal fluonde). In
certain embodiments, a polymer is chemically degradable in the presence of tetra-n-
butylaramonium fluoride (TBAF). In certain embodiments, the fluoride source 18 an acidic
fluoride source (e.g., HF}. In certain embodiments, the fluoride source is a latent fluoride source

{(e.z., tns{dimethylaminojsulfonium difluorottimethylsilicate (TASF)).
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In some embodiments, the amount of the fluoride scurce is about 1 equivalent
{mole:mole) relative to the amount of the second monomer. In some embodiments, the amount of
the fluoride source is in excess {e.g., about 2 equivalents) relative to the amount of the second
monomer.

In certain embodiments, the step of hydrolyzing the copolymer comprises reacting the
copolymer with an acid.

In certain embodiments, the acid is an agueous solution of an acid. In certain
embodiments, the acid is an inorganic acid. In certain embodiments, the acid is an organic acid.
In certain embodiments, the acid has a pK, value of less than 3, less than 2, less than 1, or less
than O, under ambient conditions. fn certain embodiments, the acid 1 HCL, HBr, Hi, HCIG,,
HNGOs, HaoSO4, CH3S0:H, or CF:SO:H. In certain embodiments, the acid is HCL In certain
embodiments, the acid is CF:COHL

In some embodiments, the amount of the acid is about 1 equivalent (mole:mole) relative
io the amount of the second monomer. In some embodiments, the amount of the acid is in excess
{e.g., about 2 equivalents) relative to the amount of the second monomer.

In another aspect, the present disclosure provides conjugates {conjugates of the present
disclosure) prepared by reacting a hydroxy-reacting substance with 2 hydroxylated oligomer or
hydroxylated polymer of the present disclosure, wherein hydroxy-reacting substance comprises
at least one instance of a hydroxy-reacting moiety.

In another aspect, the present disclosure provides methods of preparing a conjugate
comprising reacting a hydroxy-reacting substance with a hydroxylated oligomer or hydroxylated
polymer of the present disclosure.

In certain emabodiments, the hydroxy-reacting substance ts a hydroxy-reacting smoall
molecule. In certain embodiments, the hydroxy-reacting substance is a carboxylic acid, a
carboxylic halide, a carboxylic anhydride, a sulfonic acid, a sulfony! halide, a sulfonic anhydride,
a sulfinic acid, a sulfinyl halide, or a sulfinic anhydride. In certain embodiments, the hydroxy-
reacting substance 1s lactide. In certain embodiments, the hydroxy-reacting substance is a
hydroxy-reacting polymer. In certain embodiments, the average molecular weight of the
hydroxy-reacting poelymer is between 1 kDa and 3 kDa, between 3 kDa and 10 kDa, between 10
ki3a and 30 kDa, between 30 kDa and 100 kDa, or between 100 kDa and 1,000 kDa, inclusive. In
certain embodiments, the average molecular weight of the hydroxy-reacting polymer is between
3 kDa and 30 kDa, woclusive. To certain embodiments, the average wolecular weight is ag
determined by gel permeation chromatography. In certain embodiments, the average molecular
weight of the hydroxy-reacting polymer as determined by gel permeation chromatography is

between 1 kDa and 1,000 kDa, inclusive.
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In certain embodiments, the hydroxy-reacting substance is a polysiloxane, wherein the
polysiloxane comprises at least one instance of a hydroxy-reacting moiety. In certain
embodiments, the hydroxy-reacting substance 13 a polydimethyisiloxane (PDMS), wherein the
PDMS comprises at least one instance of a hydroxy-reacting moiety (e.g., hydride {e.g., Si{(IV}-
Hi).

In certain embodiments, at least one instance of the hydroxy-reacting moiety is Si{IVy-H,

Si(IVi—(a leaving group), C(IV—{(a leaving group}, —~C(=0)-0OH, ~C{=0)-{a leaving group), —

S{(=0)—(a leaving group}, —OH, or -0—{a leaving group). In certain embodiments, at least one
instance of the hydroxy-reacting moiety is Si{IV)-H. In certain embodiments, at least one
instance of the hydroxy-reacting moiety is —C(=0)Ha leaving group). In certain embodiments, at
feast one instance of the hydroxy-reacting moiety 1s —O—{(a leaving group).

In certain embodiments, the hydroxy-reacting substance is a polylactic acid (PLA). In
certain embodiments, the hydroxy-reacting substance is a polyethylene glycol (PEG). In certain
embodiments, the hydroxy-reacting substance 1s a PEG, wherein the average molecular weight of
the PEG as determined by gel permeation chromatography is between 300 Da and 1 kDa,
between 1 kDa and 3 kDa, between 3 kDa and 10 kDa, between 10 kDa and 30 kDa, between 30
kDa and 100 kDa, or between 100 kDa and 1,000 kDa, inclusive.

In another aspect, the present disclosure provides compositions {compositions of the
present disclosure) comprising:

a compound, copolymer, hydroxylated oligomer, hydroxylated polymer, or conjugate of
the present disclosure; and

optionally an excipient.

In certain embodiments, the composition of the present disclosure is a pharmaceutical
composition. In certain embodiments, the composition of the present disclosure further comprises
an exciptent. In certain embodiments, the pharmaceutical composition of the present disclosure
further comprises a pharmaceutically acceptable excipient.

Compositions described herein can be prepared by any method known in the art. In
general, such preparatory methods include bringing the hydroxylated polymer into association
with an excipient, and/or one or more other accessory ingredients, and then, if necessary and/or
desirable, shaping, and/or packaging the product into a desired unit.

