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GLYCOMIMETIC LIGANDS

RELATED APPLICATION

{08661} This Apphcation claims the benefit of U.S. Provisional Application No. 63/295,698,
filed on December 31, 2021 The entire teachings of the above application are incorporated herem

by reference.

BACKGROUND OF THE INVENTION

8602} A need exsts for improved compositions and methods for modulating sialic-acid
binding self-associated pattern recognition receptors, known as sialic-acid-binding
mmunoglobulin-type lecting (Siglecs), for reatment of diseases resulting from acute, chronie, or

aberrant immune system activation.

SUMMARY OF THE INVENTION

{8003 In an example embodiment, the present jnvention is a compound represented by any
one of the following structural formulas:
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or a pharmaceutically acceptable salt thereof.
(8004} In formulas (8-1), {8-2), (D-1), and (3-2): Ry, for each occurrence independently, 15
~C{0)-A, wherein A 15 a Ci-Cs alkyl, a Co-Cis aryl, a (Ce-Crgaryl{C1-Cs)alkyl, a S-18-member
heteroarvl, a (5-18-member theteroary{Ci-Cslalkyl, a C3-Cs cycloalkyl, a {Ts-Csieyeloalkyl(Ci-
Cs)atkyl, a S-B-member heterocycloalkyl, or a (5-8-memberiheterocycloalky{C1-Cs)alkyl,
wherein one or two carbon atoms within the alky] portion of A 1s optionally, each independently,
replaced with a heteroatom selected from N, (3, or 8, and wherein A 15 optionally substituted
with T to 3 R groups, each said R group independently selected from a Ci-Cs alkyl, a Ci-Cs
haloalkyl, a Ci-Us alkoxy, a halogen, a Co-Ci2 aryl, 2 5-12-member hetercaryl, cyano, or two
groups R'Y taken together with the atoms to which they are attached, form a 5-7-member
heterocyelyl having 1 to 3 heteroatoms selected from N, O, or 8. RY, each independently, is
optionally substituted with 1 to 3 substituents selected from a halogen, a C1-Ce atkyl, a Ci-Cs
haloalkyl, a Ci-Cs alkoxy, or cvane; and further wherein: R, for each occurrence independently,
is -R“-RF, and wherein: RY is, for each occurrence independently: -0-(Ci-C ) alkylenyi-, -0-,
-8, SNRIW. LS(Cy-Cin) alkylenyl-, -NRI(C1-Chay alkylenyl-, -NRH.0.(Ci-Cu)alkyvienyl-
L <O-{CH2CH O e, -O-{CH2CH O - (CHRCHR Y-, -NRIPXWO(ChC ) alkylenyl-, -NRIZ.
NRYP.C(O)-(Ci-Cizjalkylenyl, wherein R0 RIV RV RIZ RI23 05 RIV® each
independently is H or a Ci-Cz alkyl, and X'% is -O- or -NH-, and wherein m and k, each
independently, is an integer from 1 to 12; RF, for each occurrence independently, is: H, a C1-C:

alkyi, -NH, -NH-Fmoc, -NH-Boc, -NH-CBz, -NH-Troc, -NH-TFA, a mono{Cy-Cslalkylamino,

b
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a di{C1-C3} alkylamino; -C{O)-R'P, wherein R'% is -H, -OH, or a (C1-C5) alkyl; -SH, a moiety

__%__.N

H ]
represented by the following structural formula O or a click chemistry reagent.
j0005] In another example embodiment, the present invention is a particle, comprising a
compound represented by the following structural formula (23

G L P 2y

8006} In structural formula (2}, P 15 a biccompatible polymer. For example, the
biocompatible polymer comprises at least one of polvglycolic acid, pely(lactic acid), poly(lactic-
co-glycolic acid), polveaprolactone, poly(3-hydroxybutyric acid ), poly{(ethylene glycol),
polyethvlene oxide, poly{ethylene glycol-block-poly{propylene glycol)-block-poly{ethylene
ghycol) (Pluronic F127), polyoxyethvlene-polyoxypropylene block copolymer (Pluronic F6R),
poloxamer, poly(hydroxymethylmethacrylate), polyvinyl alechol, poly{vinvipyrrolidone},
hyaluronic acid, heparin, heparin sulfate, polysialic acid and chitosan; L is a covalent linker; and

G 1s any one of the moieties represented by the following structural formulas:
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or a pharmaceutically acceptable salt thereof. Values and example values of variable R1 are as
defined above with respect to formudas (8-1), (8-23, (B-1), and (DB-2).

(8007} In another example embodiment, the present invention 1s a method of making a
particle comprising a compound represented by the following structural formula (2):

G ()

wherein P is a biocompatible polymer. For example, the biocompatible polymer comprises at
least one of polyglycolic acid, poly{lactic acid), poly(lactic-co-glveolic acid), polycaprolactone,
poly(3-hydroxybutyric acid }, polv{ethylene glvcol}, polyethylene oxide, poly{ethylene glycol}-
block-poly(propylene glycol)-block-poiy{ethylene glycol} (Pluronic F127), polyoxyethylene-
polyoxypropylene block copolvmer (Pluronic F68), poloxamer,
poly(hvdroxymethylmethacrylate), polyvinyl alcohol, poly{(vinylpyrrolidone}, hyaluronic acid,
heparin, heparin sulfate, polysialic acid and chitosan; L 1s a covalent linker; and G 1s any one of
the moieties represented by the structural formulas (8-1A), (8-2A), (D-1A), and (D-2A), 012
pharmaceutically acceptable salt thereof, wherein the syrabol v represents the point of
attachment to L, and the values and example values of variable Ry are a5 defined above with
respect to formulas (8-1}, (5-2), (D-1), and (3-2). The method comprises: reacting a compound
represented by a structural formula (1)

G-RM (D)
with a compound represented by a structural formula (1)

P-R™ (11},
wherein RF and RF are each a reactive motety, under conditions suitable to cause moieties RF!
and R to react with each other thereby producing a portion of the covalent -L-,
[B008] In various example embodiments, the compounds and particles described herem are
useful i methods of treating diseases and disorders that are responsive to modulating {e.g,,
amphifymg, reducing or elinunating} the activaty of the Siglec receptors. Such diseases and
disorders include, but are not hmited to, cancer, immune-related and inflammatory-related

-4
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diseases and disorders. For example, the compounds and particles described herein are useful in
methods of treating a disorder selected from a cancer, an ophthalmic disease, a fibrotic disease, a
parasitic inflammation, a fungal inflammation, a viral inflammation, an autoimmune
mflammation, a neurological inflammation, a neurological degeneration, a dermatologic
mnflammation, a renal inflammation, a cardiovascular disease, a gastrointestinal inflammation, or
a rheumatic disease.

18009} {n other embodiments, the compounds and particles described herein are useful for
treating a disorder selected from cancer {e.2 , a breast cancer, non-small cell lung cancer
{NSCLC), prostrate cancer, colorectal cancer, melanoma, pancreatic cancer, and myelofibrosis),
diabetic retinopathy, idiopathic pulmonary lung fibrosis, liver fibrosis, sickle cell anemia, and
acute respiratory distress syndrome (ARDS).

{8016} In a further example embodiment, the present mvention is a compound represented by

the following structural forrula:

COH OH QH

DSOaH
W»WMR

HO (8000-C)
or a pharmaceustically acceptable salt thereof In formula (S000-C), R, for each occurrence
independently, is -R™R", and wherein: RY 15, for each occurrence independently: -0-, -S-, -
NRIY. -0-(Ci-Ci2) alkylenyl-, -S-(C1-Ciay alkylenyi-, -NR'O{C1-Ci2) alkylenyl-, -NRI.0-
{Cr-Cujalkylenyls; -O-(CH2CHO Y-, -O-(CH2CHOpe-{ CHCHa)-, -NRIPZXIN(01C )
alkylenyi-, -NRNRIPLC(O)-(Ci-Ciadalkylenyl, wherein R'%0 R1 RV RIV RICE ang
R each independently is H or a C1-Cs alkyl, and X' is -O- or -NH-, and wherein m and k,
each independently, is an integer from 1 to 12; RY, for each occurrence independently, is: H, a
C1-Cs alkyl, -NHz, -NH-Fmoc, -NH-Bog, -NH-CBz, -NH-Tro¢, -NH-TFA, a mono(Ci-
Caalkylamino, a di{ C1-C alkyDamino; -C(O}-R'”, wherein R'% is -H, -OH, or a (C:-Cs) alkyl; -

G
)

4 . .
SH, a moiety represented by the following structural formula ¢ ; oraclick chemstry

reagent, provided that —RY-RT is not ~-OH.
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10011} In another embodiment, the present invention 18 a particle, compising a compound
represented by the following structural formula:

G L

P

10012} wherein: P is a biocompatible polvmer. For example, the biocompatible polymer
comprises at least one of polvglycolic acid, poly{lactic acid), polv{lactic-co-glycolic acid},
polycaprolactone, poly(3-hydroxybutyric acid ), poly{ethyvlene glycol), polyethyiene oxide,
poly(ethylene glycol}-block-polv{propylene glycol}-block-poly{ethviene glycol) (Pluronic F127),
polvoxyethylene-polyoxypropylene block copolymer (Pluronic F68), poloxamer,
poly{hydroxymethylmethacrylate}, polyvinyt alcohol, poly{vinylpyrrolidone}, hyaluronic acid,
heparin, heparin sulfate, polysialic acid and chitosan; L 15 a covalent hinker; and G 1s represented
by the following structural formula;

HO. HO
OH COH OH o .
Pl LOSTH

MQ&E/&A)”%
o

HO HO

( OHO OH
HO {S000-P)
or a pharmaceutically acceptable salt thereof, wherein: the symbol wwwnrepresents the point of

attachment to L.
[8913] In another embodiment, the present jovention 15 a method of treating a disorder ina
subject 1 need thereof, the method comprising: admirustering to the subject a therapeutically
effective amount of a compound of formula (8600-C) or a pharmaceutically acceptable salt
thereof, or a composition comprising particles comprising a molecule represented by the
following structural formela:

G L
or a pharmaceutically acceptable salt threof, wherein G 13 represented by structural formula
(8000-P), wherein the disorder is influenza.
{6014} In another example embodiment, the present invention is any of the compounds listed
in Table 4 or a pharmaceutically acceptable salt thereof.
[8015] In another example embodiment, the present invention is a compound represented by
any of the structural formulas histed in FIG. 6B through FIG. 6F or a pharmaceutically acceptable

salt thereof
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10016} In another embodiment, the present invention 15 a compound or a particle described
herein for use in therapy. For example, for use in treating diseases and disorders that are
responsive to modulating (e.g., amplifying, reducing or eliminating) the activity of a Siglec
recepior. Such diseases and disorders include, but are not limited to, cancer, immune-related and
mflammatory-related diseases and disorders, such as those described herein.

{0017} In another embodiment, the present invention 1 a compound or a particle described
herein for the manufacture of a medicament for use in ireating treating diseases and disorders
that are responsive to modulating (e.g., amplifying, reducing or eliminating) the activity of a
Siglec receptor. Such diseases and disorders include, but are not limited to, cancer, immune-
related and inflammatory-related diseases and disorders, such as those described herein.

0018} The compounds, particles, compositions and methods described herein can be used to
treat the disorders described herein, providing addition therapies for many difficult to treat
diseases and disorders,

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing will be apparent from the following more particular description of
example embodiments of the invention, as tllustrated in the accompanying drawings in which
iike reference characters refer to the same parts throughowt the different views. The drawings are
not necessarily to scale, emphasis instead being placed upon dlustrating embodimentis of the
present lovention,

{80208} FIG 1A and FIG. 1B are 2D 'H-NMR spectra of coropounds 22 and 23 of Scheme -
6, which correspond to compounds 240 and 250 of Scheme 10-10,

0021} FIG. 2 15 a plot showing the results of tracing reactants and products of reaction
Scheme 1-7 and reaction Scheme 10-11 using Hydrophilic mnteraction hiquad
chromatography/electrospray ionization mass spectrometry {HILIC-LC/ESE-MS).

[8622] FIGs. 3A through 3M are the bar plot showing the results of microarray screening of
the compounds described herein for binding to the indicated Siglecs and viral particles (the
vertical axis corresponds to fluorescent intensity measured in relative fluorescent unit (RFU}}
{80623} FiGs. 4A through 4E are sensograms generated by biolayer interferometry (BLI)
measurements of binding constants of certain compounds of the wvention, as described in

Example 6.
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0024} FIG. 5 1s an HSQC (600 MHz) 2D NMR spectrum of $106 Azide.

[6025] FIG. 6A through FIG. 6F shows structural formulas of the polymer-ligand conjugates.
{0026} FIG. 7 is a plot of the viability of the THP-1 monocyte derived macrophages in an
MTT assay as a function of the nanoparticles concentration.

8027} FIG 8 1s a bar plot showing suppression of TNF-alpha production in LPS-challenged
THP-1 cells following mmcubation with nanoparticles described herein.

10028} FIG 9 is a bar plot showing suppression of IL-6 production in LPS-challenged THP-1
cells following incubation with nanoparticles described herein.

16029} FIG. 10 1s a bar plot showing suppression of VEGF production in LPS-challenged
THP-1 cells following mcubation with nanoparticles described herein.

[0030] FIG. 11(A) and FIG. 11(B) are bar plots showing the effect of the tested nanoparticle
formulations on fibrocyte differentiation.

16031} FIG. 12 18 a plot of ROS production in neutrophils post | hr PMA treatioent as a
function of nanoparticle dose.

18032} FIG 13(A), FIG. 13(8), and FIG. 13(C) are plots of MPO (Myeloperoxidase) levels
m neutrophil supernantants post PMA treatment on neutrophis at different time pownts in the
presence of the indictaed nanoparticles,

[B8633] FIG. 14(A) and FIG. 14{B) are bar plots showing a quantification of LysoBrite
labeled BV-2 microgha cells by fluorescent spectrophotometer after treatment with the indicated
nanoparticle formulation.

{8034} FIG. 15 is a schematic diagram of a cell surface binding assay of recombinant Siglec-
9 Fe.

8035} FIG. 16 shows the flow cytometry analysis of Siglec-9 Fe binding to PANC-1 cells
+/- nevraminidase.

{06036} FIG. 17 shows the flow cytometry analysis of Siglec-9 Fe binding to PANC-1 cells
+/- PLGA-based nanoparticies.

{6037} FIG. 18 shows the results of the flow cytometry analysis of Siglec-9 Fe binding to
PANC-1 cells +/- PLGA-based nanoparticles.

{06038} FI(G. 19 is a schematic depiction of exemplary S-series ligands coupled to

FluoSpheres™ NeutrAvidin™-{abelled microspheres.



WO 2023/129737 PCT/US2022/054381

{0039} FIG. 20 shows the results of the flow cytometry analysis of Siglec-9 Fc binding to
PANC-1 cells +/- FluoSpheres™ microspheres.

| 0046} FI1G. 21 shows a schematic of FLISA setup described herein.

{0041} FIG. 22 is a bar plot showing the results of the FLISA analysis of FluoSpheres™
microspheres binding to immobilised Siglec-2 Fe.

{00421 FIG. 23 15 a schematic diagram of binding assay setup with Siglec-9-expressing
HEK293T cells.

{6043} FIG. 24 15 a histogram showing the resulis of the flow cytometry analysis of Siglec-9-
PE tinding to Siglec-9-expressing HEK293T cells +/- PLGA-based nanoparticles.

DETAILED DESCRIPTION OF THE INVENTION

[6044] A description of example embodiments of the invention follows.

|0045] The present disclosure provides methods and compositions for modulating the
activity of self-associated pattern recognition receptors such as, for example, Siglecs {sialic-acid-
binding tmmuncglobulin-type lectins). The provided compositions include, for example,
nanoparticles, microparticles, other polymer structures decorated with modified glycans that bind
to, agonize or antagonize, self-associated molecular patiern recognition receptors and infectious
associated sialic-acid binding moteties that allow entry, propagation and evasion of immune
surveiliance in the host

89406} The binding to such self-associated pattern recognition receptors, and/or agonizing or
antagonizing their activity, can resolve innate, adaptive, multimodal, inflaramatory, or
complement-mediated inunune responses, thereby providing treatment of diseases of: (1) acute
mflammation such as viral, bacterial, allergen, transplant rejection, or autoimmune induced
mflaramation; (2) chronic inflammation such as chronic obstructive pulmonary disease, or
rheumatic disorders; and (3) chronic non-resolving mflamuoation of the invate and adaptive
form such as exudative or non- exudative macular degeneration, or Alzheimer’s disease.

{80471 The provided compositions can also be used to block, or antagonize, self-associated
molecidar patiern recognition receptors, which allow cancer cells, infectious agents such as viral,
bacterial, helminthic, parasitic or damaged-associated molecular patterns (DAMP) to evade

mmune surveiliance, detection and clearance by the innate or adaptive immune system.
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0048} Agonizing Siglec 3, 5,7, 8,9, 10, 11, or 15 will dephosphorylate all the activated
{phosphorylated) tyrosine kinases within a given cell resulting in intracellular shast down of
activation of that particular cell. The modified oligosaccharide Higands and presentation of these
figands to the particular Siglec receptor determine its ability to agomize, antagonize, or block the
receptor binding site.

{6049} Antagonizing Siglec 14 or 16, which activate inflammation via the immunoglobulin
tyrosine kinase activation motif (ITAM) is another mechanism to deactivate inflammation. When
Siglec 14 or 16 are agonized, ITAM 1s activated and the tyrosine residues within ['TAM become
phosphorylated by the SRC famuly of kinases, which creates a conformational change allowing
the motif to become a docking site for proteins containing the SH2 domain. Agomizing Siglec 14
and 16 also can be used to activate inflammation for the treatment of 1nfectious diseases or in the
field of oncology.

[8030] Antagonizing or blocking the binding site of Siglec 3,5, 7,8, 9,10, 11, 0r1S1s a
method for treating conditions that agonize Siglec with self-associated molecular pattern
{SAMP)-rounucking surface sialic-acid ligands to evade rumune surveillance or iromune
activation. Conditions that use this method include cancer and infections. Cancers have been
shown to express sialic-acid structures on their surface to evade imunune activation of
macrophages, natural killer (NK) cells, and monocytes. Streptococcus B also expresses a swalie-
acid higand on its surface that binds Siglec 7 to avoid mmmune attack.

0951] Siglecs 9 has been extensively studies in both fibrocytes/Fibrosis. Siglec-9 is one of
the main Siglecs in human blood monocytes/macrophages and modulates innate immunity.
Siglec-9 expression in alveolar and peripheral biood neutrophil were increased in chronic
obstructive pulmonary Disease (COPD) patients. These fibrocyies are unique cells possessing the
proinflammatory properties of macrophages and the tissue remodeling properties of fibroblasts.
Apart from fibrosis neutrophils including diabetic retinopathy models show role of Siglec 9.
j0052] Glycophorin is a sialoglycoprotein at the surface of erythrocytes that inhibits NET
release/neutrophil activation via sialic acid binding to Siglec-9 within circulation. The interaciion
of lactoferrin with polySia increases the inhibition of NET releases. Glycophorin A, the most
abundant sialoglycoproteinon erythroeytes, engaged neutrophil Siglec-9, a sialic acid—

recognizing receptor known to dampen innate immune cell activation lung inflammatory models.

-10-
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The nanoparticles disclosed herein have been shown to be effective in suppressing the key
pathways involved in both the Siglec 9 mediated disease pathogenesis.

0053} Sialic-acid 1s also used as an entry point for several family of viruses such as
Influenza A, Influenza B, Influenza C, SARS-CoV-1, or SARS-CoV-2. Binding receptors on
these viruses can be hemagglutinin esterase (viral HE), Neuraminidase (viral N), or a viral capsid
motety such as spike protein {viral SP) that binds to sialic-acid ligands on the surface of host
cells and facilitates viral entry into host cells, or CD147 which is a sialic-acid binding lectin used
for infective entry by SARS-CoV-2 and Plasmodium falciparum. Binding these sialic-acid
receptors with a decoy ligand can prevent virus from infecting host cells as well as prevent
egress of viral particles from an infected cell.

0054} A need exists for improved compositions and methods for agonizing sialic-acid
binding self-associated pattern recognition receptors, for treatment of diseases resulting from
acute, chronic, or aberrant immune systern activation. A need also exists for blocking these
SAMP receptors from being commandeered by cancer and infections to avoid immune
surveilliance and attack. The present invention provides for vanoparticles that can present higands
that will agonize, block, or antagonize a particular Siglec receptors specifically and profoundly.
[6035] Definitions of specific functional groups and chemical terms are described in more
detail below. The chemical elements are identified in accordance with the Periodic Table of the
Elements, CAS version, Handbook of Chemistry and FPhysics, 75 Ed., inside cover, and specific
functional groups are generally defined as deseribed therein. Additionally, general principles of
organic chemistry, as well as specific functional moteties and reactivity, are described in
Owganic Chemistry, Thomas Sorrell, Umversity Science Books, Sausalito, 1999; South and
March, March's Advanced Organic Chemistry, 5% Edition, John Wiley & Sons, Inc, New York,
2001; Larock, Comprehensive Organic Transformations, VUH Publishers, Inc., New York,
1989, and Carruthers, Some Modern Methods of Organic Synthesis, 3 Edition, Cambridge
University Press, Cambridge, 1987,

[6056] Compounds described herein can comprise one or more asymimetric centers, and thus
can exist in various steresisomeric forms, e.g., enantiomers and/or diastereomers. For example,
the compounds described herein can be in the form of an individual enantiomer, diastereomer or
geometric 1somer, or ¢an be in the form of a mixture of steresisomers, including racemic

mixtures and mixtures enriched in one or more stereoisomer. Isomers can be isolated from

-11-
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mixtures by methods known to those skilled in the art, mcluding chiral high pressure hiquid
chromatography (HPLC) and the formation and crystallization of chiral salts; or preferred
isomers can be prepared by asymmetric syntheses. See, for example, Jacques er af | Enantiomers,
Racemates and Resolutions, Wiley Interscience, New York, 1981, Wilen ef al., Tetrahedron
33:2725 (1977, Eliel, E.L. Srereochemistry of Carbon Compounds, MoGraw-Hill, NY, 1962;
and Wilen, 8 H., Tables of Resolving Agents and Opitical Resolutions p. 268, E L. Eliel, Bd.,
Univ. of Notre Dame Press, Notre Dame, IN 1972, The invention additionally encompasses
compounds as individual isomers substantially free of other somers, and alternatively, as
muxtures of various isomers.

{80587} In a formula, v 15 a single bond where the stereochemistry of the moieties
immediately attached thereto is not specified, --- 1s absent or a single bond, and=w== or ==== iga
single or double bond.

{0038} When a range of values s listed, 1t 13 mtended to encompass each value and sub-range
within the range. For example, "Ci.¢ alkyl" 15 mntended to encompass Ci, Co, Cs, T4, Cs, Cs, Cros,
Cis, Cra, C13, Crg, Cos, Cas, Coa, Cas, a6, T3, T34, Cas, Cus, and Casalkyl

9059 The term "alkyl" refers to a radical of a straight-chain or branched saturated
hydrocarbon group having a specified range of carbon atoms {e.g., a "Ci.i6 alkyl" can have from
110 16 carbon atoms). In some embodiments, an alkvl group has 1 1o 9 carbon atoms {"Cio
alkyl"}. In some embodiments, an atkvl group has T to 8 carbon atoms {("Cis alkyl"). In some
embodiments, an alkyl group has 1 to 7 carbon atoms {"Cr7 alkyl"). In some embodiments, an
alkyvl group has 1 to 6 carbon atoms ("Cre alkyl"). In some embodiments, an alkyl group has 1 o
S carbon atoms ("Crs alkyl”}). In some embodiments, an alkyl group has 1 1o 4 carbon atoms
{"Ci4 alkyl™). In some embodiments, an alky! group has 1 to 3 carbon atoms ("Cis alkyl™). In
some embodiments, an alkyl group has 1 to 2 carbon atoms ("Cia alkyl"). In some embodiments,
an alkyl group has 1 carbon atom ("Cr alkyl™). In some embodiments, an alkyl group has 2 16 6
carbon atoms ("Cas alkyl"). Examples of Cis alkyl groups include methyl (C1}, ethyl (C2),
propyl {Ca) {e.g., n-propyl, isopropyl}, butyl {Ca) {e.g., n-butyl, tert-butyl, sec-butyl, iso-butyl},
pentyi {Cs) {e.g., n-pentyl, 3-pentanyl, amyl, neopentyl, 3- methyl-2-butanyl, tertiary amy!), and
hexyl {(Us) (e.g., n-hexyl). Additional examples of alky!l groups include n-heptyl (Cr}, n-octyl
{Cs}, and the hike. Unless otherwise specified, each mstance of an alky! group 1s independently

unsubstituted {(an "unsubstituted allcyl") or substituted (a "substituted alkyl"} with one or more

-12-
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substituents {e.g., halogen, such as F). In certain embodiments, the alkyl group is an
unsubstituted Crao alky! (such as unsubstituted Cis alkyl, e.g., -CHs (Me), unsubstituted ethyl
(Et}, unsubstituted propyl (Pr, e.g., unsubstituted n-propyl {n-Pr), unsubstituted isopropy! (i-Pr)),
unsubstituted butyl {Buy, e.g., unsubstituted n-butyl (n-Bu), unsubstituied tert-buty] {tert-Bu or t-
Bu), unsubstituted sec-buty! (sec-Buj, unsubstituted isobutyl (1-Bu)). In certain embodiments, the
alkvl group 1s a substituted Croio alkyl (such as substituted Cis alkyl, g, -CF3, Bn).

18068} The term “alkyleny!” refers to a divalent radical of a straight-chain, eyclic, or
branched saturated hvdrocarbon group having a specified range of carbon atoms {e.g, a "Ciis
alkyl" can have from 1 to 16 carbon atoms). An example of alkylenyl is a methylene (-CH»-). An
alkvlenyt can be substituted as described above for an alkyl

0061} The term "haloalkyl" is a subsiituted alkyl group, wherein one or more of the
hydrogen atoms are independently replaced by a halogen, e.g., fluoro, bromo, chloro, or iodo. In
some embodiments, the haloalkyl moiety has 1 to 8 carbon atoms ("Cis haloalkyl™). Tn some
embodiments, the haloatkyl motety has 1 1o 6 carbon atoms ("Cie haloalkyl"). In some
embodiments, the haloalkyl moiety has 1 to 4 carbon atoms ("Ci4 haloalky!"). In some
embodiments, the haloalky! motety has 1 to 3 carbon atoms ("Ci3 haloalkyl"). In some
ernbodiments, the haloalky! moiety has 1 to 2 carbon atoms ("Ci2 haloalky!"}). Examples of
haloalkyl groups include ~-CHIF:, ~-CHRF, -CFs, -CHCFs, -CFCFs, -CF2CFCFs, -CCls, -CFCL, -
CFCH and the fike.

{0962} The term "hydroxyalkyl” is a substituted alkyl group, wherein one or more of the
hydrogen atoms are independently replaced by a hydroxyl. In some embodiments, the
hydroxyalkyl moiety has 1 to 8 carbon atoms ("Cis hvdroxyalkyl"}. In some embodiments, the
hydroxyalkyl moiety has 1 to 6 carbon atoms ("Cis hydroxvalkyl”}. In some embodiments, the
hydroxyalkyl moiety has 1 to 4 carbon atoms ("Ci4 hydroxyalkyl™). In some embodiments, the
hydroxyalkyl moiety has 1 to 3 carbon atoms ("Cis hydroxyalkyi"}. In some embodiments, the
hydroxyalkyl moiety has 1 to 2 carbon atoms ("Ci2 hydroxyalkyl"™).

{6063} The term "alkoxy" refers to an alkyl group, as defined herein, appended to the parent
molecular moiety through an oxygen atom. In some embodiments, the alkoxy motety has 1 to 8
carbon atoms ("Crs alkoxv"}. In some embodiments, the alkoxy moiety has 1 to 6 carbon atoms
{"Cre alkoxy"). In some embodiments, the alkkoxy moiety has 1 to 4 carbon atoms ("Ci4

alkoxy"). In some embodiments, the alkoxy moiety has 1 to 3 carbon atoms ("Cis alkoxy"). In
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10064} some embodiments, the alkoxy moigty has 1 to 2 carbon atoms ("Cia alkoxy").
Representative examples of alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-
propoxy, butoxy and tert-butoxy.

[{B8065] The term "haloalkoxy" refers to a haloalkyl group, as defined herein, appended to the
parent molecular moiety through an oxygen atom. In some embodiments, the alkoxy moiety has
1 to 8 carbon atoms ("Crs haloalkoxy"}). In some embediments, the alkoxy motety has 1 to 6
carbon atoms ("Crs haloalkoxy"). In some embodiments, the atkoxy moiety has 1 to 4 carbon
atoms {("Ci4 haloalkoxy"). In some embodiments, the alkoxy moiety has | to 3 carbon atoms
{"C13 haloalkoxy"}. In some embodiments, the alkoxy motety has 1 to 2 carbon atorns ("Cha
haloalkoxy™). Representative examples of haloalkoxy include, but are not limited to,
difluoromethoxy, trifluoromethoxy, and 2,2 2-trifluoroethoxy.

89606} The term "alkoxvalkvl" is a substituted alkyl group, wherein ove or more of the
hvdrogen atoms are independently replaced by an alkoxy group, as defined herein. In some
embodiments, the alkoxyalkyl motety has 1 to § carbou atoms ("Cis alkoxyalkyl"). Insome
embodiments, the alkoxyalkyl moiety bas 1 to & carbon atoms ("Cis alkoxyalkyl"). In some
embodiments, the alkoxyalkyl moiety has 1 to 4 carbov atoms {"Ci4 alkoxyalkyl"). In some
ernbodiments, the alkoxyalky! moiety has 1 to 3 carbon atoms ("Cus alkoxyalkyl"). In some
embodiments, the alkoxyalkyl motety has 1 1o 2 carbon atoms ("Ci2 alkoxyalkyl™).

[8067] The term "heteroalkyl” refers to an alkyi group, which further includes at least one
hetercatom {e.g., 1, 2, 3, or 4 hetercatoms) selected from oxygen, nitrogen, or sulfur within (L.e.,
mserted between adjacent carbon atoms of) and/or placed at one or more terminal position(s) of
the parent chain. In certain embodiments, a heteroalkyl group refers to a saturated group having
from 1 to 20 carbon atoms and 1 or more hetercatoms within the parent chain ("heteroCrao
alkyl"). In some embodiments, a hetercalkyl group is a saturated group having 1 to 18 carbon
atoms and lor more heteroatoms within the parent chain ("heteroCiiz alkyl"}. In some
embodiments, a heteroalkyl group 18 a saturated group having 1 to 16 carbon atoms andlor more
heteroatoms within the parent chain ("heteroCrie alkyl"). In some embodiments, a heteroalkyl
group is a saturated group having 1 t014 carbon atoms and 1 or more hetercatoms within the
parent chain ("heteroCras alky!"). In some embodiments, a heteroalkyl group is a saturated group
having 1 to12 carbon atoms and 1 or more heteroatoms within the parent chain ("heteroChr.i2

alkyi"). In some embodiments, a heteroally! group is a saturated group having 1to 10 carbon
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atoms and lor more hetercatoms within the parent chain ("heteroCiaw alkyl"). In some
embodiments, a heteroalkyl group 1s a saturated group having 1 to 8 carbon atoms and 1 or more
heteroatoms within the parent chain ("heteroCis alkyl"). In some embodiments, a heteroalkyl
group is a saturated group having 1 to 6 carbon atoms and 1 or more hetercatoms within the
parent chain ("heteroCis alky1"). In some embodiments, a hetercalkyl group is a saturated group
having 1 to 4 carbon atoms and | or 2 heteroatoms within the parent chain ("heteroCia alkyl").
In some embodiments, a heteroalky! group is a saturated group having 1 to 3 carbon atoms and 1
hetercatom within the parent cham ("heteroCi alkvl"). In some embodiments, a heteroalkyl
group is a saturated group having 1to 2 carbon atoms and 1 hetercatom within the parent chain
{"heteroCi. alkyl™). In some embodiments, a heteroalky! group is a saturated group having
1carbon atom and 1heteroatom {"heteroCh alkyl"}. In some embodiments, the hetercalkyl group
defined herein 1s a partially unsaturated group having 1 or more heteroatorms within the parent
chain and at least one unsaturated carbon, such as a carbonyl group. For example, a heteroalky!
group may comprise an anude or ester functionality 1 its parent chain such that one or more
carbon atoms are unsaturated carbonyl groups. Unless otherwise specified, each mstance of a
heteroalkyl group 15 independently unsubstituted (an "unsubstituted heteroalkyl") or substituted
{a "substuituted heteroalkyl") with one or more substituents. In certain emboduvents, the
hetercalkyl group 15 an unsubstituted heteroCrao alkyl In certain embodiments, the heteroalkyl
group 18 an unsubstituted heteroCrio alkyl In certain embodirents, the hetercalkyl group is a
substituted heteroCiao alkyl In certain embodiments, the heteroalkyl group is an unsubstituted
heteroCi-10 atkyl

[0968] The term "alkenyl” refers to a radical of a straight-cham or branched hydrocarbon
group having from 2 to 10 carbon atoms and one or more carbon-carbon double bonds (e.g, 1, 2,
3, or 4 double bonds). In some embodiments, an alkenvl group has 2 to @ carbon atoms ("Cas
alkenvl"}. In some embodiments, an alkeny! group has 2 to 8 carbon atoms ("Cas alkeny!™). In
some embodiments, an alkenyl group has 2 to 7 carbon atoms {("Cz alkenyl"). In some
embodiments, an alkeny! group has 2 to 6 carbon atoms ("Ca alkenyl"). In some embodiments,
an alkenyl group has 2 to 5 carbon atoms {("Cas alkeny!”}. In some embodiments, an alkenyl
group has 2 to 4 carbon atoms ("Ca.s alkenyl"}. In some embodiments, an alkenyl group has 2 to

3 carbon atoms {"Ca-3 alkenyl"}. In some embodiments, an alkenyl group has 2 carbon atoms
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10069} ("Cz alkenyl"). The one or more carbon-carbon double bonds can be internal (such as
in 2- butenyl) or terminal {such as in 1-butenyl}. Examples of Cz.4 alkeny! groups include ethenyt
{Cz}, 1-propenyl {(3}, Z-propenyi {Cs), 1-butenyl {C4), 2-butenyl {C4), butadieny! {Cs}, and the
jtke. Examples of Cue alkenyl groups include the aforementioned Cou alkenyl groups as well as
pentenyl (Cs), pentadienyl (Cs), hexenyl (Cs), and the like. Additional examples of alkenyl
mclude heptenyl (C7), octenyl (Cs), octatrienyl {Cs), and the like. Unless otherwise specified,
each instance of an alkeny! group is independently unsubstituted {an "unsubstituted alkenyl") or
substituted (a "substitited alkeny!"} with one or more substituents. In certain embodiments, the
alkenyl group 1s an unsubstituted Cz-10 alkenyl. In certain embodiments, the alkenyl group s a

substituted (a0 alkenyl In an alkenyl group, a C=C double bond for which the stereochemistry

is not specified (e.g., -CH=CHCH: or z&w} may be an (E)- or {(£)}-double bond.

{6976} The term "heteroalkenyl" refers to an alkenyl group, which further includes at least
one hetercatom (e.g, 1, 2, 3, or 4 heteroatoms) selected from oxygen, nitrogen, or sulfur within
{1e, mserted between adjacent carbon atoms of) and/or placed at one or more terminal
position{s} of the parent chain. In certain embodiments, a heteroalkenyi group refers to a group
having from 2 to 10 carbon atoms, at least one double bond, and 1 or more hetercatoms within
the parent chain ("heteroCz.10 alkenyl"). In some embodiments, a hetercalkeny! group has 20 9
carbon atoms at least one double bond, and 1 or more heteroatoms within the parent chain
{"heteroCas alkenyl").

[8971] In some embodiments, a heteroalkenyl group has 2 to 8 carbon atoms, at least one
double bond, and 1 or more heteroatoms within the parent chain ("heteroCz s alkenyl™). Tn some
embodiments, a heteroatkenyl group has 2 to 7 carboun atoms, at least one double boud, and 1 or
more heteroatoms within the parent chain ("heteroC2.7 alkenyi"). In sorne embodiments, a
heteroalkenyl group has 2 to 6 carbon atoms, at least one double bond, and 1 or more
heteroatoms within the parent chain ("heteroCas alkenyl"). In some embodiments, a
heteroalkenyl group has 2 to 5 carbon atoms, at least one double bond, and 1 or 2 heteroatoms
within the parent chain ("heteroC2-s alkenyl"™}). In some embodiments, a hetercalkenyl group has
2 t0 4 carbon atoms, at least one double bond, and 1 or 2 hetercatoms within the parent chain
{"heteroCz- alkenyl"). In some embodiments, a heteroalkenyl group has 2 to 3 carbon atoms, at

least one double bond, and 1 hetercatom within the parent chain ("heteroCzs atkenyl”}. In some
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embodiments, a heteroalkeny! group has 2 to 6 carbon atoms, at least one double bond, and T or
2 hetercatoms within the parent chain ("heteroCz.s alkenyl"). Unless otherwise specified, each
mstance of a heteroalkeny! group 15 independently unsubstituted (an "unsubstituted
heteroalkenyl") or substituted (a "substituted hetercalkenvi"} with one or more substituents. In
certain embodiments, the heteroalkeny! group is an unsubstituted heteroCa.10 alkenyl. In certain
embodiments, the hetercalkeny! group is a substituted heteroCaao alkenyl
18072} The term "alkynyl" refers to a radical of a straight-chain or branched hydrocarbon
eroup having from 2 to 10 carbon atoms and one or more carbon-carbon triple bonds {e.g., 1, 2,
3, or 4 triple bonds) ("C2_ 10 alkynyl"). In some embodiments, an alkynyl group has 240 9
carbon atoms {"Cae alkynyl™y. In some embodiments, an alkynyl group has 2 to 8 carhon atoms
{"Czs alkynyl"}). In some embodiments, an allcyny! group has 2 to 7 carbon atoms ("Co7
alkynyi™). In some embodiments, an alkyny! group has 2 to 6 carbon atoms ("Cars alkynyl"}. In
some embodiments, an alkynyl group has 2 to 5 carbon atoms ("Cz.s alkynyl"). In some
embodiments, an alkyny! group has 2 to 4 carbon atoms ("Cza alkynyl®}. In some embodiments,
an alkyny! group has 2 to 3 carbon atoms ("Cas alkynyl"). In some ernbodiments, an alkyuoyl
group has 2 carbon atoms ("Co alkyny!™). The oune or more carbon-carbon triple bonds can be
mternal {such as n 2-butynyl) or terminal {such as w -butynyl). Examples of Co_ g alkynyl
groups include, without himitation, ethynyl {C2), 1-propynvl (Ca), 2-propynyl (Cs), 1-butynyt
{C4), 2-butynvl {C4), and the like. Examples of Tz alkenyi groups include the aforementioned
>z alkynyl groups as well as pentynyl {(Cs), hexynyl (Ce), and the like. Additional examples of
alkyoyi mclude heptynyl (C7), octynyl {Ts}, and the like. Unless otherwise specified, each
mstance of an alkynyl group 18 independently unsubstituted (an "unsubstituted altkynyl") or
substituted (a "sobstituted alkynyl”™) with one or more substituents. In certain embodiments, the
alkynyi group s an unsubstituted Cao alkynyl In certain embodiments, the altkynyl group is a
substituted Cr10 alkynyl
{0073} The term "heteroalkynyl” refers to an alkynyl group, which further includes at least
one hetercatom {e.g., 1, 2, 3, or 4 heteroatoms) selected from oxygen, nitrogen, or sulfoer within
{1.e., mserted between adjacent carbon atoms of ) and/or placed at one or more terminal
posttion(s} of the parent chain. In certain embodiments, a heteroalkynyl group refers to a group
having from 2 to 10 carbon atoms, at least one triple bond, and 1 or more hetercatoms within the

parent chain ("heteroCr.1o alkynyl™). In some embaodiments, a heteroalkyny! group has 210 9
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carbon atoms, at least one triple bond, and Tor more heteroatoms within the parent chain
{"heteroCas alkynyl"). In some embodiments, a heteroalkynyl group has 2 to 8 carbon atoms, at
ieast one triple bond, and 1or more heteroatoms within the parent chain ("heteroCzs atkynyl"}. In
some embodiments, a heteroalkynyl group has 2 o 7 carbon atoms, af least one triple bond, and
1 or more heteroatoms within the parent chain ("heteroCz.7 alkynyl"). In some embodiments, a
heteroalkynyl group has 2 to 6 carbon atoms, at least ove triple bond, and 1 or more heteroatoms
within the parent chain ("heteroCas alkynyl"). In some embodiments, a heteroalkynyl group has
2 10 5 carbon atoms, at least one triple bond, and 1 or 2 heteroatoms within the parent chain
{"heteroC2.5 alkynyl"). In some embodiments, a heteroalkynyl group has 2 to 4 carbon atoms, at
ieast one triple bond, and [ or 2 hetercatoms within the parent chain ("heteroCua altkyayl"). In
some embodiments, a heteroalkynyl group has 2 to 3 carbon atoms, at least one triple bond, and
theteroatom within the parent chain ("heteroCas alkynyl®). To some embodiments, a
heteroalkyny! group has 2 to 6 carbon atoms, at least one triple bond, and 1 or 2 heteroatoms
within the parent chain ("heteroCz.s alkynyl™). Unless otherwise specified, each instance of a
heteroalkyny! group is independently unsubstituted {an "unsubstituted heteroalkynyl") or
substituted (a "substituted heteroalkynyl"} with one or more substituents. Tn certain
ernbodiments, the heteroalkyny! group is an unsubstituted heteroCa10 alkynyl. In certain
embodiments, the hetercalkynyl group 1s a substituted heteroCz-10 alkynyl.

[6074] The term "carboceyclyl” or "carbocyehe” refers 1o a radical of a non-aromatic cyclic
hydrocarbon group having from 3 to 14 ring carbon atoms ("Cs.14 carbocyelyl") and zero
heteroatoms in the non-aromatic ring system. In some embodiments, a carboeyclyl group has 3 to
10 ring carbon atoms {("Cs-10 carbocyclyl"}. In some embodiments, a carbooyclyl group has 3 to 8
ring carbon atoms ("Cas carbocyelyl™). In some embodiments, a carbocycelyl group has 3 to 7
ring carbon atoms {"Cs-7 carbocycelyl™). In some embodiments, a carbocyclyl group has 310 6
ring carbon atoms ("Cas carbocyclyl"). In some embodiments, a carbocyclyl group has 4 to 6
ring carbon atoms {"Cs-s carbocyclyl”). In some embodiments, a carbocyclyl group has Sto 6
ring carbon atoms {"Cs carbocyclyl"}. In some embodiments, a carbocyclyl group has 5 to 10
ring carbon atoms {"Cs.io carbocyclyl™). Exemplary Cis carbocyclyl groups inchude, without
fimitation, cyclopropyl (Cs), cyclopropenyt (Cs}, cyclobutyl {(C4), eyclobutenyl {C4), cyclopentyl

{Cs}, cvelopentenyl (Cs), cyclohexyt (Cs}, cvclohexeny! (Ce), cyclohexadienyl {(Ce), and the like.
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10075} Exemplary Cs.s carbocyelyl groups include, without limitation, the aforementioned
Cs.6 carbocyclyl groups as well as cyclohepty! {C7), cyclohepteny! (Cr}, cycloheptadieny! {C7),
cycloheptatrienyl (Cr), cyclooctyl {Cs), cycloocteny! {Ts), bicyclof2.2. 1 theptany! (Cr),
bicvelef2.2 Zloctanyl (Ce), and the bike. Exemplary Cs.io carbocyelyl groups include, without
Iimitation, the aforementioned Cs.s carbocyclyl groups as well as cyclononyl (Co), cyclononenyl
{8076} (Cs), cyelodecy! (Cio}, cyclodecenyl {Cr), octahydro-1H-1ndenyl {(C9),
decahydrenaphthalenyl {(Cio), spirof4. 51decanyl {Cio), and the like. As the foregoing examples
illustrate, in certain embodiments, the carbocyclyl group ts either monocvelic ("monocyclic
carbocyclyl") or polvevclic {e.g., containing a fused, bridged or spiro ring system such as a
bicvelic system ("bicyclic carbocyclyl”) or tricyclic system (*tricyclic carbocyelyl™)) and can be
saturated or can contain one or more carbon-carbon double or triple bonds. "Carbocyclyl” also
mclhudes ning svstems wheren the carboeyclyl ting, as defined above, 1s fused with one or more
aryl or heteroarvl groups wherein the point of attachment is on the carbocycelyl ring, and 10 such
mstances, the number of carbons continue to desigoate the number of carbons in the carbocyclic
ring system. Unless otherwise specified, each instance of a carbocyclyl group 1s independently
unsubstituted (an "unsubstituted carbocyclyl") or substituted {a "substituted carbocyelyl™) with
one ot more substituents. Tn certain embodiments, the carbocyelyl group is an unsubstituted Cs1a
carbocyclyl In certain embodiments, the carbocyclyl group is a substituted Cs-14 carboeyclvl.
(6077} In some embodiments, "carboeyclyvl” 1s a monocyclic, saturated carboeyclyl group
having from 3 to 14 ring carbon atoms ("Csaa evcloalkyl™). In some embodiments, a cycloatkyl
group has 3 16 10 ring carbon atoms {"Cz-10 cycloalkyl™). In some embodiments, a cycloalkyl
group has 3 to 8 ring carbon atoms ("CUs-¢ cycloalky!"™}. In some embodiments, a cycloalkyl group
has 3 to 6 ring carbon atoms ("Cs« eycloalkyl"y. In some embodiments, a cycloalkyl group has 4
to 6 ring carbon atoms ("Cae cycloalkyl"}. In some embodiments, a cycloalky! group has 510 6
ring carbon atoms {"CUsw cycloalkyi™). In some embodiments, a cvcloalky!l group has 5 to 10 ning
carbon atoms ("Cs.1o cycloalkyl"). Examples of Us. cycloalky! groups include evclopentyl (Cs)
and cyclohexyl (Ce}. Examples of Cas cyeloalkyl groups include the aforementioned Css
cycloalkyl groups as well as cyclopropyl {(s) and cyclobutyl {Cs). Examples of Cia cyeloalkyl
groups include the aforementioned (5.6 cycloalkyl groups as well as cycloheptyl {€7) and
cyclooctyl (Cs). Unless otherwise specified, each instance of a cycloalkyl group is independently

unsubstituted (an "unsubstituted cvcloalky!™) or substituted (2 "substituted cycloalkyl"} with one
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or more substituents. In certain embodiments, the cycloalkyl group is an unsubstituted Ci.ia
cycloalkyl In certain embodiments, the cycloalkyl group is a substituted Cs.14 cycloalkyl

{0078} As used herein, the term “heterocyely!l” refers to an aromatic {also referred to as a
heteroaryl}, unsaturated, or saturated cyclic hydrocarbon that includes at feast one heteroatom in
the cycle.

{0079} For example, the term "heterocycly!l" or "heterocyclic” refers to a radical of a 3~ to
14-membered non-aromatic ring system having ring carbon atoms and 1 to 4 ring heteroatoms,
wherein each heteroatom 1s independently selected from nitrogen, oxygen, and sulfur ("3-14
membered heterocyelyi"). In heterocyclyl groups that contain one or more nitrogen atoms, the
point of attachment can be a carbon or nitrogen atom, as valency permits. A heterocyclyl group
can either be monocyclic ("monocyclic heterocyelyl”) or polycvelic {e.g., a fused, bridged or
spiro ring systern such as a bicychoe system ("hicyclic heteroeyclvl™) or tricyclic system
{"tricyclic heterocyelyl")), and can be saturated or can contain one or more carbon-carbon double
or triple bonds. Heterocyelyl polyeyelic ring svstems can nclude one or more heteroators in one
or both rings. "Heterocyelyl” also includes ring systerms wherein the heterocyely! ring, as defined
above, 15 fused with one or more carboeyelyl groups wherein the point of attachiment s erther on
the carbocyclyl or heterocyelyl ring, or ring systems wherein the heterocyclyl ring, as defined
above, 15 fused with one or more aryl or heteroaryl groups, wherein the point of attachment is on
the heterocyciyl ring, and in such instances, the number of ring members continue to designate
the number of ring members n the heterocyclyl ring system. Unless otherwise specified, each
mstance of heterocyclyl is independently unsubstituted {an "ansubstituted heterocyclyl™y or
substituted (3 "substituted heterocyciyl") with oune or more substituents. In certatn embodiments,
the heterocyelyvl group 1s an unsubstituted 3-14 membered heterocyclyl. In certain embodiments,
the heterocyclyl group is a substituted 3-14 membered heterocyclyl

{6084} In some embodiments, a heterocyelyl group 1s a 5-10 membered non-aromatic ring
system having ring carbon atoms and 1-4 ring heteroatoms, wherein each heteroatom is
mdependently selected from mitrogen, oxygen, and sulfur ("5-10 membered heterocyciyl™). In
some embodiments, a heterocyclyl group 15 a 5-8 membered non-aromatic ring system having
ring carbon atoms and 1-4 ring hetercatoms, wherein each heteroatom is independently selected
from nitrogen, oxygen, and sulfur ("5-8 membered heterocyelyl"). In some embodiments, a
heterocyclyl group is a 5-6 membered non-aromatic ring system having ring carbon atoms and 1-
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4 ring heteroatoms, wherein each heteroatom is independently selected from nitrogen, oxygen,
and sulfur {"5-6 membered heterocyclyl"). In some embodiments, the 5-6 membered
heterocyclyl has 1-3 ring heteroatoms selected from nitrogen, oxygen, and sulfur. In some
embodiments, the 5-6 membered heterocyclyl has 1-2 ring heteroatoms selected from nitrogen,
oxygen, and sulfur. In some embodiments, the 5-6 membered heterocyelyl has 1 ring heteroatom
selected from nitrogen, oxygen, and sulfur.
10081} Exemplary 3-membered heterocyclyl groups containing 1 heteroatom include,
without limitation, aziridhnvl, oaranyl, and thirranyl. Exemplary 4-membered heterocyclyl
groups containing | heteroatom include, without lmutation, azetidinyl, oxetanyl, and thietanyl
Exemplary S-membered heterocyelyl groups containing 1 heteroatom include, without limitation,
tetrahvdrofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihvdrothiophenyl, pyrrolidinyl,
dibydropyrrolyl, and pyrrolyl-2,5-dicune. Exemplary S-membered heterocyclyl groups containing
2 heterocatoms nclude, without hinutation, dioxolanyl, oxathiolanyl and dithiolanyl Exemplary
S-membered heterocyclyl groups containing 3 hetercatoms include, without imitation,
triazolinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary 6-membered heterocyely] groups
containing | hetercatom include, without lmutation, piperidinyl, tetrabydropyranyl,
dihydropyrnidinyi, and thianyl. Exemplary 6-membered heterocyclyl groups containing 2
hetercatoms include, without hnutation, piperazinyl, morpholinyl, dithianyl, and dioxanyl.
Exemplary 6-membered heterocyclyl groups containing 3 heteroatoms imclude, without
fumitation, triazinyl. Exemplary 7-membered heterocyclyl groups containing 1 heteroatom
mctude, without limitation, azepanyl, oxepanyl and thiepanyl Exemplary 8-membered
heterocyelyl groups containing 1 heteroator jnclude, without Tiitation, azocanyl, oxecanyt and
thiocanyl. Exemplary bicyclic heterocyelyl groups mnclude, without limitation, indohnyl,
isoindolinyl, dihydrobenzofuranyl, dihvdrobenzothienyl, tetrahydrobenzothienyl
tetrahydrobenzofuranyl, tetrahydromdolyl, tetrahydroquinolinyl, tetrahydroisoquinoliny],
decahydroquinolinyl, decahydroisoquinolinyl, sctahvdrochromenyl, octahydroisochromenyl,
decahydronaphthyridinyl, decahydro-1,%-naphthyridinyl, octahydropyrrolof3,2-bipyrrole,
ndolinyl, phthalimidyl, naphthalimidyl, chromanyl, chromenyl, {H-benzofel[1, 4}diazepinyl,
1,4,5 7-tetrahydropyrano|3 4-blpvrrolyl, 5 6-dihydro-dH-furef3,2-bipyrrolyi, 6,7-dihydro-5H
furo|3,2-bipyranyl, 5,7-dihydro-4H-thieno{2,3-clpyranyl, 2,3-dihydro-1H-pyrrolof2,3-
blpyridinyl, 2,3-dihydrofurof2,3-blpyridinyl, 4,5,6,7 -tetrahydro-1H-pyrrolo]2,3-b Jpyridinyl,
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4.5,6,7-tetrahydrofure{3,2-clpyridinyl, 45,6, 7-tetrahydrothienof3,2-blpyridinyl, 1,2.3 4-
tetrahydro-1,6-naphthyridinyl, and the like.

0082} The term "aryl" refers to a radical of a monocyclic or polyeyclic {e.g., bicyclic or
tricyelic) 4n+2 aromatic ring system {e.g., having 6, 10, or 14 = electrons shared in a cyclic
array ) having 6-14 ring carbon atoms and zero heteroatoms provided in the aromatic ring system
{"Cs.14 aryl™). In some embodiments, an ary! group has 6 ring carbon atoms ("Ce aryl”; e.g.,
phenyl). In some embodiments, an aryl group has 190 ring carbon atoms ("Cw aryl"; e.g,
naphthyi such as 1-naphthyl and Z-naphthyl}). In some embodiments, an aryl group has 14 ring
carbon atoms ("C arvl®; e.g., anthracyl). "Arvl" also includes ring systems wherein the aryl
ring, as defined above, 1s fused with one or more carbocyelyl or heterocyclyl groups wherein the
radical or point of attachment s on the aryl ring, and in such instances, the number of carbon
atoms continue to designate the number of carbon atoms in the aryl ring system. Unless
otherwise specified, each instance of an aryl group 1s independently vosubstituted {an
"unsubstituted ary]”} or substituted {a "substituted aryl"} with one or more substituents. In certain
embodiments, the aryl group 1s an unsubstituted Ce.1a arvl. In certain embodiments, the aryl
group 15 a substituted Cos.14 aryl.

[0083] "Aralkyl" is a subset of "alkyl" and refers to an alky! group substituted by an aryl
group, wherein the point of attachment is on the alkyl moiety.

[8084] The term "hetercaryl” refers to a radical of a 5-14 membered monocychic or
polyeychic {e.g, bicyclic, tricyclic) 4n+2 aromatic ring system {e.g., having 6, 10, or 14 n
electrons shared in a cyclic array} having ring carbon atoms and 1-4 ring heteroatorns provided
m the aromatic ring system, wherein each heteroatom is independently selected from nitrogen,
oxygen, and sulfur ("5-14 membered hetercaryl™). In heteroaryl groups that contam one or more
nitrogen atoms, the point of attachment can be a carbon or nitrogen atom, as valency permits.
Heteroaryl polyeyclic ring systems can include one or more heteroatoms in one or both rings.
"Heteroarvl" includes ring systems wherein the heteroaryl ring, as defined above, is fused with
one or more carbocyely! or heterocyelyl groups wherein the point of attachment is on the
heteroaryl ring, and in such instances, the number of ring members continue fo designate the
number of ring members in the heteroaryl ring system. "Hetercaryl” also includes ring systems
wherein the heteroarvl ring, as defined above, 15 fused with one or more ary! groups wherein the
point of attachment s etther on the aryl or heteroaryl ring, and in such instances, the number of
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ring members designates the number of ring members in the fused polycyclic {aryl/heteroaryl}
ring system. Polyevelic heteroaryl groups wherein one ring does not contain a heteroatom {e.g.,
mdolyl, quinolinyl, carbazolyl, and the like} the point of attachment can be on either ring, i.e.,
either the ring bearing a hetercatom {e.g., Z-indolyl) or the ring that does not contain a
heteroatom {e.g., S-indolyl).

[0085] In some emboediments, a heteroary! group is a 5-10 membered aromatic ring system
having ring carbon atoms and 1-4 ring hetercatoms provided in the aromatic ring system,
wherein each heteroatom 1s independently selected from nitrogen, oxygen, and sulfur ("S-10
membered hetercaryl”}. In some embodiments, a heteroaryl group is a 5-8 membered aromatic
ring system having ring carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring
system, wherein each heteroatom is independently selected from nitrogen, oxvgen, and sulfur
{"3-8 membered heteroaryl"). In some embodiments, a heteroaryl group 1s a S-6 membered
aromatic ring system having ring carboun atoms and 1-4 ring heteroatoms provided in the
aromatic ring system, wherein each hetercatom is independently selected from nitrogen, oxygen,
and sulfur ("5-6 membered hetercaryl™), In some embodiruents, the 53-6 membered heteroaryl has
1-3 ring heteroatoms selected from nitrogen, oxygen, and sulfur. In some emboduments, the 53-6
membered heteroaryl has 1-2 ring heteroatoms selected from mitrogen, oxygen, and sulfur. In
some embodiments, the S-6 membered hetercaryl has 1 ring heteroatom selected from nitrogen,
oxygen, and sulfur. Unless otherwise specified, each mnstance of a heteroaryl group 15
dependently unsubstituted {an "unsubstituted heteroaryl”) or substituted (a "substituted
heteroaryl”) with one or more substituents. In certain embodiments, the heteroaryl group is an
unsubstituted 3-14 membered hetercaryl. In certain embodiments, the heteroaryl group 18 a
substituted 5-14 membered heteroaryl.

{0086} Exemplary 5-membered hetercaryl groups containing 1 hetercatom include, without
fimitation, pyrrolyl, furanyl, and thiophenyl. Exemplary S-membered hetercary! groups
containing 2 heteroatoms include, without imitation, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl
thiazolyl, and isothiazolyl Exemplary S-membered hetercary! groups containing 3 hetercatoms
include, without limitation, triazolyl, oxadiazolyl, and thiadiazolyl Exemplary S-membered
heteroaryl groups containing 4 heteroatoms include, without limitation, tetrazolyl. Exemplary 6-
membered heteroaryl groups containing 1 heteroatom include, without limitation, pyridinyl.

Exemplary 6-membered heteroaryl groups containing 2 heteroatoms include, without limitation,
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pyridazinyi, pyrimidinyl, and pyraziny! Bxemplary 6-membered hetercaryl groups contaiming 3
or 4 hetercatoms include, without limitation, triaziny! and tetrazinvl, respectively. Exemplary 7-
membered heteroary! groups containing 1 hetercatom include, without limitation, azepinyl,
oxepinyi, and thiepinyl. Exemplary 5,6-bicyclic hetercaryl groups include, without limitation,
indolyl, soindolyl, indazolyl, benzotriazolyl, benzothiophenyl, 1schenzothiophenyl,
benzofuranyl, benzoisofuranyl, benzinudazolyl, benzoxazolyl, benzisoxazolyl, benzoxadiazolyl,
benzthiazolyl, benzisothiazolyl, benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6-
bicyelic heteroaryl groups include, without linutation, naphthyridinyl, pteridinyl, quinohinyl,
isoquinolinyl, cinnolinyl, quinoxalinyl, phthalazinyl, and quinazolinyl. Exemplary tricyche
heteroaryl groups include, without limitation, phenanthridinyl, dibenzofuranyl, carbazolyl,
acridinyl, phenothiazinyl, phenoxazinyl, and phenazinyl.

[8987] "Heteroaralkyl” is a subset of "alkyl" and refers to an alkyl group substituted by a
heteroarvl group, wheren the pomt of attachument 1s on the alkyl moiety.

0088} Affixing the suffix "-ene” to a group indicates the group 15 a divalent muoiety, e.g.,
alkylene 15 the divalent motety of alkvl, alkenvlene 13 the divalent moiety of alkenyl, alkynylene
is the divalent moiety of alkynyl, betercalkylene is the divalent moiety of heteroalkyl,
heteroalkenylene 1s the divalent motety of heteroalkenvl, heteroalkynylene 1s the divalent moiety
of heteroalkynyl, carbocyclylene is the divalent motety of carboeyclyvl, heterocyclylene is the
divalent motety of heterocyclvl) arviene is the divalent motety of aryl, and heteroarylene 1s the
divalent motety of heteroaryl.

{8089} A group 13 optionally substituted unless expressly provided otherwise. The term
"optionally substituted” refers to being substituted or unsubstituted. In certain embodiments,
alkyl, alkenyl, alkynyl, beteroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl, heterocyclyi, aryi,
and hetercaryl groups are optionally substituted. "Optionally substituted” refers to a group which
may be substituted or unsubstituted (e.g., "substituted” or "unsubstituted” alkyl, "substituted” or
"unsubstituted" alkenyl, "substituted” or "unsubstituted” alkynyl, "substituted” or "unsubstituted”
heteroalkyl, "substituted” or "unsubsiituted” hetercalkenyl, "substituted" or "unsubstituted"
heteroalkynyl, "substituted” or "unsubstituted” carbocyelyl, "substituted" or "unsubstituted”
heterocyclyl, "substituted" or "unsubstituted” aryl or "substituted” or "unsubstituted” hetercasryl
group}. In general, the term "substituted” means that at least one hydrogen present on a group is
replaced with a permussible substituent, e.g, a substituent which upon substitution results ina
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stable compound, e.g., a compound which doses not spontaneously undergo transformation 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 posiiion in any given structure 1s substiiuted, the substituent is etther the
same or different at each position. The term "substituted” is contemplated to include substitution
with all permissible substituents of organic compounds and includes any of the substituents
described herein that resulis in the formation of a stable compound. The present invention
contermnplates any and all such combinations in order o arrive at a stable compound. For
purposes of this invention, heteroatoms such as nitrogen may have hydrogen substituents and/or
any suitable substituent as described herein which satisty the valencies of the hetercatoms and
results in the formation of a stable motety. The invention 1s not intended to be limited 11 any
manner by the exemplary substituents described herein,

[8858] Hxemplary carbon atom substituents include, but are not houted to, halogen, -CN, -
NQ2, -Ns, -S0:H, -SOsH, -0H, -OR® -ON(R™™), -N(R"™}), -N{R™):"2, -N(OR®IR™, -SH, -
SR¥, -SSR™, -CE=EORY, -COH, -CHO, -C{OR™)s, ~COR™, -OC(=0RY, -OCOR™, -
C=ONRT ), -OCEOINRYY,, -NRPC(=0)RS -NRPCOR®, -NRPC(=0)N(RY™), -
C(=NRMIR®, -CENRYIOR™, -OC(=NRIRY, -OC(=NRMOR®, -C(=NRPNR™),, -
OC(=NRPINRYY,, -NRPC(=NRPIN(RY):, -C(=0INR®SO:R* -NRPSOR* -SO:N(R™), -
SOuR™ -SC20OR™ -O80:R™ -§(=0RY, -OS(=0IR* -S1{(R®™)3, -OS1{R¥ )3, -C(=8)N{R™), -
CEMSRY, -CE=8)8R™, -SC{=8)SR™, -SC=0)SRY, ~-OCEMSR™, -SC{=0}ORY, -SC(=0)R™,
PEOWRYY,, -P=0WORY,:, -OP(=0)R¥), -OPE0YOR ), -P(=0)N(R®)z)z,-
OP(=OXN(R™ 2o, -NRPP(OHR™ ), -NRPP(=O)OR®), -NRPP(=OYN(RY)z)z, -P(R),, -
P(ORY, -PR1X, -P(OR%) X, -PR®), -FORS), ~-OB(R), -OP(RE):"X", -OP(OR®),, -
OP{OR®; X, -OP(R*Y, -OP(OR®)s, -B(R™)z, -B(OR*):, -BR®™OR), Ci.10 alkyl, Ciw
perhaloalkyl, Caio alkenyl, Co- 10 alkynyl, heteroCiae alkyl, heteroCa-10 alkenyl, heteroCa-io
alkynyl, Csae cartbocycelyl, 3-14 membered heterocyclyl, Cea1s aryl, and 5-14 membered
heteroaryl, wherein each alkyl, alkenyl, alkynyl, hetercalkyl, hetercalkenyl, hetersalkynvl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently substituted with 0,1, 2,3, 4 or 5

RY groups; wherein X is a counterion; or two geminal hydrogens on a carbon atom are replaced

=NR or =NOR®: each instance of R™ is, independently, selected from Cr10 alkyl, Cro
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haloalkyl, Caacalkenyl, Caio alkynyl, heteroCro alkyl, heteroCaio alkenyl, heteroCa.10 alkynyl,
30 carbocyelyl, 3-14 membered heterccyelyl, Ce4 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, alkenyl, alkynyl, hetercalkyl, heteroalkenyl, heteroalloynyl, carbocyelyl,
heterocyelyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R® groups;
each instance of R" is, independently, selected from hydrogen, -OH, -OR® -N{R*), -CN, -
CEOIRY -CE0NRT ,, -COR™, -SORY, (CENREUIORY, -CENRSEINRT p, -8ON{RT ), -
SOR® -S020R%, -SORM -C(=SIN{R*), -C(=0)5R*, -C(=S)}SR", -P(=0)}R"), -
PEOWORS Y, -PEOHN(R 1), Crao alkyl, Ciao perhaloalkyl, Caao alkenyl, Caao alkvnvl,
heteroCh.io alkyl, heteroCa.u0 alkenyl, heteroCaae alkynyl, Caae carbocyelyl, 3-14 membered
heterocyclyl, Cs.14 arvl, and 5-14 membered heteroaryl, or two R groups are joined to form a 3-
14 membered heterocycivl or 5-14 membered heteroaryl ring, wherein each alkyl, alkenyl,
alkyoyi, heteroalkyl, heteroalkenvl, hetercalkvnyl, carbocyelyl, heterocyelyl, aryl, and
heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R™ groups; wherein X is a
counterton; each instance of R™ 13, independently, selected from hydrogen, Croio alkyl, Ciao
pethaloatkyl, Caao alkenyl, Co-io alkyuyl, heteroCia0 alkyl, heteroCz.po alkenyl, heteroCz.po
alkynyl, Csao carboeyclyl, 3-14 membered heterocyelyl, Ce1s aryl, and 5-14 membered
hetercaryl, or two R groups are joined to form a 3-14 membered heterocyclyl or 5-14
membered heteroaryl ring, wheremn each alkyl, alkenyl, alkynyl hetercalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyelyl, aryl, and hetercaryl is independently substituted with O,
1,2, 3, 4, or 5 RY groups; each instance of R¥ i5, independently, selected from halogen, -CN, -
NQ», -N3, -80:H, -SOsH, -0H, -OR®, -ONR),, -N(R, -N®REX, -NOR™RY -8H, -8R,
-$8RY LCEORS, -COH, -COR™, -OCEORS, -0COR, -CEOINRYY, -0CE=0INERY,, -
NRECEOIR®, -NRICOR®, -NREIC(=OINR D), -C=ENROOR, -

OC(=NRHR® .OCENRDOR®, -C=NRONRDY,, -OCENRONRD),, -NRICENRIN(RS),, -
NRESO:R®, -SON(RT),, -SO1R™, -8(10R®, -OSOR%, -S(=0IR®, -Si(R*);, -0O81(R¥)s, -
CESINR DY, -C=0)SR™, -C(=8)SR®, -SC(=S18R%, -P(=0}OR®),, -P(=0O}R*Y,, -
OP(=0)(R"), -OP(=0)O0OR™):, Cisalkyl, Cie perhaloatkyl, Cas alkenyl, Cas atkynyl, heteroCr.
s alkyl, heteroCz2 alkenyl, heteroCa6 alkynyl) Cs.io carbocyelyl, 3-10 membered heterocyelyl,
Co-10 aryl, 5-10 membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, hetersalkyl,

heteroalkenvl, hetercatkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl is independently
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substituted with 0, 1, 2, 3, 4, or 5 R® groups, or two geminal R substituents can be joined to
form =0 or =8; wherein X is a counterion; each instance of R® 15, independenily, selected from
Cis alkyl, Cis perhaloalkyl, Cas alkenyl, Cas alkynyl, heteroCrs alkyl, heteroCas alkenyl,
heteroCz.6 alkynyl, Cs.io carbocyclyl, Ceao aryl, 3-10 membered heterocyclyvl, and 3-10
membered heteroaryl, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl, carbocyclyl, heterocyclyl, aryl, and hetercaryl is independently substituted with O,
1,2.3, 4, or 5 RE8 groups; each instance of R" is, independently, selected from hydrogen, Cis
alkyl, Cig perhaloalkyl, Cos alkenyl, Cas alkynyl, heteroCrs alkvl, heteroCrs alkenyl, heteroCag
alkynyi, Csao carbocyclvl, 3-10 membered heterocyelyl, Co.1o aryl and 5-10 membered
hetercaryl, or two RY groups are joined to form a 3-10 membered heterocyclyl or 5-10 membered
heteroarvl ring, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, hetercalkenyl, hetercalkynyl,
carbocyclyl, heterocycelyl, aryl, and heteroary! is mdependently substituted with 0, 1, 2, 3, 4, or §
R28 groups; and each instance of R¥ 15, independently, halogen, -CN, -NO:, -Ns, -SO:H, -SOsH,
-OH, -0Crs alkyl, -ON(C16 alkyl)s, -N{Cis alkyl)z, -N{Cre alkyl)s "X, -NH{C1s alky)2" X, -
NHz{C16 alkyl) X7, -NH:"X, -N(OC 16 alky I Cus alkyl), -N{OH}Cis alkyl), -NH{OH), -8H, -
S8Ci¢ alkyl, -SS{Cis alkyl}, ~-C(=0)}Crs alkyl), -CO:H, -COACrs alkyl), -OCE0NCrs alkyl), -
OCO{Crs alkyl), ~-C=0INH, ~-C(=0N(Cis alky ), -OCEOINH(CLe alkyly, -NHCE=0OXCrs
alkvly, -N{(Cie alkyDC(=0) Cis alkyl), -NHCO2o{C 16 alkyl), -NHC(=0)N{Cis alkyl), -
NHCEDNH(Crs alkyl), -NHCEOWNH), -CENHIO(Cre alkyl), ~OC(ENHYCre alkyl), -
GCENHYOCLs alkyl, ~-C=NHYN{CLs alkyl)z, ~-C{=NHYNH{Crs alkyl), ~-C(=NHNH, -
QCENHING L alkylh, -OCENHINH(Cs alkyl), ~OCENFONL, -NHCENDN(CLe atkyl),
~NHO{=NHINH2, -NHSO2ACre alkyl), -SON(Cis alkylyz, -SO2NH(Cios alkyl), -SO2NHy, -
SO(Crs alkyl), -SCuO(Cis alkyl}, -OS02(Crs alkyl), -SO(Cros alkyl}, -S1{Cre alkyl)s, ~-0O8:1(Cis
alkyhy, -CE=SN{Cre allovl), -CESINH(Cs alkyl), -CESINHD, -CE038(Ce alkyl), -
C{=8)8C s alkyl, -SC(=8}8Cr alkyl, -PEOHOC1e alkyl)y, -PEOHCLs alkyl), ~OP(E=0KCse
alkyhy, ~-OP(EOHOCs altkyly,, Cios alkyl, Cis perhaloalkyl, Cos alkenyl, Cae alkvnyi heteroCis
alkyt, heteroCae alkenyl, heteroCas alkynyl, Csao carbocyclyl, Csao aryl, 3-10 membered
heterocvelyl, 5-10 membered hetercarvl; or two geminal R® substituents can be joined to form
=} or =8; wherein X is a counterion.

0091} The term "hale" or "halogen” refers to fluorine {fluoro, -F), chlorine {chlorg, -Cl),

bromine (bromo, -Br), or iodine {iodo, -1}.

1

N

~}
'



WO 2023/129737 PCT/US2022/054381

10092} The term "hydroxyl" or "hydroxy" refers to the group -OH. The term "substituted
hydroxyl" or "substituted hydroxyl,” by extension, refers to a hydroxy! group wherein the
oxygen atom directly attached to the parent molecule is substitiited with a group other than
hydrogen, and includes groups selected from -OR™ -ON(R"Y, -OC(=0)SR® -OC(=0)R™ -
OCORY -OC(=0)NR ), -OC(ENRMIRY, -OC(ENRMIORY, -QC(ENRPINER Y, -
OS(=OIR™, -OSOR™, -OS1HRM s, ~-OP(R* ), -OPR )X, -OP(OR™ ), -OP(OR™): X, -
OP(=0)}R%*},, -OP(=0YOR*), and -OP(=0}N(R™® ), )2, wherein X, R*, R and R* are as
defined hereimn.

0093} The term "amino" refers to the group -NHz. The term "substituted aming,” by
extension, refers to a monosubstituted amino, a disubstituted amino, or a trisubstituted amino. In
certain embodiments, the "substituted amino” is a monosubsiituted amino or a disubstituted
amnmino group.

[0854] The term "monosubstituted amino” refers o an amine group wherein the mitrogen
atom directly attached to the parent molecule s substituted with one hydrogen and one group
other than hydrogen, and includes groups selected from -NH(R®), -NHC(=0)R™®, -NHCO:R™, -
NHC(=OIN(RY), -NHCE=NRYINRY,, -NHSO:R®, -NHP(=0YOR),,

and -NHP(=OWNR )}z, wherein R¥ R”, and R* are as defined herein, and wherein R™ of the
group -NH(R) is not hydrogen.

[6095] The term "disubstituted ammo” refers to an amino group wherein the nitrogen atom
directly attached to the parent molecule 15 substituted with two groups other than hydrogen, and
ncludes groups selected from -N(RYY, -NRPPO(=0)R™ -NR®COR®, -NRPC(=0)N(R™);, -
NRPC(=NRPIN(RYY;, -NRPSOR™ -NRPP=0YOR ), and -NRPP(=0)N(RY):)2, wherein
R¥ RY and R% are as defined herein, with the proviso that the nitrogen atom directly attached to
the parent molecule is not substituted with hydrogen.

{6096} The term "trisubstituted amino” refers to an amino group wherein the nitrogen atom
directly attached to the parent molecule is sebstitited with three groups, and includes groups
selected from -N{R™), and -N{R®™}:"X", wherein R and X are as defined herein.

{0097}  The term "sulfonyl" refers to a group selected from -SO:N{R™),, -SO2R™, and
SO.0R™ wherein R™ and R are as defined herein.

| 0098} The term "sulfinyl" refers to the group -S(=0)R*, wherein R* 15 as defined herein.
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0099} The term "acyl" refers to a group having the general formula -C(=0)R", -
CEOYORY O(=0)-0-CEOIRYY -CEOSRY -CEOINERM Y, -C=SIRY JCESINERM 2, -
CESIOR™Y, -CESISERYY, -CENRIRY LCENRIYORM -CENRMDSRY and -
CENRYDINR? Y, wherein R* s hydrogen; halogen; substituted or unsubstituted hydroxyl;
substituted or unsubstituted thiol; substituted or unsubstituted amino; substituted or unsubstituted
acyl, cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched hetercaliphatic; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched alkyl; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched alkenyl; substituted or unsubstituted alkynyl; substituted
or unsubstituted arvl, substituted or unsubstituted heteroaryl, aliphaticoxy, hetercaliphaticoxy,
alkyloxy, hetercalkyioxy, aryloxy, hetercaryloxy, aliphaticthioxy, heteroaliphaticthioxy,
alkyithioxy, heterocalkylthioxy, arvithioxy, hetercaryithioxy, mono- or di- aliphaticamine, mono-
or di- heteroahphaticamino, mono-~ or diaikylamino, mono- or di-heteroalkylamino, mono- or di-
arylamino, or mono- or dihetercarylamino; or two R*! groups taken together form a 5- to 6-
membered heterocychie ting.

99100}  Exemplary acyl groups include aldehydes (-CHO), carboxylic acids (-COxH),
ketones, acyl halides, esters, amides, imines, carbonates, carbamates, and ureas. Acyl
substituents include, but are not limtited to, any of the substituents described herein, that result in
the formation of a stable moiety {e.g., aliphatic, alkyi, alkenyi, alkynyl, hetercaliphatic,
heterocyclic, aryl, hetercaryl, acyl, oxo, imino, thiooxo, cyano, isocyano, amino, azido, nitro,
hydroxyl, thiol, halo, aliphaticanino, heteroaliphaticamine, alkylamine, hetercalkylamino,
arylamino, hetercarylamino, atkyvlaryl, arvialkyl, aliphaticoxy, hetercaliphaticoxy, alkyloxy,
heteroalkyloxy, aryloxy, hetercaryioxy, aliphaticthioxy, heteroaliphaticthioxy, alkyithioxy,
heteroalkylthioxy, arylthioxy, heteroarylthioxy, acyloxy, and the like, each of which may or may
not be further substituted).

{00181} The term "carbony!” refers a group wherein the carbon directly attached to the parent
molecule is sp? hybridized, and is substituted with an oxygen, nitrogen or sulfur atom, e.g., a
group selected from ketones {e.g., -C(=0IR™), carboxylic acids {e.g., -CO:H), aldehydes{ CHO},
esters (e.g., -COR™, -C(=0)8R™, -C(=8)8R™), amides {e.g., -C{=OIN({R™)z, C(=0)NRPSOR™,
SC(=SIN(R®Y,, and imines (2.g., -C(=NRR® C{=NR"YOR®), C{=NR"™N(R"};, wherein R¥
and R are as defined herein.
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100182} The term "oxo" refers to the group =0, and the term "thicoxo" refers to the group =8
{80163}  The term “cyano” refers to the group ~CN.

{00184} The term “azide” refers to the group —~Na.

{80105} Nitrogen atoms can be substitited or unsubstituted as valency permits, and include
primary, secondary, tertiary, and quaternary nitrogen atoms. Exemplary nitrogen atom
substituents include, but are not imtted to, hydrogen, -OH, -OR™ -N{R*}s, -CN, -C(=0IR™, -
CEOINRS Y, -CO2RY, -SOR™, -C(=NR"RY -C{=NRJOR™ -C(=NR*IN{R*}, -
SOIN{R™ ), -SOIR™, -SC0R™, -SORY -C(=SIN{R" ), -C(=0)SR%, -C(=8)SR*, -
PEOYORS ), -PEOHRY Y, -P(=0)NR™)2)2, Cioio alkyl, Ciawo perhaloalkyl, Caoro alkenyl, Crao
alkynyl, heteroCi.10 alkyl, heteroCa.io alkenyl, heteroCza0 alkynyl, Cs.o carbocyelyl, 3-14
membered heterocyelyl, Cea arvl, and 3-14 membered heteroaryl, or two R groups attached to
an N atom are joined to form a 3-14 membered heterocyclyl or a 5-14 roembered hetercaryl
ring, wherein each alkvl, alkenyl, alkynyl, heteroalkyl, hetercalkenyl, hetercalkynyl, carbocyclyl,
heterocvelyl, aryl, and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or 5 R*™ groups,
and wherein R, R"® R and RY are as defived herein.

[99106]  In certain embodiments, the substituent present on the rutrogen atom 15 an nitrogen
protecting group {also referred to herein as an "anuno protecting group”). Nitrogen protecting
groups include, but are not limited to, -OH, -OR®, -N(R"h, -C(=0)R¥, -C{(=0)N{R*),

[081087] -COR*™ -SOR™, -C{=NR"IR®, -C(=NR™YORY, -C{=NR“IN{R*})2, -SO:N{R"}2, -
SCR®™, -SOLOR™, -SOR®, -C{E=8NRY ), -CEOISRY, -C{=8)SRY, Cr alkyl {e.g., aralkyl,
heteroaralkyl), Co-1o atkenyl, Ca10 alkynyl, heteroCioio alkyl, hetero{Cz-10 alkenyl, heteroC2.10
alkynyi, Cs.10 carbocyelyl, 3-14 membered heterocyelyl, Ce14 aryl, and 5-14 membered
heteroaryl groups, wherein each alkyl, alkenyl, alkynyl, heteroalkyl, hetercalkenyl,
heteroalkynyl, carbocyelyl, heterocyelyl, aralkyl) arvi, and heteroaryl is independently
substituted with 0, 1, 2, 3, 4, or 5 R™ groups, and wherein R® R™ R¥ and R% are as defined
herem. Nitrogen protecting groups are well known in the art and include those described in detail
in Profecting Groups in Organic Synthesis, T. W. Greene and P. G. M. Wats, 3% edition, John
Wiley & Sons, 1999, incorporated herein by reference.

{80108}  For example, nitrogen protecting groups such as amde groups {e.g., -C(=0)R*)
inchude, but are not limited to, formamide, acetamide, chioroacetamide, trichloroacetamide,

triflucroacetamide, phenylacetamide, 3-phenylpropananude, picolinamude, 3-
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pyridyicarboxamide, N-benzovlphenylalanyl derivative, benzamide, p-phenylbenzamide, o
nitrophenylacetamide, o-nitrophenoxyacetamide, acetoacetamide, (N'-
dithiobenzyloxyacvlaminajacetamide, 3-(p-hydroxypheny1}propanamide, 3-(o-nitrophen
ypropanamide, 2-methyl-2-(o-nitrophenoxyjpropanamide, Z-methyv1-2-(o-phenviazophenoxy
ypropanamide, 4-chlorobutanamide, 3-methyl-3-nitrobutanamide, onitrocinnamide, N-
acetylmethionine derivative, o-nitrobenzamide and of{benzoyloxymethyhbenzamide.

{00189}  Nitrogen protecting groups such as carbamate groups {e.g., -C{(=0)YOR™) include, but
are not himited to, methyl carbamate, ethyl carbamate, 9-fluorenyimethyl carbamate (Fmoc), 9-
{2-sulfaifluorenyimethy carbamate, 9-(2,7-dibromo}luoroenylmethyl carbamate, 2,7-di-t-
buty I~ [9-(10,10-dioxo-10,10,10,10-tetrahydrothioxanthylijmethyl carbamate (DBD-Tmoc), 4~
methoxyphenacy! carbamate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-
trimethylsilylethy] carbamate (Teoc), 2-phenylethyl carbamate (b2), 1-(1-adamantyl}-1-
methylethyl carbarate (Adpoc), 1,1-dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-
dibromoethy] carbamate (DB-1-BOC), 1, 1-dimethyi-2 2 2-trichioroethyl carbamate (TCBGC), 1-
methyl-1-{4-biphenylylethyl carbamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-methylethy]
carbarate (-Bumeoc), 2~(2'- and 4-pyrudyDethyl carbamate (Pvoc), 2-(NN
dicyclohexylcarboxarmido)ethyl carbamate, t-butyl carbamate (BOC or Boc), l-adamanty!
carbarate { Adoc), vinvl carbamate (Voc), allyl carbarmate (Alloc), 1-isopropylallyi carbamate
{Ipaoc), cinnamyi carbamate (Coc}, 4-nitrocinnamyi carbamate (Noc), 8-quinolyi carbamate, N
hydroxypiperidiny! carbamate, alkyidithio carbamate, benzyl carbamate {Chz}, p-methoxybenzyl
carbamate {Moz}, p-nitrobenzyl carbamate, p-bromobenzy! carbamate, p-chlorobenzyl
carbamate, 2. 4-dichlorobenzyl carbamate, 4-methylsulfinylbenzyl carbamate (Msz), 9-
anthrylmethyl carbamate, diphenylmethyl carbamate, Z-methylthioethyl carbamate, 2-
methylsulfonylethyl carbamate, 2-{p-toluenesulfonyethyt carbamate, [2-(1,3-dithianyl) methyl
carbamate {Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2.4-dimethylthiophenyl carbamate
{Bmpe), 2-phosphonioethyl carbamate (Peoc), 2-triphenylphosphonioisopropyl carbamate
{Ppoc), 1,1-dimethyl-2-cyancethyl carbamate, m-chloro-p-acyvioxybenzyl carbamate, p
{dihydroxyboryljbenzyl carbamate, S-benzisoxazolylmethyl carbamate, 2-{triflucromethy}-6-
chromonylmethy! carbamate {Teroc), m-nitropheny! carbamate, 3, 5-dimethoxybenzyl carbamate,
o-nitrobenzy! carbamate, 3,4-dimethoxy-6-nitrobenzy! carbamate, phenyl{c-nitrophenylymethy!
carbamate, t-amyl carbamate, S-benzy! thiocarbamate, p-cyanobenzy! carbamate, cyclobutyl
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carbamate, cyclohexvl carbamate, cvclopentyl carbamate, cyclopropyimethyl carbamate, p
decvloxybenzyl carbamate, 2,2-dimethoxyacylviny! carbamate, o-(IN,N-dimethyicarboxamido
tbenzy1 carbamate, 1,1-dimethy1-3-(IN, N-dimethyvicarboxamido jpropy1 carbamate, 1,1-
dimethylpropynyl carbamate, di(2-pyridylimethy! carbamate, 2-furanylmethy! carbamate, 2-
wodoethyl carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyl carbamate, p-(p' -
methoxyphenylazo Yoenzyl carbamate, 1-methyleyclobuty! carbamate, 1- methyicyclohexyl
carbamate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1-(3,5- dimethoxyphenyethy!
carbamate, 1-methyl-1-{p-phenylazophenyhethyl carbamate, 1-methyl-1- phenylethyl carbamate,
1-methyl-1-{4-pyridvhethyl carbamate, phenyl carbamate, p (phenvlazo}benzyl carbamate, 2,4 6-
tri-t-butyiphenyl carbamate, 4-(trimethylammonium)benzyl carbamate, and 2.4,6-
trimethylbenzyl carbamate.

{89110}  Nurogen protecting groups such as sulfonanude groups {e.g., -S(=0RR™) mchude, but
are not lirotted to, p-toluenesulfonamide (Ts), benzenesulfonanmide, 2.3,6-ttimethyl-4-
methoxybenzenesuifonamide (Mir), 2,4, 6-trimethoxybenzenesulfonanude (Mith), 2,6-dimethyi-4-
methoxybenzenesulfonanude (Pme), 2,3,5,6-tetramethyl-4- methoxybenzenesulfonamide (Mie),
4-methoxybenzenesulfonarmde (Mbs), 2,4,6-trimethylbenzenesulfonamide (Mis), 2,6~
dimethoxy-4-methylbenzenesulfonamide (iIMds), 2,2,5,7 8-pentamethyichroman-6-sulfonamde
{Pme), methanesulfonanude (Ms), -trimethyisilylethanesutfonamide {SES), 9-
anthracenesulfonamide, 4-(4',8'-dimethoxynaphthylmethylbenzenesulfonamide (BNMBS 3,
benzylsulfonamide, triftuoromethylsulfonamide, and phenacyisulfonamide.

{80111}  Other nitrogen protecting groups include, but are not limited to, phenothiazinyl-(10)
acyl derivative, N'-p-toluenesulfonylaminoacyt dervative, N'-phenviaminothioacyl derivative,
N-benzoyiphenyialanyl derivative, N-acetylmethioning denvative, 4,5-diphenyl-3-oxazolin-2-
one, N-phthalimide, N-dithiasu™mimide (s}, N-2 3 -diphenylmaleimide, N-2,5-
dimethylpyrrole, N-1,1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE), S-substituted
1,3-dimethy1-1,3, 5-triazacyclohexan- 2-one, S-substituted 1 3-dibenzyl-1 3 5-triazacyclohexan-
Z-one, 1-substituted 3, 5-dinitro-4-pyridone, N-methylamine, N-allylamine, N-{2-
{trimethyisily!jethoxy Jmethylamine (SEM), N-3-acetoxypropylamine, N-(1-isopropyi-4-nitrg-2-
oxo-3-pyroclin-3-yhamine, quaternary ammonium salts, N-benzylamine, N-di{4-
methoxyphenyimethylamine, N-5-dibenzosuberylamine, N-triphenyimethylamine (Tr), N-[(4-

methoxyphenylidiphenylimethyljamine (MM, N-9-phenylfluorenylamine (Ph¥), N-2,7-
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dichloro-9-fluorenyimethylencamine, N-ferrocenyimethytaming (Fern), N-2-picolylaming N'-
oxide, N-1,1-dimethylthiomethyleneamine, N-benzylideneamine, N-p-methox ybenzy
fideneamine, N-diphenylmethyleneamine, N-[(2-pyrid y1mesityl jmethyleneamine, N-{N' N'-
dimethylaminomethylenglamine, N N'-isopropylidenediamine, N-pnitrobenzylideneamine, N-
salicylideneamine, N- 5-chlorosalicylideneamine, N-{S-chloro-2- hydrox yphen

v phenyimethyleneamine, N ~cyclohex vlideneamine, N-(5,5-dimethy1-3-oxo-1-
cyclohexenyhamine, N-borane derivative, N-diphenylborinic acid derivative, N
[phenyl{pent™cvichromium- or fungstenjacyljamine, N-copper chelate, N-zinc chelate, N
nitroamine, N-nitroscamine, amine N-oxide, diphenylphosphinanude (Dpp),
dimethylthiophosphinamide (Mpt), diphenvlthiophosphinamide (Ppt), dialkyl phosphoramidates,
dibenzyl phosphoramidate, diphenyl phosphoramidate, benzenesulfenamide, o
ritrobenzenesulfenamude (Nps ), 2, 4-dinitrobenzenesulfenamide,
pentachlorobenzenesuifenamide, 2-nitro-4-methoxybenzenesulfenamide,

tripheny lmethylsulfenamide, and 3-nitropyridinesulfenamnde (Npys). In certain erobodiments, a
nitrogen protecting group is benzy!l (Bn), tert-butyloxycarbonyl (BOC), carbobenzyloxy (Cha),
S-flurenylmethvloxycarbonyl (Fmoc), trifluoroacetyl, triphenylmethyl, acetyl (Ac), benzovl (Bz),
p-methoxybenzyl (PMB), 3, 4-dimethoxybenzyl (DMPM), p-methoxyphenyl {PMP), 22,2~
trichloroethyloxycarbonyl {Troc), triphenyimethyl (Tr), tosyl (T}, brosyl (Bs}, nosyl (Ns), mesyl
{Ms}, triflyl (T}, or dansyl (Ds}.