In another aspect, the present disclosure provides kits comprising:

a compound, copolymer, hydroxylated oligomer, hydroxylated polymer, or conjugate of

the present disclosure; and
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instructions for using the compound, copolymer, hyvdroxylated oligomer, hydroxylated
polymer, or conjugate.

Kits may be commercial packs or reagent packs. The kits may further comprise a
container {e.g., a vial, ampule, bottle, syringe, and/or dispenser package, or other suitable
contatver). In certain emnbodiments, a kit futther comprises wstructions for ustng the compound.
In certain embodiments, a kit further comprises instructions for using the copolymer. In certain
embodiments, a kit further comprises instructions for using the hydroxylated polymer {e.g., for
preparing a conjugate). In certain embodiments, a kit further comprises instructions for using the
conjugate.

The details of certain embodiments of the invention are set forth in the present section.
Other features, objects, and advantages of the invention will be apparent from the Definitions,
Figures, Examples, and Claims. The aspects described herein are not limited to specific
embodiments, methods, apparati, or configurations, and as such can, of course, vary. The
terminology used herein s for the purpose of describing particular aspects only and, unless

spectfically defined herein, is not intended to be limiting.

EXAMPLES
In order that the invention described herein may be more fully understood, the following
examples are set forth. The synthetic and biological examples described herein are offered to

tllustrate the present disclosure and are not to be construed in any way as limiting their scope.

Lxample 1

2.64 g of cis-butene diol (30 ramol) was dissolved in 1.5 L of dichloromethave. Next,
4.08 g of imidazole (60 mmol} was added. Finally, 30 mmol of dichlorosilane ((5-
bicyclof2.2.1 fhept-2-enyymethyidichlorosilane or [(5-bicyclo[2.2.1 Jhept-2-
enylethyljmethyldichiorosilane) in 100 mL of DCM was added dropwise over 1 hour. A
significant quantity of white precipitate formed. The solution was then filtered through a 2x2x2
in. pad of silica and concentrated to yield the corresponding XL monomer compounds as clear
oils. The XL monomer prepared from S-bicyelof2.2.1 Thept-2-enylmethyldichlorosilane was
X1.8i7. The XL monomer prepared from [(S-bicyclo{2 2.1 hept-2-

~
f =
J

enylethyljmethyldichiorosilane was XLSi7-2. Exemplary results are shown in FIG. 3.
Example 2
100 uL. of XL monomer was added to a 1 mL vial, followed by 900 pL. of DCPD and

mixed thoroughly by vortex. Separately, 2.0 mg of finely powdered Grubbs 2nd generation
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catalyst were weighed into a T mL vial. The DCPD/XL monomer mixture was added to the
catalyst, vortexed until complete dissolution, and transferred in 150 pL aliquots to 1 mL vials.
The samples were immediately cured at 120 °C for 30 minutes, then cooled to room temperature
and removed form the vials with a hammer. The resulting copolymer was DCPD-XL.Si7 or
DCPD-XLS17-2.

Samples were then placed in 5 mL of 0.2M tetrabutylammonium fluoride in THF, and
heated to 50 °C on a hot plate overnight, resulting 1n full degradation of solids. Final solid pieces
were removed from solution, and the solution was concentrated under vacuum to 1 mL, then
stowly dropped into 100 mL acetone under rapid stirring. The resulting precipitate was filtered
off, dissolved in CDCI3 and NMR spectra were taken. Exemplary results are shown in FI1Gs. 4A

and 4B.

Example 3

100 ul. of X1 movomer was added to a 1 mL vial, followed by 900 uLl of DCPD and
mixed thoroughly by vortex. Separately, 2.0 mg of finely powdered Grubbs 2nd generation
catalyst were weighed into a 1 mL vial. The DCPD/XL monomer mixture was added to the
catalyst, vortexed until complete dissolution, and transferred in ~300 uL aliquots to rectangular
stlicon molds. The samples were immediately cured 1n the molds at 120 °C for 30 minutes, then
cooled to room temperature and removed from the molds. The resulting copolymer was DCPD-
XLSi7.

The samples were sanded down to have cross-sectional dimensions ~2.5x3 Omm, and
were analyzed by dynamic mechanical analysis in triplicate, in tensile mode using a TA
Instruments DMAQS00. Samples were measured using 125% force trackiog, 0. 1N preload force
and 10 pmamplitude strain at 1 Hz, from room temperature to 220 °C at a heating rate of 3°C

min™'. Exemplary results are shown in FIGs. SA to 5C.

Fxample 4

2.72 g of imidazole was dissolved in 1 L of dry DUM. To this solution was added 2.02 g
of (Z}-pent-2-ene-1,5-diol and 1.69 g of SiCly, each dissolved in DCM to a final volume of 24
ml., over the course of two hours with a syringe pump. The resulting cloudy mixture was then
filtered through a 2x2x2 in. plug of silica and concentrated to vield 150 mg of SpiroSi as a

moisture-sensitive clear oil.
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Fxample 5

900 uL of BCPD was added to 100 uL of SpiroSi. The mixture was added to a vial
containing 2 mg/mL of finely powdered Grubbs’ 2nd generation catalyst. The resulting mixture
was added as 200 mg portions into glass vials, and heated at 120 °C for 30 minutes to cure. The
vials were then broken to release the samples. Those samples were 10% v/v samples of SpiroSi-
doped pDCPD.

An analogous protocol using 950 pl. of DCPD and 50 ub of Spirc8i was used to
synthesize 5% v/v sarmpigs of SpiroSi-doped pDCPD.

A sample was incubated with 5 mL of 0.2 M TBAF 1n THF for 24 hours. The soluble
fragments were carefully removed by pipette and the residual solids were resuspended in fresh
THF. The fragments were redissolved in chioroform, concentrated, and characterized by NMR.