{88112} In certain embodiments, the substituent present on an oxygen alom is an oxygen
protecting group {also referred to herein as an "hydroxyl protecting group™). Oxygen protecting
groups include, but are not Himited to, -R®, -N(RY),, -C(=0)SR™, -C{(=0)R® -COR™, -
CEOINRYY:, -CENRWIR® LCENRIDOR™, -CENRIINER ™), -S(=0)RY, -SOoR™ -8i(R™)3,
PR, -PR®YT X, -P(OR™ ), -P(OR™37XT, -P(=0)R™)y, -P(=0}OR*), and -
PEOWNR L), wherein X7, R® R, and R* are as defined herein. Oxygen protecting groups
are well known n the art and include those described in detail n Provecting Groups in Grganic
Synthesis, T. W. Greene and P. G. M. Wats, 3% edition, John Wiley & Sons, 1999, incorporated
herein by reference.

{00113} Exemplary oxygen protecting groups inciude, but are not himited to, methyl,

methoxylmethyl (MOM}, methylthiomethyl (MTM), t-butylthiomethyl,

L}
3
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{phenyidimethyisilyDmethoxymethy! (§MOM), benzyloxymethyl (BOM), p-
methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy ymethyl {(p-AOM), guaiacolmethyl
{(GUM]}, t-butoxymethyl, 4-pentenyloxymethyt (POM), siloxymethyl, 2-methoxyethoxymethyl
{MEM), 2,2,2-trichloroethoxymethvl, bis(2-chiloroethoxymethy1, Z-(irimethylsifyl}ethoxymeth
v (SEMOR), tetrahydropyranyl (THP}, 3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-
methoxyeyclohexyl, 4-methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl,
4- methoxytetrahydrothiopyranyl §,8-dioxide, 1-[(2-chloro-4-meth y)pheny! |-4-methox
ypiperidin-4-yl (CTMP), 1 4-dioxan-2-vl, tetrahydrofuranyl, tetrahvdrothiofuranyl,
2,3,3a,4,5,6,7 7Taoctahydro-7, 8, 8-trimethyl-4, 7-methanobenzofuran-2-yi, 1-ethoxvethyi, 1-(2-
chloroethoxy)ethyl, 1-methyl-1-methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-
benzyloxy-2-fluoroethyl, 2,2 Z-trichlorcethyl, 2-trimethylsilylethyl, 2-(phenylselenviethyl, t-
butyl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-dinuropheny], benzyl (Bn), p-methoxybenzyl,
3 4-dimethoxybenzyi, onitrobenzyl, p-ritrobenzyl, p-halobenzyl, 2,6-dichlorobenzyli, p-
cyanobenzyl, p-phenylbenzyl, 2- picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxido, diphenyimethyl,
p,p'-dinttrobenzhydryl, 5-dibenzosuberyl, triphenylmethy], a-naphthyldiphenyloethyl, p-
methoxyphenyldiphenyhmethy], di{p-methoxyphenylphenyhoethyl, tri(p-
methoxyphenylmethyl, 4-(4'-bromophenacy loxyphen y Lydiphen yimethy 1, 4,4, 4"-tris{4,5-
dichlorophthalimidopheny 1 imethy !, 4.4, 4"-tns{levulinoyioxyphenylimethyl, 4,4'.4"-
iris{benzoyloxyphenylimethyl, 3-(midazol-1-yhins(4' 4" -dimethoxyphenyDmethyl, 1,1-bis{4-
methoxypheny)-1-pyrenylmethyl, 9-anthryl, 9- {9-phenylixanthenyl, 9-(S-phenyi-10-
oxojanthryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl §,8 dioxido, rimethylsiyl (TMS)},
triethylsilyl {TES), tritsopropylsityl (TIPS}, dimethylisopropyisilyl (IPDMS),
diethylisopropyisilyl (BEIPS), dimethylthexyisilyl, t butyidimethylsilyl (TBDMS), -
butyldiphenyisilyl (TBDPS), tribenzyisilyl, tri-p-xylylsily], triphenylsilyl, diphenylmethylsilyl
{DPMS), t-butylmethoxyphenylsidyl (TEMPS), formate, benzoylformate, acetate, chloroacetate,
dichloroacetate, trichloroacetate, trifluorocacetate, methoxyacetate, triphenyimethoxyacetate,
phenoxyacetate, p-chlorophenoxyvacetate, 3- phenylpropionate, 4-oxopentancate (levulinate),

4 4-{ethylenedithio Jpentanoate (levulinoyldithioacetal), prvaloate, adamantoate, crotonate, 4-
methoxycrotonate, benzoate, p phenylbenzoate, 2,4, 6-trimethyibenzoate {mesitoate), methyl
carbonate, 9-fluorenylmethy! carbonate (Fmoc), ethy! carbonate, 2,2 2-trichloroethyl carbonate
{Troc), 2-(trimethylsilylethy! carbonate {TMSEC), 2-(phenylsulfonyl) ethy! carbonate (Psec), 2-
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{triphenylphosphonio} ethyl carbonate (Peoc), isobutyl carbonate, viny! carbonate, allyl
carbonate, t-butyl carbonate (BOC or Bog), p-nitrophenyl carbonate, benzyl carbonate, p-
methoxybenzyl carbonate, 3,4- dimethoxybenzyl carbonate, o-nitrobenzy! carbonate, p-
nitrobenzyi carbonate, S-benzyl thiccarbonate, 4-ethoxy-1-napththyl carbonate, methyl
dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-nitro-4d-methylpentanoate, o-
{dibromomethyl}benzoate, 2- formylbenzenesulfonate, 2-(methylthiomethox ylethyl, 4-(meth
vithiomethox vibutyrate, 2-(methylthiomethox ymethy1)benzoate, 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro-4- { 1,1,3,3-tetramethvibuty 1)phenox vacetate, 2,4-bis{ 1,1-
dimethylpropyv1phenox yacetate, chlorodiphenylacetate, 1sobutyrate, monosu®inoate, (E)-2-
methyl-2-butenoate, ofmethoxyacylibenzoate, a-naphthoate, nitrate, aliy] N N N N'-
tetramethyiphosphorodiamidate, alkyl N-phenylcarbamate, borate, dimethylphosphinothioyl,
alkyiZ d-dinitrophenyisulfenate, sulfate, methanesulfonate (ruesylate), benzylsulfonate, and
tosylate (Ts). In certain embodiments, an oxygen protecting group is stlyl In certain
embodiments, an oxygen protecting group 1s t butyldiphenylsilyl {TBDPS), t-butyldimethylsilyl
{TBDMS), tritsoproyisityl (TIPS), triphenylsilyl (TPS), triethylsilyl (TES), timethylsilyl (TMS),
trusopropylsioxymethyl {TOM), acetyl (Ag), benzoyl (Bz), allyl carbonate, 2,2, 2-ttichloroethyl
carbonate {Troc), 2- trimethylsilylethyl carbonate, methoxyrethyl (MOM), 1-ethoxyethyl (EE),
2-methyoxy-2-propyl (MOP}, 2,2, 2-trichioroethoxyethyl, 2-methoxyethoxymethyl (MEM), 2-
irimethyisilvlethoxymethyl (SEM), methytthiomethyl (MTM), tetrabydropyrany! (THP),
tetrabydrofuranyl (THF), p-methoxyphenyt (PMP), triphenyimethyl (Tr}, methoxytrityl (MMT),
dimethoxytrityl (BMT), allvl, p-methoxybenzyl (PMB), t-butyl, benzy! (Bn}, allyl, or prvaloyl
{Piv}.

{80114} In certain embodiments, the substituent present on an oxygen atom is an oxygen
protecting group {also referred to herein as an "hydroxyl protecting group"}. Oxvgen protecting
groups include, but are not limited to, -R¥™, -N{R"™ ), -C(=0)SR®, -C(=0RY¥ -C(R™, -
CEOINRY,, -CENRYRY LCENRIORY, CENRPINRYY,, -S(=0)R™, -S8O:R™, -Si{R™)3,
PRy, -PR™)™ X, -P(ORY ), -P{OR™IB7XT, -P(=0)R®, -P(=0¥OR*Y, and -
PEOWNR™Y):, wherein X7, R™ RY™ and R% are as defined herein. Oxygen protecting groups

are well known 1n the art and include those described 1o detail 1u Prorecting Groups in Orvganic
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{00118} Swnthesis, T W. Greene and P. G M. Wauts, 3" edition, John Wiley & Sons, 1999,
mcorporated herein by reference.

{00116} Exemplary oxygen protecting groups inciude, but are not limited to, methyl,
methoxylmethyl (MOM), methylthiomethyl (MTM), t-butylthiomethyl,
{phenyidimethylsilyhmethoxymethy! (§MOM), benzyloxymethyl (BOM), p-
methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxymethyl (p-AOM), guaiacolmethyl
(GUM}, t-butoxymethyl, 4-pentenyioxymethy! (POM), siloxymethyi, 2-methoxyethoxymethyl
{MEM), 2,2 2-trichloroethoxymethy 1, bis{2-chloroethoxyymethy 1, 2-(irimethylsiyljethoxymeth
v {(S§EMOR), tetrahydropyranyl (THP), 3-bromotetrahydropyranyl, tetrahydrothiopyvranyl, 1-
methoxyeyclohexyl, 4-methoxytetrahydropyranyl (MTHP), 4-methoxvietrahydrothiopyranyi,
4- methoxytetrahydrothiopyranyl 8,8-dioxide, 1-[(2-chloro-4-meth y1)pheny1]-4-methox
ypiperidin-4-y1 ({CTMP), 1, 4-dioxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl,
2,3.3a,4.5,6,7, Taoctahydro-7 8, 8~trimethyi-4, 7-methanobenzofuran-2-v1, 1-ethoxvethyi, 1-(2-
chloroethoxy)ethvl, 1-methyl-1-methoxyethyl, 1-methyl-1-benzyvloxyvethyl, 1-methyl-1-
benzyloxy-2-fluoroethyl, 2.2, 2-trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyhethvl, t-
butyl, allyl, p-chlorophenyl, p-methoxyphenyl, 2,4-dintrophenyl, benzyl (Bn), p-methoxybenzyl,
3, 4-dimethoxybenzyl, onitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p-
cyanobenzyl, p-phenylbenzyl, 2- picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxido, diphenylmethyl,
p,p'-dinttrobenzhydryl, S-dibenzosuberyl, triphenylmethyl, a-naphthyldiphenylmethyl, p-
methoxyphenyldiphenylmethyl, di{p-methoxyphenyliphenyhmethyl, tri{p-
methoxyphenylmethyl, 4-(4'-bromophenacy loxyphen y1)diphen yimethyi, 4,4,4"-tr13(4,5-
dichlorophthalimidopheny 1 )methy1, 4,4",4"-tris(levulinoyloxyphenyhimethyl, 4,4',4"-
tris(benzoyloxyphenyDmethyl, 3-{imidazol-1-yhbis(4' 4" -dimethoxyphenyvDmethyl, 1,1-bis{(4-
methoxyphenyl}-1'-pyrenyimethyl, S-anthryl, 9- (9-phenylixanthenyl, 9-(9-phenyi-10-
oxojanthryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl §,5 dioxido, trimethylsilyl (TMS)},
triethylsilyl {TES}, trissopropylsifyl (TIPS}, dimethylisopropylsilyl (IPDMS),
diethylisopropylisilyl (DEIPS), dimethylthexylsilyl, t butyldimethylsilyl (TBDMS), t-
butyldiphenylsilyl (TBDPS), tribenzyisilyl, tri-p-xylylsilyl, triphenyisilyl, diphenylmethylsilyl
{DPMS), t-butylmethoxyphenylsilyl (TEMPS), formate, benzoylformate, acetate, chloroacetate,
dichioroacetate, trichloroacetate, triftuorcacetate, methoxyacetate, triphenyimethoxyacetate,
phenoxyacetate, p-chlorophenoxyacetate, 3- phenylpropionate, 4-oxopentanoate {levulinate},
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4 4-{ethylenedithio Jpentanocate (levulinoyldithioacetal), prvaloate, adamantoate, crotonate, 4-
methoxycrotonate, benzoate, p phenylibenzoate, 2,4, 6-trimethyibenzoate {mesitoate), methyl
carbonate, 9-fluorenylmethy! carbonate (Fmoc), ethy! carbonate, 2,2 2-trichloroethyl carbonate
{Troc), 2-(trimethylsityljethyl carbonate {TMSEC), 2-(phenvisulfonyt) ethyl carbonate (Psec), 2-
{triphenylphosphonio} ethyl carbonate (Peoc), isobutyl carbonate, vinyl carbonate, allyl
carbonate, t-butyl carbonate (BOC or Boc), p-nutropheny! carbonate, benzyl carbonate, p-
methoxybenzyl carbonate, 3 4- dimethoxybenzyl carbonate, o-nitrobenzy! carbonate, p-
nitrobenzyi carbonate, S-benzyl thiocarbonate, 4-ethoxy-1-napththyl carbonate, methyl
dithiocarbonate, 2-iodobenzoate, 4-azidobuiyrate, 4-nitro-4-methylpentanoate, o-
{dibromomethyl}benzoate, 2- formylbenzenesulfonate, 2-(methylthiomethox v)ethyl, 4-(meth
vithiomethox vibutyrate, 2-(methylthiomethox ymethy 1 Ybenzoate, 2,6-dichloro-4-
methylphenoxyacetate, 2 6-dichloro-4-~ { 1,1,3 3~tetramethylbuty  )phenox vacetate, 2,4-bis{ 1,1-
dimethylpropy 1 iphenox yacetate, chlorodiphenylacetate, isobutyrate, monosu®inoate, (E)-2-
methyl-2-butenoate, ofmethoxyacylibenzoate, a-naphthoate, nitrate, alky] NN, N, N'~
tetramethylphosphorodiamidate, alkyl N-pheoylcarbamate, borate, dumethylphosphinothioyl,
alkyi2 d-dinttrophenvisulfenate, sulfate, methanesulfonate (ruesylate), benzylsulfonate, and
tosylate (Ts). In certain embodiments, an oxygen protecting group is silyl In certain
embodiments, an oxygen protecting group is t butyldiphenylsilvl (TBDPS), t-butyldimethylsilyl
{TBDMS), tritsoproyisiiyl (TIPS}, triphenyisilyl (TPS), triethylsilyl (TES}, trimethylsilyl {TMS]},
trissopropylsiloxymethyl {TOM], acetyl (Ac}, benzoyi (Bz), allyl carbonate, 2.2, 2-trichloroethyl
carbonate {Troc, 2- trimethyisilylethy] carbonate, methoxymethyl (MOM), 1-ethoxyethyl (EE),
2-methyoxy-2-propyl (MOP}, 2,2, 2-trichioroethoxyethyl, Z-methoxyethoxymethyl (MEM), 2-
trimethylsilyiethoxymethyt (SEM), methyithiomethyl (MTM), tetrahydropyranyl (THP),
tetrahydrofuranyl {(THF), p-methoxyphenyl (FMP), triphenyimethyl (T}, methoxytrityl (MMT),
dimethoxytrityl (BMT), allvl, p-methoxybenzy! (PMB), t-butyl, benzy! (Bn), allyl, or pivaloyl
(Piv}.

[60117] 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, but are
not limited to, -R™, -N{R"®),, -C{=0)SR™ -C{=0)R™ -COR™ -C{=OIN(R"™}, -C(=NR"IR® -
C{=NR™MOR®™ -C{=NR™IN(R");, -S(=0)R*, -S0O2R¥ -Si{R*)3, -P(R®), -P(R):"X", -
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P(ORY, -P{ORS): X, -P(=0}R¥ ), -P(=0XOR®):, and -P(=0}N(R"™ 12}z, wherein R® R,
and R are as defined herein. Sulfur protecting groups are well known i the art and include
those described in detail in Provecting Growps in Organic Synthesis, T. W. Greene and P. G M.
Wuts, 3™ edition, John Wiley & Sons, 1999, incorporated herein by reference. In certain
embodiments, a sulfur protecting group 15 acetamidomethyl, t-Bu, 3-uitro-2-pyridine sulfenyl, 2-

pyridine-sulfenvyl, or triphenylmethyl.

[80118] Additionally, the following terms are used hergin
e “Ag” refers to an acyl group;

e  “Fmoc” refers to a fluorenyimethoxycarbonyl protecting group;

e “tBoc” refers to a tert-butyloxycarbonyl protecting group;

e “Cbz” refers to a benzyl chlorocarbonate protecting group;

e “Tro¢” refers to a trichloroethyl chloroformate protetcting group,
e “TFA” refers to a tnflucroacetarmde protecting group;

o4

s “[1,3]dioxolo group” refers to a motety having the following structural formula ijﬁ
{80119}  As used herein, the term “a click chemustry reagent” {interchangeably used with
“click reagent” or “click moiety”} refers to any of a chemical moiety that reacts with iis
counterpart click moiety (the two reacting moteties referred to as “a click reagent pair”) via an
electrocyclic addition reaction (“a click chemisiry reaction” or “a click reaction”™) to produce a
“click reaction product.” Typically, click reactions take place under mild conditions in agueous
solvents, and can include any one of the following: neutral pH, ambient temperature, and low
reactant concentrations. Exemplary click reagents pairs include, but are not limited to; Cu(l)-
catalyzed Azide-Alkyne Chick Chemistry reaction (CuAAC); Strain-promoted Azide-Alkyne
Click Chenustry reaction (SPAAC), and tetrazine and alkene (trans-cyeclooctene).

1801208}  Anv suitable click reagent pairs can be used in the present invention. Examples of

click reagents include:
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180121} -~ reagents that include bicyclo[6.1. Olnonyne (BCN) group, for example:
| :

//\}5
100122} - reagents that include an alkyne, for example: / ;
[89123] - reagents that include an azide, for example: N3-CHa-;

{80124} - reagents that include a Dibenzocyclooctyne (BBCO) group, for example:

[66126] — reagents that include a tetrazine, for example:  N——N
180127} A “sialic acid” refers to nevraminic acid or any chemical modification of neuwraminie

acid, either naturally occurring or synthetically derived. The structural formula of neuraminic

actd is reproduced below:

OH o]

R

{00128}  As used herein, the terms “poly{ethviene glycol)”, “polyethylene oxide”, and

“polyoxyethyiene” are used interchangeably and refer o a polymer having the following
structural formula H-(O-CHaCH)m-OH, where m 15 the number of repeat units. The polymer
molecular weight can vary from 300 g/mol to 10,000,000 g/mol.
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100128}  As used herein, the term “particle” includes a nucroparticle and a nanoparticle, as
defined herein.

{00130}  As used herein, the term “particle” includes a nucroparticle and a nanoparticle, as
defined herein.

100131}  As used herein, “subject” refers to the subject being treated according to the provided
treatment methods. A subject can be human, a primate, canine, feline, bovine, equine, murine,
etc. Subject also refers to those animals being used for laboratory testing,

{60132}  As used herein, “nanoparticle” refers to a particle, composed of one or more
polvmers, whose size in nanometers {nim} includes a range of linear dimensions between 10
nanometers to 2000 nanometers. As used heremn, “linear dimension” refers to the distance
between any two points on the surface of a nanoparticle measured in a straight line.
Nanoparticles of the present disclosure can be irregular, oblong, spindle, rod, cylindrical,
pancake, discoid, spherical, biconcave, or red blood cell shaped. Linear dirnension can be
measured using multiple methods including but not exclusive to transmission electron
nucroscopy or tunable resistive pulse sensing which are some of the standard means of
determining nanoparticle size. One of the widely used techmques for measuring the size of
nanoparticles is dynamic light scattering (DLS) that can provide the diameter and polydispersity
of the nanoparticles. LS assumes that the nanoparticles are spherical in nature, and the size of
the nanoparticles are the average diameter {or radius) of such assumed spheres. In such
measurements, the nanoparticles can be described to have a size range of 10 nm to 1000 nm or
nm to 500 nm.

{09133}  As used herewn, “mucroparticle”, refers fo a microscopic particle, composed of one or
more polymers, whose size in micrometers {(pm) includes a greatest cross-sectional width less
than 1000 um and which is greater than or equal to 1 pm.

{80134}  As used herein, a “polymer” refers to a molecule(s) composed of a plurality of
repeating stractural units connected by covalent bonds. As used herein, a “polymer particle”
refers to a solid or porous particle in contrast to the sheli-like structure of liposomes and
polymersomes and the relatively open structures of hvdrogel particles. As used herein, a
“hydrogel particle” refers t¢ a cross-linked network of polymer chains that is absorbent but stable

i an aquecus environment.

T



WO 2023/129737 PCT/US2022/054381

100135}  As used herein, the termy “biocompatible polymer” refers to a polymer that does not
undesirably interfere with biological function of tissues. The biocompatible polymer can in
some instances be biodegradable, bicabsorbable, and bicerodible. Biodegradable, bicabsorbable
and bicerodible, as well as degraded, eroded, and absorbed, are used mterchangeably (unless the
context shows otherwise) and refer to polymers and materials that are capable of being degraded
or absorbed when exposed to bodily fluids such as blood, and components thereof such as
enzymes, and that can be gradually resorbed, absorbed, and/or eliminated by the body.

{60136} The term “treatment” or “treating” as used herein to characterize a method or process
that 1s aimed at (1) delaying or preventing the onset of a disease, disorder, or condition; (2}
slowing down or stopping the progression, aggravation, or deferioration of one or more
symptoms of the disease, disorder, or condition; (3) bringing about ameliorations of the
symptoms of the disease, disorder, or condition; (4} reducing the severity or incidence of the
disease, disorder, or condition; or {5} curing the disease, disorder, or condition. A treatment may
be administered prior to the onset of the disease, disorder, or condition, for a prophylactic or
preventive action. Alternatively, or additionally, the treatroent may be administered after
mitiation of the disease, disorder, or condition, for a therapeutic action.

{80137}  As used herem, an “effective amount” moeans that amount of active compound agent
that elicits the desired biological response in a subject, e.g., the amount that results in treatmenmt
as defined hereinabove. In one embodiment, the effective amount of a compound of the
mvention is from about 0.01 mg/kg/day to about 1000 mg/ke/day, from about 0.1 mg/kg/day to

about 100 mg/kg/day, or from about 0.5 mg/kg/day to about S0 mg/kg/day.

[00138] Particles

{00139} In one aspect, the present disclosure provides nanoparticles comprising polymers that
provide for teathering via covalent chemical conjugation of ligands {e.g., compounds represented
by structural formufas 8-1, 8-2, B-1, -2, 8-1-1, 8§-2-1, D-1-1, B-2-1, or the moieties represented
by §-1A, 8-2A, B-1A, D-2A also referred to herein as sialic acid-containing ligands) for
presentation on the nanoparticle surface. The nanoparticles can be used to contact immune cells
expressing sialic-acid-binding immunoglobulin-type lectins (Siglecs) in order to modulate
mflammatory processes. It has been determined that providing ligands capable of targeting and
binding to immune cells expressing sialic-acid-binding immunoglobulin-like lectins {Siglecs)
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can be used to modulate an inflammatory response in the targeted cells and associated
environment.

{00140} Presentation of a ligand on a nanoparticle surface means that the ligands are
decorated on the nanoparticle such that they are available to be bound by a Siglec receptor ona
target cell, or organism. Suitably they may be provided to bind, activate or block the receptor.
{00141} A single nanoparticle may be decorated with multivalent ligands, which will allow for
multivalent binding of different Siglec receptors by this single nanoparticle resulting in
modulation of the inflammatory response. Nanoparticles decorated with a unique ligand can also
be mixed with other ligand-decorated nanoparticles that may target different Siglec receptors,
again enabling desired modulation of the inflammatory response. In some embodiments, the
presentation of the ligand on the surface of a nanoparticle, or microparticle, can provide for an
moereased uptake of the particle by a cell of at least about two-fold, at least about three-fold, at
least about four-fold, at least about five-fold, at least about six-fold, or at Teast about 10-fold. In
some ernbodiments, the presentation of a ligand on the surface of nanoparticle or microparticle
can decrease an inflammatory response. In a non-limiting embodiment, the decrease in an
mflaramatory response s over about two-fold, over about three-fold, over about four-fold, over
about five-fold, over about 10-fold, over about 20-fold, over about 50-fold, over about 100-fold,
over about S00-fold or over about 1000-fold

[80142] The nanoparticle or microparticles may be used for systemic delivery or local
delivery to target diseased fissues in a subject 1n need of treatment resulting 1n modulation of an
mflammatory response in said subject to resolve mnate and adaptive mflammation, activate
mnate and/or adaptive immunity when enhanced immune surveillance 1s desired, or reduce
mfectivity of infectious orgamsms. The targeted immune cells or virus should possess Siglec
receptors of viral sialic-ligand binding regions, respectively. The activity of the innate immune
system includes, for example, the cellular response of the innate immune system; the non-
cellular / humoral response of the innate immune sysiem, the complement system, the alternative
complement pathway, the amplification loop of the alternative complement pathway, and/or the
ampiification foop of the alternative complement pathway activated by complement facior H.
The activity of the adaptive immune system involves dendritic cell maturation and presentation
to T cells, T-cell activation, T-cell modulation, T-cell checkpoint inhibition or activation,
neutrophil NETasis, and B-cell activation. The reduction of infectivity includes reduction of
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viral ingress mto host cells, reduction in reproduction of viral particles, or reduction in
mflammatory response to the viral infection.

{00143}  Several types and configurations of nancparticles are encompassed by the present
disclosure. For example, nanoparticles may be composed of a range of materials including, but
not limited 1o, a biodegradable polymer, biocompatible polymer, a bisabsorbable polymer, or a
combination thereof.

100144} The polymer backbone of the nanoparticle, upon which the sialic-acid-contaming
ligands are linked, may be composed of naturally occurring polymers, such as carbohydrates or
proteins, or may be composed of synthetic polymers. The polymer backbone will have a unique
terminal functional group to provide for tethering of the sialicacid-containing ligand to the
nanoparticle surface. The polymer backbone may first be joined with a plurality of sialic-acid
figands prior to forming the nanoparticle via chemical conjugation methods, or the polymer
backbone may first be formed into a nanoparticle and then the functional groups displayed on the
surface of the nanoparticle can be joined with sialicacid-contaiung ligands via chemical

conjugation methods. Suitable nanoparticles include polvmer particles and hydrogel particles.

(80145} Polymers suitable for preparing nanoparticles include, but are not hmuted to,
Poly(lactide-co-glycohide)- polv{ethylene glveoly or Poly(lactide-co-glveolide)-block-
poly{ethylene glycol} or Poly{lactide~co-glycolide) comprising a click chemustry functional
group {e.g., an azide or an alkyne, such as DBCO, etc.} or an anune reactive ester such as
suceinimidyl ester. Such polymers include, but are not hinited to PLGA-PEG-DBCO and
PLGA-PEG-NHS). Other polymers inclade poly(N-acetyighicosamine} {Chitin), Chatosan,
poly(3-hvdroxyvalerate}, poly(lactide~-co-gycoiide (e.g,, poly(D,L-tactide-co-glycolide}, poly{L-
factide~co-glycolide}} poly(3-hydroxybutyrate), poly{4-hydroxybutyrate), poly(3-
hydroxybutyrate-co-3-hydroxyvalerate}, polyorthoester, polvanhydride, polytglycolic acid),
poly(glycolide), poly{lactic acid) (e.g., poly(L-lactic acid), poly(B,L-lactic acid)), polytlactide)
{e.g., polyiD L-lactide}) , polv{{D,L)Lactide)-b-Poly(ethviene glvcol}-Azide, Poly(DL-lactide)-
b-poly{ethylene glycol}-methvltetrazine, poly{L-lactide-co-B,L-lactide), Poly(D,L-lactide)-b-
poly{ethylene glycoli-carboxylic acid, Poly{ethylene glycol) methyl ether-block-poly{lactide-co-
glycolide}, Poly(lactide-co-glycolide)-b-poly{ethylene glycoli-b-poly(lactide-co-glycolide,

Poly(lactide-co-glveolide)-b-poly{ethylene glvcolj-azide, Poly(lactide-co-glycolide)-b-
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poly(ethylene glycoli-alkyne, Poly({D L}Lactic acid}-b-Poly{ethylene glycol)-Azide,
Poly((D L} actic acid}-b-Poly{ethvlene glycol}-alkyne, poly{caprolactone), Poly(caprolactone}-
b-Poly(ethylene glycol}, Polycaprolactone-b-poly{ethylene glycoly, Poly(lactide-co-
caprolactone)-b-poly{ethvlene glycoly-b-poly{lactide-co-caprolactone), poly{L-lactide-co-
caprolactone), poly{L-lactide-co-caprolactone), poly(D L-lactide-co-caprolactone},
poly(glycolide-co-caprolactone), Poly(DL-lactide}-b-Poly{ethylene glycol}-b-Poly(DL-lactide),
poly{trimethylene carbonate), polyvester anude, poly(glycolic acid-co-trimethviene carbonate),
acryiate-poly{caprolactone)-b-poly{ethyvlene glycol}-alkyne, co-poly(ether-esters) (e.g.
PEO/PLA), poly(N-isopropylacrylamide-co-acrylic acid), poly(N-isopropylacrylamide-co-
methoxy poly{ethylene glycol) methacrylate), polyphosphazenes, biomolecules (such as fibrin,
fibrin glue, fibrinogen, cellulose, starch, collagen and hyaluronic acid, elastin and hyaluronic
acid), polyurethanes, silicones, polyesters, polyolefins, polyisobutviene and ethylene-alphaolefin
copolymers, acrylic polymers and copolymers other than polyacryvlates, vinyl halide polymers
and copolymers (such as polyvinyi chloride), polyvinyl ethers (such as polyvinyl methyl ether),
polyvinylhidene halides (such as polyvinyidene chlonide), poly(vinylidene fluornide),
poly(vinylidene fluoride-co-hexafluoropropylene), polvacrylonurile, polyvinyl ketones,
polyviny! aromatics {such as polystyrene), polyvinyl esters (such as polyvinyl acetate},
acrvionitrile-styrene copolymers, ABS resins, polvamides {such as Nylon 66 and
polycaprolactam), polycarbonates including tyrosine-based polvcarbonates, polyoxymethylenes,
polyimides, polyethers, polyurethanes, rayon, rayon-triacetate, cellulose, cellulose acetate,
ceflulose butyrate, cellulose acetate butyrate, cellophane, cellulose nitrate, cellulose propionate,
cellulose ethers, carboxymethyl cellalose, and fullerenes.

{80146} In one aspect, the nanoparticles are formed from a polycaprolactone, and in other
embodiments formed of a polymer comprising polyglycolic acid, poly{lactic acid), poly(lactic-
co-glycolic acid), polycaprolactone, poly(3-hydroxvbutyric acid), In some embodiments, the
nanopariicle may be formed from poly{lactide} (PLA}, poly(glveolide X PGA), poly lacticglyceolic
acid (PLGA), polv{butyl cvancacrylate) (PBC A}, or N-(2-hydroxypropylymethacryiamide
{HPMA) copolymers. In another aspect, the nanoparticles are formed from polymer such as
poly(ethylene glycol), polyethvlene oxide, Pluronic F127, Pluronic F68, poloxamer,

poly{(hvdroxymethylmethacrylate), polyvinyt alcohol and poly{vinylpyrrolidone).
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180147}  In some embodiments, the nanoparticles are formed from mixtures of biodegradable
and nonbiodegradable polymers as block copolymers (BUPs), including a preferred embodiment
of PLGA-block-PEG. A block copolymer comprises a polymer having two or more different
polymer subunits linked by covalent bonds. In some embodiments the nanoparticles are formed
from mixtures of biodegradable and nonbiodegradable polymers as block copolymers, including
a preferred embodiment of PLGA-block-PEG. In yet another aspect, the nanoparticles are
formed from naturally derived polymers in the form of hydrogel nanoparticles including formed
from collagen, hyvaluronic acid, heparin, heparin sulfate, chitosan, and alginate.

[00148] Methods for synthesis of nanoparticles are well known to those of skill in the art.
{see, for example, Spence et al., Science Translational Medicine, 2015, 7: 303 303ra140 and
references cited therein), for example, methods for synthesis of nanoparticles with known
degradation rates are known to those skilled i the art, as deseribed in U.S. Pat. No. 6,451,338 1o
Gregoriadis et al,, US. Pat. No. 6,168,804 to Samuel et al. and U.S. Pat. No. 6,258,378 to
Schneider et al., which are hereby mcorporated by reference in their entirety.

{80149}  Chemucal linkage of the ligands described herein to the nanoparticle surface may be
achieved through the use of click chenustry reactions. In such reactions, a chemical reaction
occurs between a termunal functional group of a nanoparticle polymer and a terminal functional
group of a ligand (referred to herein as “ternunal functional group conjugate pairs”) resulting in
Hinkage of the polymer and sialicacid-containing ligand. The types of ternunal functional groups
found on the surface of the polymer, and its binding pariner Hgand, will determine the type of
click chemustry reaction that is to be used to chemically hink the ligand to the surface of the
nanoparticles. Additionally, the selection of polymers having specific terminal functional groups
can be used to control the types, density and spatial arrangement of hgand conjugate partners to
be presented on the surface of the nanoparticle. In embodiments, the polymers have specific
functional groups that provide chemical conjugation sites on the formed nanoparticle surface
mcluding azide, alkyne, aryl ester, amide, amine, aryl amide, aldehyde, acety], substituted arvl
ester, alkyl ester, alkvl ketone, arvl ketone, substituted arvl ketone, ketone, alkyl halide,
amnioxy, alcohols, aza-ylide, carboxylic acid, ester, amide, bicyclononyne, dihydrazide, halo-
carbonyl, halosulfonyl, hydrazide, N-hydroxysuccinimude, succinimidyl ester, monofiuorinated
and difluorinated cyclooctynes, 1sothiocyanate, iodoacetamide, maleimide, methyleyclopropene,

hydrazine, nitrile, nitro, phosphine, phosphazide, tertazine, methyl-tetrazine, trans-cyclooctens,
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strained alkynes, dibenzocyclooctyne, barviazacyclooctynone, azadibenzyicvclooctyne, vinyl,
suffony! ester, thipester, thiocarboxylate, thioester a sulfonyl halide, thiol, and thiolene. Ina
particular embodiment, the polymer is a Poly{lactide-co-glycolide)-poly{ethylene glycol) or
Poly(lactide-co-glycolide}-block-poly{ethvlene glycol) or Polv{lactide-co-glycolide) having at
least one of the functional groups listed directly above.

[80150]  Such conjugation sites provide a position for linkage of the ligands to the surface of
the nanoparticle through performance of click chemistry reactions. In one example, the
nanoparticle 1s formed of a PLGA-PEG polymer with an azide or alkyne terminal functional
group. In a non-limiting embodiment, blends of different polymers having different terminal
functional groups may be used. Such polymers include, for example, PLGA-PEG-alkyne,
PLGA-PEG-ester and PLGA-PEG-DBCO. In a specific aspect, a blend of PLGA-PEG-alkyne
and PLGA-PEG-carboxylic acid may be prepared as nanoparticles. In another specific aspect, a
blend of PLGA-PEG-skyne and PLGA-PEG-ester may be prepared as nanoparticles. In another
specific erobodiment, a blend of PLGA-PEG-DBCO and PLGA-PEG-carboxylic acid may be
prepared as nanoparticles. In another specific aspect, a blend of PLGA-PEG-DBCO and PLGA-
PEG-ester may be prepared as nanoparticles.

[86181]  Although PLGA polymers can possess free terminal alkyoe groups, many of these
can be buried in the particle matrix and not be available for binding on the surface of the particle.
In some embodiments, more alkyne groups may be introduced to the particle by providing a
second polymer or copolymer surfactant or coating in addition to the first PGLA polymer or
copolymer of the particle. Suitably the second polymer or copolymer can be branched or hnear
and can have a plurahity of terminal alkyl groups wherein an alkyl group contains only carbon
and hydrogen and forms the homologous series with the general formula CnHZn+1, In other
embodiments, the sialic-acid-containing ligands can be attached to the particle, for example a
polymeric nanoparticle, via a covalent linkage.

{00152} In other embodiments, the ligands comprise terminal functional groups {i.e,
conjugation sites) that provide for tethering at the nanoparticle surface. Such terminal functional
groups include azide, alkyne, aryl ester, amide, amine, aryl amide, aldehvde, acetyl, substituted
aryl ester, alkyl ester, alkyl ketone, aryl ketone, substituted arvi ketone, ketong, alky! halide,
amnioxy, alcohols, aza-ylide, carboxylic acid, ester, amide, bicyclononyne, dihydrazide, halo-
carbonyl, halosulfonyl, hydrazide, N-hydroxysuccininude, norbornene, oxanorbornadiene,
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succinmmidyl ester, isothiocyanate, iodoacetamide, monofluorinated and diftuorinated
cyclooctynes, maleimide, methyleyclopropene, 1socyanopropanocate, hydrazine, nitrile, nitro,
phosphine, phosphazide, tertazine, methyi-tetrazine, trans-cyclooctene, strained alkynes,
dibenzocyclooctyne, biarvlazacyclooctynone, propargyl, isocyanide, azadibenzylcyclooctyne,
vinyl, sulfony! ester, thicester, thiocarboxvlate, thioester a sulfony! halide, thiol, and thiolene.
Such conjugation sites provide a position for linkage of the ligands to the surface of the
nanoparticle through performance of click chemistry reactions.

[00153] In one embodiment, click chenusiry reactions are employed for linkage of the higands
to the nanoparticle surface. Such click chemistry reactions are characterized as a class of
biocompatible small molecule reactions commonly used for bioconjugation, which is employed
in chemical ligation to modify other molecules, biomolecules, nanoparticles, and other surfaces.
In general, click chemustry reactions possess the following properties: modularity, insensitivity to
solvent parameters, lugh chemical yields, insensitivity towards oxygen and water,
regiospecificity and stereospecificity, and a large therrmoodynanuc driving force (320 keal/mol) to
favor a reaction with a single reaction product. Click chenustry reactions provide a high reaction
specifictty giving control of both regio- and stereo- specificity. The reaction specificity is of
particular usefulness for achieving the desired presentation of the sialic-acid ligands on the
surface of the nanoparticle, thereby permitting optimal binding of the nanoparticle to ymioune
cell Siglec receptors. The bonds formed by the click reactions during conjugation provide
accessibifity to ighly stable covalent bonds between the sialic-acid hgand and the nanoparticle,
which do not undergo rearrangement of reaction or result in degradation or hydrolysis in
biological conditions.

{80134} A vanety of different chick chemistry reactions may be used to link the Higand to the
surface of the nanoparticle. The use of such click chemistry reactions provides a controlied
reaction medium for generation of nanoparticles with desired sialic-acid ligand density and
spatial arrangement. The density and spatial arrangements of the sialic-acid ligands on the
nanoparticle surface can be controlied, for example, by controliing the amounis of polymer with
functional groups used forming the nanoparticles, the polymer molecular weight, polymer
density, the number of functional groups per polymer, solvent, tvpes of functional groups,
concentration of ligands, types of click chemistry emploved and type of click chemistry

conjugate pairs.
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{00155}  Invarious embodiments, an average molecular weight of a polymer, e g, PEG,
PLGA, PEG-PLGA block copolymer, can be determined by any of the methods known in the art,
such as amon-exchaneg chromatography, gel permeation chromatography, viscosity
measurements, among others.

186186} Chick chemistry reactions used for tethering of the ligand to the polymer are well
known to those of skill in the art and include, for example, Huisgen 1, 3—dipolar cycloaddition,
copper(l)-catalyzed azide-alkyne cycloaddition (CuAAC) yielding 1,3-substitued products,
ruthentum-catalyzed alkyne-azide cycloaddition (RuAAQC) yielding 1,5-substituted triazoles,
strain promoted alkyne azide cycloaddition (SPAAC) vielding 1,4-substituted products, strain-
promoted alkyne-nitrone cycloaddition, alkene and tetrazine inverse-demand Diels-Alder,
tetrazine trans-cyclooctene ligation, thiol-ene reaction, thiol-yue reaction, Staudinger reaction,
[4+17] cycloaddition, quadricvelane ligation [2+2+42] cycloaddition, norbornene cycloaddition,
and alkene tetrazole photoclick reaction.

{80157}  The tethering of higands to the surface of the nanoparticles s performed 1o such a way
50 a8 to provide presendation of the ligand for maxumurmn binding affinuty to the Siglec receptors
expressed on the surface of immune cells or sialic-acid ligand receptor expressed on the surface
of viral particles. The ligand density can be controlled to provide the desired multivalent or
polyvalent higand interactions with the Siglec receptors when contacting the immune cells, as
such interactions are correlated with a desired cellular immune response. Multivalent or
polyvalent higand-receptor interactions may be controlled based upon the density of the ligands
provided on the nanoparticle surface, and this density can influence the response elicited by the
mmune cells upon contact.

[B0138]  As disclosed, the use of click chemiustry reactions requires that both polymers of the
nanopariicle and the sialic-acid bgand be functionalized to permit the desired conjugation of the
figand 1o the nanoparticle surface. In one embodiment, the terminal alkyne is presented on the
nanoparticle surface for covalent chemical conjugation with an azide-presenting sialic-acid
ligand through performance of a copper(i}- catalyzed azide - alkyne (CuAAC) reaction; a
copper-free reaction; a atrain-promoted azide-alkyne (SPAAC) reaction; a tetrazine-altkene
figation reaction, or a trans-cycloociene (TCO)-tetrazine reaction. The azide functional group can

be added to the ligand using for example, sualytransferase STESIA4.
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180159}  In one aspect, Ligand/Nanoparticle conjugate pairs can be prepared with copper(l)
azide-alkyne cycloaddition with ligands with azide and nanoparticles with alkyne functional
groups, or with ligands with alkynes and nanoparticles with azide functional groups. Ligands
with dibenzylevclooctyne, diffuorcoctyne, or biarylazacyclooctynone ¢an be reacted with azides
via SPACC. Ligands with trans-cyclooctene can be reacted with nanoparticles having tetrazine
functional groups.

180160} The vanoparticles can be prepared by mixing Poly(D L-lactide-co-glycolide-COGH)-
PEG-COOH(PLGA 10,000 Da-PEG-COOH 35000Da) and Poly(lactide-co-glycolide)-b-
Poly(ethylene plycob-alkyne (PLGA-PEG-alkyne; 10,000 Da PLGA : 1,000 PEG Dajata 75:25
{w/w) ratio of PLGA-PEG-COOH PLGA-alkyne (DBCO). This 7525 ratio is one embodiment
of the density of alkyne funciional groups on the nanoparticle surface. Other ratios of PLGA-
PEG-COOH to PLGA-PEG-Alkyne (DBCO) used for nanoparticle preparation are 95:5, 90:10,
85:15, 80:20, 70:30, 65:35, 60:40, 55:45, 50:30. The ratio of PLGA-PEG-COOH to PLGA-PEG-
Alkyne (DBCO) 1s designed to provide sufficient space between the functional groups to permit
efficient conjugation of the polymer ligands and allow for the desired ligand density to be
achieved.

{86161} Nanoparticles can be prepared comprising one or more polymers possessing different
click chenustry functional groups for patring with their sialic acid-containing ligand conjugation
partner thereby allowing for the presentation of one or more types of ligands, with different
densities and/or spatial arrangement, on the nanopariicle surface. Use of different conjugate pairs
can be designed into the nanoparticle by employing one or more nanoparticle polymer/ligand
pair.

{80162} By having different click chenustry functional groups available on the nanoparticle
surface, different types of Higands can be conjugated to the surface of the nanoparticles. The
density of the different functional groups can be controlled by the ratio of the different polymers
to one another, the concentration of the polymers, and the type of click chemistry conjugate
pairs, the type of click chemistry reactions, and the size and shape of the sialic acid-containing
ligand. The number of different ligands that can be presented on the surface can be determined
by those skilled in the art. In a non-limiting embodiment, the number of different ligands present
on the nanoparticle surface is in the range of 1 to 20. The number of different ligands include, for

example,151,2,3,4,5,6,7, 8,0 10, 11,12, 13, 14, 15,16, 17, 18, 19, or 20. In another
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embodiment, the number of different ligands present on the nanoparticle surface is in the range
of 2 0 20. The number of different ligands include, for example, 15 2,3, 4,5, 6,7, 8, 9,10, 11,
12,13, 14,15, 16,17, 18, 19, or 20. In ancther embodiment, the nanoparticle will comprise at
least two different higands. In another embodiment, the nanoparticle will comprise at least three
different ligands. In another embodiment, the nanoparticle will comprise at least four different
figands. In another embodiment, the nanoparticle will comprise at least five different ligands.
100163} In general, the density of the functional groups on the nanoparticle surface dictates
the maximum ligand density that can be tethered to the surface of the nanoparticle via covalent
chemical conjugation via click chemistry. The ligand density can be conirolled and quantified in
terms of the number of functional groups per square nanometer of surface area.

{00164} The density of the ligands on the nanoparticle surface can be controlied by several
methods including chemical conjugation technigues, higand density on the polymer, ligand type,
solvent, pH, and tonic strength. Ligand density on the surface of the nanoparticles can be tuned
such that contacting immune cells with such nanoparticles results in an immune-modulating
response, ncluding an anti-inflammatory biclogical response. Control of the ligand density can
also be used to modulate the magnitude of the desired anti-inflammatory response.

[80165] In some embodiments, the sialic acid-containing ligands can be presented on the
nanoparticle in groups of at least 2, at least 3, at least 10, at least 15, at least 20 or at least 25, at
least 50, at least 100, at feast 200, or at least 400. In some embodiments, the sialic acid
containing higands can be spaced on the surface of the nanoparticle such that they or the
nanoparticle can bind to more than one Siglec receptor. In some embodiments, the sialic acid ~
contaimng hgandcan be spaced on the surface of the nanoparticle such that they or the
nanoparticle can bind to multiple Siglec receptors presented on mndividual cell types, which may
vary in the quantity of Siglec receptors presented on their plasma membrane.

{80166} In some embodiments the nanoparticle can comprise a polymer that includes a sialic
acid-containing ligand at a concentration i the range 0.05 nmol/mg of sialic acid-containing
ligand to nanoparticles to 250 nmol/mg of sialicacid-containing ligand to nanoparticles,
preferably 0.5 nmol/mg to 25 nmol/mg, and most preferably 0.5 to 15 nmol of sialicacid-
containing ligand per mg of nanoparticle. In embodiments, a device can be coated with such a
nanoparticle. In alternative embodiments a device can be formed from a polymer, for example
wherein the device is a microparticle or nanoparticle, wherein sialicacid-containing ligand is
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provided in the polymer at a concentration in the range 0.05 nmol/mg of sialicacid-containing
figand to nanoparticle to 250 nmol /mg of sialic-acid to nanoparticle, preferably 1 nmol/mg to 25
nmol/mg, and most preferably 2 o 15 nmol of sialicacid-contaning ligand per mg of
nanoparticle.

100167}  Insome embodiments, a nanoparticle can have a greatest cross-sectional width or
diameter of less than about 1000 nm, less than about 500 nm, less than about 250 nm or less than
about 200 nm. In embodiments, a nanoparticle can have a width greater than about 1 nm, greater
than about 10 nm, greater than about 50 nm, or greater than about 100 nm. In embodiments, a
nanoparticle coated with sialic-acid or a sialic-acid analog can have a greatest cross-sectional
width or diameter in the range of about 130 nm to about 170 nm, more preferably a width of
about 130 nm. In embodimenis these range of sizes can be average widths of nanoparticles. In
embodiments, at least 80% of the nanoparticles Hve within a disclosed range.

[80168]  Suitably, in some embodiments around at least 80%, roore preferably at least 90% of
the particles have a greatest cross-sectional width between 130 nm to 170 nm. In embodiments,
the particles can have an average greatest cross-sectional width of 150 nm with the particles
having no width greater or less than a value not within one standard deviation of 150 nm. In
some embodiments, the nanoparticle can have a volume equal to that of a sphere with a diameter
between 10 nm to 300 nm, suitably between 50 nm to 250 nm, or 100 nm to 200 nm, or 130 om
to 170 nm.

{00168}  In one example, the nanoparticle can have a volume equal to that of a sphere with a
diameter of about 100 nm.

{08176} Inanother aspect of the invention, the linkage of the nanoparticles with figands
provides a means for the nanoparticles to evade the immune system, 1.e., opsomzation and
phagocytosis via the reticuloendothelial system (RES). It is known that PEGylation of
nanoparticles, 1.e , the coating of nanoparticles with polyethylene glycol, provides barrier of
protection from detection by immune cells. However, PEG has disadvantages of toxicity,
mmmunogenicity, reduced cellular uptake, reduced binding, and nonbiodegradable or
bioresorbable properties. Coating of nanoparticles with sialic acid-containing ligands overcomes
the disadvantages of PEG, and provides for a natural, non-immunogenic nanoparticle coating
that can evade the RES and immune detection. Therefore, the nanoparticles disclosed herein

possess the ability to evade immune detection and mitigate immunogenic response.
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180171} The nanoparticles, or microparticles, disclosed herein may further comprise a
bioactive agent encapsulated within, adhered to the surface of, or integrated into the structure of
said nanoparticles. For example, the nanoparticle can further comprise at least one of an
antibiotic, an anti-viral agent, an anti-inflammatory, a cytokine, a cytoking inhibitor, an
immunomodulator, an immunotoxin, an anti-angiogenic agent, an anti-hypertensive agent, an
anti-edema agent, a radiosensitizer, an oligonucleotide comprising DNA or RNA, a peptide, an
anti-cancer agent, or any combination thereof. Methods of preparing nanoparticles that include a
bioactive agent encapsulated within, adhered to a surface of, or integrated into the structure of

the nanoparticle are known to those skilled in the art.

[06172] Modified Oligosaccharides

801731  Disclosed herein are modified oligosaccharides generally referred to as S-series {or 8-
1XX and 8-2XX} compounds and D-series (or B-1XX and D-2XX) compounds, and also
referred to herein as swalic acid-containing higands. The S-sereis compounds are the compounds
represented by the following general structural formulas (S-1) (or 5-1XX compounds), or (5-2)
{or S-2XX compounds), or a pharmaceutically acceptable salt thereof. The D-sertes compounds
are the compounds represented by the general structural formulas (D-1) {or D-1XX compounds)
or {D-2) {or D-2XX compounds) or a pharmaceutically acceptable salt thereof.
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[801735} The values and example values of variables R and Ry n formulas (8-1), (8-2), (B-1),
and {D-2) are defined heremnbelow.
{80176} Example compounds of the 5- and D-series and the synthesis thereof are deseribed

below m Examples 1A, 1B and 2.

861777  Conjugation of Oligosaccharides to Polymers and Production of Nanoparticles
{88178}  Also described herein are nanoparticles comprising a polymer conjugated 1o an
oligosaccharide described above, having a general structural formula

(oo P

wherein P 15 a biocompatible polymer and (G 15 any one of the moteties (also referred to herein as

sialic acid-containing ligands) represented by the following structural moieties:
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or a pharmaceutically acceptable salt thereof. The values and example values of vaniables R, Ry,
and L in formulas (S-1A), (8-2A), (D-1A), and (I3-2A) are described heremnbelow.

{80179} Example compounds of the conjugated oligoglycans of formulas {(S-14}, (8-24), (D-

1A}, {I-2A}, and the synthesis thereof are described below in Example 3

[00180] Indications

[60181] In various example embodiments, the compounds and particles described heremn are
useful m methods of treating diseases and disorders that are responsive to modulating {e.g.,
amplifying, reducing or elimmating} the activity of a Siglec receptor. Such diseases and

disorders include, but are not himited to, cancer, immune-related and inflammatory-related
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diseases and disorders. Such diseases and disorders include, but are not limited to a breast
cancer, non-smalf cell fung cancer (NSCLC), prostate cancer, colorectal cancer, melanoma,
pancreatic cancer, and myelofibrosis, diabetic retinopathy, idiopathic pulmonary lung fibrosis,
fiver fibrosis, sickle cell anenua, and acute respiratory distress syndrome {ARDS]).

100182}  In further embodiments, the present disclosure provides for a method of treating
mmune-related and inflammatory-related diseases, including, but not himited to, dry and wet
macular degeneration, retinal vascular disease, diabetic retinopathy, diabetic macular edema,
cysioid macular edema, proliferative diabetic retinopathy, proliferative vitreoretinopathy, dry
eve, allergic conjunctivitis, rtheumatoid arthritis, inflammatory arthritis, lupus, nephritis, immune
complex nephropathy, allergic esophagitis, allergic gastritss, hepatitis, fibrotic diseases of the
liver, idiopathic pulmonary fibrosis, acute respiratory distress syndrome, sepsis, bacterial and
viral mfections, influenza, SARS-CoV-1 and SARS-CoV-2, HIV/AIDS, Group B streptococcal
mfection, Neisseria infection, cancers mvolving solid organs, Non-small cell lung cancer,
Colorectal cancer, prostate cancer, uveal melanoma, malignant melanoma-skin, Myleofibrosis or
hematopoietic cancers, in each case in an afflicted subject through the admirustration of such
pharmaceutical compositions. The present disclosure provides a method of modulating an
mflammatory response i a cell, the method comprising: providing sialic acid-containing ligands
to a celi, wherein the sialic acid-containing ligands are presented on a nanoparticle such that a
pro-mnflanmmatory response in a cell 18 suppressed or an anti-inflammatory response in increased
m the cell. In certain embodiments, the method provides for the seppression of a pro-
mflammatory response. In alternative embodiments, the method provides for the increase in an
anti-inflammatory response. In some embodiments, the method provides for the enhancement of
a pro-inflarmnmatory response in sttuations such as infections, or cancer,

{00183} Accordingly, 3 method of treating an inflammatory disease, in a subject in need
thereof, is provided, said method comprising administering to a subject sialic-acid or an analog
thereof, wherein the sialic acid-containing ligand is presented on a nanoparticle such that a pro-
mflammatory immune response is suppressed or an anti-inflammatory immune response 1s
increased in the subject.

{00184}  Sard method may comprise: identifying a subject having a pro-inflammatory immune
response and/or suffering from a disorder associated with or caused by a pro-inflammatory

immune response or at risk of developing a pro-inflammatory immune response or a disorder
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associated with or caused by a pro-inflammatory tmmune response; administering to a subject
sialic acid-containing ligands, wherein the sialic-acid-containing ligandsare presented on a
nanoparticle.

{00185}  In specific embodiments, the method can be used to treat a subject with pulmonary
disease, including inflammatory and non-inflammatory conditions of the lung, but not exclusive
to tuberculosis, chronic obstructive pulmonary disorder (COPD), asthma, acute lung injury, acute
respiratory distress syndrome, cystic fibrosis, bronchiectasis, pulmonary fibrosis interstitial lung
disease, pulmonary vascular disease, influenza, viral pneumonia, bacterial pneumonia, allergic
bronchitis, nonallergic bronchitis, rhunitis, and fibro sing alveolitis.

{80186} In some embodiments, the method can be used for the treatment of rheumatic diseases
ncluding but not exclusive to rheumatoid arthritis, fibromyalgia, systemic lupus erythematosus,
systerme sclerosis (scleroderma), psoriatic arthritis, ankylosing spondyhtis, sjogrens syndrome,
polymyalgia rehuroatica, gout, ostecarthritis, infectious arthritis, and juvenile wdiopathic artheitis,
{80187}  Insome embodiments, the method can be used for the treatment of gastrointestinal
mflammation mcluding but not exclusive to Crohn's disease, ulcerative colitis, urritable bowel
syndrome, celiac disease, diverticulitis, gastroesophageal reflux, lactose mitolerance, peptic ulcer,
cholecystitis, gastritis, colitis, pancreatitis, autoimmune hepatitis, hepatitis, infectious hepatitis,
and pancreatitis.

[00188] Insome embodiments, the method can be used for the treatment of cardiovascular
diseases including but not exclusive to septic shock, atherosclerosis, diastolic dysfunction, heart
failure, cardiac fibrosis, coxsackie myocarditis, congenital heart block, autoimmune myocarditis,
giant cell myocarditis, and inflammation.

{80189}  In some embodiments, the method can be used for the treatment of renal
mflammation including but not exclusive to kidney transplant rejection, glomerulonephritis,
acute nephritis, cystitis, prostatitis diabetic nephritis, diabetic kidney disease, and urinary tract
nfections.

[6019¢] Insome embodiments, the method can be used for the treatment of dermatologic
inflammation including but not exclusive to dermatiiis, eczema, inflammatory rashes,
scleroderma, keloid, acne, sarcoidosis, finea cruris, tinea corporis, tinea pedis, finea capitis, finea
unguium, rosacea, vitiligo, lichen sclerosis, autoimmune urticaria, dermatomyositis, and

hidradenitis suppurativa.
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180191}  Insome embodiments, the method can be used for the treatment of neurological
mflammation and degeneration inchuding but not exclusive to neuromyelitis, multiple sclerosis,
encephalitis, neurs sarcoid, Alzheimer’s, amyotrophic lateral sclerosis, and Huntington’s chorea
{80192}  In some embodiments, the method can be used for the treatment of avtoimmune
mnflammation including but not exclusive to diabetes, SLE, multiple sclerosis, sjogrens
syndrome, Addison’s disease, Graves Disease, Hashimotos thyroiditis, myasthenia gravis,
autormmune vasculitis, celiac disease, pernicious anemia, alopecia areata, autoimmunune hepatitis,
autoimmune angioedema, avtoimmune encephalomyelitis, autoimmune inner ear disease,
Guillain barre, Kawasaki disease, lambert-eaton syndrome, Vogt-Kovanagi- Harada Syndrome,
systemic vasculitis, giant cell arteritis, sarcoidosis, and polyarteritis nodosa,

180193}  Insome embodiments, the method can be used for the treatment of viral inflammation
mcluding but not exclusive to mfluenza A, B, C, SARS-CoV1, SARS-CoV2, Newcastle Dhsease,
Sendai virus, Polyomavirus, HIV, Flavivirus, Caclivirus, Herpes virus, Picoronovirus, and
Coronavirus.

{80194}  In some embodiments, the method can be used for the treatment of fungal
mflaramation mcluding but not exclusive to fungemia, fungal abscess, fungal keratitis,
candidiasis, tinea pedis, and tinea cruris.

[89195]  In some embodiments, the method can be used for the treatment of parasitic
mflammation mncluding but not exclusive to amosbiasis, glardiasis, toxoplasmosis, and toxocara.
{80196}  In some embodiments, the method can be used for the treatment of a fibrotic disease
mcetuding but not exclusive to idiopathic pulmonary fibrosis, myelofibrosis, hepatic fibrosis,
cardiac fibrosis with dystolic dvsfunction and CHF, kidney fibrosis, retinal fibrosis, dermal
fibrosts, and scarring,

{80197}  In some embodiments, the method can be used for the treatment of acute life-
threatening mflammation including but not exclusive o sepsis and cytokine storm. In a specific
embodiment, provided are methods of treating a plurality of ocular inflammatory diseases such
as macular degeneration, uveitis, optic neuritis, neuromyelhitis, and inflamnmation arising from
mfections of the eye, eye exposure to drugs and toxins, and general immune disorders including
autoimmune disorders. In a non-limiting embodiment, provides useful methods are provided for
preventing, treating, or ameliorating a macular degeneration such as dry macular degeneration,

wet macular degeneration, geographic atrophy, intermediate macular degeneration, and age-
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related macular degeneration in a patient. The methods of treating, preventing, or ameliorating
ocular inflammation, including macular degeneration, comprise administering a composition of
sialic-acid ligand nanoparticles to a patient suffering from, or a risk of developing, ocular
mflammation such as macular degeneration.

{86198} In some embodiments, an ophthalmic preparation is provided as an eye drop, an eve
ointment or an ophthalmic injection. For an ophthalmic injection, intravitreous or
subconjunctival injection, may be used to administer the nanoparticles.

{86199}  Co-admmnstration of additional compounds having applications m methods to treat,
prevent or ameliorate a macular degeneration may be co-administered in conjunction with the
nanoparticle containing pharmaceutical compositions used for treating macular degeneration. For
example, anti-angiogenic pharmaceuticals for the treatment of wet age-related macular
degeneration such as pegaptanib sodium, ranibizuroab, bevacizumab, aflibrecept and
brolucizumab can be used as a combination. While particular embodiments of the present
disclosure have been shown and described, it will be obvious to those skilled in the art that
changes and modifications can be made without departing from the disclosure in its broader
aspects. Therefore, the appended claims are 1o encompass within their scope all such changes
and modifications as fall within the true spirit and scope of this disclosure.

{89200}  In example embodiments, the compounds described herein can be used i methods of
treatment of the following disorders and conditions:

{00281} Ophthalmic Diseases, such as Age-macular degeneration, Dry Eves, Diabetic
Retinopathy, Allergic Ocular Conditions, and Geular Fibrosis.,

{09282} Neuwrological diseases, such as Alzheimer “Newroinflamnmation/degeneration, ALS,
Muttiple Sclerosis, Neuropsychiatry “Schizophrenia.”

{80283} Cancers such as Solid Tumors (Breast, Lung, Colon, Prostate, Brain “Glioblastoma),
Lymphomas and Leukenua.

100284}  Infections such as viral infections including Influenza, Avian Bird Flu, and SARS-
COV-2, bacterial mnfections, such as Meningococcal, Strep Pneumonia and Group-B Strep.
{00205  Allergic Conditions such as anaphylactic shock, food allergies, and contact allergies.
{80286}  Fibrosis such as pulmonary fibrosis, Hepatitis induced fibrosis, and Myelofibrosis.
(86267}  Austoimmune conditions, such as Uveitis, Arthritis, Systemic Lupus Hrythematosus,

Sepsis.
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180288} Kidney diseases, such as AHUS or Glomerulonephritis.

{00269} Gl conditions, such as Crohn’s Disease or Ulcerative colitis.

{00210} Cardiac Diseases, such as Atherosclerosis “Macrophages driven,” Cardiac Fibrosis,
Ischemia induced cardiomyopathy, Cardiac Heart Failure,

(80211} Inflammatory conditions.

180212}  In other embodiments, the compositions disclosed herein can provide for the
suppression of 8 pro-mflammatory response and an increase i an anti-inflammatory response.
[80213] In one aspect, the pro-inflarnmatory response can be suppressed by at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, or at least 99%. In alternative embodiments, the anti-inflammatory response can be
mcreased by at least 10%, at least 20%, at least 30%, at least 40%, and at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 99%.

{00214}  Suitably pro-inflammatory cytokines can be measured to determine the efficacy of
nanoparticle drug treatment. Such measurements can be made during the actual treatment of 3
subject, or alternatively, during animal testing of the nanoparticles disclosed herein. In
embodiments, pro-inflammatory cytokines can include, for example, TNF-q and IL-6. Suitably
anti-inflammatory cytokines can also be measured, for example 1L-10. The skilled person would
know of suitable assay methods to measure such cytokines. For example, the Bio-Plex™
Cytokine Assay (Bio-Rad} may be used. To determine whether a cell produces greater or less
proinflammatory cvtokines, a suitable method which can be used 15 that cells are resuspended
and seeded at 2x1¢° cells/mi and 200 pl per well in a 96 well plate. They can then be left to
adhere to the plate overnight and be treated with LPS and ligands for 24 hours at range of
concentrations. Supernatant can then be removed and stored at —70° C. Cytokine levels can then
be assessed by ELISA (R&D systems). As will be appreciated a simiar method can be apphed to
deternune anti-inflammatory cytokines,

[B0215]  In an embodiment, TNF-o levels can be surtably determined by coating a 96 well
plate with TNF-u capture antibody diluted in 1x phosphate buffered saline (PBS) overnight. All
steps can be carnied out at room temperature. The wells can be washed three times in

1xXPBS/0. 1% Polvoxvethylene sorbitan monolaurate (Tween 20) before being blocked for one

hour with 1% BSA (BDH) dissolved in 1xPBS. The washing step can be repeated and 50 yl of

L}
4

9.



WO 2023/129737 PCT/US2022/054381

treated cell supernatants or standards ranging from 2000 pg/ml to O pg/ml can be added to the
wells and left for 2 hours. Subsequently supernatant can be aspirated out, the wells washed 3
times and 50 pl of TNF-o detection antibody diluted in 196 BSA/1xPBS can be added for 2
hours. Again, wells can be washed three times and Horse Radish Peroxidase (HRFP) conjugated
anttbody can be added at 1 in 200 dilution in 1% BSA/1xPBS for 20 minutes. At this stage, the
plate can be covered in aluminum foul. Once wells have been washed 3,3',5,5'-
tetramethyibenzidine (TMB) can be added for 20 nunutes and again protected from light 1M
hydrochloric acid can be added to halt the reaction and absorbance read on a plate reader at 450
nM. TNF-u concentrations can then be extrapolated from the standard curve. As will be
appreciated, a similar methodology can be applied to determine other cytokine levels,
substituting the TNF-¢ detection antibody for a detection antibody or other agent specific for the
applicable cytokine.

{80216} Inan embodiment, 1L-10 levels can be suitably determined by coating a 96 well plate
with IL-10 capture antibody diluted 1n 1% phosphate buffered saline (PBS) overmight. All steps
can be carried out at room temperature. The wells can be washed three times i 1XPBS/0.1%
Polyoxyethylene sorbitan monolaurate (Tween 20} before being blocked for one hour with 1%
BSA (BDH) dissolved in 1xPBS. The washing step can be repeated and 50 ul of treated cell
supernatants or standards ranging from 2000 pg/mi to 0 pg/mi can be added to the wells and left
for 2 hours. Subsequently supernatant can be aspirated out, the wells washed 3 times and 50 yl of
IL~10 detection antibody diluted in 1% BSA/1#4PBS can be added for 2 hours. Again, wells can
be washed three times and Horse Radish Peroxidase (HRP) conjugated antibody can be added at
1 200 didution in 1% BSA/IXPBS for 20 nunutes. At this stage, the plate can be covered in
aluminum foil. Once wells have been washed 3,37, 5,5 -tetramethyibenzidine { TMB) can be added
for 20 munutes and again protected from Hght. 1M hydrochloric acid can be added to halt the
reaction and absorbance read on a plate reader at 450 nM. 1L-10 concentrations can then be
extrapolated from the standard curve. As will be appreciated, a similar methodology can be
applied to determine other cviokine levels, substituting the 11-10 detection antibody for a
detection antibody or other agent specific for the applicable cytokine.

{80217} To determine whether the treated subject or test animal produces a greater or lesser
pro-inflammatory response, a method that may be used 1s analysis of serum cytokine levels. For

example, this may be achieved by the collection of 50 il blood from the treated subject using a
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capillary tube. This blood is aliowed to clot at room temperature for 30 minutes prior to
centrifugation at 1300 rpm to pellet red blood cells. Serum is decanted to a clean micro-
centrifuge tube and analyzed by ELISA. For more extensive analysis, a larger volume of blood
{approximately 600 ui—1 ml} may be taken by direct cardiac puncture, thus allowing for a greater
volume of serum to be collected and analyzed by ELISA or such other technique. Other suitable
techniques to determine whether the treated subject or test anmimal produces a greater or lesser
pro-inflammatory response will be known in the art, particularly to detect and measure

cytokines.

j00218] Pharmaceutical Compositions

180219} As used herein, "pharmaceutically acceptable carrier or excipient” may include any
and all medically appropriate inactive ingredients and/or solvents, diluents, or other liquid
vehicle, dispersion or suspension aids, surface active agents, 1sotonic agents, thickening or
emulsifying agents, preservatives, solid binders, fillers, bulking agents, lubricants and the like, as
suited to the particular dosage form desired. Remington's Pharmaceutical Sciences, Eighteenth
Edition, A. R. Geunaro (Mack Publishing Co., Haston, Pa., 1990} discloses various carriers used
in formulating pharmaceutical compositions and known techruques for the preparation thereof
[B6226]  The present disclosure further provides pharmaceutical or veterinary compositions
comprising the swalic-acid-containing ligand linked nanoparticles disclosed herein. Sucha
pharmaceutical composition is formulated to be compatible with its intended route of
administration. Examples of routes of adnunistration mclude both parenteral and non-parenteral
administration methods including, for example, intravenous, intravitreal, oral, intraccular,
subretinal, subtenons, intrascleral, periocular, intravenous, inhalational nasal and oral,
mitramuscular, intra-areterial, intraspinal, intrathecal, intracranial, intradermal, transdermal
{topical}, transmucosal, subcutaneous, pulmonary lavage, gastric lavage, mtrahepatic,
subcutaneous, and rectal administration.

[80221]  Suitably, in some embodiments nanoparticles can be parenterally administered. After
parenteral admunistration, nanoparticles can selectively accumulate in particular tissues or body
locaiions. In some embodiments, nanopariicles can deliver a therapeutic payload to the cell or
tissue. In some embodiments, nanoparticles can access diseased tissue through an enhanced
permeability and retention effect.

- 61 -



WO 2023/129737 PCT/US2022/054381

180222}  In general, pharmaceutical compositions are provided comprising an effective amount
of a nanoparticle with pharmaceutically acceptable diluents, preservatives, solubilizers,
emulsifiers, adjuvants, and/or carrters. Such compositions include dituents of various buffer
content {&.g., Tris-HCI, acetate, phosphate}, pH and 1onic strength; additives such as detergents
and solubtlizing agents {e g., tween 80, polysorbate 80}, antioxidants (e.g., ascorbic acid, sodium
metabisulfite}, preservatives (e.g., thimersol, benzyl alcohol) and bulking substances {(e.g.,
lactose, mannitol). Such compositions may influence the physical state, stability, rate of in vive
release, and rate of in vivo clearance of the nanoparticle. See, e.g., Remington's Pharmaceutical
Sciences, 18th Ed. (1990, Mack Publishing Co., Easton, Pa. 18042} pages 1435-1712 which are
herein incorporated by reference. The compositions may be prepared in liquid form, or may be
formulated into a dried powder, such as lyophilized form.

[80223] The term “pharmaceutically acceptable salt” also refers to a salt prepared froma
compound disclosed herein or any other compound delimeated herein, having an acidic functional
group, such as a carboxyhic acid functional group, and a pharmaceutically acceptable inorganic
or orgamc base.

99224} Pharmaceutically acceptable salts of the compounds of the present juvention are also
meluded. For example, an acid salt of a compound of the present invention containing an amine
or other basic group can be obtained by reacting the compound with a suitable organic or
morganic acid, resulting 1o pharmaceutically acceptable antonic salt forms. Hxamples of anionic
salts include the acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium
edetate, camsylate, carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate,
esylate, furmarate, glyceptate, gluconate, ghutamate, glycollylarsanilate, hexylresorcimate,
hydrobromide, hydrochloride, hydroxynaphthoate, 1odide, 1sethionate, lactate, laciobionate,
malate, maleate, mandelate, mesviate, methyisulfate, mucate, napsylate, nitrate, pamoate,
pantothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate, subacetate,
succinate, suifate, tannate, tartrate, teoclate, tosylate, and triethiodide salts.

[60225]  Salis of the compounds of the present invention containing a carboxylic acid or other
actdic functional group can be prepared by reacting with a suitable base. Sucha
pharmaceutically acceptable salt may be made with a base which affords a pharmaceutically
acceptable cation, which includes alkali metal salts {especially sodium and potassiumy}, atkaline

earth metal salis {especially calcium and magnesium), aluminum salts and ammonium salts, as

-62 -



WO 2023/129737 PCT/US2022/054381

well as salts made from physislogically acceptable organic bases such as trimethylamine,
tricthylamine, morpholine, pyndine, piperidine, picoling, dicyclohexylamine,

N, N’ -dibenzylethylenediamine, 2-hydroxyethylamine, bis-(2-hydroxyethyDamine,
tri-{2-hydroxyethylJamine, procaine, dibenzylpiperidine, dehydroabietylamine,

N, N’-bisdehydroabietylamine, glucamine, N-methylglucamine, collidine, quinine, quinoline, and
basic anuno acids such as lysine and arginine.

[00226] Accordingly, in a [ example embodiment, the present invention is a compound

represented by any one of the following structural formulas:
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{00227} Ina ™aspect of the 1% example embodiment, R, for each ocourrence independently,
15 -C(O)-A, wherein A is a C1-Ce alkyl, 3 Co-Ciz aryl, a {Ce-Cis)aryCi-Cajalkyl, a 5-18-member
heteroarvl, a (5-18-member jheterocarvli{Chi-Cslalkyl, a C3-Cs cycloalkyl, a {Us-Cs)eyeloalkyl{(Ci-
Cilalkyl, a 5-8-member heterocycloatkyl, or a {5-8-memberheterocycloalloy{Ch-Cs)alkyl;
wherein one or two carbon atoms within the alkyl portion of A is optionally, each independently,
replaced with a hetercatom selected from N, Q, or 8. (Examples of an alkyl portion of A that
meludes a heteroatom are CH3-CH2-0O-CH2-CHy-) CH3-NH-CHy-, CH3-N{CH3)}-CHz-, CH3-S-
CH3-CHa-, ete.). Further, A is optionally substituted with 1 to 3 R'! groups, each said RY group
mndependently selected from a C1-Cs alkyl, a C1-Cs haloalkyl, a Ci-Cs alkoxy, a halogen, a Ce-Crz
aryl, a 5-12-member hetercaryl, cyano, or two groups R'', taken together with the atoms to
which they are attached, form a 5-7-member heterocyclyl having 1 to 3 heteroatoms selected
from N, O, or §; wherein R, each independently, is optionally substituted with 1 to 3
substituents selected from a halogen, a Ci-Cs alkyl, a C1-Cs haloalkyl, a C1-Co alkoxy, or cyane;
and further wherein: R, for each occurrence independently, i1s -RE-RY, and wherein: RY 1s, for
each occurrence independently: -0-(C1-C2) alkylenyl-, -0-, -8-, -NR?- -S-(C1-C12) alkylenyi-,
NR¥MAC-C ) alkylenyl-, -NR¥MAOA(Ci-Cizjalkylenyl-; -O~-(CH2CH2Our, -O-(CH2CH20 )
(CH2CH)-, -NRZ X1 (- Cho) alkylenyl-, -NRIZNRI.C(0)-(Ci-Cio)alkylenyl, wherein
R0 RIVH RO RIZ R 4nd RO each independently is H or a Ci-Cs allyl, and X% s -0O-
or -NH-, and wherein m and k, each independently, is an integer from 1 to 12; RF, for each
occurrence independently, 180 H, a C1-Cs alkyl, -NHz, -NH-Fmoc, -NH-Bog, -NH-CBz, -NH-
Troc, -NH-TFA, a mono{C1-Cslalkylamine, a di{(Ci-Ca alkyhaming,
- {0)-R'S wherein R' is -H, -OH, or a {C1-Cs) alkyl;

o)

_g_ N;E;

. . . ) N i , .
~-SH, a moiety represented by the followmg structural formula G or a click chemistry
reagent.

[00228]  Ina 2™ aspect of the 1% example embodiment, the compound is represented by any

one of the following structural formulas:
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or a pharmaceutically acceptable salt thereof. Values and exarmple values of the varuiables in
formulas (8-1-1), (S-2-1), (B-1-1), and (D-2-1) are defined above with resepct to the 1% aspect.
[00225] Ina 3 aspect of the 1™ example embodiment, the click chemistry reagent comprises
an azide, a C2-Cs alkyne, a tetrazine, a trans-cyclooctene, or a cyclooctyne. The remainder of the
values and example values are as defined above with respect to the 1% and 2 aspects.

{002308]  Ina 4" aspect of the 1% example embodiment, the click chemistry reagent is an azide,

a {Uo-Ca alkyne, or a molety represented by any one of the following structural formulas:
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RY =5, RC
RO =8
=g =g

RC N RO
0

o

wherein: R is hydrogen or halogen; X is null or O; and R" is in each case independently
selected from hydrogen, halogen, Crsalkvl, Cisalkoxy, a Cs-Ci2 aryl, 53-8 member hetercaryl, Ts-
scycloalkyl, or 3-8-member heterocyclyl, wherein any two or more RY groups can together with
the atoms to which they are attached optionally form an unsaturated, saturated, or aromatic 5-8-
member ring; and R s hydrogen, Crsalkyl, Crealkoxy, a Ce-Ciz aryl, a 5-8-member heteroaryl,
Cascycloalkyl) or a 3-8 member heterocyclyl The remainder of the values and example values
are as defined above with respect to the 1% through 3™ aspects.

{00231} Ina S™aspect of the 1* example embodiment, the click reagent is an azide, a (2-C3

alkyne, or any one of the moieties represented by the following structural formulas:

T Mot oS0
e

" \H’
0 SNy :‘g*"‘@ o &:/ E,,Nwov )
Ny g’ = \\ //\ K IX Cor

5

o

AN

O }ﬁ\
\1
“E”NR" §

wherein R* is H or methyl, R¥, for each occurrence independently, is H or a C1-Cs alkyl, and RY
15 -NH-C{()0- The remainder of the values and example valugs are as defined above with

respect to the 1% through 4™ aspects.
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{00232} Ina 6" aspect of the 1% example embodiment, R, for each occurrence independently,
15 ~O-{CHap-NH2 of -O-{CH p-NH-Fmoe, wherein x, for each occurrence independently, is an
mteger from 1 to 10, for example x 15 5. The remainder of the values and example vahies are as
defined above with respect to the 1% through 5™ aspects.

100233}  Inanadditional aspect, R, for each occurrence independently, 15 ~O-{CHa)x-N3,
wherein x, for each occurrence independently, 1s an integer from 1 to 10, for example x 15 5.
{00234} Ina 7" aspect of the 1% example embodiment, the cycloalkyl portion of moiety A is
selected from a Co-Cr cycloalkyl; the heterocycloalkyl portion of moiety A s selected from a 5-
G-member heterocycloalkyl having 1 or 2 hetercatoms selected from N, O, or §; the aryl portion
of moiety A s selected from a phenyl or a naphthalenyl; and the heteroaryl portion of moiety A

is selected from a motety represented by any of the following structural formulas:

wherein X', X% and X7, each independently, is selected from NRY, O, or §, whereinR¥ isHora
C1-Cs alkyl; and wherein, if present, each R' is independently selected from cyano, a halogen, a
phenyl, a halophenyl, a C1.Cs alkyl, a C1-Cs haloalkyl, a C1-Cs alkoxy, or two groups R, taken
together with the atoms to which they are attached, form a [1,3]dioxolo group, optionally
substituted with one or two methyl or ethyl groups. The remainder of the values and example
values are as defined above with respect to the 1% through 6™ aspects.

{00235]  Inan 8" aspect of the 1% example embodiment, Ry, for each occurrence
mdependently, is selected from the moiety represented by the following structural formulas,

wherein the wavy line represents the point of attachment of R; 1o the nitrogen atom:

1

(9)

~}
'
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[80236] The remainder of the values and example values are as defined above with respect to
the 1% through 7% aspects.
00237} Ina 9% aspect of the 1% example embodiment, the compound is any one of the
compounds S-101 through 8-131, or B-101 through D-131, wherein the motety R is ~O0-(CHz)s-
NH-Fmoc.
{00238} Inan additional aspect, the compound is any one of the compounds S-101 through 8-
131, or B-101 through D-131, wherein the moiety R is -O-(CHa)s-NHz or ~O-(CHa)s-Ns.
{00239} Ina 2" example embodiment, the present inventipon is a particle, comprising a
compound represented by the following structural formula:

G L e

{00240} Ina 1® aspect of the 2° example embodment, P is a biocompatible polymer; L is a
covalent linker; and (3 15 any one of the moieties represented by the following structural

formulas:
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or a pharmaceutically acceptable salt thereof.
(89241}  Informulas (8-1A), (8-2A), (3-1A), and (D-2A): the symbol v represents the

point of attachment to L; Ry, for each occurrence independently, 13 -C(O)-A, wherein Ais a -
Ce alkyl, a Ce-Crz arvl, a {Cs-Cis)arvl{Ci-Cslalkyl, a 5-18-member heteroaryl, a (5-18-
membertheteroaryl{Cr-Cajaikyl, a Cs-Cs eycloalkyl, a (Cs-Caieycloalkyl{Ci-Cslalkyl, a 5-8-
member heterocycloalkyl, or a {5-B-memberiheterocycloalkyl{Ci-Csjalkyl, wheremn one or two
carbon atoms within the alkyl portion of A 1s optionally, each independently, replaced with a
hetercatom selected from N, O, or S, (Examples of an alkyl portion of A that inclodes a
heteroatom arg CH3-CHR-0O-CHa-CHa-, CH3-NH-CHa-, CH3-N{CH3}-CHz-, CH3-8-CHo-CHa-,

etc.) A is optionally substituted with 1 to 3 R'! groups, each said R group independently

S 60 .
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elected from a C1-Co alkyl, a Ci-Co haloalkyl, a Ci-Cs alkoxy, a halogen, a Co.Ciz aryl, 2 5-12-
member heteroaryl, cyano, or two groups R, taken together with the atoms to which they are
attached, form a 5-7-member heterocyclyl having 1 to 3 heteroatoms selected from N, GO, or §
wherein R each independently, is optionally substituted with 1 to 3 substituents selected from a
halogen, a C1-Cs alkyl, a C1-Cs haloalkyl, a Ci-Cs alkoxy, or cyano.

{00242]  Ina 2™ aspect of the 2™ example embodment, moiety G is represented by any one of

the following structural formulas:

HO
HO§ OH  cOuH OH
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ACHN m 0
HO HO "iM

HO (D-1-1A), or

4O on
oMY < on
t< o !
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HO (D-2-1A),
or a pharmaceutically acceptable salt thereof The remainder of the values and example values

are as defined above with respect to the 1% aspect.
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180243}  In some aspects, the biocompatible polymer can comprise at least one biocompatible
polymer selected from the group consisting of polyglyeolic acid, poly(lactic acid}, poly{lactic-
co-glycolic acid), polycaprolactone, poly(3-hvdroxybutyric acid ), poly(ethylene glycol),
polyethylene oxide, poly{ethylene glycoly-block-poly{propylene glycol)-block-poly{ethylene
glycol} (Pluronic F127), polyoxyethvlene-polyoxypropylene block copolymer (Pluronic F68),
poloxamer, poly(hydroxymethylmethacrylate), polyvinyl alechol, poly(vinvipyrrolidone},
hyaluronic acid, heparin, heparin sulfate, polysialic acid and chitosan. For example, the polymer
can comprise a copolymer PLGA-PEG. The remainder of the values and example values are as
defined above with respect to the 1 and 2° aspecis.

{00244] Ina 3" aspect, the biocompatible polymer comprises at least one of polyglycolic acid,
poly{lactic acid), poly(lactic-co-glycolic acid), polycaprolactone, poly(3-hydroxybutyric acid),
polvethylene oxide, polyoxyethylene-polyoxypropylene block copolymer,
poly(hvdroxymethylmethacrylate), polyvinyl alcohol, polv{vinvlpyrrolidone), hvaluronic acid,
heparin, hepatin sulfate, polysialic acid and chitosan, The remainder of the values and example
values are a5 defined above with respect to the 1% and 2° aspects.

002457  Ina 4% aspect, the biocompatible polymer comprises poly(L-lactic acid), poly(D-
lactic acid}, poly(D/L-lactic acid), a copolymer thereof, or a combination thereof. The remainder
of the values and example values are as defined above with respect to the 1 and 2 aspects.
[00246] Ina 5% aspect, the biocompatible polymer comprises polvethylene oxide,
polyoxyethylene-polyoxypropylene block copolymer, a copolymer thereof, or a combination
thersof. The remainder of the values and example values are as defined above with respect to the
1 and 2% aspects.

[00247]  Tua 6™ aspect of the 2™ example emabodment, the polymer P is represented by the

following structural formula:

o]
il
—~ QCHgCHg%‘Q CHCHO—
E’ m ! §
2 CHs
0-1G ¥

100248}  wherein the symbol VW represents the point of attachunent of the polymer to the

finker L, and further whereunt v is an integer from 0 to 1000, x is an mteger from O to 1000, and
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m is an integer from 0 to 450, provided that x and v are not simulianecusly 0. The remainder of
the values and example values are as defined above with respect to the 1% through 5™ aspects.
[00249]  In certain examples of the 6 aspect, v is an integer from 0 to 500, x is an integer
from 0 to 500, and m is an integer from 0 o 250. For example, in various aspects, m 1s 50-200,
or m 18 75-175, or m is 90-150, or m 15 90-140, or m is 100-130. In various aspects, x is 50-200,
orx is 75-175, or x 18 90-150, or x 15 90-140, or x 15 100-130. In additional aspects, v 15 5-100, or
v is 10-75, or v 1s 15-50. Any combination of values for x, y and m based on the various aspects
above are also contemplated. For example, m can be 100-130, x can be 100-130 and y can be
15-50.

{00256]  In another example of the 6 aspect, x is an integer from 90 to 140; y is an ineteger
from 10 to 75; and m 1s an integer from 90 to 140,

[80251]  The remainder of the values and example values are as defined above with respect to
the 1% through S® aspects.

(002521 Ina 7" aspect, the particle further comprises one or more oft an acid-terminated
PLGA (PLGA-COOH); an acid-terminated PLGA-PEG copolymer, wheretn the acid moiety
terminates the PEG block (PLGA-PEG-COOH); an PLGA-PEG copolymer, wherein the PEG
block 13 termunated with the moiety represented by the following structural formula:

0]

g Hy
,C_CHQ‘“CHQ"CHQ-CHQ"'CHQ ﬁ“CHQ‘C'-S

(PLGA-PEG-DBCO); or
an PLGA-PEG copolymer, wherein the PEG block 1s terminated by the the moiety represented
by the following structural formula:
~ 6

(oot

0 H: ' (PLGA-PEG-NHS),
wherein the dash line denotes the point of attachment of the terminating motety to PEG block.
{00233]  Inan example of the 7% aspect, the particle comprises at least one of® a blend of 75%

by weight of PLGA-COOH and 25% by weight of PLGA-PEG-DBCQO; a blend of 75% by

-T2 -
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weight of PLGA-COOH and 25% by weight of PLGA-PEG-NHS; a blend of 90% by weight of
PLGA-PEG-COOH and 10% by weight of PLGA-PEG-DBCO; and PLGA-PEG-NHS.

{00254} The remainder of the values and example values are as defined above with respect to
the 1% through 6™ aspects.

{00255}  Inan 8™ aspect of the 2™ example embodment, the linker L includes a portion that is
a product of a click chemistry reaction. The remainder of the values and example values are as
defined above with respect to the 1% through 7" aspects.

{00256]  Ina 9% aspect of the 2™ example embodment, the linker L comprises a portion
represented by any one of the following structural formulas, wherein the symbols ~-ana and
wwv | each indepednently, represents the point of attachment to additional portions of the hinker

LtoP orio

! Nz
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S {1y,
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X O
R
N TN g s \"N\\
(T el
s e N
|
e @, T (5),
. o
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(7,

wherein R* is H or methyi, R*, for each occurrence independently, is H or a Ci-Cs alkyl, and R*

G (6}, or

is -NH-C{0)0-, and R? is an —H or a C1-Cs alkyl. An example of the additional partion of the

linker is the moiety R" defined hereinabove with respect to the 1% example embodiment or any

-7
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aspects thereof One example of the additional portion of the linker is a ~0-(Ci-Cizjalkylenyl,
such as the motety ~O-{CHz)s. The remainder of the values and example values are as defined
above with respect to the 1% through 8% aspects.

[60257]  Inan 10" aspect of the 2™ example embodment, the polymer P is a PLGA{10k)-
PEG(Sk). The remainder of the values and example values are as defined above with respect to
the 1% through 9™ aspects.

{00258] Ina 11™aspect of the 2™ example embodment, the weight of G per unit weight of P
{ligand density} is from 10 to 75 np/mg. The remainder of the values and example values are as
defined above with respect to the 1% through 10% aspects.

{00259]  Ina 12" aspect of the 2% example embodiment, the weight of G (also referred to
herein as the sialic acid-containing ligand) per weight of total solids is from about 1ug/mg to
about 1000 pg/mg.

[002608] Iuna 3 example embodiment, the present invention is a method of treating a disorder
in a subject in need thersof.