Exemplary results are shown in FIG. 8.

Fxample ¢

0.880 g of cis-butane-diol and 1.36 g of imidazole were dissolved in 1 L of dry DCM.
Next, (5-bicyelef2 2. Lhept-Z-enyDymethyidichlorosilane in 100 mL of DCM was added dropwise
over 1 hour. The solution was then filtered through a 2xZx2 plug of silica and concentrated to

vield 0.95 ¢ of NbMeSi as a clear il Exemplary NMR results are shown in F1Gs. 10A and 10B.

Lxample 7

I mL of monomer solution was added to a vial containing 2 mg/mL of finely powdered
Grubbs’ 2nd generation catalyst. The resulting mixture was added into a silicone mold
(approximately 300 uL. per mold). The saroples were heated at 120 °C for 30 rotoutes, then takeo
out of the oven and cut out of the mold. The samples were further sanded before measurement by
Dynamic Mechanical Analysis (DMA).

DMA was conducted in tensile mode using a TA Instruments Q800. Temperature sweeps
were conducted using 10 pmtixed amplitude, 0.01N preload force and 125.0% force tracking,
with a frequency of 1 Hz and a heating rate of 3 degrees Celsius per minute, from room

temperature to 220 Celsius.

EQUIVALENTS AND SCOPE
in the claims articles such a5 *“a,” “an,” and “the” may mean one or more than one unless
indicated to the contrary or otherwise evident from the context. Claims or descriptions that
include “or” between one or more members of a group are considered satisfied if one, rore than

oneg, or all of the group members are present in, employed in, or otherwise relevant to a given
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product or process unless indicated to the contrary or otherwise evident from the context. The
invention includes embodiments in which exactly one member of the group is present in,
employed in, or otherwise relevant to a given product or process, The invention includes
embodiments in which more than one, or all of the group members are present in, emploved in,
or otherwise relevant to a given product or process.

Furthermore, the invention encompasses all variations, combinations, and permutations in
which one or more limitations, elements, clauses, and descriptive terms from one or more of the
fisted claims is introduced into another claim. For example, any claim that is dependent on
another claim can be modified to include one or more imitations found in any other claim that is
dependent on the same base claim. Where elements are presented as lists, e.g., in Markush group
format, each subgroup of the elements is also disciosed, and any elemeni(s) can be removed from
the group. It should it be understood that, in general, where the invention, or aspects of the
invention, is/are referred to as comprising particular elements and/or features, certain
embodiments of the invention or aspects of the invention consist, or consist essentially of, such
elements and/or features. For purposes of simplicity, those embodiments have not been
spectfically set forth 7z haec verba herein. It 1s also noted that the terms “comprising,”
“including,” and “containing,” and all other tenses thereof, are intended to be open and permits
the inclusion of additional possibilities {e.g., elements or steps). Where ranges are given,
endpoints are included. Furthermore, unless otherwise indicated or otherwise evident from the
context and understanding of one of ordinary skill in the art, values that are expressed as ranges
can assume any specific value or sub-range within the stated ranges in different embodiments of
the invention, to the tenth of the unit of the lower limit of the range, unless the context clearly
dictates otherwise.

This application refers to various issued patents, published patent applications, journal
articles, and other publications, all of which are incorporated herein by reference I thereis a
conflict between any of the incorporated references and the instant specification, the specification
shall control. In addition, any particular embodiment of the present invention that falls within the
prior art may be explicitly excluded from any one or more of the claims. Because such
embodiments are deemed to be known to one of ordinary skill in the art, they may be excluded
even if the exclusion is not set forth explicitly herein. Any particular embodiment of the
invention can be excluded from any claim, for any reason, whether or not related to the existence
of prior art.

Those skilied 1n the art will recognize or be able to ascertain using no more than routine
experimentation many equivalents o the specific embodiments described berein. The scope of

the present embodiments described herein is not intended to be limited to the above Description,
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but rather 18 as set forth in the appended claims. Those of ordinary skill in the art will appreciate
that various changes and modifications to this description may be made without departing from

the spuit or scope of the present invention, as defined in the following claims.
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CLAIMS

What 1s claimed 1s:

i A corapound of Formula (B):

or & salt thereof, wheretin:

W is carbon or silicon;

Y is O or CR9Y,

each instance of R? is independently hydrogen, halogen, or substituted or unsubstituted,
Cisalkyl;

each instance of RY is independently hydrogen, halogen, or substituted or unsubstituted,
Cresalkyl;

each instance of R” is independently hydrogen, halogen, or substituted or unsubstituted,
Crsalkyl;

R* is hydrogen, halogen, substituted or unsubstituted, Ci.io alkyl, substituted or
unsubstituted, Cz.10 alkenyl, substituted or unsubstituted, Cr.10 alkynyl, substituted or
unsubstituted carboeyelyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted

aryl, substituted or unsubstituted hetercaryl, L% ~(substituted or unsubstituted carbocyelyl), -

k2

1 ’Kl -1 K1

~(substituted or unsubstituted heterocyclyl), L™ —(substituted or unsubstituted aryl),
{substituted or unsubstituted heteroaryl), or ~ORNY,

LR is —O—, substituted or unsubstituted, Ci.10 alkylene, substituted or unsubstituted, Ca.i0
heteroalkylene, substituted or unsubstituted carbocycivliene, substituted or unsubstituted
heterocyclylene, substituted or unsubstituted arvlene, substituted or unsubstituted heteroarylene,
or & combination thereof,

RN'is independently hydrogen, substituted or unsubstituted acyl, substituted or
unsubstituted, Ciae alkyl, substituted or unsubstituted carboceyclvl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted aryl, substituted or unsubstituted hetercaryl, or an
OXygen protecting group;

R® is halogen, substituted or unsubstituted, Ca.10 alkenyl, substituted or unsubstituted, Cs.