{00261} Tuna 1™ aspect of the 3™ example embodment, the method comprises administering to
a subject an effective amount of a compound or a composition comprising particles described
herein, or a pharmaceutically acceptable salt threof, wherem the disorder is selected from a
cancer, an ophthalmic disease, a fibrotic disease, a parasitic inflammation, a fungal
mflammation, a viral inflamration, an autoimmune inflammation, a neurological inflammation,
a neurglogical degeneration, a dermatologic inflammation, a renal inflammation, a
cardiovascular disease, a gastrointestinal inflammation, or a rheumatic disease.

[00262] Ina 4" example embodiment, the present invention is a method of treating a disorder
m g subject in need thereof,

[00263] Ina I*aspect of the 4™ example embodment, the method comprises administering to
a subject an effective amount of a compound or a composiiion comprising particles described
herein, , or a pharmaceutically acceptable salt threof, wherein the disorder s selected froma
breast cancer, non-small cell lung cancer (NSCLC), prostrate cancer, colorectal cancer,
melanoma, pancreatic cancer, myelofibrosis, diabetic retinopathy, 1diopathic pulmonary lung
fibrosis, liver fibrosis, sickle cell anemia, and acute respiratory distress syndrome (ARDS).
[00264] Ina 5" example embodiment, the present invention is a pharmaceutical compaosition,

comprising a compound or a particle as described herein with respect to the 1% and 2° example
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embodiments and their various aspects and example aspects, or a pharmaceutically accepiable
salt thereof, in a pharmaceutically acceptable carrier.

[00265] Ina 6" example embodiment, the present invention is a method of making a particle
comprising a molecule represented by the following structural formula:

G L E.

{00266} The values and example values of the variables G, L, and P of the 6% exaniple
embodiment are defined hereinabove with respect to the 1% and 2™ example embodiments and
various aspects thereof.
[00267] Ina IMaspect of the 6 example embodiment, the method comprises reacting a
compound represented by a structural formula (B)

G-RM (D)
with a compound represented by a structural formula (1)

PR (1D},
wherein RI and R are each a reactive motety, under conditions suitable to cause moieties RF
and R to react with each other thereby producing a portion of the covalent -L-.
[00268]  Ina 2™ aspect of the 6% example embodiment, RY and R, is a pair of click reagent,
and wherein the conditions are suitable to cause a click reaction between R7! and R™, wherein
the the linker L includes a portion that is a product of a click chemistry reaction between R™! and
R Value and example values of the remainder of the variable are as defined with respect to the
1* aspect.
{00269]  Ina 3 aspect, the biocompatible polymer coraprises at least one biocompatible
polymer selected from the group consisting of polvglyeolic acid, polv{L-lactic acid), poly{lactic-
co-glycolic acidy, polveaprolactone, poly(3-hvdroxybutyric acid ), polyethylene oxide,
polyoxyethviene-polyoxypropylene block copolymer, poly(hydroxymethylmethacrylate),
polyvinyl aleohol, poly(vinylpyrrolidone), hyaluronic acid, heparin, heparin sulfate, polysialic
acid and chitosan. The remainder of the values and example values are as defined above with
respect to the 1% and 2™ aspects.
160276] Ina 7" example embodiment, the present invention is a compound represented the

following structural formulas:
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{86271} or a pharmaceutically acceptable salt thereof.

in a first aspect of the 77 example embodiment, R, for each occurrence independently, is -RE-RF,
and wherein: R 15, for each occurrence independently: -O-, -8-, -NR!. -Q-(C:-Cu2) alkylenyl-,
-8-{C1-Cr2) alkylenyl-, -NR(C1-Cro) alkylenyl-, -NR4.0-(Ci-Cio)alkylenyl-

s ~O-(CHXH: O, -O-(CHCH O - ( CHCH)-, -NRIPZ0 4 C1-C ) alkylenyl-, -NRICH.
NRIPP.C(O)-(Cr-Cizjalkylenyl, wherein R1% RIVE RI0E RI® RIC and RO eqch
independently is H or a C1-Cs alkyl, and X% is -0- or -NH-, and wherein m and k, each
independently, 1s an integer from 1 to 12; RY, for each occurrence independently, is:

H, a C1-Cs alkyl, -NHa2, -NH-Fmog, -NH-Boc, -NH-CBz, -NH-Troc, -NH-TFA, a mono{{i-
Cajalkylamine, a &i{Ci-{s alkyDamine;

SC{ON-R'P ) wherein R' i -H, -OH, or a {(C1-Cs) alkyl;

-SH, a motety represented by the following structural fornuda
or a click chemstry reagent.
{00272]  In one aspect of the 7% example embodiment,~R™RF 15 not ~OH.
{00273}  In various additional aspect, the values and example values of variable R are
described above with repsect to the 1% to 6% example embodiments and their various aspects.
[00274] Tnan 8" example embodiment, the present invention is a particle, comprising a
molecule represented by the following structural formula:

e N A
{00275  Ina 1% aspect of the 8" example embodiment, P is a biocompatible polymer, L is a

covalent linker; and G is represented by the following structural formula:
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HO (S000-P),
or a pharmaceutically acceptable salt thereof, wherein the symbol . represents the point of

attachment to L.
[60276] In additional aspect, the values and example values of variables L and P are described

above with repsect to the 274

example embodiments and its various aspects.

{00277]  Ina 2™ aspect, the biocompatible polymer comprises at least one of polyglyeolic
acid, poly(lactic acid), poly{lactic-co-glycolic acid), polycaprolactone, poly(3-hydroxybutyric
acid), polyethylene oxide, polyoxyethylene-polyoxypropvlene block copolymer,
poly(hvdroxymethylmethacrylate), polyviny! alcchol, poly{(vinylpyrrolidone}, hyaluronic acid,
heparin, heparin sulfate, polysialic acid and chitosan. The remainder of the values and example
values are as defined above with respect to the 1% and additional aspects of the 8™ embodiment.
{00278]  Ina 2" aspect, the biocompatible polymer comprises poly(L-lactic acid), poly(D-
lactic acid}, poly(D/L-lactic acid), a copolymer thereof, or a combination thereof. The remainder
of the values and example values are as defined above with respect to the 1% and additional
aspects of the 8™ embodiment.

002791 Ina 3" aspect, the biocompatible polymer corprises polyethylene oxide,
polyoxyethylene-polyoxypropylene block copolymer, a copolymer thereof, or a combination
thereof. The remainder of the values and example values are as defined above with respect to the
1%t and additional aspects of the 8 embodiment.

{00286}  Ina 4% aspect, the polvmer scaffold comprises a block copolymer PLGA-PEG. The
remainder of the values and example values are as defined above with respect to the 1% and
additional aspects of the 8" embodiment.

00281}  Ina 5™ aspect, the polymer P is represented by the following structural formula:

¥
w3
-1
1)
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0-10

wherein the symbol DWW represents the point of attachment of the polvmer to the linker L,

IO

N

.

and further wheren: y is an mteger from 0 1o 1000, x 18 an integer from ¢ to 1000, and m 13 an
mteger from O to 450, provided that x and v are not simultaneously 0. The rerainder of the
values and example values are as defined above with respect to the 1% through 4 and the
additional aspects of the & embodiment.

[00282] Iu certain examples of the 5% aspect, v is an integer from 0 to 500, X is an integer
from 0 to 500, and m s an integer from 0 to 250. For example, n various aspects, o 1 50-200,
or m 138 75-175, or m1s 90-150, or m 153 90-140, or m 13 100-130. In various aspects, x 13 S0-200,
or x 18 75175, or x 18 90-150, or x 18 90-140, or x 15 100-130. In additional aspects, v 13 5-100, or
v is 10-75, or v is 15-50 In an example of the S" aspect, x 1s an integer from 90 to 140; v is an
meteger from 10 to 75; and m 1s an integer from 90 to 140, The remainder of the values and
example values are as defined above with respect to the 1% through 4% and the additional aspects
of the &% embodiment.

{00283}  Ina 6™ aspect, the particle further comprises one or more of an acid-terminated
PLGA (PLGA-COOH); an acid-terminated PLGA-PEG copolymer, wherein the acid moiety
terminates the PEG block (PLGA-PEG-COOH); an PLGA-PEG copolymer, wherein the PEG
biock is ternunated with the moiety represented by the following structural formula:

O

Lo

£

{(PLGA-PEG-DBCO); or
an PLGA-PEG copolymer, wherein the PEG block is terminated by the the moiety represented
by the following structural formula:

)

0
N A

o7 e
& Ho ' (PLGA-PEG-NHS),
-78 -



WO 2023/129737 PCT/US2022/054381

wherein the dash line denotes the point of attachment of the terminating moiety to PEG block.
{00284}  The remainder of the values and example values are as defined above with respect to
the 1% through 5™ and the additional aspects of the 8% embodiment.

[00283] Ina 7" aspect, the particle comprises at least one of: a blend of 75% by weight of
PLGA-COOH and 25% by weight of PLGA-PEG-DBCO; a blend of 75% by weight of PLGA-
COOH and 25% by weight of PLGA-PEG-NHS; a blend of 90% by weight of PLGA-PEG-
COOH and 10% by weight of PLGA-PEG-DBCQ; and PLGA-PEG-NHS. The remainder of the
values and example values are as defined above with respect to the 1% through 4™ and the

" embodiment.

additional aspects of the 8
{00286] Ina 9% example embodiment, the present invention is a pharmaceutical composition,
comprising a compound as described with respect to the 7" example embodiment or any of its
aspects or a particle as described with respect to the 8" example embodiment or any of its
aspects, or a pharmaceutically acceptable salt thereof, in a pharmaceutically acceptable carrier.
(00287 Ina 10" example embodiment, the present invention is a method of treating a
disorder 1n a subject in need thereof. The method comprises administering to the subject a
therapeutically effective amount of a compound as described above with respect to the 7%
example embodiment and various aspects thereof or a pharmaceutically acceptable salt thereof,
or a composition comprising particles of as described above with respect to the §% example
ermnbodiment and various aspects thereof or a pharmaceutically acceptable salt threof, or a
pharmaceutical composition of the 9 example embodiment. In one aspect, the disorder is
mfluenza. Influenza can be human nfluenza or avian mfluenza.

[00288] Inan 1™ example embodiment, the present invention is any of the compounds
represented by the structural formulas listed in Table 4 or & pharmaceutically acceptable salt
thereof, wherein the variable R 1s ~0-(CHa)s-NHz | -O-(CH2}s-NH-Fmoc, ~O-{CHz}s-Ns, or ~O-
{CHz)s-biotin.

{08288] Ina 12" example embodiment, the present invention is a compound represented by
any of the following structural formulas of 3 pharmaceutically acceptable salts thereof:

106290}
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{0300]  wherein, for each occurrence independently, x is an integer from 90 to 140; visan

meteger from 10 to 75; and m 1s ao integer from 90 to 140

EXEMPLIFICATION
[00331] Example 1A: S

[00382]  The following reaction schemes were used for synthesizing 6-sulfo-sialvl Lewis X

mihesis of the S-Compounds - Procedure A

derivatives {S-series of compounds).

100303} Scheme 1 drtachment of the Terminal Modifving Fragment

- 81/1 -
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{88364} In Scheme 1, notation SIXX denotes compounds in which the substituent at position
5 of the terminal sialic acid is one of the fragments described below in Table 1, and notation
S2ZXX denotes compounds in which postiton 9 of the terminal sialic acid 13 substituted with one
of the fragments described below in Table 1.

[80305] L Syathesis of Precuysors 38 and 35

{80386}  Precursor compounds 30 and 35 of Scheme 1 were synthesized as follows.

{80307F 1. Svnthesis of galactose building block.

{003G8}  Scheme 1-]

HO {SHO a B0 (Rz b B2 0Bz . B0 &EBE 4 B0 ogg
X R — 0 [ I Q —— ~G
Ho X 810 B0 20\ B0N
HO "R 820 0B 620] 820 “CH w0l
Br 0" CCiy
L z 3 ¢

{66369
{80316} The following conditions were used in the reactions shown in Scheme 1-1: a) BzCl,
pyridine; by AcOH, Acz0O, HBr; ¢} AgeCOs, Acetone: Ha(; d) CNCCls, DBUL

{80311} More specifically, to a 1L round bottom in an ice bath, galactose (30g, 166 mmol}
was dissolved i 400 mL pyridine. To the cooled solution was added benzoyl chloride (154 mL,
1.33 mol) dropwise over 1 h. After all benzy chloride has been added, the reaction was taken out
of the ice bath and mixed at room temperature for 2 hrs which results in significant salt
formation. The reaction was monitored by TLC (30% EtOAC/Hex, Ry = 0.8) and when
complete, salt was removed by vacuum filtration. Excess pyridine was evaporated under

reduced pressure, the crude material was dissolved in EtOAc (1L} successively washed with 5%
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H2SO4 (5 x 100ml), saturated CuS04 (2 x 100mL}Y, 1M HC1 (2 x 100 mbL), brine (2 » 100mL),
dried over MgSQO«, and solvents were evaporated under reduced pressure. The resulting oil was
transferred to a 2L round bottom equipped with a condenser and a magnetic stir bar and placed in
an ot bath. With vigorous stirning, the round bottom was heated to reftux with addition of
MeOH (~1L in total}. This process results in the formation of the desired per-benzovlated
ealactose 1, which was collected by vacuum filtration and used in the next step without further
purification. In an ice bath, 1 was suspended in acetic anhydride (50 mL) and acetic acid (80
mlL} with vigorous stirring.  To this suspension was added hydrogen bromide in acetic acid
{204ml., 833 mmol) dropwise over 1 h; the mixture was brought o room temperature. After ~2
hrs the reaction mixture turns a translucent orange. When total conversion was observed by TLC
{20% EtOAc/Hex, Rr= 0.50), the reaction was diluted with EtOAc (1L}, extracted with DI water
{5 x 200 mL), quenched with sodium bicarbonate (100 mlL of DI water, then solid sodium
bicarbonate was added), brine (2 x 100 mL), dried over Mg80s, and reduced volume to yield 2
as a white sohd (104 g, 95% over two-steps). To a solution of 2 (104 ¢, 158 mmol) in acetone
{300 rml.) and water {14.2 mL) was added freshly prepared Ag2COs (22 g, 79 munol). The
reaction was kept 1o the dark at room temperature and monitored by TLC (30% EtOAc/Hex, Rr=
0.45). When all starting roaterial has been consumed, the reaction was filtered over celite,
reduced en vacuo, dissoived in EtOAc (500 mL), washed with saturated sodium bicarbonate (3 x
100 mb), brine {2 x 100 mL)}, dried over MgSQOu, and volume reduced to vield the desired
product 3. Per-benzoylated galaciol 3 was dissolved in DCM (316 mL} containing
irichloroacetonitrile (48 mL., 470 mmol}. To this solation was added DBU dropwise until the
reaction’s pH reaches ~ 10. The progress of the reaction was monitored by TLC (15%
FtOAc/Hex, Ry = 0.2) and when all starting material has was consumed, the reaction volume was
reduced. The desired product 4 was purified by flash chromatography (15% EtOAc/Hex) to
yield the desired a-imidate as a white solid {79.05 g, 68% over two-steps) with 'H data agreeing
with that reported in the literature.

[60312] 2. Svnthesis of N-trifluorcacetyl-glucosamine building block

100313}  Scheme 1-2
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{89315} The following conditions were used in the reactions shown in Scheme 1-2: ajEthyi
iriffuorcacetate, sodium methoxide; by Ac(; ¢} Hydrozontum acetate; dy CNCCL DBU, e) 5-
azidopentan-1-ol, TMSOTT, £} Sodium methoxide; g} Benzaldehdye dimethyl acetal; C8A; h)
A2 1) TFA, triethylsilane.

{80316}  Muore specifically, to a 500 mL round bottom containing MeQOH (130 mL) and sodium
methoxide (51 mb of a 1M stock solution) was added glucosamine hydrochloride (GleNHs, 10 ¢,
46.3 mmol). The solution was stirred at room temperature until GlcNAHD: has dissoived at which
time, ethyl trifluoroacetate (6.2 mL, 51 mmeol} was added in one portion. The mixiure was
stirred at room temperature and monitored by TLC {20% MeOH/DCM, Ry=0.5). Upon
completion, the solvent was reduced en vacuo to provide crude 8. 8 was dissolved in pyridine
{70 mL) i an 1ce bath. To the solution was added acetic anhydride (22 mL, 231.5 mmol}
dropwise over 30 mins at which, the reaction was warmed to room temperature. Evaluation by
TLC (40% EtOAC hex, Rr= 0.48) shows the reaction complete after 2 hrs. The crude reaction
was diluted with EtOAc¢ (500 mL) and water-soluble umpurities were extracted with HC1 (5 x

100 L} and brine (3 x 100 mL). The organic layer was dried over MgS80Qs and dried under
reduced pressure to vield tetra-acetate intermediate 6. Crude intermediate 6 was dissolved in
THF (156 rol.) and to the solution was added freshly prepared methanolic solution of 2M
hydrazonum acetate (27.8 wol,, 55.5 mmol}. Anomeric acetate deprotection was monitored by
TLC (1:1 EiOAc¢/Hex, Rr= 0.47) and when all starting matertial was consumed, the reaction
volume was reduced and crude 7 was dissolved i EtOAc (500 b)), washed with | MHCI (3 x
100 rol.), brine {2 x 100 mL), dried over MgSQOq4, and dried under reduced pressure. Iotermediate

7 was dissolved m DCM (176 k) and to this solution was added trichlorcacetounitrile (9.2 ok,
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96.6 mmol). The reaction was mixed at room temperature and the pH was adjusted to0 9 by
addition of DBU. Product formation was cbserved by TLC (40% EtQAc/Hex, Rr= 0.51} after 1
hr. The reaction volume was reduced en vacuoe and the product was purified by flash
chromatography {20 — 40% EtOAc/Hex) to provide the desired imidate 8 as a white foam (15.2
g, 52% over 4-steps). To a 500 mL round bottom was added 7 (12.7 g, 23 2 mmol), S-
azidopentan-1-ol (3.6 g, 28 mmol}, and 4A molecular sieve (5 g). The components were
dissolved m DCM (232 mL) and sturred at room temperature for 30 muns after which the reaction
was put in an ice bath for 30 mins. To the chilled solution was added TMSOTE (840 ul, 4.64
mmol} and the reaction was monitored by TLC (40% EtQAc/Hex, Br = 0.4}, Upon conversion of
starting material to the glycosylated product, the reaction was quenched by the addition of
triethylamine (970 ul, 6.96 mmol) and the product, €, was purified by flash chromatography
{35% EtOAc/Hex) to yield a white sohid (10 g, 85%). Protected advanced ntermediate 9 (10 g,
19.5 mmol} was suspended in MeOH (195 mL) and the pH was adjusted to § by the addition of
sodiurn methoxide. Desired triol was observed with TLC (10% MeOH/DCM, Rr= 0.45) and
reaction was neutralized with Dowex 50WX8 H' resin. The reaction was filtered and the MeOH
was removed under reduced pressure to vield a 18 as a hight, vellow wax which was advanced to
the next step without further purification. 18 {7.5 g, 19.4 mmol) was dissolved in ACN (190
b} and to this solution was added benzaldehyde dimethyl acetal (3.2 mL, 21.3 muvol), and
camphorsulfomc acid ontif the pH reached 3. The reaction mixture was moved to a rotary
evaporator where 1 was stilled at 50°C under reduced pressure. The reaction was monttored by
TLC (40% Acetone/Hex, Ry = 0.6} and after all starting material was consumed, the pH of the
solution was adjusted to 7 with triethylamine. The solvent was removed to vield benzylhidene
mtermediate 11 as brown solid which was dissolved in DCM {87 ml.}. To the reaction was
added pyridine (6 mL, 77.6 mmeol} and acetic anhydride (3.6 mL, 38.8 mmol} which was stirred
at room temperature. TLC (40% Acetone/Hex, Rr= 0.65) was used to monitor the reaction
progress. After all starting material was consumed, the reaction was reduced, resuspended in
FtOAc (300 mL)}, washed with 1 M HCI (3 x 50 mL), brine {2 x 50 ml), dried over MgSQ4, and
dried en vacuo. The resulting solid was recrystallized using Bt Ac and Hex io vield the 3-0-Ac
product 12 (6.2 g, 67% over 3-steps). Selective benzylidene ring opening was achieved by
dissolving 12 (2g, 3.88 mmol) and DCM (33 mL}. The reaction was placed in an ice bath, and to
the chilled solution was added triethylsilane (3.2 mi, 19.4 mmol} and trifluoroacetic acid (1.48

- R85 .



WO 2023/129737 PCT/US2022/054381

ml, 19.4 mmol). The reaction was monitored by TLC (40% Acetone/Hex, Rr= 0.62} and when

all 12 was consumed, the reaction was diluted with EtOAc (200 mL} and extracted with sodium

bicarbonate (3 x 50 mL}, brine (2 x 50 mL}, and dried over MgS(s, The crude reaction mixture

was purified by flash chromatography (30% Acetone/Hex) to provide 13 (1.52 g, 76%) as a clear
ot which upon standing turned to a white solid.

[08317] 3. Disaccharide elvcosvlation

{00318}  Scheme /-3
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{00320} The following conditions were used in the reaction shown in Scherme 1-3. TMSOTE,
4A MS.

{00321} More specifically, acceptor 13 (1.52 g, 3 mmol) and donor 4 (2.8 g, 3.75 rumol} were
dissolved in BUM (30 mL) and to this solution was added 4A MS (2g). The solution was stitred
at room temperature for 30 mins then placed m an 1ce bath for 30 mins. To the cooled solution
was added TMSOTE (135 ul., 0.75 mmol) in one portion. The reaction was kept on ice with
vigorous stirring.  After 36 mins, TLC (309 EtOAc/Hex, Ry = 0.35) indicates complete
disappearance 4 and 13 with the creation of the desired disaccharide 14, The reaction was
quenched with wriethyvlamine (167 uL, 1.2 mmol} and purified by flash chromatography (30%
EtOAc/Hex) to produce pure 14 (1.3 g, 40%) as a white foam.

{00322} 4. 6-0-Benzvi deprotection

{60323}  Scheme i-4
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{00325}  The following conditions were used in the reaction shown in Scheme 1-4: sodium
dithionite / sodium bromate.

{80326} More specifically, full protected disaccharide 14 (1.1 g, 1 mmol} was dissolved in
FtOAc (20 mL) and H2O (20 mL} with vigorous mixing. To the biphasic solution was added

sodium dithionite (870 mg, 5 mmol}. The reaction was placed in an ice bath and sodium
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bromate (150 mg, 1 mmol) was added resulting in the #n-siru formation of bromine radicals
{sohution turns vellow / orange). Reaction was monitored every 20 mins by TLC (40%
Actone/Hex, Rr=0.56). Additional sodium bromate (50 mg, 0.3 mol) was added as
necessary to convert all 14 - 18, Reaction was quenched by the addition of saturated
sodium thiosuifate and purified by flash chromatography (30% acetone/hex) to vield the
desired 3-OH product {0.62 g, 62%}) as a white solid foam.

{66327}
[86328] Scheme 1-5

5. 6-C-sulfation, global deprotection, and amine acetviation,

Lm
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{66329}

003307 The following conditions were used in the reactions shown in Scheme 1-3: a)
Chlorosulfonic acid, TEA; b) NaOH; ¢} A0,

{00331} More specifically, 15 (620 mg, .61 mmol} was dissolved in THF {5 mL} with
trigthyiamine (1.3 md., 9.2 mmol) in an ice bath to which was added chlorosulfonic acid {405
pl, 6.1 nunol). The reaction was muxed onice for | br, then brough to room temperature and
mixed overnight. The reaction was monttored by TLC (10% MeOH/DCM, B = 0.58)
desalted by LH-20 size-exclusion chromatography {clating with 1.1 MeQH/DUM).
Recovered 3-O-sulfated 16 was suspended in MeOH (8 mL) and HoO (4 mL). To the
reaction muxture was added NaOH (1.1 mL, 5.49 mmol, 3 M stock solution} and the solution
was vigorously stirred at voom temperature resulting in global deprotection to provide 17
which was observed by TLC (EtOHNHaOHH:0 - 7:3:2, Rr= 0.82). The reaction pH was
adjusted with conc. AcOH and the solvents were reduced by rotary evaporation. Crude
deprotected 17 was redissolved in MeOH (10mL) and to the solution was added acetic
anhydride (115 ul, 1.22 mmol} and triethylamine (170 pb, 1.22 mmol}. Amine acetylation
was achieved by mixing at room temperature. H-sulfo-N-acetyllactosamine (18) was purified

by Bio-Gel P-2 size chromatography with ammoniom
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bicarbonate (100 mM) elution. Product containing fractions were freeze-dried to yield the

desired product as a white fluffy solid (203 mg, 35% over 3-steps).
{00332 6 Chemucal svothesis of o-sulfo-N-acetviglucosanune
[88333]  Scheme 1-6
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AcHN AcHN
22 23
{00334}

003357  The following conditions were used in the reactions shown m Scheme 1-6: a)
Ac2(3, sodium acetate; by TMSOTY, ¢) S-amdopentan-1-ol, TMSOTT, d) sodium methoxide;
¢} sulfur trioxide-pyrnidine.

[66336]  More specifically, N-acetviglucosamine {100 g, 450 nunol) was added to a
solution of refluxing of acetic anhydride (340 mL, 3375 numol) and sodium acetate (37.2 g,

450 mmol) in portions. The mixture was stirred at reflux antil all material was dissolved.

removed under reduced-pressure and the crude material was dissolved in EtGAc (1 L) and
washed with saturated sodium bicarbonate (10 x 150 mL), brine (3 x 100}, dried over MgS0;,
and reduced en vacuo to provide per-acetylated N-acety] glucosamine (19, 129 ¢, 74%) asa
white solid. 1% (5.4 g, 13.9 nunol) was dissolved in DCE {69 mbL) and to this solution was
added TMSOTE (2.5 md., 13.87 nunol). The solution was warmed to 60°C to facilitate
oxazoline formation which was monttored by TLC (40% acetone/hex, Ky= 0.3}, The reaction
was guenched with TEA (2.2 mL, 15.18 mamol}, the solvent was reduced, and the product was
purified by flash chromatography (40% acctone/bex) to vield 268 (3.9 g, 85%) as a clear oil.
Tri-acetvlated oxazoling 28 (4.36 g, 13.24 mmol) was dissolved m DCE (66 mL). To this
solution was added S-azidopentan-1-of (3.4 g, 26 48 mmol) and 4A MS (3 g). The
combination was mixed at room temperature after which, TMSOTT(2 4 b, 13.24 mmol}
was added and the reaction was warned to 60°C to facilitate glveosylation. The reaction was

monifored by TLC {(90% EtQAc/Hex, Ry = 0.55) and when all
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starting matertad was converted to product, the reaction was quenched with TEA (1.84 mL,
13.24 mmol) and cooled to room temperature. The solvent was removed under reduced

pressure and
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glveosvlated N-acetvighicosamine was recovere by flash chromatography (80—-90%
EtOAc/Hex) to provide 21 (5 g, 80%) as a white solid. 21 (1438, 3137 mmol) was
dissolved i MeOH (156 ml.} and the solution was adjusted to pH 9 with sodium methoxide,
The reaction was monitored with TLC (20% MeQH/DCM, R- = 4.76) and when complete,
the pH was neotralized with Dowex 50WXE& H' resin. The resin was removed by filtration
and the MeOH was removed by reduced pressure to yvield tricl 22 (9.3 g, 90%) as a white
solid. 6-O-~sulfation was added by dissolving 22 {600 mg, 1.8 mmol} in DMF (36 ml) and
placing the mixture in an ice bath. To the cooled solution was added sulfur trioxide-pyridine
complex (287 mg, 1.8 mmol). The reaction was stirred overnight at 4°C for three davs with
additional of sulfur troxide-pyridine (287 mg, 1.8 mmol) daily. The reaction was monitored
by TLC (20% MeOH/DOCM, Rf= 0.23) and quenched with aliquots of NaOH (3M, pH — 8).
The solvent was removed, and the reaction was parified by Bio-Gel size-exclasion
chromatography. Product containing fractions were frocze-dried to vield 23 (514 mg, 69%)
as a white powder.

{03377  The 2D 'H-NMR spectra of compounds 22 and 23 of Scheme 1-6 are shown in
FiGs. 1A and 1B,

{60338 7 Eozvmatic installation of §1.4-Gal for ¢-sulfo-N-acetvilactosanune formation

{00339)  Scheme 1-7

AcHN Tris Buffer HO HO
(0.1M, pH 7.3)
{00340 28 24
{80341} Installation of the B1,4-Gal was achieved by dissolving § mg 65-GleNAc (23, §
mg,. 11.7 ymol) and UDP-Galactose (10 mg, 17.6 ymol) in Tris Buffer (585 pk, pH 733,

0.1M) containing MnCh (10 7oM). To this solution was added B4GALTL (50 pg, 1% wirwr)

0S0; B4GALT1, UDP-Gal, HO _OH 0sONa®
HO= Oe~~Ns MnCl, (10mM) &/ s
HO O’&,Ov\/\,Nyj
AcHN

and calf mtestine alkahine phosphatase (CIAP, 5.85 uL, 1kl stock). The reaction was
mcubated at 37°C for three hours. Reaction progress was monitored by LC-ESE-MS
equipped with a Waters XBridge BEH, Amide column, 2.5 pm, 130 &, 2.1 X 150 mm (Flow
rate .25 mE/min, A = 10 mM ammonium formate, B = ACN. Linear gradient 80%—60% B
over 18 mins},

{80342] 'The reaction was monitored by tracing the reactants and products using
Hydrophilic interaction Liquid chromatography/electrospray ionization reass spectromety

(HILIC-LC/ESI-MS). The results of such tracing are shown in FIG. 2.
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SUBSTITUTE SHEET (RULE 26)



WO 2023/129737 PCT/US2022/054381

{88343} Residual starting material was converted to product via the addition of excess
UDP-Gal {5 mg, 5.85 umol) and BAGALTL (25 ug). The reaction mixture was filtered
through a PALL Nanosep® Centrifuge spin filtier 3k MWCO) and the filtrate punified by
Bio-Gel P2 size-exclusion chromatography. Produet containing fractions were freeze-dried
to provide desired disaccharide 24 (4.8 mg, 70%).

{00344] ¥ 65-LacNAc azide reduction and Fmoe mstaliation

{66343}  Scheme /-8

H Hi
0 gOH osoNe® 0 EOH 0SONE® HO oH 0803 e
HO &,O\/\/\,Ns HO H’o%ox/\/\«NHz &/O
Ho ™ HO HO Ho HO \/\/\/ “F
AcHN moc
51}9346} 24 25 26

{803477  The following conditions were used in the reactions shown in Scheme 1-8: a)
Pd/C, H2, by Fmoc-OSa.

{60348}  More specifically, 24 (100 mg, 0.17 vunol) was dissolved m a 111 moxture of
H20/#~Ba0OH (8 mL) containing 5% wi'wr PA/C. The reaction vessel was evacuated thrice
and kept under an atmosphere of Ho to facilitate the reduction of the azide to a primary
amine. Upon complete reduction of the azide, the reaction was filtered through a 0.22 pm
syringe filter and the filtrate was frecze-dried to provide 25 which was subseguently
dissolved 1 HO (8 mL) containing NaHCG: {0.31 mmel). In a separate vessel was
dissolved FmocOSu (114 mg, 0.34 mmol} o ACN (8 mel}). To the solution AUN was added,
dropwise, the agueous solution contamning 28, The mixed sclutions were vigorously vortexed
to yield 26 whose formation was monitored via C1& TLC (30% ACN/water; Ry = 0.3). The
mixture was reduced en vacue and the product was purified by Bio-Gel P2 size-exchusion
chromatography to vield 26 (103 mg, 77% over 2-steps).

003491 'H NMR (600 MHz, D:0) 3 7.23-7.21 (m, 4H, Frooc HI, H1*, H4, H4"), 6.95 (m,
4H, Fmoc H2, H2", H3, H37), 4.40-4.39(d, I = Hz, 1H, Gal HI), 4.21-4.16 {(m, 3H, GlecNAc
H1,H6), 4.06-4.02 {m, 2H, Fmoc HE), 3.79-3.78 (m, 1H, Gal H4), 3.73-3.40 (m, 11H, Gal,
H2, H3, HS, H6, GleNAc H2, H3, H4, HS, Fawoce H7, Lipid Cham H3a), 3.11-3.10 (m, IH,
H5b), 2.67-2.65 (m. 1.5H, H1), 2.32 (m, 0.5H, H1}, 1.79 (s, 3H, GleNAc, Ac, CH3), 1.16-
112 (m, 1.5H, H2}, 1.00-0.98 {(m, 2H, H4), 0.87-0.83 {m, 1.5H, H3), 0.69 {m, 1H, H2 H3}.
BC NMR (151 MHz, D:0) 8 173.90 (GleNAc, -CO-), 157.49 (Fmoc, -CO-), 143.62 (Fmoc
C6, C67), 140.76 (Fmoc

- 00 -
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€5, C37), 127.60 (Fmoc €3, €37}, 127.09 (Fmoc C2, €273, 124,86 (Fmoc C1, C17), 119.75
{Fmoe €4, C47), 102.37 (Gal, C1), 101.03 {GleNAe, C1), 77.19(Gal, C3), 75.22 {GlcNAc,
Cdy, 7247 (GleNAc, CS5), 72.42 {Gal, C5), 72.15 (GleNAc, C3), 70.95 (Gal, C2), 70.01{C5),
68.58 (Gal, C4), 66.11 (GlcNAc, £6), 65.88 (Fmoe, C8), 60.94 (Gal, C6), 54.99 (GleNAc,
2), 46.77 (Fmoc, 73, 40.27 (C1), 28.50 (C4), 28.20{C2}, 22.21 (C3, GlcNAc¢, CHs).
100356] 9. Enzymatic installation of ¢2.3 NeuiAz

{66381}  Scheme /-9

PmNANA, NmCSS,

o} €}
(€] i HO
Jk/N3 HO _OH ONa PmST1, Sedium pyruvate, HO'Y OH ¢O,OHOH o ®
HO N AR, 50383 y  CTP MgCl, (20 mhy) M; &o o EOSéhNa
-0 e e———
HO'&” HO HO N O\/\/\’N‘Fmoc Tris Buffer NG HO HOAcHN OMN\Fmoc
OH (0.1M, pH 8.5)

27 % 2
{68352}

Amine protected 6-sulfo-LacNAc (26, 50 mg, 63 umol) and ManNAz (27, 33 mg, 126 pmol}
were dissolved in Tris Buffer (0.1 M, pH 8.5, 6 3 mL) contaiming MgCh(20 mMj}, sodium
pyravate {630 umol), and cytidine-5 -triphosphate (CTP, 252 numol}. To this mixture was
added sialic acid aldolase! (PmNANA, 660 ug), CMP-sialic acid synthetase” (NmCSS8, 660
ug), and Sialyltransferse 177 (PmST1, 500 ug). The reaction was incubated at 37°C with
mild agitation for 2 hrs. The reaction was guenched by the addition of EtOH (8 mL) and
placed 1n the freeze. Protein precipitation was removed via contrifugation and the
supernatant was reduced by rotary evaporation. The crude reaction mixture was purified by
preparative HPLC (Agilent 1200, Echipse XDB-CI1E, 212 x 250 mm, 7 um. A solvent = 50
mM ammomum bicarbonate; B = ACN, A = 262 m} with a linear gradient of 10—60% B
over 39 nuns, flow rate 20 mi/min. Compound containing fractions were frecze-dried to
trisaccharide 28 (59 mg, 839

063531 'HNMR (600 MHz, D203 8 7.57-7.52 (m, 2H, Fmoc H4, H4™), 741-7.35 (m, 2H,
Fmoc HY, HT™), 7.22.7 14 (m, 4H, Fmoc H2, H2", H3, H3"), 4.46-4 45 (d, 1H, Gal H1}, 4.27-
415 {(m, 3H, Fmoc HY, GlcNAc HI, H6), 4.00-3.99 (m, 1H, GleNAc H4), 3.93 (. 3H. Fmoc
H7, NeudAz, Az, ~CHy), 3.83-3.75 (m, 4H, Gal H4, NeuSAz H5, Hé, H9a), 3.62-3 46
{m,12H, H5a, Gal H3, H5, H6, GlcNAc H2, H3, H5, NeuSAz H4, H7, HE, Hob}, 3.44-3.41 {1,
1H, Gal H2), 3.26-3.14 (m, [H, H5b), 2.74 (m, 1 3H, H1), 2.64-2 .62 {dd. 1H, Neu5Az H3a)},
229 (m, 0.5H, H1}, 1.81 (s, 3H, GleNAc Ac, -CHs), 1.71-1.67 {1, 1H, NeuSAz H3b), 1.24
{m, 1.5H, H23, 1.08 {(m, 2H, H4}, 0.94 (m, 1 58, H3), 0.67 (m, 1H, H2, H3). BC NMR (151
MHz, D20} 8 174.12 (NeuSAz, C1), 173.72 (GleNAc, Ac, -C0-), 170.98 (NeuSAz, Az, -CO-
3, 157 .94 (Fmoc,

-01 -
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€9, -CO-), 143.67 (Fmoc, €6}, 140.86 (Fmoc, €5}, 127.85 (Fmoc, C3), 127.2% (Fmoc, {23,
124 87 (Fmoc, C1}), 119.96 (Fmoc, {4), 102.07 (Gal, C1), 101.01 (GlcNAc, {1}, 99.56
{(NeuSAz, C2), 7718 (Gal, C3), 75 27 (GlcNAc, C4), 7495 (NeuSAz, C7), 72.46 (GlcMAg,
C5), 72 43 (GleNAz, €33, 72.18 (Gal, C5), 71.39 (Gal, C4), 70.14 (C3), 69.38 (Gal, €2},
68.15 (NeudAz, C4), 67.96 (NeuSAz, (8}, 67 38 (NeuSAz, C6), 66.17 (GlcNAz, 6}, 65.74
(Fmoc, (8}, 62.46 (NeuSAz, C9), 60.93 (Gal. C6), 54 96 (GlcNAz, €2}, 5183 (NeuSAz, Az,
CHz), 51.74 (NeuSAz, C5), 46.98 (Fmoe, C7), 40,13 (C1), 39.53 (NeuSAz, C3), 28.26 (C4),
28.10 2y, 22,11 {GleMNAc, Ac, CHs and 3},
{08354}  10. Enzvmatic installation of ¢1.3 Fucose
{0G3585]  Scheme 1-10

0 FUT6 GDP- Fuc

w\ é L0 H Tr\s Buﬁer ‘w & L0 3
WEHO oékﬁ¢va

o N
Ho RO bty AN (01K pHTS) Na o “Froc

) 3 OH
OH
130356} HO

Trisaccharide 28 (59 mg, 52 pumol) was dissolved 1o Tas butfer 5.2 mb, 0.1 M, pH 7.5)
containing MgClz (10 mM) and GDP-L-fucose (78 umol}. To this solution was added

fucosvitransferase 6 (FUT6, 1.7 mg) and CIAP (32 ul., 1kU stock solation}. The nuxture was
meubated at 37°C overmight. The reaction was quenched with addition of EtOH (5.2 mL)
and the solution was kept at 0°C for | hr. The insoluble protein was removed by
centrifugation and the supernatant was redueed e vacuo and purified by preparatory HPLC
as outhned for 28. Compound containing fractions were freeze-dried to vield tetrasaccharide
29 (52 mg, 78%) as a white powder.

{06387F  THNMR (600 MHz, D20} § 7.75-7.74 (4, 2H, Frooc H4, H47y, 7.54-7.52 (d, 2H,
Fmoc H1 H1%), 7.35-7.33 (¢, 2H, Fmoc H3, H3'), 7.28-7.25 (¢, 2H, Fmoe H2, H2"), 4.95-4 94
{d, IH, Fuc HI), 4.67-4.61 (m, 1H, Fac HS), 458 {m, 0.3H, Fmoc HS}), 4.48-4.44 (m, 2 3H,
Gal HI, Fmoc H8), 436 (m, 1H, GlcNAc HIi), 424-4.19 (m, 2H, GleNAc HG), 4.12 (m, 1H,
Fmoc H7), 3.98-3.96 {m, 1H, Gal H33, 3.93 (s, 2H, NeuSAz, Az, ~CHy}, 3.87-3.80 (m, 4H,
Fuc H4, Gal H4, NeuSAz H5, H6), 3.76-3.61 (m, SH, H3a, Fac H3, Gal H5, GlcNAc H2, H3,
H3, NeuSAc H4, H7 H%), 3.54-3.51 (m, 4H, Fuc H2, Gal H6, NeuSAc HOb), 3.47-3.44 (m,
2H, GleNAc H4, NeuSAc H8), 3.39-3.36 (m, 2H, H5b, Gal H2), 2.80 (m, 1.5F, H1), 2.64-
2.61{dd, 1H, NeuSAz
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H3ay, 2.33 (m, 0.5H, H1), 1.81 {s, 3H, GlcNAc Ac,~-CH3), 1.71-1.67 (¢, 1H, Neu3Ac H3b),
1.32 (m, 1.5H, H2), 115 (o, 2H, H4), 1.04-0.99 {(m, 4 5H, H3, Fuc H6), 0.71 (m, 1H, H2,
H3). BCNMR (151 MHz, d20) & 173.98 (NeuSAz, C1), 173 40 {(GleNAc, Ac. -CO-),
171.01(NeuSAz, Az, -C0O-), 158.18 (Fmoc, 9, -CO-), 143.77 (Fmoc, 6}, 140.94 (Fmocg,
C3), 127 91 {Fmoc, C3), 127.36 (Fmoc, {2}, 124 88 (Fmoc, C1), 120.03 (Fmoc, €43, 101.09
(Gal, C1), 100.75 {(GlcNAcg, Cl)y, 99.15 (NeuSAz, €2), 98 47 (Fuc, C1), 7535 (Gal, C3).
74.69 (GlcNAc, C4), 74 .63 (NeuSAz, C7), 72 81 (GleNAg, C5), 72.62 (GlcNAc, C3), 72.53
(Fuc, C4), 71.82(Gal, C5), 7111 {Gal, C4), 70.21 (C5), 69.30 (Gal, €2}, 69.10 {Fuc, £3),
67.97 (NeuSAz, (43, 6794 (NeuSAz, C8), 67.70 (Fue, C2), 67.10 (NeaSAz, 6}, 66.62 {Fuc,
(5), 65.80 (GleNAc, $6), 65 .61 (Frooe, C8), 62.54 (NeuSAz, €9), 61.31 (Gal, €6), 55.60
{GlcNAc, C2), 51.82 (NewSAz, Az, CHp), 51.73 (NeuSAz, €5), 47.19 (Froce, C7), 40.04
(C1), 39.58 {(NeuSAz, C3), 28 18 (C4), 28.06 ({2}, 22.11 {GleNAc, Ac, THs), 22 07 {3},
15.22 (Fuc, 6}

[66358] 11 Azide reduction; preparation of handle for library generation,

{80339}  Scheme /-71

HO © ® Z 3
HOZ O co0no os0Ne ) IO oM on oo, 0n0m s
0 oé 0 fo H,0/ AcOH 70 éo 15 s H
N{\r 0 0N HN © 0 < 0 N
¥ Ho HO AN “Fmoc MY HO R e
OH
HoOH HoOH o
» 30

{08366}

{03611 Tetrasacchande 29 (52 mg, 41 wmol) was dissolved in F2oO (2 oL} and to this
solation was added HCI washed Zn {266.5 mg, 4.1 munol} and AcOH (820 umol}. The
reaction was placed in an ice-bath and vigorously mixed for 1 hr. Reaction was monttored by
ESI-MS when full-conversion to 38 was achicved, the reaction was filtered through a pad of
celite and dried vnder reduced-pressure. The crude reaction mixture was purified by Bio-Gel
P2 size-exclusion chromatography. Compound containing fractions were frecze-dried to
vield reduced tetrasaccharide 30 (42 mg, 82%).

[08362]  'H NMR {600 MHz, D20} 8 7.77-7.76 (4, 2H, Fmoc H4, H4%), 7.53-7.54 (d, 78,
Fmoc H1, H1™Y, 7.36-7.34 (t, 2H, Fmoce H3, H3%), 7.29-727 (¢, 2H, Fmoc H2, H27), 495 (d,
1H, Fuc H1), 4.67-4.61 (m. 1.5H, Fac HS, Fmoc HE), 4 48-4 46 {m_ 2.5H, Gal H1, Fmoc
H8}Y, 437 (m, 1H, GleNAc H1), 4.22-4.15 (m, 3H, GlcNAc H6, Fmoc H7), 3.97-3.96 {m, 1H,

-03 .
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Gal H3), 3.87-3.36 (m, 23H, H5, Fuc H2, H3, H4. Gal H2, H4, H5, H6, GleNAc H2, H3,
H4, H3,
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NeuSAz, H4, HS, He, H7, H8 H9, Az, -CHy), 2.81 (m, 1.5H, H1)}, 2.64-2.61 {dd, 1H,
NeuSAz H3a), 2.34 {m, 0.5H, H1}, 1.82 (s, 3H, GlcNAc Ac.-CHs), 1.70-1.66 {t, 1H, NeuSAc
H3b), 133 (o, L5H, H2), 115 (m, 2H, H4), 1.04-1.00 (m, 4 5H, H3, Fuc H6), 0.72 {m, 1H,
H2, H3) BCNMR (151 MHz, D20 8 174.00 (NeuSAc, C1), 17391 {GleNAc, Ac, -CO-),
167.38 (NeuSAz, Az, -CGO-3, 158.16 (Fmoc, €9, -C0-}, 143.79 (Fmoc, €6), 140.94 {Fmoe,
C3), 12792 {Fmoe, C3), 127 37 (Fmoc, C2}, 124 89 (Fmoc, C1), 120.03 (Fmoc, C4), 101,14
(Gal, C1), 100.75 (GlcNAc, Cl), 99.43 (NeuSAc, €C2), 98 50 (Fuc, C1), 75.24 (Gal, (3),
7471 {GlecNAc, (43, 74 65(NeuSAc, £7), 72.84 {(GlcNAc, C5), 72.75 (GleNAg, £3), 72.53
(Fuac, C4), 71.82{Gal, S), 71.14 {(Gal, C4}, 70.22 (C3), 69.29(Gal, 2}, 69.10 {Fuc, €3},
68.36 (NeuSAc, C4), 67.91 (NeuSAc, CR), 67.70 (Fuc, C2), 67.11 (NeuSAc, 6), 66.62 {Fuc,
(5}, 65.82 (GlcNAc, €6}, 65.59 (Fmoc, C8), 62.32 (NeuSAc, 8}, 6135 (Gal, o), 35.62
(GlcNAc, C2), $1.74 (NeuSAc, C5), 47.22 {(Fmoc, (7}, 40 44 {(NeuSAz, Az, CHa), 40.04
(C1), 39.69 (NeuSAc, C3), 2817 (C4), 28.06 (€2}, 22.12 (GleNA«e, Ac, CH3), 22 .06{C3),
15.24 (Fuc, C6).

{88363}  Synthesis of 6-Sulfo-9-amino-Sialvl Lewis X was performed using the same
protocol as described above with respect to Schemes 1-8 through 1-11.

{66364] 12, 6-Sulfo-Y-ammno-Sialvi Lewis X Construction

{00365]  Scheme 1-12

PmNANA, NmCSS,
PmST1, Sodium pyruvate, NH

Na OH CO OH
N3NHA % 0505 § o CTP.MgCl QOmM) R é OSOSNa
Hom " S

0 O “Emoc Trs Bufer HO HO MN‘Fmoc
(0.1M, pH 85)
31 32 33

FUT6, GDP-Fuc,
HN_HO

MGl (10w, CiaP M o co2 oM oso 2 ) OH co2 o oso 2
s Buffer ACM é 3 H HZOIACOH AcHN 3

(0.1M, pH7.5) AcHN AcHN N rmoc
w OH

[00366] % uoot S

[08367]  'H-NMR spectra of compounds 33 through 35 were obtained:

{06368] Compound 33

[06365]  THNMR (600 MHz, Ih0) 5 7.48-7.43 (m. 2H, Fmoc H4, H4"), 7.36-7.28 (m, 2H,

Fmoc HI, HI™), 7.85-7.10 (m, 4H, Fmoc H2, H2™, H3, H3"), 4.46-4 .45 (d, 1H, Gal H1}, 4.24-
4.19 (m, 5H, Fmoc H8, GlcNAc H1, H6), 3.98-3 .96 {(m, 2H, Gal H4, GlcNAc H4), 3.87-3.82

(nfiﬁ
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24, Fmoc H7, Neu3Az H6), 3.74-3.71 (1, 11, NeuSAz H5), 3.62-3.46 (m,12H, HSa, Gal H3, HS,
H6, GleNAc H2, H3, HS, NeuSAz H4, H7, HS, HYa), 3.43-3.38 (m, 2H, Gal H2, Neu5Az Hob),
3.21-3.00 (m, 1H, H5b), 2.72 {m, 1.5F, H1), 2.63-2.60 (dd, 11, NeuSAz H3a), 2.29 (m, 0.5H,
H1), 1.90 (5, NeuSAz, Az, -CHa), 1.80 (s, 3H, GlcNAc Ac, -CHs), 1.69-1.65(t, 1H, NeuSAz
H3b), 1.21 (m, 1.5H, H2), 1.06 (m, 2H, H4), 0.91 (m, .50, H3), 0.67 (m, 1, H2, H3). °C
NMR (151 MHz, D:0) § 174.77 (NeuSAc, Ac, -CO-), 174.07 (NeuSAc, C1), 173.69 (GleNAc,
Ac, -CO-), 157.84 (Fmog, €9, -C0-), 143.65 (Fmoe, C6), 140.83 (Fmog, C5), 12779 (Fmoc,
3}, 127.23 (Fmoc, C2), 124.86 (Fmoc, C1}, 119.92 (Fmoc, €4), 102.06 {Gal, C1), 101.03
{GlecNAc, C1), 99.530 (NeuSAc, C2), 77.12 (Gal, C3}, 75.34 (GicNAc, C4), 74.96 (NeuSAc, C7),
72.59 (GleNAe, €3), 72.44 (GleNAe, €33, 72.14 (Gal, C35), 70.10 (C5), 69.84 (Gal, €4), 69.37
(Gal, C2), 68.38 (NeuSAc, ('4), 68.31 (NeuSAec, C8), 67.32 (NeuSAc, C6), 66.05 (GlcNAc, C6),
65.79 (Fmoe, C8), 60.93 {Gal, €6}, 54.96 (GlcNAc, C2), 52.97 (NeuSAc, 9), 51.65 (NeuSAc,
C3), 46.90 (Fmoc, U7}, 40.1S (C1), 39.64 (NeuSAc, C3), 28 32(C4), 28.12(C2), 22.13
{GlcNAc, Ac, CH3 and C3), 22.01 (NeuSAc, Ac, CHs).

180378} Cowmpound 34

(803717 'H NMR (600 MHz, D:0) 6 7.75-7.74 (d, 2H, Frmoc H4, H4), 7.53-7.52 (d, 2H,
Fmoc HI, H1"), 7.35-7.33 (4, 2H, Frooc H3, H3%), 7.28-7.25 (1, 2H, Fmoc H2, H2'}, 4.95-4.94 (4,
1H, Fuc H1}, 4.67-4.61 {m, 1H, Fuc H5), 458 (m, 0.5H, Fooc H8), 4 50-4.48 (d, 1H, Gal H1),
437 {m, 1.5H, Fmoc HB}, 436 {m, 1H, GleNAc H1), 4.25-4 18 (m, 2H, GlcNAc H6}, 4.12 {im,
1H, Fmoc H7), 3.97-3.95 (m, 2H, Gal H4, GleNAc H4), 3.87-3.80 (m, 2H, Fuc H4, NeuSAz
H6), 3.76-3.52 {m, 131, H5a, Fuc H2, H3, Gal H5, H6, GicNAc H2, H3, HS, NeuSAc H4, H5,
H7,HO%), 3.47-3.36 (m, SH, H5b, Gal H2, GleNAc H4, NeuSAc H8, HOb), 2.80 (m, 1.5H, H1),
2.63-2.60 (dd, 13, NeuSAz H3a), 2.33 (m, 0.5H, H1), 1.90 (s, NeuSAz, Az -CHz), 1.81 (s, 3H,
GleNAc Ac,-CHs), 1.69-1.65 {1, 1H, NeuSAc H3b), 1.32 (m, 1.5, H2), 1.15 (m, 2H, H4), 1.14-
0.99 (m, 4.5H, H3, Fuc H6), 0.71 (m, 1H, HZ, H3). BC NMR (151 MHz, D:0) & 174.78
{(NeuSAc, Ac, -C0O-, 173.99 (NeuSAc, (1), 173.36 (GleNAc, Ac, -C0O-), 158.16 (Fmoc, €9, -
03, 143,77 (Fmoc, €63, 140.94 (Fmoc, 5), 127.91 (Fmog, €3}, 127.36 (Fmoc, C2), 124 89
{(Fmoc, C1), 120.03 (Fmoc, C4}, 101.06 {Gal, €1}, 100.77 (GleNAc, C1}, 99.05 (NeuSAc, €2},
98.48 (Fuc, C1), 75.37 (Gal, C3), 74.70 (GlcNAc, C4), 74.65 (NeuSAc, C'7), 72.83 (GleNAc,
C5), 72.65 (GleNAce, C3), 72.62 (Fuc, C4), 71.83 (Gal, C5), 70.21 (C5), 69.56 (Gal, C4), 69.29
(Gal. C2), 69.11 (Fuc, C3), 68.48 (NeuSAc, C4), 68.12 (NeuSAc, C8), 67.71 (Fue, C2), 67.04
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{(NeuSAc, C6), 66.62 (Fuc, C5}, 65.70 (GicNAc, €6), 65.62 (Fmoc, C8), 61.31 {(Gal, £6), 55.60
{GlcNAc, €23, 53.05 (NeuSAc, €9), 51.65 (NeuSAc, C5}, 47.19 (Fmoc, C7), 40.05 (C1), 39.68
{(NeuSAc, €3}, 2818 {(C4), 2B.06 (€2}, 22.12 (GlcNAg, Ac, CH3, (3}, 21.99 {NeuSAc, Ac,
CH3), 15.22 (Fue, C0).

180372} Compound 35

{08373}  'H NMR (600 MHz, D0} 8 7.76-7.75 (d, 2H, Fmoc H4, H4'), 7.55-7.54 (d, ZH,
Fmoc H1, H1”), 7.36-7.33 (1, 2H, Fmoc H3, H3"), 7.29-7.26 {t, 2H, Fmoc H2, H2), 495 (d, 1H,
Fuc H1), 4.67-4.61 {m, 1 SH, Fuc HS, Froc H8), 4 47-4 46 (m, 2.5H, Gal H1, Fmoc HS), 437
{m, 1H, GIcNAc H1), 429-4 15 {(m, 3H, GlcNAc H6, Fmoc H7), 3.99-3.93 {m, 2H, Gal H3,
NeuSAz H8), 3.88-3.85 (m, 1H, GleNAc H3), 3.76-3.30 (m, 19H, HS, Fuc H2, H3, H4, Gal H2,
H4, HS5, H6, GicNAc H2, H4, HS, NeuSAz, H4, HS, Ho, H7, HS, HAa), 2.90-2.87 (1, 1H,
NeuSAc HOb), 2.80 (m, 1L.5H, H1), 2.67-2.64 {dd, 1H, NeuSAz H3a), 2.34 (m, 0.5H, H1), 1.89
{s, NeuSAz, Az, -CHs), 1.82 (s, 3H, GlcNAc Ac,-CH3), 1.64-1.60(t, 1H, NeuSAc H3b), 1.32 (m,
1.5H, H2), 1.15-0.98 (m, 4.5H, H3, Fuc H6), 0.71 {m, 1H, H2, H3). BC NMR (151 MHz, D20} &
174,89 {(NeuSAc, Ac, -CO-), 174.03 (NeuSAc, Cl}, 173.56 (GleNA¢, Ac, -CO-), 15819 (Fmog,
€9, -CO-), 143 80 (Frooc, €6), 140.96 (Fmoe, C5), 127.92 (Fmoe, T3}, 127.37 (Froc, C2),
124.89 (Frooe, C1), 120.03 (Fmoc, C4), 10110 (Gal, Cl1}, 100.77 (GleNAc, C1), 98.99
{NeuSAc, C2), 98.52 (Fuc, C1), 75.47 (Gal, C3), 74.80 (GleNAc, C4d), 74.58 (NeuSAc, T7),
72.70 {GicNAc, €83, 72.47 (GleNAc, U3}, 72.40 {(Fuc, €4}, 71.82 {Gal, 5}, 70.23 ({5}, 70.08
{Gal, C4), 69.28 (Gal, C2), 69.11 (Fue, 3), 68.05 (NeuSAc, C4}, 67.83 (NeudAc, C8), 67.68
{Fuc, £2), 66.73 (NeuSAc, €6}, 60.61 (Fuc, C5), 65.78 (GlcNAg, €6), 65.59 (Fruoe, C8), 61.34
{Gal, C6), 55.67 (GlcNAg, 2), 51.55 (NeuSAc, S}, 47.23 {Fmoc, C7}, 42.24 (NeuSAc, C9},
40.24 (1), 40.04 (NeuSAc, €C3), 28.18 (C4), 28.07 (C2), 22.12 {(GleNAg, Ac, CHs, 03),21.96
{NeuSAc, Ac, CHs), 15.23 (Fuc, C6).

{80374}  13. General protocol for Fmoc deprotection

{00375} The deprotection of the S-series compounds was generally carried out according to
Scheme 1-13. Following deprotection, the compounds S1XX and 82X X shown in Scheme 13
are also referred to herein as S1XX-amine and SZXX-amine {(see Example 8 for instance where
821Z-amine and 8217-amine are conjugated to nanoparticles}.

100376}  Scheme 1-13
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{60377 S2XX-Fmoc  HO S2XX HOOH

{06378} The following conditions were used for the reaction shown in Scheme 1-13: H2G /
Tricthvlamine.

{66379}  Specifically, compound S1XX or S2XX (0.15 pmol) was dissolved in a solution
of 4:1 (vvy Ha O/ Triethyvlamine (150 pL}. The solation was pericdically mixed using a
voriex over a 3 hrs reaction time. Progress was montored by ESI-MS, and when starting
material was converted to product, the organic material was extracted EtOAc (500 ul). The
agueous was separated and frecze-dried to produce the desired deprotected amine target as a
white amorphous sofid. The material was used without further purification for microarray
analysis.

{06388] 1L The Library of 8-Compounds According to Example 1A - Procedure A
{80381} Tetrasaccharide (38 or 38, Img, 0.8 pmol} was dissolved in DMF (100 pl)
containing ditsopropylethylamine (BIPEA, 4 umol}. To this solution was added acyl chlonde
{1.6 pmol} and the reaction was mixed using a vortex for 30 mins. The reaction was
monifored by ESI, and when complete conversion to the product was achieved, the product
was purified by HPLC chromatography under the following conditions: Agilent 1200 HPLC,
Eclipse XDB-C8, 4.6 x 250 mm, 5 um analytical column, A solvent = 30 oM ammonium
bicarbonate; B = ACN, A = 262 m} with a linear gradient of 10-—-60% B over 30 mins, flow
rate 1 ml/min. Fractions contamnmg the desired product were frecze-dried to vield the
desired produact as a white, fluffy sclid. Table 1 shows 31 Ri-Acyl chlonde fragments used to
synthesize the library of the S-series compounds.

[00382]  Table !
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(383}
[66384] The following compounds were synthesized and their identities confirmed by the

H-NMR. For the compound below the naming convention is such that R has the following

. NH-(CHy)s- O—i—
O ;\

(>
formula:

{03851  The general procedure referenced in the SXX-Fmoc examples below is general
procedore A,

{66386] Compound S101-Fmoc

HO ©
o Hogon co o 050oNS
HN Q o&o 0,
/\Ir o R
OH
{60387 HOOM

{060388]  (0.15 pumol) was prepared by using the general procedure. 'H NMR {600 MHz,
D20) 6 8.29 {m, 1H), 7.94-7.87 (m, 3H), 7.78-7.73 (m, 3H), 7.56-7.50 {m, 4H}, 7.37-7.35 (t,
2H), 7.30-7.27 {t, 2H), 4.95-4.95 (d, 1H), 4.67-4 61 {m, 1.5H), 4.48-4.47 (m, 2.5H), 4.39-4.38
{on, 1H), 4.22-4 17 (m, 3H), 3.97-3.95 (m, 1H), 3.88-3.36 (m, 23H), 2.81 {m, 1.5H), 2.64-
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2.61(dd, 1H), 2.34 (m, 0.5H), 1.82 (s, 3H), 1.71-1.67 (&, 1H), 1.34 (m, 1.5H), 1.17 (m. 2H),
1.04-1.00 (m, 4.5H), 0.73 (m, 1H).
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{86389 Compound $102-Fmoe

ﬁw
AcHN
QZon
OH

{06390} HO
{80391}  (0.15 umol) was prepared by using the general procedure. 'H NMR (600 MHz,
dmse) & 8.74-8.72 (1, 1H), 8.30-8.29 (dd, 1H), 8.14 {m, 1H), 8.00-7.99 (m, 1H), 7.96-7.94
(dd, 1H), 7.89-7.86 {m, 3H), 7.68-7.63 (m, 3H), 7.55-7.52 (m, 3H}, 741-7.38 (1, 2H), 7.32~
730, 2H), 7.25-724 (. 1H), 4.82 {(d, 1H), 4.44-436 (m, 4H), 4 26-4 17 {m, 4H), 4 12-3 96
(ra, 6H), 3.90-3 88 {m, 1H), 3.75 (m, 1H}), 3.69-3.46 (m, 12H), 3.38 (m, 1H), 325319 (m,
3H), 2.94 (m, 1H), 2.60-2.59 (m, 1H), 1.77 {5, 3H), 1.44-1.38 (m, 2H), 1.37-1.36 {m, 2H),
1.24-121 {m, 2H}, 0.99-0.97 (d, 3H).

{86392 Compound 5103-Fmoe

HO ©
HO, OH Cco, O _oH

0 o @
{60393} ) H;PO”QiOH
[00394] (015 wmol) was prepared using the general procedure. 'H NMR (600 MHz,
dmso} § 8.75-8.73 (¢, 1H), 8.06-8.05 (m. 1H), 7.87-7.86 (m, 3H), 7.79-7.78 (4, 1H), 7.75-7.74
(d, 1H), 7.68-7.67 (d, 2H), 7.41-7.38 {1, ZH), 7.32-7.30 (¢, 2H}, 7.25-7.23 (1, 1H), 7.15-7. 13 (¢,
1H), 4.82-4.81 (d, 1H), 4 58-4.35 (m, 4H), 4.26-4.17 (m, 4H), 4 11-3.82 (o, TH), 3.73 (m,
1H), 3.69-3.46 {m, 12H), 3.38 (m, 1H), 3.25-3.18 (m, 3H), 2.93 {m, 1H), 2.71-2.60 {m, 1H),
1.76 (s, 3H), 1.44-1 36 (m, 4H), 124121 (m, 2H), 0.98-0.96 {d, 3H).
{603951  Compound S184-Fmec

%2 VL, ool
’ﬁ&»«
AcHN
L OH
OH

{80396} HO {015 umol) was prepared using
the general procedure. TH NMR (600 MHz, dmso) 8 8.82-8.80 (1, 1H), 8.07-8.06 (m, IFD),
7.87-7.86 (m, 3H), 7.77-7.76 (d, 1H), 7.68-7.66 (m, 3H}, 7.56 (s, 1H), 747-744 (¢, 1H), 7.41-
738 (1, 2H), 7.33-7.30 {my, 3H), 7.25-723 {t, 1H), 4.82-4.81 (d, 1H), 4.35-4.35 (m, 3H}, 4.26-
4.10 (m, 5H), 4.07-3.87 (m, 5H), 3.73 (m, TH), 3.68-3.37 (m, 13H}, 3.24-3.18 (m, 3H), 2.93
(m, 1H), 2.70-2.60 (m, 1H), 1.76 (s, 3H), 1.44-1.35 (m, 4H), 1.24-1.21 (m, 2H), 0.98-0.97 {d,
3H).
8035971 Compound S185-Fmoec
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w& PO s’
ACHN
or? OH
{86398] HO

[00395]  (0.15 umol) was prepared using the general procedure. 'H NMR (600 MHz,
dmso) 69.13-9.11 (¢, 1H), 823-8.22 (4, 1H), 8.16-8.15 (d, 1H}, 8.10-8.08 {m, 1H), 7.89-7.86
{m, 3H), 7.68-7.67 {d, 2H), 7.64~7.56 {m, 2H), 7.40-7.38 (¢, 2H), 7.32-7.30 (¢, 2H), 7.25-7.23
(t, 1H}, 4.82-4 81 {d, 1H), 4. 58-4.35 (m, 3H}, 4.26-4.03 {m, 10H)}, 3.94-3.90 (m, 2H), 3.73
{mn, TH}. 3.68-3.37 (m, 13H), 325-3.18 {m, 3H), 2.93 (m, 3H}), 2.71-2.60 (m, 1H}. 1.76 (s,
3H), 1.44-1.34 g, 4H), 1.23-1.21 (m, 2H), 0.98-097 {d, 3H).
{80400  Compound $106-Fmoc

Ho HQ on ? o ®
[00401] Z H_OPOHQiOH
064021  {0.15 umol) and was prepared using the general procedure. 'H NMR (600 MHz,
dmse) 8 9.02-9.00 (¢, 1H), 8.58-8.56 (d, 1H), 8.17-8.14 (m, ZH), #.10-8.07 {m, 2H), 7 88-7.8¢
{on, 4H), 7.73-7.67 {m, 3K}, 7.40-7.38 (1, 2H), 7.32-7.30 (1, 2H), 7.25-7.23 (1, 1H), 4 82-4 8!
(d, 1H), 4.57-4 35 (m, 3H), 4.26-3.98 (m, 11H), 3.89-3.87 (m, 1H}, 3.74 {m, 1}), 3.68-3.34
{m, 13H), 3.25-3 18 (m, 3H}, 2.93 {m, 3H), 2.71-2.60 (m, 1H), 1.76 (s, 3H), 1.45-1 35 (m,
4H), 1.24-1.22 (m, 2H3, 0.98-0.97 (d, 3H).
[604637  Compound $107-Fmoc

HO

S ®
o} HOLY OH  co, Qo OSO?Na
O
O N & Ho HO AcHN
OH
[00404]

[00483]  (0.15 pmol) was prepared using the general procedure. TH NMR (600 MHz,
dmso) 6 8.78-8.76 (¢, 1H), 8.05-8.04 (m, 2H}, 7.97-7.96 {d, 2H), 7.87-7.86 {m, 3H}, 7.78-7.76
(d, 2H), 7.73-7.72 (d, ZH), 7.68-7.67 {d, 2H), 7.49-7 46 {, 2H), 7.40-7 38 ¢, 3H), 7.32-730
(t, 2Hy, 7.25-7.23 (1, 1H), 4.82-4.81 (d, 1H}, 4.58-4.36 (m, 3H), 4.26-3 98 (m, 10H), 3.90-
3.87 (m, 2H), 3.74 (m, 1H}, 3.65-3.37 (m, 13H), 3.25-3.18 (m, 3H), 2.93 (m, 3H), 2.71-2.60
(o, 1H), 1.77 (3, 3H), 1.44-1.34 (o, 4H), 1.24-1.21 {m, 2H), 0.98-0.97 (d, 3H).

[80406] Compound $108-Fmoc
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HO ©
HO 'Y o
2 3 0, OH ol 0S0; Na
N o
R o O E%Qi ACHN
OH
O HOOH

LIz
[06408]  (0.15 umol) was prepared using the general procedure. TH NMR (600 MHz,
droso) 5 8.82-8.80 (1, 1H), 8.04-8.03 (m, 11, 7.89-7.86 {m, 5H), 7.68-7.67 (d, 2H), 7.54-7.53
{(d, 2H}, 7.41-7.38 (1, 2H), 7.32-7.30 ¢, 2H), 7.25-7.23 (1, 1H), 4.82-4 81 {d, 1H}, 4.57-4.35
{m, 3H), 4.26-3.95 (m, 10H), 3.89-3 84 (m, ZH}, 3.73 (m, 1H), 3.68-3 37 {m, 13H), 3.25-3.18
{on, 3H), 2.93 (m, 3H), 2.70-2.60 (m, 1H), 1.76 (s, 3H), 1 .45-1.34 (m, 4H), 1.24-1.21 {0, 2H),
0.98-0.96 {d, 3H).

{00405]  Compound 8109-Fmoece

o HolR M CS Qr.oH 050N
fon oSS CE
N HO O
AcHN
F ?OH220H
06410] .

{00418} (0.135 umol) was preparcd using the general procedure. 'H NMR (600 MHz,
droso) 8 8.76-8.74 (1, 1H), 8.04-8.03 (m, 1H), 7.95-7.92 {dd, 1H), 7.89-7.86 (m, 3H), 7.68-
767 (d, 2H), 7.41-7 38 {t, ZH), 7.32-7.28 (m, 4H), 7.25-723 {, 1H}, 4 82-4.81 (d, 1H)}, 4.58-
4.35 (o, 3H), 4.26-3.95 (m, 10H), 3.88-3.84 (m, 2H), 3.73 (m, 1H), 3.69-3.36 (m, 13H),
3.24-3.17 {m, 3H), 2.93 (m, 3H), 2.70-2.60 {m, 1H}, 1.76 {s, 3H}, 1.45-1.35 {m, 4H), 1.24-
1.22 (i, 2H), 0.98-0.96 (d, 3H}.

{86412 Compound $119-Fmoce

HO
RN ooz H OH oso NaD
£y
AcHN
S
T
OH

{00413} HO

{88414]  (0.135 wmol) was prepared using the general procedure, "H NMR {800 MHz,
dmso} & 9.01-8.99 (¢, 1H), 8.12,-8.08 (m, 2H), 5.02-8.00 {d, 1F), 7.95-7.94 (d, 1H), 7.89-7.86
(ra, 3H), 7.68-7.67 {d, ZH), 7.45-7.38 (m, 4H), 7.32-7.30 (¢, 2H), 7.25-7 23 (. 1H), 482-4 81
(d, 1H), 4.38-4 35 (m, 3H}), 4.26-3.98 (m, 10H), 3.91-3.87 (m, 2H). 3.74 (m, 1H), 3.68-3 .36
(o, 13H), 3.24-3.19 (m, 3H), 2.94-2.60 (m, 4H), 1.76 (s, 3H}, 1.45-1.34 (m, 4H), 1.25-1.21
{m, 2H), 0.98-0.96 {(d, 3H)}.

160415  Compound 5111-Fmoe
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R

166416] HO
{00417 (0.15 umol) was prepared using the general procedure. 'H NMR {600 MHz,
diso) & 8.46-8 44 (¢, 1H), 8.11-8.05 (m. 2H), 7.94-7.92 (dd, 1F]), 7.89-7.86 (m, 3HD). 7.68-
7.67 (d, 2H), 7.48-7.44 (td, 1H}, 741-738 (1, 2H), 7.32-7.30 (¢, 2H}, 7.25-7.23 (1, 1H), 4 €2-
4.81(d. 1H), 4.57-4.36 (m, 3H). 4.26-4.01 (m, 10H), 3.97-3.87 (o, 2H), 3.74 (m. 1H), 3.69-
336 (m, 13H), 325318 {m, 3H), 2.93-2.60 (m, 4H), 1.77 (s, 3H), 1.44-1.36 (m, 4H), 1 24~
1.2 {m, Z2H), 0.98-0.97 (d, 3H).

{80418} Compound $112-Fmoc

m.a

{00419 HO

[00426]  (0.15 wmol) was prepared using the general procedure. 'H NMR (600 MHz,
dmso) & 8.48-8.46 (¢, 1H), 8.12-8.10 {m, 2H), 7.91-7 86 (m, 4H), 7.68-7.57 {m, 4H), 7.41-
738 {t, 2H), 7.32-7.30 (¢, ZH}, 7.25-7.23 (1, 1H), 4.82-4 81 d, 1H), 4.58-4.36 {m, 3H}, 4.26-
3.87 {m, 12H), 3.74 {m, 1H)}, 3.68-3.37 {m, 13H), 3.24-3.1% (m, 3H}, 2.96-2.59 {m, 4H), 1.77
(s, 3H), 1.45-1.36 (o, 4H), 1.24-1.21 (m, 2H), 0.98-097 {d, 3H).

{80421} Compound $113-Fmoe

R

D/U\ AcHN

wm
{00422} Ho O
{00423}  (0.15 pmol) was prepared using the general procedure. 'H NMR (600 MHz,
dmso) 8 8.62-8.60 (&, 1H), 8.03-8.02 (m, 1H), 7.89-7.86 (m, 3H), 7.77-7.76 (d. 2H). 7.68-7.67
(d. 2FE), 7.41-7.38 (1, ZFD), 7.32-30 (1. 2H), 7.27-7.23 (m, 3HD), 4. 82-4 81 (d. 1), 4.57-4.35
{m, 3H), 4.26-3.83 (m, 12H}, 3.73 {m, 1H}, 3.69-3.38 {m, 13H), 3.25-3.1% (m, 3H), 2.96-2.60
(. 4H), 2.34 (s, 3H). 1.76 (s, 3HD). 1 44-1.35 (o, 45D, 1.24-1.21 (m. 2H), 0.98-0.96 (d, 3H).
{80424] Compound $114-Fmoe
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HO o
HO, OH o @
Q b $02 OH or 050, Na
HN Qo 0. o o}
N HO' HO O R
H o AcHN
A
OH

100425) HO
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[00426] (0.1 pmol) was prepared using the general procedure. TH NMR (600 MHz,
dmsa) 6 7.91-7.86 {m, SH), 7.68-7.67 (d, 2H), 741-738 {t. 2H), 7.33-7.30 (t, 2H), 7.25-7.23
{t, 1H), 4.82-4. 81 (d, 1H), 4.58-4.36 {m, 3H), 4.26-3.98 (3o, 10H}, 3.88-3.87 (m, 1H), 3.74-
371 (m, 2H), 3.68-3.38 (m, 13H), 3.23-3.15 {m, 3H), 2.96-2.59 (m, 4H), 2.17-2.13 {m, 1H),
1.77 (s, 3H}, 1.69-1.67 {m, 4H), 1.39-1.57 (m, 1H), 1.45-1.36 (m, 4H), 1.32-1.11 (m, 7H),
$.98-0.97 {d, 3H).

804271  Compound $115-Fmoc (0. 15 wol) was prepared using the general procedure.

wz o o, oso3 N
< :@/U\N R
! AcHN
{06428] Ho°“
{80429 Compound $116-Fmoc

wz eor oso3 N
X R
oyt F s
{33436 Ho 1

[36431]  (0.13 pmol) was prepared using the general procedure. TH NMR {600 MHz,
droso) § 9.48 {s, IH), 9.11-9.00 (1, 1H), 8.24-8.19 {m, ZH), 8.07 (m, 1H), 8.00-7.97 (m, 2H),
7.89-7.86 (m, 3HY, 7.68-7.67 (d, 2H), 7.40-7 38 (t, 2, 7.32-7 30 (¢, 2H), 7.25-7.23 (¢, 1H),
4.82-4 81 (d, 1H)}, 4 58-4 35 {m, 3H), 4.26-4.07 {m. 10H}, 4.05-3.98 (m, 2H}, 3.89-3.87 (m,
1H), 3.73 (m, 1H}, 3.69-3.42 (ra, 12H), 3.26-3.18 (m, 3H), 2.96-2.92 (m, 3H), 2.71-2.39 (m,
1HD), 1.76 (5, 3H), 1.44-1.35 (m, 4H), 1.24-1.21 {m, 2H), 0.98-0.97 (4, 3H).

864327 Compound 8117-Fmec

'X&;VR

N

(0433} cl

[00434]  (0.525 pmol) was prepared using the general procedure. 'H NMR (600 MHz,
dmso) § 9.16-9.14 (1, 1H), 8.36 (s, 1H), 8.33-832(d, 1H), 827-8.25 {1d, 1H), 8.22-8.20 {m,
2H}, 8.14-8.13(d, TH), 7.92-7.90 (d, 1¥), 7.87-7.86 (d, 2H), 7.85-7.82 (¢, 1H), 7.68-758 (m,
S5Hy, 741-738{t, 2H), 7.32-7.30 (t, 2H), 7.25-7.23 (, 1H), 4 82-4 81 (d, 1H), 4.63-4.62 {d,
1H), 447 (m, 1H), 4.37-4.36 (d, 2H), 4 27-4 23 (m, 4H), 4.19-4.17 (1, 3H}. 4.08-4.01 (m,
3H), 398-3.97 (m, 1H), 3.90-3.88 (m, 1H), 3.75-3.37 (m, 16H), 3.21-3.19 {m, 1H), 2.95-2.93
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(m, 3H), 2.71-2.59 (m, 1H), 1.77 (s, 3H), 1.45-1.36 (m, 4H), 1.24-1.21 (m, 2H), 0.98-0.97 (4,
3H).
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[808435] Compound $118-Fmoe
S]
o Ho O OH  CO, OH.OH o a@
S OP P =2 =

N
N O HO HO

{00436] HO

P,

004371 (0.15 pmol) was prepared using the g y.,mrai procedure.

{00438  1H NMR (600 MHz, 2033 780 {dt.J=14.0, 6.4 Hz, 5H), 7.71 (s, 1H). 7.56 (d,
FJ=75Hz, 2}, 743¢p, I=69Hz, 2H), 730 - 731 (m, 3H), 729 (4, I =75 Hz, 2H), 4 95
(d,J=41Hz 1H) 446 (L J=78Hz, 1H) 438{d, J=75Hz 1H),420{(d, J =239 Hz,
3H), 394 (dd, 1=96,32Hz, 1H),390-333(n, 28H), 281 (s, 1H), 2.59(dd, } = 126,49
Hz, 1HD, §81 (o, 3HD, 165 (4, J= 121 Hz, IFD, 134 (5, 1FD, 121 - 114 (m, OH), 102 {d, } =
6.6 Hz, 5H), 0.73 (s, 1H)

{80439 Compound 5119-Fmoe (0.15 umol} was prepared using the general procedure.

AcHN
OH

{80448} HO
{00441} Compound 5128-Fmoc
{00442}

€]

° Ho 9 OH  co, OH.oH ] a®
Mz o SR R
H [o] HO HO O! AcHN
Q OH

{00443} HO "

{B0444]  (0.15 pmol) was prepared using the general procedure

{00445  IH NMR (600 Mz D203 8 7.78 (4, J = 7.6 Hz, 2H), 756 {d, J = 7.6 Hz, 2H},
736, =T75Hz 2H), 729, I1=75Hz 2H};, 495 (4, J =34 Hz 1H). 446{(d. J =78 Hz,
1H), 438¢d,J=77Hz, 1H).425-4.15(n, 3H),395(d. =100 Hz, 1H),386(t,1=838
Hz, 1H), 382335 (m, 26H), 2.81 (5, 2H), 261 (dd, J = 124,46 Hz, 1), 2.05 (5, 2H),
T8 (s, IH), 166 (1, F= 121 He, 1), 1.33 (s, 1H), 121~ 1.18 {m, 2H), 1.02 (d, I=6.6 Hz,
SH), 0.85 (s, 8H), 0.72 (s, 1H).

{04451  Compound 8121-Fmoc
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[60448]  (0.1S pmol} was prepared using the general procedure.

{00449]  THNMR (600 MHz, D20)67.77(d. J =76 Hz 2H), 765 (dd, J = 8.6, L 8 Hz,
2HY, 756 (d, J=75Hz 2H), 748 (4, }=8THz, 2H), 736 ¢, =75 Hz, 2H), 728 (1, § =
TS5Hz 2H), 494 (d, I=39Hz 1H),446{d, I =79 Hz, 1H),438(d, J=77H=z, {H), 428
- 412 (m, 3H), 4.03 - 3.92 (m, 3H), 3.86 (t, = 8.8 Hz, 1H), 3.84 - 3.34 (m, 23H), 2.831 (s,
2H), 261 (dd, J=12.4,45Hz, 1H), 181 (s, 1H), 1.67 (¢, 1= 12.2 Hz, 1H}), 1.33 (5. 1H), 119
(s, OH), 1.02 (d, J= 6.6 Hz, 3H), 0.72 (s, IH).

[804308] Compound $122-Fmoe

Ho "§ OH © OH o ®
Q s §02 OH) 0S0; Na
HN o (o} o o}
N HO' HO O R
H O AcHN
Br Q OH
OH

{08451} HO
{80452]  (0.15 pmol} was prepared using the general procedure.

[08453] THNMR (600 MHz, 20) 8 7.77(d, =76 Hz, 2H), 761 = 751 (m, 6H), 7.36 (3,
F=T75Hz 2H), 728 ¢, J=75Hz, 2H), 494 (d, I =40 Hz, 1H), 446(d, I =78 Hz, IH),
4374(s, 1H), 427 -4.14 (m, 3H), 4.03- 391 {m, 3H), 386 (. J =93 Hz, 1H),383-33
(o, 23H), 2.81 (s, 2H), 261 (dd, ¥ =124, 45 He, 1H), 181 (&, 2H)L 167 (1,1 =122 Hz, 1H),
133 (s, IFD, 117 (4, =202 Hz 2H), 1.02(d, I=6.5 Hz, 5H), 0.72 (s, 1H}.

{80434} Compound $123-Fmoe

HO

€]
HO, OH o @
i \wz T OHO OSO; Na
oy R

HO HO

(0]
H O AcHN
Q OH
OH

[00455] &

{86456]  (0.15 pmol) was prepared using the general procedure.

{66457 TH NMR (600 MHz, Do0O) 3788 - 7.83 (m, 1H), 7.80-7.77 (m, 4H), 7.72 - 7.68
(m, 1H), 7.56 (4, T =7.6 Hz, 2H), 7.36 (t, T = 7.5 Hz, 2H), 7.28 (¢, I = 7.5 Hz, 2H), 4.94 (d. ]
=40 Hz 1H), 446{(d, J=81Hz 1H), 438{d, J=75Hz, 1H), 428 -4.12 {m, 3H), 4.01 (s,
2HL396(d. J=100Hz IH)L 386 T=91Hz, IH), 384 -332(m, 22H},306{q. 1 =80,
T4Hz 1H), 281 (5, 2H), 261 {(dd, F= 123,47 Hz, 1H), 181 (5, 3H), 1.67 (1, 1= 122 Hz,
1H), 133 (s, 1HD, 1.19(d, J = 6.4 Hz, 2H), 1.02(d, J = 6.6 Hz, 5H), 0.72 (s, 1H).

{00458  Compound S124-Fmoc
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{808468]  (0.15 pmol) was prepared using the general procedure.

{08461] THNMR (600 MHz, D20) 6 7.77(d. J = 7.6 Hz, 2H), 768 (d, } = 9.0 Hz, ZH),
756(d,J=75Hz, 2H), 736 (1, J=735Hz, 2H), 728 (1, J=75Hz, 2H), 694 (d, I = 9.0 Hz,
2H), 494 (4, T=4.0Hz 1H), 446 {d, ] =81 Hz, 1H),438¢(d, I=74 Hz, 1H),426-4.13
{m, 3H), 4.01 - 3.92 (m, 3H}, 3.85{t, I = 8.8 Hz, 1H}, 3.83 - 3.30 (m, 25H}, 2.81 {5, 2H]},
261{(dd. J=126 47 Hz 1H), 181 (s, 3H), 167, J=122Hz 1H) 133 (s, IH) 1.23 -
110 (m, oH), 1.02 (d, J =6.6 Hz, 5H}, 0.72 (5, 1H}.

{80462 Compound $128-Fmoc

HO

Q
HO, OH o @
N 0 AN
R
N
H & "

[00463]
{00464]  (0.15 pmol} was prepared using the general procedure.

{60465] TH NMR (600 MHz, D20y 87.77¢d, J=76 Hz, 2H), 756 (d. I = 7.5 Hz, 2H),
752 (s, 1H), 747(d, I=8.0Hz 1H), 739732 (o, 3H), 731 - 725 (m, 3H),4.94(d, I =
40Hz 1H),446(d, J=79Hz 1H),438(d, J=77Hz, 1H), 426416 (m, 3H), 4.03 -
391 (m. 3HL, 386 (1, ) =89 Hz 1H) 383322 (m. 22H), 2.81 (s, 2H}. 261 {dd. F = 12.5,
47Hz 1H), 226 (s, 3H), 181 (s, 1K), 167 (1, =122 Hz, 1H), 133(s, 1H), 121 — L. 11 {m,
4FD, 102 (d, I=6.6 Hz, SH), 0.72 (s, 1H).

{80466  Compound 8126-Fmoec

HO ©
HOQ, OH o @
o] £ CO, OH OHO 050 Na
HN Q 0. o Q
N HO' HO O R
H O o AcN
B cl cl POJH OH
[00467] HO

[60468]  (0.15 pmol) was prepared using the general procedure.

{80465] TH NMR (600 MHz, Do0) 5§ 7.78¢d, I =76 Hz, 2H), 7.56 (d, I = 7.5 Hz, 2H),
749 (s, 0H), 741 - 725 (m, 6H), 495 (4, J=3.9Hz, 1H), 447 (4, J =81 Hz, 1H},438(d,J
=44 Hz 1H, 427 -4 14 (m, 3H), 403 -392 (m, 6H), 386 (. F =89 Hz 1H), 384333
(m, 23H), 2.81 (s, 2H), 262 {dd, =125, 46 Hz, 1H), 181 {5, 3H), 1681, J =123 Hz, 1H),
133 (s, i1H}, 1.20 - 1.15 (mn, 2H}, 1.03{d, J = 6.6 Hz, 5H), 0.72 (s, iH).

{00476] Compound S127-Fmoc
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[884721  (0.075 pmol) was prepared using the general procedure.

{08473] TH NMR (600 MHz, $20) 6 7.78(d. J = 7.6 Hz, 2H), 756 (d, } = 7.6 Hz, ZH),
736, J=T75Hz H), 733 - 723 (m, SH), 720 (1, J =72 Hz, 1H), 494 (d, ] =40 Hz,
1H),446(d, J=79Hz 1H),438{(d, J=78Hz 1H},425-413(m, 3H),394(d, F=98
Hz, 1H}, 385¢t, =93 Hz 1H), 381 ¢(d, J=32Hz 1H),3.78 - 335 {m, 30H), 281 (¢, =
60Hz 2H), 259 (dd, J =124, 46 Hz, 1H), 181 (5. 3H), 1.64 (¢, J= 122 Hz 1H), 1.33 (.
1H), 122 - 117 (m, 2H), 1.02 (4, J = 6.6 Hz, 5H), 0.72 (s, 1H).

804741 Compound $128-Fmoc (0.15 pmol} was prepared using the general procedure.

HO o
HO, OH o @
o O g0 Qron 0502 s
R
N o
noo Mo Ho AcHN
FaC ZoH
OH

{B0475] HO
{06476}  Compound S129-Fmoc

HO ]
HO, OH o @
o) K GO, OH OHO 050> Na
HN o O o Q
N HO HO @ R
H O AcHN
F L on
OH

HO

{66477}

{06478]  (0.15 pmol) was prepared using the general procedure.

{06479] THNMR (600 MHz, Da2) 8778 ¢d, I =76 Hz, 2H), 757 (dd, F =176, 73 Hz,
3HY 736t F=T73Hz 2H), 728 I =75 Hz 2H). 704 (t. J =9 1 Hz, IH}, 494 {d. J=40
Hz, 1H) 4464, J=81Hz, 1H), 438, J=57Hz, 2H), 425414 (m, TH), 4 01 - 392
(o, 6H), 386 (4, =87 Hz 1H), 383 -332 (m, 23H), 281 {t, I=54Hz 3H), 261 (dd, I =
12,1, 44 He, D, 217 (s, ZHy, 181 (5, 2H, 167 {1, =122 Hz, 1H), 133 (5, 1H), 1.20 -
113 {m, 6H), 1.02(d, § = 6.6 Hz, 5SH), 0.72 (5. 1H}.

[604808] Conmpound $130-Fmoc

HO ©
HO, OH e ®
o] § €O, OH OHO 080y Na
N HO HoO O
H o AcHN
L on
OH

{00481 ] HO

[80482]  (0.105 pmol) was prepared using the general procedure.

{04831 ITH NMR (600 MHz, D203 8778 (d, J =76 Hz, 2H), 7.56 {4, J = 7.6 Hz, 2H},
736, I=75Hz 2H), 729, 1=75Hz ZH), 684 (s, 1H},. 495(d, I =29 Hz 2H), 447
(d,J=80Hz 1H), 438(d, J=56Hz 2H) 427 -4.14 (m, 4H), 402 - 391 (m, 1H), 391 -
321 {m,
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24H}, 281 {1, =4 9 Hz 3H}, 2.66 - 2.59 (m, 1H}, 2.16 - 2.07 (m, 7H), 1.81 (s, 2H), 1.68 (4,
F=126Hz 1H), 1.33 (s, 1H), 1.22 - 112 (m. 1H), 103 (d, J =65 Hz, 5H), 0.72 (s, I1H).
{00484] Compound S131-Fmoc

HO ©
HO Y OH oo, O o ®
9 s O 1 o 080, Na
N R HO 9 '
i ] AcHN
R on
e oM

{60485]  nC
{80486]  (0.15 pumol) was prepared using the general procedure.