1o alkynyl, substituted or unsubstituted carbocyclyl, substituted or unsubstituted heterocyelyl,
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substituted or unsubstituted heteroaryl, -L-(substituted or unsubstituted carbocyelyi}, ~1L.8-

{(substituted or unsubstituted heterocyclyl), -L** (substituted or unsubstituted aryl}), or -OR™;

L% 15 ~O, substituted or unsubstituted, Ciao alkylene, substituted or unsubstituted, Ca.io
heteroalkylene, substituted or unsubstituted carbocyclvlene, substituted or unsubstituted

S heterocyclyvlene, substituted or unsubstituted arylene, substituted or unsubstituted heteroasylene,
or a combination thereof;

RN is independently hydrogen, substituted or unsubstituted acyl, substituted or
unsubsstituted, Cr.io alkyl, substituted or unsubstituted carbocyclyi, substituted or unsubsiituted
heterocyclyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, or an

10 oxygen protecting group,

or R¥! and R™ are joined with the intervening atom to form substituted or unsubstituted
carbocyclyl or substituted or unsubstituted heterocyclyl;

jis 1,2, or 3; and

kisl, 2, 0or 3,

15 provided that the compound is not of the formula:

2. The compound of claim 1, or a salt thereof, provided that the compound 15 not of the

formula;

20
3. The compound of claim T or 2, or a salt thereof, provided that the compound comprises
two, three, or four non-aromatic C=C and/or non-aromatic C=C bonds.

25 4 The compound of claim 1 or 2, or a salt thereof, provided that the compound comprises

two non-aromatic C=C and/or non-aromatic C=C bonds.
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5. The compound of any one of claims 1-4, or a salt thereof, wherein the C=C bond in the

heterocyclic ring that comprises O-W-Y is of the (Z)-configuration.

6. The compound of any one of claims 1-4, or a salt thereof, wherein the compound is of the
formula:
Y mmmmmmmnn -
( R R‘;\‘s
R /j : Rk
0 Y
\!sa/
RK1 \RKZ
7. The compound of any one of claims 1-4, or a salt thereof, wherein the compound s of the
formula:
e
RZ
RZ
0\§i/0
R \Rm
g The compound of any one of claims 1-4, or a salt thereof, wherein the compound is of the
formula;
=
o o
RK% \RKZ
9. The compound of any one of claims 1-4, or a salt thereof, wherein the compound is of the
formula:
o
{
()
\Si,—’
I\
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10, The compound of any cue of claims 1-4, or a salt thereof, wherein the compound is of the
formula:
b d
s
RK1 \RK‘F
11, The compound of any oue of clairas 1-5, or a salt thereof, wherein the compound 1s of the
formula:
wherein:

each instance of Y~ is independently O or C(R? )

each instance of RY is independently hydrogen, halogen, or substituted or unsubstituted,
Cisalkyl;

each instance of RY is independently hvdrogen, halogen, or substituted or unsubstituted,
Crs allyl;

each instance of R” is independently hydrogen, halogen, or substituted or unsubstituted,
Crealkyl;

iis 1, 2, or 3; and

kKis1,2 0r3.

12.  The compound of claim 11, or a salt thereof, wherein the compound is of the formula:
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13. The compound of claim 11, or a salt thereof, wherein the compound is of the formula:

5 14
15.  The compound of any one of claims 11-14, or a salt thereof, wherein each instance of Y’
is O,
10
16.  The compound of any one of claims 11-15, or a salt thereof, wherein each instance of R¥

is hydrogen.

17, The compound of any one of claims 11-16, or a salt thereof, wherein each instance of RY

15 is hydrogen.

18, The compound of any one of claims 11-17, or a salt thereof, wherein each instance of R*

is hydrogen.

200 19 The compound of any one of claims 11-18, or a salt thereof, wherein}’ is 1, and k' is 1.

20. The compound of any one of clatrns 11-18, or g salt thereof, whereinj 15 1, and k7 15 2.
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21, The compound of any oune of claims 1 and 3-5, or a salt thereof, wherein W is carbon,
22, The compound of any one of claims 1-5, or a sait thereof, wherein W is silicon.
23. The compound of any oune of clairs 1-22, or a salt thereof, wherein ¥ is O
24, The compound of any one of claims 1-22, or a salt thereof, wherein each instance of R s
hydrogen,
25. The compound of any one of claims 1-24, or a salt thereof, wherein each instance of RY is
hydrogen.
26.  The compound of any one of claims 1-25, or a salt thereof, wherein each instance of R is
hydrogen.
27 The compound of any one of claims 1-25, or a salt thereof, wherein at least one instance

of R* is substituted or unsubstituted, Ci.s alkyl.