{00487] 1H NMR (600 MHz, D:0) 6 8.06 {s, 1H}, 7.99 - 7.93 {m, 1H), 786 - 781 {m,
WHLT777(d. J=76Hz 2H), 759 =753 (m, 3H), 736 (1, J=T75Hz 2H), 728 (1, =735
Hz, 2H}, 494 (4, =40 Hz, 1H), 446 (4, J=79Hz, 1H),438(d, I=63 Hz, 1H), 427 -
4.13 (m, 6H), 4.01 (s, 2H), 3.96 (d, 1 = 10.1 Hz, 1H). 3.86 (¢, ] = 8.9 Hz, 1H), 3.85 - 3.25 {m.
23H), 281 (t, =63 Hz 2H), 261 (dd, J = 126,47 Hz, 1H), 1.81 (s, 1H), 167, =122
Hz, 1H). 133 (s, 1HD, 1.3 - 116 (m, 2H), 1.02 (4, ] = 6.6 Hz, 5H), 0.72 (5. 1H).

{00488} The following compounds were synthesized according to the general procedure:

{66489 Compound S201-Fmoc (0.15 umol} was prepared using the general procedure.

{00490
HO
NH\wSZ oH OH OSOg N>
AcHN ’&/R
AcHN
Fd’ OH
[00401] Ho O

864927  Compound 8202-Fmoc (0.135 pmol) was prepared using the general procedure.

NH_HO ¢
‘ COZ . OH oso3 Na

AcHN
7 o
OH

{68493} HO
{04941  Compound 8203-Fmoc (0.135 pmol) was prepared using the general procedure.

NH_ HO
AcHN
L on
OH

{00495] HO
{00496}  Compound 8204-Fmec (0.15 umoly was prepared using the general procedure.
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Ho
o COZ o OH OSO?N;D
R

AcHN
Q OH
CH

100497 HO

{00498  Compound S205-Fmec (0.15 pmol} was prepared using the general procedure.

Q )
NH_HO ¢ ®
AcHN
Q OH
OH

{30499} HO

{080508] Compound S286-Fmec {0.15 pmol) was prepared using the general procedure.

NH HO
% COZ OH OH 0803 Na
AcHN O

AcHN
Q OH
OH

{00501} HO

{80502 Compound S287-Fmoce (0.15 pmol} was prepared using the general procedure.

HO
m(NH O CO; OH OH OSOgeNa@)

R
AcHN
Q OH
OH

100503] HO

{00504]  Compound S208-Fmoc (0.075 umol) was prepared using the general procedure.

cl
N MY ®
\Q\W COZ oH OH osose Na

R
AcHN
Q OH
OH

[60505] HO
{00506 Compound 8209-Fmoc (0.15 umol} was prepared using the general procedure.
\@(NH i C02 oM o oso3 NS
A:r;i7k o R
AcHN
zo:eicm
{06567] Ho "

{80568} Compound $218-Fmoc (0.15 umol} was prepared using the general procedure.
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\ NH_ HO (S]
OH o @
° \wz & OHO ©OS0; Na
O

HO' HO O

100509 HO

{00516]  Compound 8211-Fmec {0.15 umol) was prepared vsing the general procedure.
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Cl

NH HO

°°2 o OH oso3 NS
AcHN
AcHN
Z o
OH

{66511} HO

1060512}  Compound $212-Fmoc (0.15 umol) was prepared using the general procedure.

NH HO
COZ M O” 0509 N>
R W

R
AcHN
L on
oH

{00513} HO
{80514 Compound 8213-Fmoc

NH_ HO ®
\©\'( \wgz OH OH 0303@Na
AcHN »é:‘o R
AcHN
Q OH
OH

[0515] HO
{B6516]  (0.075 pmol) was prepared using the general procedure.

{66517 THNMR (600 MHz, DoOY 3774 (d, 1 =75 Hz, 2H), 753 (d, I =8 4 Hz, 3H),
T34 I=T5Hz 2H), 730 - 724 (m, 2H), 713 (4, I =64 Hz, 3H}, 493 (s, 1H), 443 (1. J
=72 Hz, 4H), 4.34 (s, 1H), 4.24 - 4.04 (m, 2H), 3.95 - 3.36 (1, 26H), 2.90 — 2.75 (m, 4H),
262(d, J=104Hz 1H),2.18 (5, 3H), 1.89~ 1.78 (1, 10H), 1.63 (¢, J =123 Hz, 1H), 1.35
(s, TF). 120 — 159 (m, 2D, 1.02(d. = 6.6 Hz, 5H), 0.73 (5. 1H).

[08318]  The following compounds were synthesized according to the general procedure:

{06519] Compound §214-Fmec (0.075 pmol) was prepared using the general procedure.

HO ©
Q(NH OH  co; oH o 0s0.On®
I NS O&Oﬂ/

HO HO

[00520] HO

865211  Compound $218-Fmoc (0.15 jmol} was prepared using the general procedure.
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[00522]
100523]

HO o
NH OH o5 OH.oH 050 eNa@
Q ~0 0 3

0 HO' HO ©

Compound 8216-Fmoe (0.15 pymol} was prepared using the general procedure.
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N
(:[ )
NH_HO ®
P
N COZ oH o“ osoaeNa
AcHN
L on
OH

[00524] HO

{B0525] Compound $217-Fmoc (0.15 umol) was prepared using the general procedure.

M v oD on
2 OH osogeNa
AcHN

{08526} HO
005277 Compound -Fmee {0.13 pimol) was prepared using the general procedure.
j00528] S218
AN COZ oH o 050N
SoaL LW,
AcHN
zaiw
OH

[00529] HO

[66530] Compound $219-Fmoc (015 wnol) was prepared using the general procedure.

NH S o2 o OH o
ﬁ AcHN o R
AcHN
) ww
OH

{66531} HO
865321 Compound S228-Fmoc

NH. HO ®
\\/Y u@dcko &, Lo
5t SR o s
AcHN
Q OH
OH

[00533] HO

{08534]  (0.15 pumoly was prepared using the general procedure.

[06535] TH NMR (600 MHz, D20 5 7.78(d, I = 7.6 Hz, 2H), 7.56 (d, ¥ = 7.5 Hz, 2H),
736, F=7T5H=, 2H), 728 (t,J=75Hxz 2H), 494 (4, 1 =39 Hz [H), 447 (d,T=8.1Hz,
1H),439(d, J=3.6Hz 1), 427, J=105He, 1H), 419, I = 13.0 Hz, 2H), 3.92(dd, J
=96, 29 Hz 2H), 390~ 382 (m, 2H). 381 - 3.20 (m, 22H). 2.81 {5, 2H), 2.61{dd. § =
125,48 Hz, 1H). 212195 (m, 2H), 1.90 - 1.85 (o, 3H), 182 (5, 2H), 162 (1, J=122 Hz,
TH), 134 (s, 1HD), 119(d, I =6.6Hz, 2H), 1.03(d, I =63 Hz, 4H), 0.84 (s, 3H), 0.73 (5,
2H).
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{80836} Compound $221-Fmuac
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NHHO

€]
£H oz OHoH 0502 NaD
AcHN. /=0 o&o 0
o] o R

HO HO

AcHN
L on
OH

{60537} HO

[605838]  (0.15 pumol) was prepared using the general procedure.

[80535] TH NMR (600 Mz, D20) 5 7.81 - 7.67 {m, 2H}, 7.63 - 7.50 {ym, 4H), 743 - 7.30
{m, 4H), 731 -~ 722 {m, 21}, 493 ({, I =4 0 Hz, 1H}, 442 (4, J =82 Hz, 1H), 438 - 430
(o, 1H), 4.08(d, J=9.6Hz 2H), 405-313 (m, 26H), 284 (q, ] =90, 69 Hez, 2H), 2.62
(dd, ¥=12.4, 46 Hz, IH), 186 (5, 3H), 182 (s, 3H), 163, T=122Hz, 1), 1.36- 133
(m, TH), 119~ 118 {m, 2H}, 1.12 (s, 11H}, 1.02{d, J = 6.7 Hz, 5H), 0.73 (s, 1H).

{0546]  Compound -Fmee

Br.
NH,_HO © ®
oH
\©\V( O g0, QHon 050.9Na

R
HO HO

{00541 HO S22

{B0542]  (0.15 pmol} was prepared using the general procedure.

{00543] 1H NMR (600 MHz, D203 8 7.79 - 7.68 (m, 2H), 7.59 - 7.40 (m, 6H), 733 (1. =
76Hz 2H), 726, J=75Hz, 2H), 493¢d, 1 =40Hz, 1H), 447 -438(m, 1H), 435(d. J

=56Hz 1H), 422 -405(m, 2H}, 3.97 - 331 (m, 26H), 2.84 (s, 2H), 262 (dd, J= 124,45
Hz, 1H), 1.87 (s 3H), 182 (s, 3H}, 1.62 {1, J =122 Hz, 1H), 135(s, 1H}, 1.19{(d, J =70 Hz,
2H), 1.02{d, I = 6.5 Hz, 5H), 0.74 (s, 1H}.

{00544  Compound 8223-Fmec (0.15 pmol} was prepared using the general procedure.

NG
©
HO
Q(NH HH €O, OH OH OSOH,eNae

HO HO O

{06545} HO

{00346] THNMR (600 MHz, D238 7.93 742 (m, 8H), 737729 {m, 2H), 726 (1. J =
7S5Hz IH), 493{(d, J=4.0Hz 1H), 448 - 440 (m, 1H),437(d, J=60Hz, 1H), 421 -
4.06 {m, 2H), 4.00 - 3.32 {(m, 26H), 291 - 2.74 {m, 2H), 2.63 (dd, F = 12.5, 4.6 Hz, 1H), 1.87
(s, 3H), 1.82 (s, 3H), 163 (¢, I= 122 Hz, 1H), 134 (s, 1H), 1.20- 119 (m, 2H}, 1.02{d. J =
6.6 Hz, 5H), 0.73 (s, 1H).

{86547} Compound $224-Fmoc
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\@( Coz OH OH OSOS
ACHN

AcHN

R

{005483 Ho°“

{665491 (015 pmol) was prepared using the general procedure.

{00856 TH NMR (600 MHz, In0) 3 7.71{d. I=7.7Hz, 2H), 767 - 747 (m, 4H), 7.32
(. 1=86,81Hz 2H), 726 (g, =92, 75Hz, 7H), 6.97 - 6.75 (m, 2H},4.93(d, ] =39
Hz, 1H}, 450~ 4.38 {m, 1H), 437 - 428 {m, 1H}, 418 - 4.04 {m, 2H), 4.03 - 321 {m,
28H), 290277 (m, 2H), 2.62(dd, ] =124, 45 Hz, 1H), 1.86 (s, 3H), 1.82 (s, 3H). 1.63 {1,
F=122Hz [H), 135 (s, IH), 120117 (m, 2H), 1 02 (d, J=6.6 Hz, SH), 0.74 (s, 1H).
[86531]  Compound $228-Fmoc

o ©

NH MY on o ®
OH  cOo, OH oH
3 2 o 0S0; Na
o HO HO O\
NOHO OH
{00552 HO

{B0553]  (0.15 pol) was prepared using the general procedure.

{00554 1H NMR (600 MHz, D20 8 7.79 - 7.70 {m, 2H), 7.56 —~ 7.49 (m, 2H), 745 - 7.20
(0, 8H), 493(d, J=4.1Hz, IH), 442(d. J=93Hz, 1H),432{d, J=63Hz 1H),4.23 -
404 (m, ZH), 398 - 347 (m, 23H), 336 (4, F =93 Hz 3}, 2.88 - 2.76 (m, 2H}, 2.62 (dd, J
=125, 4.5 He, 1H), 2.19 (s, 3H3, 1.86 {5, 3H), 1.81 {5, 3H), 1.63 (¢, J =122 Hz 1H}, 136~
133 (m, 1H), 1.19{d. J =65 Hz, 2H). 1.02{d. J= 6.6 Hz, 5H), 0.73 {s, 1H).

{005855]  Compound 8226-Fmaoc

cl
©
HO
\QWNH HH O, OH OH ososeNa@
I Ak 0 o&oﬂ/

¢l HO' HO

{00556] HO

{80587 (0.15 pmol) was prepared using the general procedure.

j00558]  IH NMR (600 MHz DOy 8776 (4, J =79 Hz, 2H}, 7.585(d, J = 7.5 Hz, 2H).
740-732 o, 3H), 732-718(m, 4H), 493 (d, J=4.1 Hz, 1H), 445 -4.33 (m, ZH), 4.24
=413 (m, 2H}, 4.05 - 3.31 {m, 26H}, 2.82 {s, 2H), 2.63 (dd, I = 124, 4 6 Hz, 1H), 1 89 (s,
3H), 181¢s, 3H), 1621 J=122Hz 1H}, 134 (s, 1H), 120 - 1.19{m, 2H), 1.02(d, I = 6.6
Hz, 5H), 0.73 (s, IH).
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{80839} Compound $227-Fmuoc
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{06566} HO
{005611  {0.15 umol) was prepared using the general procedure.
[B80562]  TH NMR (600 MHz D:0)87.76(d, =78 Hz, 7H), 7.54(d, ] = 7.8 Hz, ZH},
T35¢, §=T1Hz 2H), 731 - 709 (m, TH), 4.94{d, J = 4.1 Hz, 1H), 449 - 434 (i, 2H),
425408 (m,3H}).390{(dd. J=98 32 Hz 1H), 386351 {m, 19H}, 345 -323 (m,
6H), 3.19¢dd, J=14.1, 8.8 Hz, 1H}, 2.87 - 274 (m, 2H}, 2.62(dd, J = 12.5, 4 6 Hz, 1H),
1.84(d, =201 He 6H), 161 (4, J= 122 Hz, 1H), 1.33 (s, 1H), 119 (d, | = 6.6 Hz, 2H),
1.03(d, F=65Hz 5H), 0.72 (s, 1H}.
{00563]  Compound S228-Fmoc (0.15 umol) was prepared using the general procedure.
\QWNH HO COZ on OH 050002
! AcHN
Q OH
{0564 Ho O+
{#65657  Compound 8229-Fmoc
X
NH MG g0 Qo e 9
2 0S0; Na
o A:M ’&/R
AcHN
005661 Ho O
{80567 (0.15 pmol) was prepared using the general procedure.
{80568] TH NMR (600 MHz D203 8 7.75(dd, Y = 32.6, 7.7 Hz, 1H), 7.62 ~ 7.39 (m, 4H),
730{dg, J=433,91 74 Hz 4H), 708 -687 (m, I1H}. 493{(d. I=40Hz 1H), 451~

(ro, 2H), 4.26 — 4.06 (m. 2H), 4.02 — 3.24 (m, 26¥1), 2.91 — 2.76 {m. 111), 2.62 (dd, F = 12 4,

4.5 Hz, 1H), 2.08 (s, 3H), 1.84 (d, ] =28 4 Hz, 6H), 1.63 (1, I =

122 Hz, 1H), 1.38

1.32 {m,

1H), 120(d, J=65Hz, 2H), 1.02(d, ] = 6.6 Hz, 3H), 0.73 (5. 1H}.
{00569]  Compound S230-Fmoc (0.15 umol) was prepared using the general procedure.
©
NH Y on co, OH OH o ®
S o 0S80, Na
AcHN
=do
{80576} HO
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{80871} Compound $231-Fmuac
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AcHN O R

AcHN
{00572} Ho°”

{66573 (0.15 pmol) was prepared using the general procedure.

{(} 35741 TH NMR (600 MHz, D:0) 6 8.60-7.79 (m, 2H), 7.69 (dd, J =31.0, 7.9 Hz, 3H),
7539739 (m, 3H), 737720 (m, 4H), 493(d, I=4.0Hz, IH), 447 -4.40 (m, [H), 439
433 (m, 1H), 4.22 - 4.06 (m, 2H), 4.03 ~ 3.15 (m, 26H), 2.90 - 2.75 (m, 1H), 2.63 {dd, J =
124, 46Hz, 1H), 188 (s, 3H), 182 (s, 3HL 163 ¢t J=122Hz, 1H), 134, IH), 1.19(d. J
=6.6Hz, 2H), 1.02(d,J =6.7 Hz, 5H), 0.74 {s, 1H).

{08575} Example 1B - Synthesis of the 5-Compounds - Procedure B
{00576 I Synthesis

{B05777  The followmg reaction schemes were used for svnthesizing 6-sulfo-sialvl Lewis X
derivatives {S-series of compounds).

{00578]  Scheme [0 Aitachment of the Terminal Modifving Fragment

(C]
N NH,
Ho'§ on CC%?O OH © @ HolQ on o8 onon ©
MVATAAN SRS g SRy AT P g
0] 1~ 0]
HaN™Y (—)ﬁﬂ/R N mR
o H° HO  JAcHN o ° Ho HO MO ) AGHN
FQiOH e o
300 OH s1xx-azide OH
HO N HO
R1)j\0’
o}
_——
@ (C]
DMF / TEA ., N
NHO OH co 0 rReMHQ on c&o ©
2 QHOH oso3 NH4 S 2 QHOH, 005 N8,
AcHN AcHN 277 ~0 O’&R
o)
AcHN HO HO T aehN
OH OH
350 HOOH s2xx-azide HOOH

Rz ROASANs

{66579  In Scheme 10, notation SIXX denotes compounds m which the substituent at
position S of the terminal sialic acid 1s one of the fragments descenbed herein n Table 1, and
notation S2XX denotes compounds in which position 9 of the terminal sialic acid is

substituted with one
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of the fragments described in Table 1. The compounds made according to Scheme 10, all have

o= Do . .
R= Hu , and are referred to herein as 81XX-Azide etc.

[D0S88] 1 Synthesis of Precursors 368 and 330

{80581}  Precursor compounds 300 and 350 of Scheme 10 were synthesized as follows.
{00582} 1. Synthesis of galactose building block.

[B0383]  Scheme 101

RO w0 om . B0 OB . B0 0Bz T
R U S ] LA [ R S e
HO At o Bﬁw Bz0. Bz0 . Bz0 N
HO 0K 820 “08z B20 820 VoK ol
Br Q0 |
1 pil] 30 &

{00584} The following conditions were used in the reactions shown in Scheme 10-1; a} Bz{l,
pyridine; by AcOH, AcaQ, HBr; ¢} AgeCOs, Acetone: HoO; d) ONCCh, DBU. It 18 noted that
Scheme 10-1 shows the same transformation as Scheme 1-1 of PROCEDURE A, The
compound numbering m Scheme 10-1 15 different from Scheme 1-1, but the compounds are the
3ame.

{80585} More specifically, to a 1L round bottom i an ice bath, galactose {30g, 166 mmol)
was dissolved in 400 mL pyridine. To the cooled solution was added benzoy] chionde (154 mL,
1.33 mol) dropwise over 1 h. After all benzoyl chlonde has been added, the reaction was taken
out of the ice bath and mixed at room temperature for 2 hrs which resulted in significant salt
formation. The reaction was monttored by TLC (30% EtCAC/Hex, Ry = 0.8} and when
complete, salt was removed by vacuum filtration. Excess pyridine was evaporated under
reduced pressure, the crude material was dissolved in EtOAc (1L) successively washed with 5%
HoS0: (5 x 100ml), satarated CuSOs (2 x 100mL), 1M HCIH(Z x 100 mL), brine (2 x 100mL)},
dried over Mg&Qs, and solvents were evaporated under reduced pressure. The resulting o1l was
transferred to a 2L round bottom equipped with a condenser and a magnetic stir bar and placed in
an o1l bath. With vigorous stirring, the round bottom was heated to reflux with addition of
MeOH (~1L intotal). This process resulted in the formation of the desired per-benzoylated
galactose 16, which was collected by vacuum filtration and used in the next step without further
purification. In an ice bath, 18 was suspended in acetic anhydride (50 mL) and acetic acid (80
mL} with vigorous stirring. To this suspension was added hydrogen bromide in acetic acid

{204ml., 833 mmol) dropwise over 1 h; the mixture was brought o room temperature. After ~2
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hrs the reaction mixtore turned a transhicent orange. When total conversion was observed by
TLC (20% EtOAc/Hex, Rr= (.50}, the reaction was diluted with EtOAc {1L), extracted with
D water (5 x 200 ml), quenched with sodium bicarbonate (100 mL of DI water, then solid
sodium bicarbonate was added), brine (2 x 100 mL}, dried over Mg804, and reduced volume
to vield 28 as a white solid (104 g, 95% over two-steps). To a solation of 286 (104 g, 158
mmol} in acetone (300 mb) and water (14.2 mL) was added freshly prepared Ag COs (22 g,
79 mmol). The reaction was kept in the dark at room temperature and monttored by TLC
{30% EtOAc/Hex, Br = 0.45), When all starting material has been consumed, the reaction
was filtered over cehite, reduced en vacuo, dissolved in EtOAc (500 mL}, washed with
saturated sodium bicarbonate (3 x 100 mL), brine (2 x 100 mL), dried over MgSQ4, and
volume reduced to vield the desired product 3. Per-benzoylated galactol 38 was dissolved in
DICM (316 mL} contaming trichloroacetonitrile (48 mL, 470 mmol). To this solution was

added DBU dropwise until the reaction’s pH reached ~ 10. The progress of the reaction was

the reaction volume was reduced. The desired product 44 was purified by flash
chromatography {15% EtOAc/Hex) to yield the desired o-imidate as a white solid (79.05 g,

68% over two-steps) with 'H data agreeing with that reported in the literature.

{60386 2. Svaothesis of Nphthalimido-glucosamine building block,
{60387 Scheme 10-2
OH OH OAc OAc
O Hcl o] b AcO Q AcO 0,
HﬁoﬁHﬂN‘OH —2 - Hl—?omOH — - Ko OAc —— /gcomOH
2 N N

o o OxNy0 o o

OAc NH
A;gooﬁoz By OAg OH
d C 07 CCly e AcO O f HO Q
e oxNv0 e AcO. O~~~ NHCbz HO O~ ANHCbz
80 oxNyo o N0
OTBDPS
IS 0~ NHCDZ

9 . 0No
110

{0585] The following conditions were used in the reactions shown m Scheme 10-2: a)
Phthalic anhydnde, sodium methoxide; b) acetic anhvdride, pyndine; ¢} ethylenediamine /

acetic
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acid; d} trichloroacetonitrile, DBU, ¢} S-amino-Chz-pentan-1-gl, TMSOTE {) sodium methoxide;
g). TBDPR-CY, mudazole.

00588}  Glucosamine hydrochloride {20 g, 93 mmol) was dissolved in MeOH (100 mL) with
sodium methoxide (1M, 110 mL) and mixed at room temperature for 30 mins. The reaction
nuxture was filtered to remove NaCl and the filtrate was added to a 500 mL round bottom flask.
To this solution was added phthalic anhydride (151 g, 102 mumol) and the mixture was
vigorously mixed under reflux for 2 hrs. During this time, the product formed as a white
msoluble material. After 2 hrs, the reaction was cooled in an ice bath and the insoluble material
{50} was filtered and washed with cold MeOH and dried under reduced pressure. Solid materal
56 was suspended in pyridine {130 mL) at 4°C and to this solution was added acetic anhydride
{52 mL, 360 mmol} dropwise and catalytic DMAP. The mixture was kept on ice until all acetic
anhydride was added and after, the reaction was warmed to room teraperature and mixed
overnight. The reaction progress was monitored with TLC (1.1 EtOAc/Hex) and upon
completion, excess pyndine and acetic anhydride was removed under reduced pressure. The
resulting crude material was dissolved in EtOAc {1 L}, washed exhaustively with 1 MHECH10x
150 mL), sodiom bicarbonate (5 x 100 ml.), brine (2 x 100 mL), and dried over MgS04. The
solvent was removed under reduced pressure to vield a white solid, 66 (35 g), which was carried
to the next step without additional purification. Ethylenediamine (5.88 ml., 88 romol} and acetic
acid (5 mL, 88 mmol) were dissolved in THF (366 mL) at room temperature and mixed for 30
mins. To this solution was added 66 (35 g} and the solution was allowed to stir overnight. The
reaction was monitored by TLC (1:1 EtOAc/Hex) and apon completion, THF was removed by
reduced pressure, the crude material was redissolved m EtOAc (500 mi}, washed with 1 M HCI
{5 x 75 yal.}, saturated sodium bicarbonate {3 x 50 mkL), brine (2 x 30 mL)}, dried over MgSQy,
and reduced en vacuo to provide 70 as a white solid. 78 (27.1 g) was disselved m DCM (311
mL} containing trichloroacetonitrile (7.5 mL, 75 mmol}. To this mixture was added DBU
dropwise until the reaction pH — 10. Reaction progress was monitored by TLC (111
FtOAco/Hex) and when complete, the solvent was removed by reduced pressure and the product
was purified by flash chromatography (1:1 EtOAc / Hex containing 0.1% TEA) to vield 88 as a
clear oil (25.2 g, 46% vield over 4-steps). 'H NMR and mass spectrometry data agreed with
those details reported n the literature. 88 (12.6 g, 21.7 mmol} and S-amino-Cbz-pentan-1-ol

{(5.15 g, 21.7 mmol} were dissolved in DCM (217 mL} containing flame dried 4A molecular

- 118 -



WO 2023/129737 PCT/US2022/054381

sieves (5 g, Sigma-Aldrich 2085903, The sohution was mixed at room temperature for 30 mins
before being placed in a 4°C ice bath for 30 mins. To the ice-cooled solution was added
TMSOTE (786 uk., 4.35 mmol) and progress was monitored by TLC (40% EtOAc / Hex).
When all starting tmidate had been consumed, the reaction was quenched by addition of
triethylamine (1.5mL, 10.85 mmol}). The reaction was filtered through a pad of celite,
reduced en vacuo, and purified by flash chromatography (30—40% Et0Ac / Hex) to vield 9¢
(8 g, 57%} as a viscous oil with '"H NMR and mass spectrometry data agreed with those
details reported in the literature. 98 (8 g, 12.2 mmol) was dissolved in MeOH (120 mL) and
o this solution was added sodium methoxide in methanol (1 M stock solution} dropwise until

the reaction pH steadied ~ 9. Carefid atieniion was be paid 1o not make the pH more basic

than 9 as there is a risk of phalimido ving opening. The reaction was monttored by TLC

(10% MeQOH 7/ BCM) and confirmed by MALDI-MS. When all acetates had been removed,

the reaction pH was neutralized using Amberchrom 50WXE hvdrogen form, 200-400 mesh
(Sigma #217514). The resin was separated by vacuum filtration and the reaction sotvent was
removed under reduced pressure to vield the desired tnol 160 as a sticky-white foam. To 108
was added DMF (120 mL) and mmidazole {1.66 ¢, 24 4 mmol}. This solution was placed 1n an
ice bath and to the mixture was added TBDPS-Cl (4.7 mL, 183 mmol} dropwise over 1 hr.
The reaction was allowed to warm o room temperature overnight and the following day, the
reaction was monitored by TLC (100% EtGAc). DMF was removed via rotary evaporation
and the crode product was redissolved 1o EtOAc (500 mL). The organic layer was washed
thrice with 1 M HCI (3 x 30 mL), brine (2 x 50 mL), dried over MgSQa, reduced, and
purified by flash chromatography (40% EtOAc / Hex) to provide 114 (6.53 g, 70% over two
steps) as a white foam.'H NMR and mass spectrometry data agreed with those details
reported in the literatare.

{B0S86]___ 3. Dhsacchande glveosvlation

B8581)  Scheme 10-3

OTBDPS Bz0 OBz

BzO OBz HO p H o OTBgPS
(o] o) a BzO lo] H
NI e LN
BzO JNLH HO N Cbz ~pom BzO ~ HO O~~Negy,
B20 5 cel, O=<‘ %0 -40 -> 20C o fN¥o
40 110 120
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[808352] The followmg conditions were used in the reaction shown in Scheme 10-3;
TMSOTE 4A MS.

{00593 More specifically, acceptor 116(6.53 g, 8.5 mmol} and donor 480 (6.3 g, 8.5 numol)
were dissolved in BCM (85 mL) containing 4A MS and mixed at room temperature for 30
mins. The reaction mixture was cooled t0 -40°C in a dry ice bath and to this mixture was
added TMSOTE (308uL, 1.7 mmol). The reaction was slowly warmed to -20°C overa L hr
perind. During this time, the reaction was moonitored by TLC (40% EtOAc / Hex) and when
complete, guenched with TEA (474 uL, 3.4 mmol). Note: This reaction is « regioselective
elycosviation. If the reaction temperature was increased 100 much, or excess donor (48} was
used, there exists a possibility of over glycosylation at the 3-position. The reaction was
filtered through celite and purified by flash chromatography (40% EtOAc / Hex) to vield the
product 120 as a whate foam (5.1 g, 44% vield).

[00594]  H (500 MHz, CDCh), & (ppm): GleNPhth: 5.13 (Hi), 4.18 (dd, /= 108, 8 6 Hz,
H2), 4 60 {(H3), 4 09 (H4), 3.46 (H5), 3.79 (Héa, Hob); Gal: 511 (H1), 585 (dd, /=105, 8.1
Hz, H2), 5.57¢dd, J= 105, 3.5 Hz, H3), 5.95 (d. J = 3.3 Hz, H4), 4.29 (H5), 4.69 (ddd, J =
11.7. 4.3, H6a), 4.37 (ddd. J = 11.6, 8.3 Hz, Héb).

{80595 PC from HSQC (75 MHz, CDClz), & (ppm): GleNPhih: 97.8 (C1), 56.1 ({2),
698 (U3) 0.2 (C4), 753 (C3), 61.7(C6); Gal: 101.5(C1), 69.6 (C2), 7T1.6 (3), 67.9 (C4},
725 (C5), 62.6 ((6).

[00396]  MALDI-TOF MS mz caled for CrrHizedMa0nsSiNa (M+Nayt= 1367 4753, found =

{86557 4. Pebonzoviation. phthalimdo deprotection. global acetviation
{

OO598)  Scheme J0-4

BzO OBz HO OH
o OTBDPS o OTBDPS
a
Bzom ,oﬁol H _ % . wo O—é :‘o H
O~ N O~ Ny
BzO HO Cbz HO  HO Cbz
O:iz?;) Oaiz?;?
120 130
HO OH

o OTBDPS AcO OAc
b o ¢ o OTBDPS
—_— HO (0] H —_— o
HO ~HO O~Nog, AcO 0 H
NH, z AcO AcO O~~ANegy,
AcHN

140 150
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180599}  The following conditions were used in the reaction shown in Scheme 10-4: a} sodium
methoxide in methanol; b) hydrazine hvdrate; ¢} acetic anhydride and pyridine.
{80680} More specifically, disacchanide 120 (4.7 g, 3.5 mmol} was dissolved in MeQH (175
mL} and to this reaction was added aliquots of sodium methoxide (1 M stock solution) unti the
reaction pH was ~9. Carefid attention was paid 10 not increase the pH above 9 as the increased
basicity could cause undesived imido ring opening. The reaction progress was monitored by
MALDI-MS, and when all benzov! groups had been removed, the reaction pH was neutralized
with Amberchrom SOWXS hydrogen form, the resin was removed by vacuum filtration, and the
MeOH was reduced under reduced pressure to yvield 138 which was not purified before moving
to the next step. 130 was dissolved in EtOH (173 ml) and to this solution was added hydrazine
hydrate {50-60%, 1.6 mL, 17.5 mmol). The reaction was stirred under reflux until phalimido
deprotection had been achieved (monitored by MALDI-MS). Upon successful phalimido
deprotection, the reaction was cooled, any insoluble matenial was filtered through Celite, and the
filtrate was reduced to yield crude 148 which was carried forward without additional
purification. 140 was dissolved in pyridine (65 rol.) and to this reaction was added catalviic
DMAP. The reaction was placed in an ice bath and acetic anhydride (6.6 mL, 70 mmol} was
added dropwise. After all anhvdride was added, the reaction was warmed to room temperature.
The reaction was montored by TLL (40% EtOAc / Hex). Upon conversion to the product, the
reaction was quenched with Me(OH (20 mL}, solvent was reduced en vacuo, and the crude
material was redissolved in EtOA¢ (500 mL}, washed with 1 M HCI {10 x 50 mL), saturate
copper sulfate (2 x 50 ml}, saturated sodium bicarbonate (5 x 50}, brine (2 x 50}, dried over
MgS{4, reduced, and punified by flash chromatography (40% EtOAc/ Hex} to yield 1536 (2.03 g,
55% over three sieps) as a white foam.
[00601]  'H (600 MHz, CDCh), 8 (ppm): GleNAc: 4.35(d, /= 7.8 Hz, H1), 4.07 (H2), 5.01
(F13), 4.11 (H4), 3.31 (FI5), 3.94 (Héa), 3.89 (H6b), Gal: 4.76 (d, J = 8.0 Hz, HI), 5.06 (Fi2),
492 (dd, J=3.5 Hz, H3), 5.31 (dd, J = 3.2 Hz, H4), 3.76 (dd, J = 6.6 Hz, H5), 4.11 (H6a, H6b)
[00602]  PC from HSQC (75 MHz, CDCh): 8 (ppm): GleNAce: 101.1(C1}, 53.6(C2), 723
(C3), 73.9(C4), 75.4 (C5), 61.3 (C6); Gal: 100.5 (C1), 69.3 (C2), 71.0(C3). 67.2 (C4), 70.7
(C3), 61.3(C6).
{00663 MALDI-TOF MS m/Z caled for CssHpoN2NaQ1s8iNa (M+NaY = 1073.4285, found =
1073.5575
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{80684} 5. 6-0O-TBDPS deprotection.
{88665} Scheme 10-5

AcO OAc AcO OAc
o OTBDPS o OH
AcO 0 0 H 8 . A0 o«é :o H
AcO AcO O\/\/\/ N “Cbz AcO AcO O\/\/\/ N “Cbz
AcHN AcHN
150 160

{08686] The following conditions were used in the reactions shown in Scheme 10-5: a)
HF-Pyridine

{B0607]  More specifically, 158 (2.03 g, 1 93 mmol) was dissolved 1 pyridine (15 mL) and
placed in an 1ce bath. To this solution was added HF-Pyridine (70%, 2.3 mL, 19.3 mmol).
When all HF-pyridine had been added the reaction was kept on ice for 30 nuns before
warming to room temperatire. The reaction was monttored with TLC (46% acetone / hex)
and upon completion the contents were transferred into EtQAc (300 mL) and extracted with 1
M HCL, brine, and dried over MgSQO4. The crude reaction was punfied by flash
chromatography using [:1 acetone / hex to yield 16€ (1,12 g, 72%) as a white foam.

{00608 'H (600 MHz, CDCLy}, 8 {ppm): GlcNAc: 4.40(d, J=8.2 He, HI), 3.96 (2},
5.06 (H3), 3.91 (H4), 335 (HS), 386 (Hoa)y, 3.72 (Hob), Gal: 4.62(d, .7 =79 Hz Hi), 5.11
(H2),4.99 (H3), S34 (dd, /=25 Hz, H4), 380 (H5), 409 (ddd, /= 11.1, 5.9 Hz, Héa and
Hobl.

[00689]  77C from HSQC (75 MHz, CDCls), 8 (ppmy): GleNAg: 101.3(C1), 54 1(C2),
73.0(C3), 74.9 (C4), 75.0 (C5), 60.7 (C6): Gal: 100.9(C1), 69.8 (C2), 70.9 (3}, 68.0 {4},
70.4 (C3), 61.2 (C6).

[08616] MALDI-TOF MS m/z caled for CarHsaN2OsNa (M+Naj™= 835 3113, found =
8354063

{B0611]___6. Tnstallation of 6-O sulfate
[B80612]  Scheme 10-6

(n)
AcO OAc AcO OAc o Ne
o OH . o 0s0; '~
AcO o*ﬁol H — o+ A o o H
ACO AcO O~~Ney, AcO  AcO O~ Nogy,
AcHN AcHN
160 170

{B0613]  The following conditions were ased in the reactions shown in Scheme 10-6: a)

sutfurtrioxide pyridine complex in DMF,
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[80614] More specifically, 168 (1.34 g, 1.65 mmol) was dissolved in 33 mL DMF at room

y

temperatore. To this mixture was added sulfur trioxide pyridine complex (787 mg, 4.9 mmol}
and the reaction was stirred overnight. Product formation was monttored by TLC (10%
MeOH / DCM). When all starting material had been consumed the reaction was guenched by
adding 3 mL of 8 1:1 mixture of MeOH/ TEA. The solvent was removed under reduced
pressure and the product was desalted using LH-20 using size-exclusion chromatography (2.5
x 100 e, cluting with 111 McOH/DCM, 4 nuns / fraction, 4 - 5 ml. / fraction). The product
was found to clute in fraction 66 — 76 and upon drving, vielded a white foam. The product

176 was moved to the next step without additional purification

{86615 7. Global deacetviation
[06616)  Scheme 10-7

e o
AcO OAc Q HO OH €]
o 0so; \ o 080, NH,
A0 %) Aogmo H - HO O%o H
Ac cf NN N N LN
AcHN Cbz HO HOAN Cbz
170 180

[B8617]  The followmng conditions were used in the reactions shown in Scheme 10-7: a)
Sodium methoxide in methanol.

{00618}  More specifically, 176 (1.25 g, 12.8 mumol) was dissolved in MeOH (80 mL} and
the pH was adjusted with sodium methoxide in methanol (1 M stock) to ~ 9. The reaction
progress was monitored by TLC (7:3:2 EtOHNH.OH:H:0) and ESI-MS. When all acetate
groups had been removed, the reaction pH was neutralized with Amberchrom H” resin as
previously described and then the resin was removed by vacuum filiration. The filtrate was
dried under reduced pressure and the corresponding solid was redissolved in nunimum
volume of 100 mM Ammonium bicarbonate. The maternial was loaded onto a Bio-Rad P2
size~exclusion columu (60 x 5 ¢} and eluted with 100 mM aromonium bicarbonate with
cach fraction representing 15 mins of clution {~ 40 mL / fraction). Fractions were stained
with 5% sulfuric acid i ethanol and confirmed by ESL Fractions containing the product
were collected, concentrated vnder reduced pressure, and placed on the freeze-dryer to vield

188 (726 mg, 80% vicld) as a white fluffy solid.
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[00619] 'H (600 MHz, CDCL). 8 (ppm): GleNAe: 4.38 (H1), 3.58 (H2), 3.63 (H5), 4.26
(Hba), 4.17 (H6bY, 1.85 (NHAc): Gal: 4.38 (H1), 3.38 (H2), 3.55 (H3), 3.79 (H4), 3.62 (Héa
and Hbb).

[00626]  BC from HSQC (75 MHz, CBCL). 8 (ppm): GleNAc: 102.1(C1), 55.2(C2),
72.6 (C3), 66.0 (C6), 22.1 (NHAc): Gal: 102.1 (C1), 712 (C2), 72.3 (C3), 68.8 (C4), 61.0
(€6)

[00621]  ESI-TOF MS m/z caled for CoFlaNoO 18 (M-HY = 681.2182, found = 681.0994

006221 8. Chz deprotection
00623]  Scheme 10-8

HO OH ® HO OH ®
o oso? NH, o oso? NH,
Hom/otoz H a HO Otoz
HO HO Oy, > HO ™ HO O N,
AcHN AcHN
180 190

{86624]  The following conditions were used in the reactions shown in Scheme 10-8: a)
PA/C, Ho, 111 #BuOH/HO.

{80625] More speaifically, 186 (100 mg, 0.14 mumol) was dissolved m a 1; 1 mixuture of #-
BuOH / H20 (1.5 mL) and to this sohition was added catalytic ~ 5% (wewe) PA/C. The
reaction was mixed under a hvdrogen atmosphere overmight. Reaction progress was
monttored by TLC (7:3:2 EtOH:NHOH: H20) and when complete the reaction was filtered
through a 0.2 wm Whatman svringe filter and frecze-dried to vield a white sohid 196 (73 mg,
91%}).

{80626] 9. Azide installation

[86627]  Scheme 10-9

HO OH @ HO OH @
0 oso? NH,4 o oso? NH,
Homﬂﬁo: a HO O’ﬁol
HO ~HO O, —— HO ~HO O~ Ns
AcHN AcHN
190 200

{60628]  The followmg condition was used m the reaction shown in Scheme 10-9: a) 1-
(azideosulfonyl}- 1 H-imidazol-3-tam chloride, copper(ll) sulfate, potassiom carbonate.
{00628 Morc specifically, 199 (72 mg, 0.13 munol), 1-(azideosulfonyl)-1H-imidazol-3~
um chloride (80 mg, 6.38 mmol}. copper sulfate (10 umol), and potassmrn carbonate (79 mg,
0.57 mmol, 379 ul. of 1 M stock solution) were dissolved i water (1,96 mL). The reaction

was mixed at room temperatare and monitored by TLC (7:3:2 EtOHNHWOH:H0). When all
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starting material had been consamed, Cuprisorb™ was added to the reaction which was

mcubated at
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room temperature for 2 hrs to remove copper from the sclation. The resin was removed by
filtration, the reaction volume was reduced en vacuo, and the product was purified by P2 size
exclusion (70 x 2.5 cm colwmn, 100 mM ammonium bicarbonate, 8 nuns / fraction, ~ S ml/
fraction). Product containing fractions {26 — 32} were pooled and dried under reduced
pressure to yield a white sohid 208 (67 mg, 89% vicld}.

[00636]  H {500 MHz, CDCL), & (ppm): GleNAc: 4.30 (HI), 3.59 (H2), 3.64 (H5), 426
{ddd, ./ = 10.9 Hz, Hoa}, 4.17 (ddd, /= 11.0, 3.7 Hz, H6b); Gal: 441 (H1}, 3.38 (H2),3.53
(FI3), 3.77 (H4). 3.60 (H6a and Héb)

00631} BC from HSQC (75 MHz, CDCh), § (ppm): GlcNAc: 102.5{(C1), 55.1(C2)
65.9(C6), 21.9 (NHAc), Gal: 1013 {CH), 711 (C2), 72.1 (€3}, 68.7 (C4}, 61 0 (C6)
{60632] ESI-TOF MS m/z caled for CioHaNaG1sS (M-Hy = 573 1719, found = 573.0749

{00633]____10. Chemical svathesis of 6-sulfo-N-acetviglucosaming

Scheme 10-16

ort A 0 b /-\ o A OAOC
C c cO
m &, > > "AcO OMN3
AcHN "OH AcHN AcHN
210 220 230
o ®
d, HO o e . HO o eNe
HO‘S;Q,OJ\/\,Ng Hoﬁ&o\/\/\,N3
AcHN AcHN
240 250

j36634]  The followmng conditions were ased in the reactions shown in Scheme 10-10: a}
A2, sodium acetate; b) TMSOTE ¢} 5-azidopentan-i-of, TMSOTY; d) sodivm methoxide;
¢} sulfur tricxade-pyridine. ¥t 1s noted that Scheme 10-10 shows the same transformation as
Scheme 1-6 of PROCEDURE A, The compound numbering in Scheme 10-10 is different
from Scheme 1-6, but the compounds are the same.