28 The compound of any oue of claims 1-27, or a salt thereof, wherein jis 1, and kis 1.
29, The compound of any one of claims 1-27, or a salt thereof, wherein jis 1, and k is 2.
30, The compound of any oue of claims 1-29, or a salt thereof, wherein R* is substituied or

unsubstituted, Cr.io alkyl, substituted or unsubstituted, Co.0 alkenyl, substituted or unsubstituted,
Croalkynyl, substituted or unsubstituted carboeyelyl, substituted or unsubstituted heterocyclyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, L5 -(substituted or

X

unsubstituted carboeyelyl), ~LE —(substituted or unsubstituted heterocyclyl), —{substituted or

unsubstituted aryl}, ~L>-(substituted or unsubstituted heteroaryl), or —~OR™

31 The compound of claim 30, or a salt thereof, wherein R®! is substituted or unsubstituted,

Craoalkyl

32. The compound of claim 30, or a salt thereof, wherein R®! is unsubstituted methyl,
P 3

unsubstituted ethyl, unsubstituted propyl, or unsubstituted butyl.
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33, The compound of claim 30, or a salt thereof, wherein R® is substituted or unsubstituted,
saturated carbocyclyl.
34.  The compound of claim 30, or a salt thereof, wherein R™ is substituted or unsubstituted,
partially unsaturated carbocyclyl,
35, The compound of any one of claims 1-29, or a salt thereof, wherein R®! i

wherein:

" is Ring B’, wherein Ring B’ is a substituted or unsubstituted, monocyclic
carbocyelic ring, substituted or unsubstituied, monocyciic heterocyclic ring, substituted or
unsubstituted, monocyclic aryl ring, or substituted or unsubstituted, monocyclic heteroaryl ring;

ZisCR 2 or O

each instance of R¥ is independently hydrogen, halogen, or substituted or unsubstituted,
Croalkyl

===z is a single bond or double bond;

each instance of R is independently hydrogen, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
aryi, substituted or unsubstituted heteroaryl, ~OR?, ~OCN, ~OQC{=0R", ~-OC(=5)RY ~
OC{=0)0OR?, ~OCEEOIN(RY),,~O5(=0R?, ~OSE=0)0OR?, ~OS=0IN(RY,, ~OS(=0RRE ~
OREOROR?Y, ~O8(=0RN®RY, ~O81{RY), ~OSHR R(ORY), ~OSHR*HOR Y, ~OS1{ORY);s, oxo, -
N{R;, -N=C(R), =NR?, -NC, -NCQO, ~Nj, -NOGy, ~-NR*C(=0OR" -NR*C(=(OR?, ~
NR¥C(=ONR Y, ~NRU*S(=0R?, -NRAIS(=0)0OR?, -NRAS{(=0IN(RY),, -NRS(=0)R?, -
NRAIS(=OROR® -NRIS(=01NERY);, -8R, -SCN, -§(=0R?, -S(=0H0R?, -SEOINERY,, ~

CENRONERE,, ~CEOIRY, -C(=010R?, ~C{(=0)SR?, ~C(=8YOR", or ~-C(=OIN{R);
or the two instances of R are joined with the intervening carbon atoms to form a

substituted or unsubstituted, monocyclic carbocyclic ring, substituted or unsubstinuted,
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monocyclic heterocyclic ring, substituted or unsubstituted, monocyclic aryl ring, or substituted or
unsubstituted, monocyclic heternaryl ring; and

each instance of R 1s independently hydrogen, substituted or unsubstituted atkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted, monocyclic carbocyciyl, substituted or unsubstituted, monocyclic heterccyclvi,
substituted or unsubstituted, monocyclic arvl, substituted or unsubstituted, monocyclic
heteroaryl, a nitrogen protecting group when atiached to a nitrogen atom, an oxygen protecting
group when atiached to an oxygen atom, or a sulfur protecting group when attached to a suffur
atom, or two instances of R® are joined to form substituted or unsubstituted heterocyclyl or

substituted or unsubstituted heteroaryl.

36. The compound of claim 35, or a salt thereof, wherein R is:
H! § A H! H! 4
R R™ R
37. The compound of claim 35 or 36, or a salt thereof, wherein each R™ is hydrogen.

38 The compound of claim 30, or a salt thereof, wherein R® ig \©

32, The compound of claim 30, or a salt thereof, wherein R® is —(substituted or

unsubstituted, Cie alkylene)—(substituted or unsubstituted, partially saturated carbocyclyl}.

40. The compound of claim 30, or a salt thereof, wherein R is substituted or unsubstituted

heterocycly! or ~LM-(substituted or unsubstituted heterocyclyl).

41, The compound of any one of claims 1-29, or a salt thereof, wherein R% is:
RKZ 2, RKZ K1
\/ N/
AN A

Y G

-
{ R%J) R RZ,\ "k-RY\
\Rz o rY ; R< o RrY /ij
>

or
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{f\l

47, The compound of claim 30, or a salt thereof, wherein R™ is —{substituted or unsubstituted

phenylene}-{substituted or unsubstituted, partially saturated heterocyclyl).

The compound of claim 30, or a salt thereof, wherein R¥ s , .
%**@ 0

44, The compound of any one of claims 1-29, or a salt thereof, wherein R*! is hydrogen.
45 The compound of claim 30, or a salt thereof, wherein RM is ~ORM
46.  The compound of any one of claims 1-45, or a salt thereof, wherein R™! is substituted or

unsubstituted, Ci.io alkyl.

47 The compound of any one of claims 1-46, or a salt thereof, wherein L™ is —0O-or

substituted or unsubstituted, Crpo alkylene.

48. The compound of any one of claims 1-46, or a salt thereof, wherein L™ is substituted or

unsubstituted phenviene.

49, The compound of any one of claims 1-48, or a salt thereof, wherein R is substituted or

unsubstituted, saturated carbocyclyl.

5¢.  The compound of any one of claims 1-48, or a salt thereof, wherein R™ is substituted or

unsubstituted, partially unsaturated carbocyclyl,

51, The compound of any one of clairs 1-48, or a salt thereof, wherein R® is:

wherein:
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s Ring B”, wherein Ring B” is a substituted or unsubstituted, monocyclic
carbocyclic ring, substituted or unsubstituted, monocyclic heterocyclic ring, substituted or
unsubstituted, monocychic aryl ring, or substituted or unsubstituted, monocychic heteroaryl ting;

77 is C(RY ) or O

each instance of R is independently hydrogen, halogen, or substituted or unsubstituted,
Cirsalkyl;

zzz= i3 a single bond or double bond;

each instance of RY is independently hydrogen, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroary!, ~ORY, ~OCN, ~OC(=0OR?, ~OC=S)R?,
OC(=0)OR?, —“OC{(=0N{R*),—OS(=0)R* —O8(=0)0R?, —OS(=0N(R%*), —O5(=0)R? -
OSE=ORORY, ~OSEORN(RY,, ~O8iI(R%, ~OSHRYp(ORY), ~OSiRWORY,, ~08Si1(OR Yy, oxo, -~
N{R%h, -N=C{R"), =NR® -NC, -NCO, —N3, -NQO;, -NR*C(=O)R*, -NR*C(=0)OR", -
NRMCEOIN{R Y, ~NRISEOIR?, ~NRIS(=(OR?Y, ~-NRIS(=OIN{R ), ~NR*S(=0)R?, -~
NRS{(=0p0R?, -NRISEORMN®RY ), SR —8CN, —S(=0)R? -S(=0)0R? -3(=0N{R%), —
S{=ORRY, ~8(=0n0OR?, -SE=ORN(RYY,, ,-8eR? halogen, ~CN, ~C{=NRYR?, ~CENRHORS, -
CENRAONRY:, CE=ORY, C(=0)0RY, —C(=0)8R?, —C=5)0R° or -CEOINER:;

or the two instances of R™ are joined with the intervening carbon atoms to form a
substituted or unsubstituted, monocyclic carbocyclic ring, substituted or unsubstituted,
monocyclic heterocyclic ring, substituted or unsubstituted, movocyclic aryl ring, or substituted or
unsubstituted, monocyclic heteroaryl ring; and

each instance of R 1s independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkyuoyi, substituted or
unsubstituted, monocyclic carbocyclyl, substituted or unsubstituted, monocyclic heterocyclyl,
substituted or unsubstitited, monocyclic aryl, substituted or unsubstituted, monocyclic
heteroaryl, a nifrogen protecting group when attached t0 a nitrogen atom, an oxygen protecting
group when attached to an oxygen atom, or a sulfur protecting group when attached to a sulfur
atom, or two instances of R? are joined to form substituted or unsubstituted heterocyelyl or

substituted or unsubstituted hetercaryl
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52 The compound of claim 51, or a salt thereof, wherein RM is:

Lszg

RH“ H“ RH" /

2

53, The compound of any one of claims 51-52, or a salt thereof, wherein each RY is

(4]

hydrogen.

54 The compound of any one of claires 1-48, or a salt thereof, wherein R* i5 z :

5S. The compound of any one of claims 1-48, or a salt thereof, wherein RM is —(substituted

10 or unsubstituted, Ci.0 alkylene)}-(substituted or unsubstituted, partially saturated carbocyclyl).

56.  The compound of any one of claims 1-48, or a salt thereof, wherein R* is substituted or

unsubstituted heterocyclyl or ~L2—(substituted or unsubstituted heterocyclyl),

15 57 The compound of any one of claims 1-48, or a salt thereof, wherein R® is:
PRt §MLK2 K1
\Wf \W/
‘},/ ~q
(A M ¥
R ™ —— R /j \\R
58. The compound of any one of claims 1-48, or a salt thereof, wherein R is —(substituted

or unsubstituted phenylene)-(subsiituted or unsubstituted, partially saturated heterocyclyt).

59, The wmpound of any one of claims 1-48, or a salt thereof, wherein RM ig @

)
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60.  The compound of any oue of claims 1-48, or a salt thereof, wherein R¥* is ~ORM
61.  The compound of any one of claims 1-60, or a salt thereof, wherein RM 15 substituted or
unsubstituted, Ci.io alkyl
62, The compound of any one of claims 1-61, or a salt thereof, wherein L is -0~ or
substituted or unsubstituted, Cie alkylene.
63.  The compound of any one of claims 1-61, or a salt thereof, wherein L*? is substituted or
unsubstituted phenylene.
64.  The compound of any one of claims 1-29, or a salt thereof, wherein R® and R* are

joined with the intervening atom to form substituted or unsubstituted, partially unsaturated

carboeyelyl.

65 The compound of any one of claims 1-29, or a salt thereof, wherein R® and R® are

joined with the intervening atom to form substituted or unsubstituted, partially unsaturated

heterocyclyl.

66, The compound of claim 1, or a salt thereof, wherein the compound is of the formula:
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67.

68.

69. A copolymer prepared by a method comprising polymerizing:
one or more insiances of a first monomer,
one or more instances of a second monomer, wherein the second monomer 1s a compound

of any one of claims 1-68, or a salt thereof; and
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optionally one or more instances of a third monomer;

wherein any two instances of the first monomer are the same as or different from each
other, any two instances of the second monomer are the same as or different from each other, any
two instances of the third monomer are the same as or different from each other, and each
instance of the first monomer, the second monomer, and the third monomer if present, is different

from each other;

in the presence of a metathesis catalyst.

-3
&

A method of preparing a copolymer of claim 69 comprising polymerizing:
one or more instances of a first monomer;
one or more instances of a second monomer, wherein the second monomer 15 a compound
of any one of claims 1-68, or a salt thereof, and

optionally one or more instances of a third monomer;

wherein any two instances of the first monomer are the same as or different from each
other, any two instances of the second monomer are the same as or different from each other, any
two instances of the third monomer are the same as or different from each other, and each
instance of the first monomer, the second monomer, and the third monomer if present, is different
from each other;

in the presence of a metathesis catalyst.

71, A hydroxylated oligomer or hydroxylated polymer prepared by a method comprising
hydrolyzing a copolymer of claim 69, wherein the step of hydrolyzing the copelymer comprises
hydrolyzing one or more wstaonces of the —0-5i bonds of the copolymer to form ~OH.

72, A method of preparing a hydroxylated oligomer or hydroxylated polymer comprising
hydrolyzing a copolymer of claim 69, wherein the step of hydrolyzing the copolymer comprises

hydrolyzing one or more instances of the —0-5i bonds of the copolymer to form —-OH.

73.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 1-72, wherein at least one instance of the first monomer s of Formula:

or salt thereof, wherein
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each instance of Z is independently C(R % or O

each instance of R” is independently hydrogen, halogen, or substituted or unsubstituted,
Croalkyl;

each instance of ==== is independently a single bond or double bond;

each instance of R is independently hydrogen, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocycelyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituied
arvi, substituted or unsubstituted hetercaryl, ~OR?, ~OCN, ~OC(=0WRE, ~OC{=8R, -~
OCE=00R?, —OCEOINER,-O5(=0)R?, -OS=00R?, —OS=0NRY),, —-OS(=0 1R, -
ORE=OROR?, ~O8(=0pNERY, ~OSH{R R, ~OSHR R(CRY), ~OSHR*NOR M, ~OSH{ORY);, oxo, -
N{R™, -N=C(R)z, =NR?, —NC, -NCO, -N3, —-NOGp, -NR*C(=0R® -NR*C(=0)OR? —
NRIC=OIN(R Y, —NRIS(=0)RY, -NRIS(=0)OR?, -NRIS(=0)N(R*)p, -NR*S(=0)R* -
NRIS(=030RY, ~NR*S(=0,NRY:, -SSR, -SCN, -S(=0WR?, ~S(=0)0RY, -S(=0)N(RY);,, —
SEQRRY, —SEORORE, —S{(=0RN(R"):;, .—SeR?, halogen, —CN, ~C(=NRYR? ~C{=NRHOR? -
C{=NRIN{RY,, ~C(=0)R?, -C(=0)0R?, -C(=0)SR?, ~C(=8S)OR®, or -C(=ON{R"n;

Y

or the two instances of BY of one or more instances of RY R™ are joined with the
intervening carbon atoms to independently form a substituted or unsubstituted, monocyclic
carbocychic ning, substituted or unsubstituted, monocyclic heterocyclic ring, substituted or
unsubstituted, monocyclic arvl ring, or substituted or unsubstituted, monocyclic heteroary! ring;
and

each instance of R%is independently hydrogen, substituted or unsubstituted alkyi,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted, wonocyclic carbocycelvl, substituted or unsubstituted, movnocyclic heterocyclyl,
substituted or unsubstituted, monocyclic arvl, substituted or unsubstituted, monocyclic
heteroaryl, a nitrogen protecting group when attached to a nitrogen atom, an oxygen protecting
group when attached to an oxygen atom, or a sulfur protecting group when attached to a sulfur
atorn, or two instances of R* are joined to form substituted or unsubstituted heterocyclyl or

substituted or unsubstituted heteroaryl.

74, The copolymer, hydroxyiated oligomer, hydroxylated polymer, or method of claim 73,

wherein at least one instance of Z 1s C(RM.
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75.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-74, wherein each instance of RY is hydrogen.

76 The copolymer, hvdroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-75, wherein at least one instance of RY is hydrogen.

77. The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-76, wherein at least one instance of the first monomer 18 of the formula:

or salt thereof,

78. The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-76, wherein at least one instance of the first monomer is of the formula:

79. The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-76, wherein cach instance of the first monomer is of Formula (1)

(D1,

or a salt thereof,

80 The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-76, wherein each instance of the first monomer is of Formula (D2):

®2),

or a salt thereof, wherein:
each iustance of x is independently 0, 1, or 2; and

cach instance of y is independently 0, 1, or 2.
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&1.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-76, wherein at least one instance of the first monomer is of the formula:

%
=

f!!hy,

P \
(O :E: y

g\\

RN , preferably S o
82.  The copolymer, hydroxylated oligomer, hydroxylated polyvmer, or method of any one of

claims 73-81, wherein the molar ratio of the one or more instances of the first monomer to the
one or more instances of the second monomer is between 1001 and 30:1, between 30:1 and 10:1,

between 10:1 and 3.1, or between 2:1 and 1.1, inclusive.

83, The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-82, wherein the volume ratio of the one or more instances of the first monomer to the

one or more instances of the second monomer is between 30:1 and 3.1, inclusive,

84 The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-83, wherein the metathesis catalyst is a ruthenium metathesis catalyst.

85.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-84, wherein the metathesis catalyst is a Grubbs catalyst

86, The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-85, wherein the ratio of the combined molar amounis of the first monomer, second
monomer, and third monomer if present to the molar amount of the metathesis catalyst is not less

than 1,000,

37. The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-86, wherein the hydroxylated oligomer, hydroxylated polymer, or copolymer is

crosslinked, and the crosslinking degree is between 5% and 50%, inclusive, mole mole.

88. The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

~

claims 73-87, wherein the average molecular weight of the hydroxylated oligomer or
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hydroxylated polymer as determined by gel permeation chromatography is between 300 Da and

1,000 kDa, inclusive.

89. The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-88, wherein the average molecular weight of the bydroxylated oligomer or
hydroxylated polymer as determined by gel permeation chromatography is between 1 kDaand 8

kDa, inclusive.

90.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-89, wherein the average molecular weight of the copolymer as determined by gel

permeation chromatography is between 10 kDa and 100,000 kDa, inclusive.

91.  The copolymer, hvdroxylated cligomer, hydroxylated pelymer, or method of any one of
claims 73-90, wherein the average hydrodynamic diameter of the hydroxylated oligomer or

hydroxylated polymer is between 1 and 100 nm, inclusive.

92.  The copolymer, hydroxvlated cligomer, hydroxylated polymer, or method of any one of
claims 73-91, wherein the copolymer is a block copolymer, preferably a block polymer
comprising at least four consecutive blocks, wherein:

each of the first consecutive block and the third consecutive block independently
COMPprises one of more repeating units formed from the first monomer or the third monomer if
present; and

each of the second cousecutive block and the fourth consecutive block independently

comprises one or more repeating units formed from the second monomer.

93, The copolymer, hydroxyiated oligomer, hydroxylated polymer, or method of any one of

claims 73-92, wherein the copolymer 1s a random copolymer.

94.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of

claims 73-93, wherein the step of polymerizing is substantially free of a chain transfer agent.

95, The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-94, wherein the step of hydrolyzing the copolymer comprises hydrolyzing at ieast 50%

of the ~0-S8i bonds of the copolymer to form -OH
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96.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-95, wherein the step of hydrolyzing the copolymer comprises ambient temperature,

ambient pressure, and a reaction time of between 1 hour and 48 hours, inclusive,

97. The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-96, wherein the step of hydrolyzing the copolymer comprises reacting the copolymer

with a fluoride source,

98.  The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of claim 97,

wherein the fluoride source is tetra(unsubstituted Cy. alkyl-ammonium fluoride.

a9, The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of any one of
claims 73-98, wherein the step of hydrolyzing the copolymer comprises reacting the copolymer

with an acid.

100, The copolymer, hydroxylated oligomer, hydroxylated polymer, or method of claim 99,

wherein the acid 1s HCL

101, A conjugate prepared by reacting a hydroxy-reacting substance with a hydroxylated
oligomer or hydroxylated polymer of any one of claims 71-100, wherein hydroxy-reacting

substance comprises at least one instance of a hydroxy-reacting moiety.

102, A method of preparing a conjugate comprising reacting a bydroxy-reacting substance

with a hydroxylated oligomer or hydroxylated polymer of any one of claims 71-100,

103, The conjugate or method of any one of claims 101-102, wherein the hydroxy-reacting

substance s a hydroxy-reacting small molecule.

104, The conjugate or method of any one of claims 101-102, wherein the hydroxy-reacting

substance 1s lactide.

105, The conjugate or method of any oue of clairs 101-102, wheretn the bydroxy-reacting

substance is a hydroxy-reacting polymer.
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106.  The conjugate or method of claim 105, wherein the average molecular weight of the
hydroxy-reacting polymer as determined by gel permeation chromatography 1s between | kDa

and 1,000 kDa, inclusive.

107, The conjugate or ruethod of any one of clairus 101-102, wherein the hydroxy-reacting
substance is a polysiloxane, wherein the polysiioxane comprises at least one instance of a

hydroxy-reacting moiety.

108.  The conjugate or method of claim 107, wherein at least one instance of the hydroxy-
reacting moiety is Si(IV}-H, Si(1V)-(a leaving group), C(IV)-{a leaving group), ~CEO-OH, ~
C(=0)A{a leaving group}, —-C(=0)r0-, CE=E0-0O-CE=0), —S(=0)00H, -5(=0){a leaving
group), —=S{=0)~0H, -8{=0)h—(a leaving group), —OH, or -O—(a leaving group).

109, The conjugate or ruethod of any one of clairus 101-102, wherein the hydroxy-reacting

substance is a polyethylene glycol.

110. A composition comprising:
a compound, copolymer, hydroxylated oligomer, hydroxylated polymer, or conjugate of
any one of claims 1-69, 71, 73-101, and 103-109; and

optionally an excipient.

111 A kit comprising:

a compound, copolymer, hydroxylated oligomer, hydroxylated polymer, or conjugate of
any one of claims 1-69, 71, 73-101, and 103-109; and

mstructions for using the compound, copolymer, hydroxylated oligomer, hydroxylated

polymer, or conjugate.
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Group I+: Claims 1-4, and 66-68 directed to a compound of Formula (B), or a salt thereof. The compound will be searched to the extent
that it encompasses the compound of Formula (B), or a sait thereof, wherein W is carbon; Y is O; each instance of RY is independently
hydrogen; each instance of RZ is independently hydrogen; RK1 is hydrogen; RK2 is halogen; jis 1; and k is 1; provided that the
compound is not of the formula depicted. It is believed that claims 1(in part), and 2 read on this first named invention, and thus these
claims will be searched without fee. Applicant is invited to elect additional compounds of claim 1, wherein each additional compound
elected will require one additional invention fee. Applicants must specify the claims that encompass any additionally elected compound.
Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated
above for this group. Failure to clearly identify how any pald addltional invention fees are to be applied to the ‘+' group(s) will result in
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of RY is independently hydrogen; each instance of RZ is independently hydrogen; RK1 is substituted or unsubstituted, C2-10 alkenyl;
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claims 1(in part), 2-4, and 66).

The group of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
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that the compound is not of the formula depicted (p12756, Scheme 3. "2nd Compound at the 2nd row").

As said compound and compositions were known in the art at the time of the invention, these cannot be considered special technical
features that would otherwise unify the inventions of Groups |+. The inventions of Group I+ thus lack unity under PCT Rule 13.

Note Re: Item 4: claims 5 65, and 69-111 are determined unsearchable because they are not drafted in accordance with the second and
third sentences of Rule 6.4(a).
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