{B0635]  More specifically, N-acetylglucosanune (100 g, 450 mowol) was added to a
solation of refhuxing of acetic anhyvdride (340 mL, 3375 mmol) and sodium acetate (372 g,
450 mmol} in portions. The mixtare was stirred at reflux until all material was dissolved and
TLC analysis (100% EtOAc, Rr= 0.47) indicated reaction was complete. Excess acetic

ashydride was
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removed under reduced-pressure and the crude material was dissolved in EtOA¢ (3 Ly and
washed with saturated sodium bicarbonate (10 x 150 mb), brine (3 x 100), dried over MgSQq,
and reduced en vacuo to provide per-acetylated N-acetyl glucosamine (218, 129 g, 74%}as a
white solid. 210 (5.4 g, 13.9 mmol} was dissolved in BCE (69 mL} and to this solution was
added TMSOTE (2.5 mL, 13.87 mmol}. The solution was warmed to 60°C to facilitate
oxazolidone formation which was monttored by TLC (40% acetone/hex, 8= 0.3). The reaction
was gquenched with TEA (2.2 mL, 1518 mmol), the solvent was reduced, and the product was
purified by flash chromatography (40% acetone/hex} to vield 220 (3.9 g, 85%) as a clear oil.
Tri-acetylated oxazolidone 228 (4.36 g, 13.24 mmol} was dissolved in BCE (66 mL). To this
solution was added S-azidopentan-1-ol (3.4 g, 26,48 mmol} and 4A MS (3 ¢). The combination
was mixed at room temperature after which, TMSOTE (2.4 mL, 13.24 mmol} was added. The
reaction was warmed to 60°C to facilitate glycosvlation with progress moonitored by TLC (90%
EtOAc/Hex, Br=0.55), When all starting material was converted to product, the reaction was
quenched with TEA (1.84 mL, 13.24 munol) and cooled to room teraperature. The solvent was
removed under reduced pressure and glycosylated N-acetylglucosamine was recovered by flash
chromatography {80-—-90% EtOAc/Hex) to provide 238 {5 g, 80%) as a white sohid. 230 (14.38
g, 3137 mmol) was dissolved in MeOH (156 ml) and the solution was adjusted to pH 9 with
sodiurn methoxide in methanol (1 M stock solution}. The reaction was mounitored with TLC
{20% MeOH/DCM, R = 0.76) and when complete, the pH was neutralized with Dowex SOWXE8
H' resin. The resin was removed by filiration and the MeOH was removed by reduced pressure
io yield triol 248 (9.3 g, 90%) as a white solid. 6-O-sulfation was achieved by dissolving 240
{600 mg, 1.8 mmol) in DMF (36 mL} and placing the mixture in an ice bath. To the cooled
solution was added sulfur trioade-pyridine complex (287 mg, 1.8 mmmol}. The reaction was
stirred overnight at 4°C for three days with additional of sulfur trioxide-pyridine added (287 mg,
1.8 mmol) daily. The reaction was monitored by TLL (20% MeOH/DCM, Rf= 0.23) and
guenched with aliquots of NaOH (53M, pH — 8). The solvent was removed, and the reaction was
purified by Bio-Gel size-exclusion chromatography. Product containing fractions were freeze-
dried to yield 250 (514 mg, 69%) as a white powder.

{00636] The 2D "H-NMR spectra of compounds 240 and 256 of Scheme 10-10are shown in
FIGs. 1A and 1B.

1906377 11, Enzvmatc mstallation of B1.4-Gal for 6-sulfo-N-acetvilactosanune formation
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{06638}  Scheme J0-11

(Same transformation as Scheme 1-7 under PROCEDURE A-Numbering Different)

o, @
o 0383 Na BAGALT1, UDP-Gal, HO _OH OSOeNGI—)|
HE)&/O\/\/\/NQ» MnCl, (10mi) &o ° o NHs
AcHN Tris Buffer HO HO~ HO O~~~ N3
(0.1M, pH 7.3) AcHN
250 200

{06391 Installation of the B1,4-Gal was achieved by dissolving 256 (S mg, 11.7 pmol) and
UDP-Galactose (10 mg, 17.6 pmol) in Tris Buffer (585 gL, pH 7.3, 0.1M) containing MnCh
(10 mM). To this solution was added BAGALTI (30 g, 1% we/wi) and calf intestine
alkaline phosphatase (CIAP, 5.85 pk, kU stock). The reaction was incubated at 37°C for
three hours. Reaction progress was monitored by LC-ESI-MS equipped with a Waters
XBridee BEH, Amide column, 2.5 pm, 130 A, 2.1 X 150 mm (Flow rate (.25 mL/min, A =
10 mM ammonium formate. B = ACN. Linear gradient 80%—60% B over 18 muns).
{60648}  The reaction was monttored by tracing the crude reaction using Hydrophilic
mnteraction hquid chromatography/electrospray iomzation mass spectrometry (HILIC-
LC/ESE-MS). The results of such tracing are shown in FIG. 2. In the event the reaction was
not complete, excess UDP-Gal {5 mg, 5.35 umol} and BAGALTI (25 ug) was added to the
reactton. The reaction mixture was filtered through a PALL Nanosep® Centrifuge spin filter
3k MWCO} and the filtrate purified by Bio-Gel P2 size-exclusion chromatography. Product
containing fractions were froeze-dried to provide desired disaccharide 204 (4.8 mg, 70%).
{00641} 12, Chemocnzvmatic svithesis of CMP-NeuS-Glveine
{86642}  Scheme 10-12

2 NH; A
o NH, NH,
S N
HOHN/U\/Ns 2. HoHO on 0RO Qio —~ HoHO o—|'|:'—o IN)‘*O
HO Q o ‘w
" o N cof HO OH HANY of
260 270 280
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180643} The following conditions were used in the reactions shown in Scheme 10-12: 3}
sodium pyruvate, cytidine triphosphate disodium salt; PmNanA; NmCSS, PmPPA; b} Lindlar

Catalyst, Ha.

{80644}  More specifically, ManAz (269, 100 mg, 0.3% mmol}, cytidine triphosphate disodium
{219 mg, 0.42 mmol), and sodium pyruvate (210 mg, 1.91 mmol} were dissolved in Tris Buffer
{100 mM, pH 8.5, 19 mL} containing MgCl {10 mM)}. To this reaction was added sialic acid
aldolase (1 mg) from Pastenrella multocida (PmNanA)See: L1, Y., Yu, H; Cao, H.; Lay, K ;
Muthana, 8. Tiwar, V. K.; Son, B.; Chen, X, Pasteurella multocida sialic acid aldolase: a
promising biocatalyst. Appl Microbiol Biot 2008, 79 (6), 963 ), CMP-sialic acid synthetase (1
mg} from Neisseria meningitidis proup B (NmCSS) (See: Yu, H.; Yy, H; Karpel, R.; Chen, X,
Chemoenzymatic synthesis of CMP-sialic acid derivatives by a one-pot two-enzyme systen:
comparison of substrate flexibility of three microbial CMP-sialic acid synthetases. Bioorg Med
Chem 2004, 12 (24), 6427-6435 ) and morganic pyrophosphatase (1 mg) from Pastenrelia
multocida (PmPPA)Y (Seer Lau, K., Thon, V., Yy, H; Ding, L., Chen, Y.; Muthana, M. M;
Wong, D; Huang, R ; Chen, X, Highly efficient chemoenzymatic synthesis of {small beta]i-4-
finked galactosides with promuscuous bacterial [small beta]l-4-galactosyltransferases. Chen
Commin 20180, 46 (33}, 6066-6008.) and the reaction was incubated overnight at 37°C. When all
260 had been consumed as determined by TLC, Calf Intestine Alkaline Phosphate (CIAP, 1000
units} was added to the reaction and the nuxture was again incubated at 37°C overnight. Ouo the
third day, cold ethanol (17 ml.) was added to the mixture and all insoluble roaterial was removed
by centrifugation. The supernatant was concentrated, and CMP-NeuSAz (278} was purified by
2 size-exclusion chromatography {5 x 60 cm, eluting with 100 mM ammonium bicarbonate, 15
mins / fraction or ~35 ml). Product posttive fractions were pooled to vield a white, fluffy solid
{185 mg, 74%) with analytical details matching those found in the hiterature. 278 {185 mg, 0.28
mmol} was dissolved in 20 mM ammonium hydroxide (28 ml) and to this mixture was added
Lindlar’s catalyst (9 mg). The mixture was stirred under a hydrogen atmosphere until no starting
material could be observed by TLO (7:3:2 EtOH NH4OH:H20). The catalyst was removed with
a 0.2 um syringe filter and the filtrate was dried by lyophilization to vield a white solid 288 (219

mg, 92%) that was used without additional purification.

I=Ca
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{80645} Compound 288 was analvzed by LC-MS using a Waters XBridge BEH, Amide
column, 2.5 pm, 130 A, 2.1 x 150 nun using ESI as detector at a flow rate of 0.25 mL/min;
80% — 60% A over 18 mins (A = 10 mM amnmomium formate, pH 3.4, B = Acctonitrile).
The peak for Compound 280 cluted at 19.0 minutes. The molecular mass of Compound 288
was determined using clectrospray iomzation-time-offlight mass spectrometry (ESITOF
MBS}, m/z caled for CoeHnNsOheP (M-Hy = 628.1509, found = 628.0397.

{0806461} 13, Enzvomatic mstallation of g2 3-Neus~-Glveing

{80647}  Scheme 10-13

®
NHz 2 NH,

HO O W@ Q N ®
O 0507 NH: HOHOoH 0-P-0—  N© HOHO oH c&,%Hon 2NH,
Ty R ) BN ”bi SR ts s
H cO! A~

AcHN zN‘g na 2 1O OH HzNY
200 280 290

{#36648]  The followmg condition was used n the reaction shown in Scheme 10-13: a)
PmSTI, CIAP,

{60649  More specifically, 206 (70 mg, 0.12 nunol) and 280 (115 mg, 183 romol) were
dissolved in Tris buffer (100 mM, pH 8.5, 12 mL) containing sialvhransferase-1 {700 pg)
from Pasteurella mudtocida (FmSt1y (Yo H, Chokhawala H, Karpel R, Yo H, Wu B, Zhang §,
Zhang Y, ha Q, Chen X, A nultifunctional Pasrewrella mudiocido sialyliransferage: A
powerful tool for the synthesis of sialoside Hbraries. J dm Chem Soc 200512717618~

17618 ) and CIAP (120 U}, The reaction was incubated at 30°C until all 260 was consumed
as determined by TLC (7:3:2 EtOH NH.OH H.O). After all starting disaccharide had been
consuned, cold EtOH was added to the mixture (12 rol.) and the mscluble matenal was
removed by centrifugation. The supematant was concentrated and purified by P2 size-
exclusion chromatography (2.5 x 70 om, elating with 100 mM ammonim bicarbonate, 8
mins / fraction). Fractions containing the desired product were pooled and concentrated by
Ivophilization to vicld 298 as a white solid (82 mg, 77% vield).

{#6656] Compouand 290 was analyzed by LC-MS HPLC using aWaters XBridge BEH,
Amide colurman, 2.5 pm, 130 A, 2.1 x 150 mm using ESI as detector at a flow rate of 0.23
mi/min; 80% — 60% A over 18 ming (A = 10 mM ammonium formate, pH 3.4, B =
Acetonitrile). The peak for Compound 290 cluted at 11.2 minutes. The molecular mass of

Compound 290 was
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determined using ESITOF MS: avz caled for CooHsiNeG2S (M-HYy = 879.2783, found =
8791189,

{0631 14, Enzymatg installation of ol 3-fucose with FUT6

{88652 Scheme 10-14

@
® 2 NH,

HO OH HO OH
HOHO oH co2 OH HOHO on co2 EOH osoS

: ° ’gﬁ/
Hmox/\/\/ HZNA'r e Or~Ns
z;;;ZOH

Ho OH

290 300

HZN’T e

{066531 The following conditions were used in the reaction shown in Scheme 10-14: a)
FUTs, GiyP-fucose.

[80654] More generally, 294 (71 mg, 80.8 umol) and GDP-Fucose (102 mg, 161 pmol)
were dissolved mn sodium cacodylate buffer (100 mM, pH 6.5, 4 mL} containing MnCh (10
mM}. To this solation was added FUTS (50 ug) and CIAP (40 units). The reaction was
meubated overnight at 37°C and the following day the progress was monttored by Shunadzu
LC-ESI-IT-TOF with a Waters XBridge BEH, Amide column, 2.5 wn, 130 A, 2.1 x 150 mm
using ESI as detector at a flow rate of 0.25 mU/min; 20% — 40% A over 18 mins (A = 10
mM ammonium formate, pH 3 4, B = Acctonitrile). In the event the reaction was mcomplete,
an additional aliquot of FUT6 was added until the reaction reached completion. When
complete, cold EtOH (4 mL} was added and the insolable material was removed by
centrifugation. The product was punfied by P2 chromatography (70 x 2.5 cm, 100 mM
ammaomum bicarbonate, 8 mins / fraction). Product containing fractions were pooled to vield
340 (65 mg, 79%) as a white fluffy solid.

{00655  'H (600 MHz, CDCl3), & {(ppm): GicNAc: 4.42(d, /=79 Hz HI), 3.75 (H2),
3.73 (H3), 3.86 (H4), 3.64 (HS), 4.23 (Héa and Hoéb), Gal: 447 (d, J=78 Hz, H1), 336
{(H2),397{dd, /=99 3.1 Hz, H2), 3.82 (H3), 3.46 (H4), 3.55 (H6a and Heb); Fuc: 4.96 (d,
J=39Hz, HI), 3.52 (H2), 3.75 (H3), 3.64 (H4), 4.68 (HS), 1 04 {d, /= 6.6 He, CHs);
Neu3Glyeine: 261 {dd, J=12.4, 6.0 Hz, H3-cquitorial}, 1.68 {dd, /= 12.2 Hz, H3-axal},
3.57 (H4), 3.75 (H% and H9%;).

{00656 BC from HSQC (75 MHz, CDCh), & (ppm): GleNaAc: 100.9(C1), 558 (C2},
74.7(C3), 73.0(C4), 72.9 (C3), 659 (C6); Gal: 101.3{(CH, 69.6(C2), 754(C3), 572 (C4,
67.9

- 130 -

SUBSTITUTE SHEET (RULE 26)



WO 2023/129737 PCT/US2022/054381

{C5), 61.3{C6); Fuc: 988 (C1), 67.0(2), 69.2 (3}, 7T1.8{C4}, 66.9 (C5) 15.9(CHs},
NeuSGleyine: 3935 (C3), 72.6 {{4), 51.7(C5), 62.7(CY)

[00657f  Cormpound 300 was analyzed by HPLC LC-MS using aWaters XBrdge BEH,
Amide colunuy, 2.5 pm, 130 &, 2.1 x 150 nun using ESI as detector at a flow rate of 0.23
mE/min; 80% — 60% A over 18 nuns (A = 10 mM ammonnum formate, pH 3.4, B =
Acetonitrile}. The peak for Compound 300 chited at 13 mimutes. The molecular mass of
Compound 300 was determined using ESLI-TOF MS: nv/z caled for CasHeaiNeOneS (M-Hy =
1025.3362found = 1025.1684.

{80658} ___15. Enzvmatic synthesis of 9-amine CMP-New3Ac

[00659]  Scheme 10-15

KN:Z 2 NH, o KN:z 2 Nl-ﬁ
N b LA
NHA Na HO H,N_HO - N™O
HO oC 3 = NRon 7S
HO AcHN co2 AcHN L L7 Ncof
HO HO OH
310 320 330

[00660]  The following conditions can be used in the reaction shown in Scheme 10-15: &)
sodium pyruvate, cytidine triphosphate disodium salt; PmNanA; NmCSS, PmPPA; b) Lindler
Catalyst, Ha.

{80661 More specifically, 338 can be synthesized following the same protocol as shown
for the synthesis of 288

{00662 16, Enzvmatc nstallation of ¢2.3-NeuSA¢-9-anung

{0663} Scheme 10-16

®
NH2 2NH;
®
HO ©
o 05D NH L HaNFOoH o- P— HNHO oH 0, P o4 os 2N
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AcHN HO OH HO AcHN
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[00664] The following condition can be used in the reaction shown in Scheme 1-16: &)
PmSTL, CIAP,

[00665]  More speaifically, 348 can be synthesized following the same protoco! as shown
for the synthesis of 290,

{80666} 17, Enzvmatic installation of ol 3-fucose with FUT6

006677 Scheme 10-17
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{06668]  The following condition can be used in the reaction shown in Scheme 16-17: a)
FUTs, GDP-fucose.

{80669 More specifically, 356 can be synthesized following the same protocol as the
synthesis of 360,

{80676 I The Library of the S-Compounds According to Procedure B

{00671 Excmplary S-compounds were prepared according to Procedure B as exemplified
below.

{60672} Synthesis of §106-Azide

{86673 Scheme 10-18

] @
2 NH, 2 NH,
(] €]
OH o! OH
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OH OH
HO 300 HO
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{60674} The following condition was used in the reaction shown 1n Scheme 10-18: a)
Triethvlamine.

[08675]  More specifically, 308 (14 mg, 13.66 pmol} and quinoline-2-carbonyl-NHS ester
(11 mg,. 54.6 ymol) was dissolved in a 1.1 mixture of HoO/DMF (683 ) and to this sohtion
was added tricthylanine (11 uLl, 81.9 umol). The reaction mixture was moubated overnight
at 37°C and the following day, the progress was monitored LC-ESI-MS equipped with a
Shimadza C18 S5pm, 50x4.6 mm colamn with a flow rate of .25 mE/min with a gradient of
0—100% Acctonitrile over 10 muns (Solvent A = 10 mM anmumonium formate, pH 3 .4).
When all starting material had been consumed, the product was purified by P2
chromatography (1.5 x 80 em, 100 mM ammonium bicarbonate, 15 drops / fraction) and the
product containing fractions were posled and byophilized to vield S186-Azide (11 mg, 68%)
as a white fluffy solid.

{86676] LC-MS Traceof 5186-Azide was conducted using the same conditions as those
described above for monitoring the progress of the reaction. The product, $186-Azide chited

at
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6 minuptes. The molecalar mass of Compound S106-Azide was determined using ESI-TOF
MS: m/z caled for CasHesN7Q278 (M-H) = 1180.3733fbund = 1180.1682.

[00677]  HSQC (600 MHz) 2D NMR spectrum of $106 Azide s shown in FIG. 5.
{60678]  The followmg representative compounds were made 1n accordance with Scheme
10} generally, and Scheme1(-18 specifically. All of the compounds were analyzed by LC-
ESI-MS equipped with a Shimadzu C18 Sum, 50x4.6 mm column with a flow rate of 6.25
nol/ous with a gradient of 0—100% Acctonitrile over 10 mins (Solvent A = 10 mM
ammonium formate, pH 3.4).

[00679]  S161-Azide:

&)
[e) H S O 3
NLrL7 O © 2;:85 0 Ng
N/\n/ HO o) NN
H O HO AcHN
R on
OH

HO
{00686  S181-Azide: The product cluted at 6.75 nuns._The molecular mass of S10%-

Azide was determined using ESI-TOF MS: m/z caled for CoHerNeU78 (M-H) = 1179 3780,
found = 11791732,
[00681] 5103-Azide:

®
o 2 NH,
HOHO oH co, PH oH e
S 0S05
(o] H O\ O
NLrR7 ™0 AN Ns
BN N/\nz HO O NN
\ o HO AcHN
s H o
Ho OH

180682] S5163-Azide: The product eluted at 5.6 mins. The molecular mass of §163-Azide
was determined using ESI-TOF MS: my/z caled for CaiHaNe(278: (M-H) = 113531838,
found = 1135.1208.

{B0683] S18S-Azide:
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{B0684]  S105-Azide: The product cluted at 6.5 mins. The molecular mass of $105-Azide
was determined using ESI-TOF MS: m/z caled for CasHeaN-Og752 (M-H = 1186.3297 found
= 1186.0807.

{80685] S167-Azide

e
HOHO oH CO,PH oH O
& 0S0;
0 N />0 Ao 0
0 6%0\/\/\/'\'3

N
O ﬁ/g HO HO o AcHN
® T
OH
{66686  S107-Azide: The product cluted at 7 mins. The molecular mass of S147-Azide

= 1205.1807.
100687]  S110-Azide:

@
©) 2 NH4

©
HO HO\\\OH co, 91 on 050,

0 NN

T
S O
OH
ho OH

{60688} The product cluted at 6.6 mins. The molecular mass of $118-Azide was
determined using ESETOF MS: nvz caled for CasHesNeD20S2 (M-H} = 11853343, found =
118512446,
[08689]  S5112-Azide:
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®
S]
Ho HO OH CO; OH OH OSO@ 2 NH4
Cl 0 H S /: ;O: o3
N Q 0 O/&/O\/\/\/N3
oo 1 Ho O
NH 0 HO o AcHN
s OH
HO OH

The molecular mass of 8112-Azide was determined using ESI-TOF MS: ov/z caled for
CasHoaCINeG 2782 (M- = 1219.2955,) found = 1219.1099.

{00696 Example 2: Synthesis of the Library of B-Compounds

{66651} The following reaction schemes were used for synthesizing the D-series of
compounds.

100692} Scheme 2. Attachment of the Terminal Modifiing Fragment

HO
HO R OH coY
N Q <)
HoN (o] HO
B 'ﬁg no HO OH cORQH oM o HOHQ o COZG
AcHN Q70 o—&o R Riw H o
HO HO HO! N 0
HO Hﬁg HO HO_%OHQ;SPH o OH
AcHN o&oﬁo
45 HO HO HO R
HO
fl\ D1XX-Frmoc
R1™ ¢l
DIPEA
-
DMF
HO o
NHz\%
AcHN. Q)
(o} <] <)
HO " HOZR OH coQH.on oH MR oM co;
AchN Oﬁﬁo’ﬁotoi R Acﬁ'b;gj\o °
HO H h) HO HO, rOH COZOH o% OH
46 AcHN o&/o'ﬁo
HO HO HO R
HO
H
R= WOANG D2XX-Fmoc

{60693  In Scheme 2, notation D1XX denotes compounds 1n which the N-acetyl at
position 5 of the terminal sialic acid was substituted with one of the fragments described
below, and notation D2XX denotes compounds in which the position 9 of the terminal sialic
acid was substituted with one of the fragments described below.

{B0694] 1, Synthesis of Precursors 45 and 46

{B0695]  Precursor compounds 45 and 46 of Scheme 2 were synthesized as follows.

[080696] 1. Chemucal svnthesis of anomeric linkered lactose
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806971 Scheme /-2

HO OH
S _a BzO OBz OBz BzO OBz
HO o ) B20 Bzcmw o\ E

OH 0Bz BZO 520
Br
37
BzQ OBz OBz HR of OH
BzO O‘&O: _d HO o o)
BZO BzO: OnNg HO HO O~~Nag
BzO HO
38 39

{00698

{00699  The following conditions were used in the reactions shown in in Scheme 1-2: a)
BzC, pyriding; b) HBr-AcOH / Ac0O; ¢} S-azidopentan-1ol, AgOTE &) sodium methoxide.
{00706]  More specifically, lactose (25 g, 73 mmol) was suspended in pyridine (300 mL)
and the mixture was placed v an ice bath. To the chilled solution was added benzovl
chloride (100 mL, 876 mmol) dropwise over 30 mins. Upon addition of all benzoyl chiloside,
the reaction mixiire was brought to room temperature and vigorously stilfed until lactose was
per-benzoylated as determined by TLC (30% EtOAc/Hex, By= 0.30). To an ice / water
mixture was added the contents of the reaction nuxture which results in the formation of an
oil laver upon standing. The agueous phase was decanted leaving the bottom oil material
which was dissolved in boiling EtOH and left overnight at -20°C to vield the product 36 as
white/yellow solid which was carried forward without additional purification. Per-benzylated
lactose was suspended in Acetic acid (142 mL} and acetic anhydnde (47 mL)} in an ice bath.
To this suspension was added HBr-AcOH (176 mL, 10 eq} dropwise over a 1 hr period.
Upon addition of all HBr-AcOH, the reaction was brough to room temperature and
vigorousty stirred. The reaction progress was momtored by TLC (30% EtOAc/Hex, &=
.44). The reaction was worked up by ditution in EtOAc (2 L), acid was extracted with water
(5 x 250 mb}, quenched with sodivm bicarbonate {reaction added to beaker, and the stirred
solution was added solid sodium bicarbonate), brine €2 x 200 mL), dried over MgSO4, and
reduced to vield the anoreric bromide product (3,74.9 g, 91% 2-steps) as a white sohid. 37
(75 g, 66 mmol) was dissolved in toluene {660 mL) containing 20 g of 4A MS and 5-
azidopentan-1-ol (8.3 g, 72 mmol}. The mixture was stirred at room temperature for 30 mins
then cooled to ~80°C n a dry-ice bath. To the cooled reaction was added silver
trifluoromethansulfonate (21g, 82.5 mumol). The reaction was monitored by TLC 30%

EtOAc/Hex, &= 0.34) upon complete conversion, the reaction mixture was filiered over a
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pad of celite, reduced, and purified by flash chromatography (30% EtOAc / Hex} to yield 38
{538 g, 69%) as a white solid. 38 (53.8 g, 45.5 mmol) was dissolved in MeOH (435 mbL) and
the pH was adjusted t0 9 via the addition of a | M solution of sodum methoxide. The
reaction was monitored by TLC (20% MeOH/DCM, Ry = (.57}, quenched with Dowex
SOWXE H resin (pH adjusted to neutrald, solvent was reduced to yield a brown solid which
was washed with acetone {acetone removed Benzylmethylester) to provide a light-brown
sofid (3%, 17.3 g, 84%).

807611 2. Chemo-enzymatic svnthesis of Fmoc protected alpha2 3-sialvilaciose

{80742} Scheme 2-

HO OH

©
L oH HoHQ on oo, OH o, o X
a :
HO&, ’&0: —_— Acwo&,oﬁo _—
HO

o)
HO HO O~ N3 HO HO O~ Ny
HO HO

39 40
HO © o
HOZ OH 60, QH O oH HoHQ o cSoH or o
g c )
ACHNHO /e HO ngMNHz A°M\°mo%0 8
HO HO HO HO HO N “Fmoc
41 42

{0763}

{0704]  The following conditions were used in the reactions shown 1n Scheme 2-2: a)
PmSTE, NmCSS, PmPPA, NeuwSAc, CTP; by Pd/C, He, ¢) Fooe-OSu.

807451  More speaifically, lactose containing an anomerie linker 39 (100 mg, 0.22 mmol)
was dissolved in Tris Buffer (11ml, 100 mM, pH -&.5) containing MgCl: (10 mM), N-
acetylneuraminic acid (102 mg, 0.33 mmol} and cytidine-5"-triphosphate (159 mg, 9.33
mmol). The solution was adjusted to pH 8.5 using SM NaOH. To the solution was added
PmSTE {1 mg}, Nm{SS (2 mg), and PmPPA (2 mg}. The reaction mixture was incubated at
37°C with periodis inversion of the inversion of the reaction vessel. Progress was mouitored
by TLC (7:3:2 EtOH, NH.OH, H20) and when compete conversion was observed, the
enzymes were removed by precipitation facilitated by the addition of EtOH (11 mL). The
mixture was placed at -20°C for 2 hrs and the msoluble material was removed by
centrifugation. The crude product was purified using Bio~Gel P2 size exclusion
chromatography. Product containing fraction were concentrated and freeze-~dried to vield
trisaccharide 40 (142 mg, 87%; as white, fluffy solid. 40 (142 mg, {.19 mmol} was
dissolved 10 ~BuQH/H0 (1.9 mL, 11 v4) containing PA/C (7 mg). The reaction was mixed
under a hydrogen atmosphere at room temperature and the progress of the reaction was

monitored by ESI-MS. The catalyst was removed using a 0.2 um PALL Acrodise
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syringe filier and the solution was freeze-dried to produce a white, flufty solid (41}, 41 was
dissolved in DI water (9.5 mL) containing sodium bicarbonate (4.3 mmol}. In a separate vial,
Fmoc-05u (128 mg, 0.38 vuvol) was dissolved in ACN (9.5 mL}, and to this vial was added,
dropwise, 41 with vigorous nmixing. The reaction progress was monttored by ESI-MS and
after all starting material was converted to the desired product, the reaction was redaced en
vacuo and purified by preparative HPLC {Agilent 1200, Eclipse XDB-C18, 21.2 x 250 mm, 7
pm. A solvent = 50 mM ammonium bicarbonate, B = ACN, A = 262 m) with a hncar gradient
of 14—60% B over 30 muns, flow rate 20 mL/min. Compound containming fractions were
freeze-dried to vield Fmoc-protected trisaccharide 42 (100 mg, 56% over 2-steps) as a white,
flufty solid.

[60706] 3. Enzyvmatic svathesis of GD3-azido denvatives

80707} Scheme 2-3

NaHQ oH o?

AcHN. Q.
Son OH

a RO HO R oH O oH
2, : o
Acwo&ﬂ& H
o o HO HO HO: O~ N{
HO, OH COZOH o% OH “ HO
Acm\omoﬁ/ J—
Ho

HO HO! O~N
HO

Fmoc
HO
%2 | b HOxoH o
N.ZoQ &)
NS/\(')r RO HOJ oH coHt o on
ACHN.Q o&oﬁo PN
HO HO HO 1O “Fmoc

44
[0708]
{60703  The following conditions were used in the reactions shown in Schome 2-3: &)
CSTI, CMP-NeuSAc-9-Ns: by CSTI, CMP-NeuSAz,
(007101 More speaifically, 42 (50 mg, 53 umol) was dissolved in Tris Buffer (5.3 mL, 160
mM, pH 8.5} containing MgCh, (10 mM), CMP-NeuSAc-9-Na or CMP-NeuSAz (106 pmol),
CSTHA3ZR™ (1 me), and CIAP (53 ul., 1kU stock solution).® The reaction was incubated at
37°C and monitored by ESI-MS. When no further product conversion was observed, the
reaction mixture was filtered through a PALL Nanosep® Centrifuge spin filter Gk MWCO)
and the filtrate punified by Bio-Gel P2 size-exclusion chromatography. Produet containung
fractions were freeze-dried to provide desired tetrasaccharides 43 (40 mg, 59%} and 44 (44

mg, 653%;) as a white, fhuffy solid.

807131 4. General protocol for ¢2.8-azido-sialic acid reduction
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{88712}  Scheme 2-4

HOHOOH CO? HOHOOH CO@
0
ﬁf O P o ] HZNY o7 109 0H o o o
Acwo&oﬁo: ol Acﬁw )m
HO O HO H0 Mg Fmoc
“ 5
100713]

{60714} The followmg condition was used i the reaction shown in Scheme 2-4: Zn,
AcOH, H:G.

{86715] More specifically, 44 (30 mg, 23.5 pmol) was dissolved 1o O 3 mL} and to thig
solution was added acid-treated Zn {8) {60 mg). The muxture was placed in an ice bath and to
the cooled solution was added acetic acid (100 uL). The reaction was monitored by ES{-MS
and when all starting material was converted to the product, the reaction was quenched with
saturated ammonium bicarbonate {pH 7). The reaction was filtered with 2 0.2 pm PALL
Acrodise syringe filter and purified by preparative HPLC (Agient 1200, Eclipse XDB-CI8,
212 x 250 mm, 7 um. A solvent = 50 mM ammoniom bicarbonate; B = ACN, A = 262 m}
with a hinear gradient of 10—60% B over 30 muns, flow rate 20 mL/min. Compound
containing fractions were freeze-dried to yvield Fmoc-protected trisaccharide 45 (20 mg, 69%}
as a white, fhufty solid,

{66716} 5. General protocol for Fmaoe deprotection

{867177  The deprotection of the D-series compounds was generally carried out according
to Scheme 1-13. above.

{08718} . The Library of D-Compounds

{07181 Tetrasacchande (45 or 46, Img, ~0.8 pmol} was dissolved in DMF {100 pl)
containing diisopropylethylamine (BIPEA, 4 pmol}. To this solution was added acyl chloride
(1.6 pmol} and the reaction was mixed using a vortex for 30 mins. The reaction was
monttored by ESE and when complete conversion to the product was achicved, the product
was purified by HPLC chromatography under the following conditions: Agilent 1200 HPLC,
Eclipse XDB-C8, 4.6 x 250 mm, 5 pm analviical column, A solvent = 50 mM ammonivm
bicarbonate; B = ACN, A =262 m) with a hincar gradient of 10—60% B over 30 nuns, flow
rate 1 mi/min. Fractions containing the desired product were freeze-dried to vield the

desired product as a white, fluffy solid.
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{60728}

The following compounds of the D-series were prepared using the terminal

madifying fragments listed in Table [, above. The identities of the compounds were

confirmed using IH-NMR specirometry. R in he D-serics compounds listed below is

([

c?

[00721]

100722
106723
[06724]

[0725)
106726)

00727}
[0728]

|
NH-(CHz)s-0—j—

Compound D101 (0.15 umoi) was prepared using the general procedure.

HO HO
Acw o]
HO R
HO
Compound B182 (0.15 umol) was prepared using the general procedure

HO
o HO OH co,

N
ﬂ/\lcl)/ HO' OH OH
AcHN ’é:
HO

Compound D183 (0.15 pmol) was prepared using the general procedure

HO
o Ho \OH o}

Compound B184 (0.15 pmol) was prepared using the general procedure

o Ho HQ

OH  co,
T\
N N 2
N OH
AcHN /é:o
HO. R
HO

Coropound D108 (0.15 prool) was prepared using the geveral procedure
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@%Nﬁ;—éw\ & o o OH
ACM\ »é:o R
HO
HO

[06732]  Compound D106 (0.15 pumol) was prepared using the general procedure

[00731]
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HO
o Ho QH coe
%
Ny . i
H,\g/ HO' co, OH OH oH
F AcHN fé:
HO HO

{007341  Compound D187 (0.15 pmol) was pmpared using the general procedure

HO HO

OH
Sareat=" e o
HO R
HO

{80736} Compound D108 (0.15 pmol) was prepared using the general procedure

[00735)

HO
o HO :OH ooe

H
/O)L H/\[O]/N He \_w\ OH OH
Cl
AcHN ’é:
166737] "
{060738] Compound D149 (.15 pmol) was prepared using the general procedure

HO
o MO, QH coze

/Q)LN,\L'/ HO _w\ OH OH
F
AcHN
{0739 o : "o
867467 Compound D116 (0.15 pmol} was prepared using the general procedure

HO
o HO oH coe

H ;
\ %;J\
N OH
ACHN

ﬁ&/
HO HO R
HO

807421 Compound D111 (0.15 pwmol} was prepared using the general procedure

100741]

al Ho, HO )

]
wm\g/ Ho wm OH) OH
AcHN Q R
[06743] ”OE "o

{80744] Compound D112 (015 pmol) was prepared using the general procedure
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cl Ho, HO o

Q o co2
NY HO' OH OH oH
Ac;:j;\f\ 0
Yo R
HO

[08746] Compound D113 (0.15 nmol) was prepared using the general procedure

[00745)

HO
o HO oH CO@

ﬁé;&f\\
’@w\ %
HO:
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{80748} Compound Bi14 (O. 15 umci} was prepared using the general procedure

OH
O)J\ OH OH
AcHN
HO

{60736] Compound D115 (.15 pmoi} was preparcd using the general procedure

[00749]

HO HO

TR e o
Ac\l-w O

{00752]  Compound D116 (0.15 wnoi) was prepared using the general procedure

R

{30751

o HO HO
j)k /\ﬂ/ HO' OH OH oH
Ac\l—w o
100753
{06734} Compound D117 (0.15 pmol) was prepared using the general procedure

O Hodgji
o D N"n’ RO OH 0020H oH
o A@EJ\ S
HO H R
[06755] o O

{80736} Compound D118 (O.ES u.m@i} was prepared using the general procedure
ACHN Hm

{07581  Compound D119 (015 pmol) was prepared using the geoeral procedure

HO
>y S
HO
HO

HO

807681 Compound B12¢ (O. 15 E,L’(‘IIOE} was prepared using the general procedure

100761
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{80762} Compound D121 (0.15 pmol) was prepared using the general procedure
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HO
o Ho pH coe

N
ﬁ’\g/ HO' OH OH ol
AcHN —é:o R
HO
HO

[08764] Compound D122 (0.15 numol) was prepared using the general procedure

[00763]

HO
o HO oH CO@

\%

N

ﬂ/\ﬂ/ HO OH OH H
0

Br AcHN HO

[B0765]
[00766]  Compound D123 (0.15 pmol} was prepared using the general procedure
o Ho HQ :OH co;
NC A°M\ &H o: R
[06767] "o MO

{60768] Compound D124 (015 pmol} was prepared using the general procedure

HO [e)
o HO OH  co,

N
MeO AcHN %R
HO

{0769}
867787  Compound D125 (0.15 pmol} was prepared using the general proceduars
o HoMy oH coe
H/\ENHO 5o o OH
Acm HO Hom:o R

{06771}
[B07721  Compound D126 (0.15 pumol) was prepared using the general procedure

HO
o HO QH O,

N
/©5Lu,\n/ " OH OH OH
)
AcHN Q
| ol \—w\ ’& \
© Ho R
HO

{808774] Compound D127 (0.15 pmol) was prepared using the general procedure
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HO
o Ho oH coe

> 2
o\
S\)]\ N Y S}
0
ET HO HO_ Yy OH co, QM OH0 OH
HO' HO HO R
HO

[775]
[08776]  Compound D128 (0.15 numol} was prepared using the general procedure
o Ho OH coze
H 70 e}
MY HO_"%\;& @
= H
FiC ACHNHO 2 © HO aomo R
HO

{00777
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{88778} Compound B128 (O. 15 umci) was prepared using the general procedure

[00779]
100750]

[00781]
100782]

[00783]
[00784]

100785)
[00786)

{00787
100788]

{00789}
100796]

OH OH
AJﬁiI;:;7k\ —35:;:
HO:!

Compound D138 {0.15 pmol} was prepared using the general procedure

HO
o HO oH 002@

N
H'\g’ HO' OH OH oH
AcHN O R

HO HO

Compound B131 (0.15 umol) was prepared using the general procedure

HO
o Ho, DH coe

N ,\g/N HO' \w OH OH
Compound D281 {0.15 pmol) was prepared using the general procedure

H
“\"/OONW

O AcHN Q

HO OH co2 Son OH
Mmb;JK o
R

HOH

CN

Compound B282 {(0.15 nmol) was prepared using the general procedure

HO
"I‘I.Lr“ OH C%
O AcHN

HO'

OH COZOH OH
ACM o

HO H
Compound B283 (0.15 pmol) was prepared using the general procedure
S
4
N Ho

F OH coze

O AcHN Qo

HO
A;@EZ;.7*\
O HO

Compound D284 (0.15 punol) was prepared using the general procedure
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©
OH co,

o ©
OH
HO' Ho_y oH  co,QHoH, OH
AcHN o 0. o Q
o R
HO

HO HO H

{00791

807921 Compound D285 (0.15 pmol) was prepared using the gencral procedure
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0 [S)
OH
HO' HO, :\OH co, OHo OH
AcHN Qo 0 o 0,
0 R
HO

[00793] "o Ho

{80794  Compound D286 (015 pmol) was prepared using the geoeral procedure
\ H
> 8 Ho o co?

O AcHN Q

o o
HO HO, OH co, OHO OH
AcMo&,o/é :O
HO HO HO R
HO

[00795]

[B0786]  Compound D287 (0.15 pimol} was prepared using the general procedurs

Cl
K ©
N OH  co,
O AcHN 2 oo <3
HO' oH co, on, OH
. HO' HO HO
{00799 Ho

{60806 Compound D209 (0.15 pwmol} was prepared using the general proceduars

F.

H Ho
N oH 002@
O AcHN 0 o o
HO' HO, OH co, 9 OHO oH
HO HO HO NS R

[00801]

{60862] Compound D218 (0,15 pmol) was prepared using the general procedure

S
H Ho
NN o coze
O AcHN. ZpQ )
o]
HO' HO_§ OH co, QM oH oH
AcHN 0 omo'é:o
HO HO HO R
HO

[00803]
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{80834} Compound D211 (0.15 pmol) was prepared using the general procedure
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H
HO
AN o o
O AcHN Q
cl o ©
HO' HO o co, H OHO oH
AcHN. L2 0&0'&0:
HO HO HO R
HO

{60805}
100866 Compound D212 (0.15 pmol) was prepared using the general procedure

O AchN
cl 0 Q
OH
HO' HO_y oH co, OHo OH
AcHN 97 o o’&oz
HO HO HO R
HO

{00807}
{00808 Compound D213 (0.15 pmol) was prepared using the general procedure

H Ho
N OH o2
O AcHN % le)
HO HO, O:OH co, oH OHO o
HO Ho HO R
{00809 Ho

{66816  Compound D214 (015 pmol) was prepared using the general procedure

HHo
N . ol
O AcHN Q
HO' OH OH on
Aﬁt;;f\ Té:o .
HO HO
[06811] HO

808127 Compound D215 (0.15 pmol) was prepared using the general procedure

[00813]

608141 Compound D216 (0.15 pmol) was prepared using the general procedure

N
N w
HO
[::I:;J\rﬂ\_§§;~;fi\

O AcHN Q

HO' COZOH o
AQﬁ:g;J*\ o

HO HO

[00815)

[60816]  Compound D217 (0.15 pmol) was prepared using the general procedure
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100817}
[00818]

[00819]
{06820

100821]
[0822]

100823]
100824}

[0825]
100826)

0827
100828]

{_Ho o

OH o,
O AcHN Q )
o]
HO' HO_Y OH co,QH OH oH
HO R

HO HO
HO

Compound D218 (0.15 pmol) was prepared using the general procedure

H
HO
Oy e
O AcHN. Z=Q
HO cozo"‘ o
ACM\

HOH R

Compound D219 (0.15 umol} was prepared using the general procedure

N Ho o

_\OH cO,
O AcHN_/3Q o =)
HO' HO_ Y oH co,%H OHO oH
Aéitz;gjk\éif:;s,OTE:;o
HO' HO ™ HONs R

Compuund D226 ¢0.15 umol} was prepared using the general procedure

co2
O AcHN
HO' o OHy oH
Acm fé ;o
HO. R
Ho

HO

Compound D221 (0.15 umol) was prepared using the general procedure

©
OH  co,
O AcHN Q

0 ©
OH
HO' HOL{ OH co, OHO OH
AcHN Q o) o—é :o R

HO HO HO
HO

Compound D222 {0.15 pmol} was prepared using the general procedure
Br.

HO o

\©\Y(N < COZ
O  AcHN
(o]
Acm &/ m
HO

Compound B223 (0.15 umol} was prepared using the general procedure
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NC.

ZI
I
[e]

€]
OH  co,
O AcHN Qo

(o] e
OH
HO HQ, ;OH CO, OHO OH
AcHN Q 0. 0 QO
le) R

HO HO H

{60829] HO
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{00830}

100831)
[00832]

{00833}
[00834]

100837
{00838]

[00839)
100840]

Compound D224 (0.15 umol) was prepared using the general procedure

MeO

OH  co,
O AcHN Q

(o} e
OH
HO HO, :\OH cO, OHO oH
AcHN Q lo) ofé :O
To) R
HO

HO HO H

Compound B228 (0.15 umol) was prepared using the general procedure

HO

N e)
[e] (9]
AcHN ° @OH
HO' HO, OH  co, OHo OH
A;i225#m22;3016:3
Ie) R

HO HO H
HO

Compound D226 (0.15 pmol) was prepared using the general procedure

Cl
B Ho
\Q\"/N\wi
O AcHN /0 e)
Cl o]
HO' HO, ;OH co, OH OHO oH
AcHN Q o) o’&o:
HO HO HO R
HO
Compound B227 {(0.15 umol) was prepared using the general procedure

H Ho o
N
©\S/\"/ OH  co,

O AcHN Q

o ©
OH
HO' HO, OH  co, OHO oH
AcHN Q o o 0
HO' HO Ho&/R
HO

Compound D228 (0.15 pmol) was prepared using the general procedure

i

G ACHN o
o PTR
He HO ;O.‘- co, M Ob:y) oH
AcHN 7 o 0’&0: o
HO HO  HO R
HG

Compound D229 {(0.15 umol) was prepared using the general procedure
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H Ho
N oH 002@
O AcHN Q ° )
HO H OH co, PH OH0 oH
AcHN Q o) o«é :o ®
; HO' HO HO
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{00842  Compound D236 (0.15 pwmol) was prepared using the general procedure
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[0843]
[00844]

[00845]

[00846]
[00847]

0 €]
OH
HO HO, .\\OH CcO, OHO OH
AcHN. Q 0. o—é :O R

HO HO HO
HO

Compound D231 {0.15 pmol} was prepared using the general procedure

©
OH co,
O AcHN Q

HO' OH OH
Ac;m\ o
R

HOH

Example 3: Coniupation of Polvmers and Glveans

The following synthetic schemes are used to conjugate glycans and polymers. o

these schemes, the glycan s partially represented osing only the carbohydrate onit directly

bonded to the linker group. Additional manuﬁcmﬂng pmtocols are prmrided in Example 8.

{00848}
[0849]

{00850}
{00851

[00852]
100853}

Synthetic Scheme 3-2
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Synthetic Scheme 3-3
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{00854
{B0888}  Synthetic Scheme 3-4
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{88837} Synthetic Scheme 3-3
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{00859)  Symthetic Scheme 3-6
@
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Q
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{80861}  For cach of the Synthetic Schemes 3-1 through 3-6, the anomeric linker is

[(0866]

modified by a correspondmg click reagent using the following general protocol. Amine
termnating glvean (1 eq.) and click reagent (5 eq.) are dissolved i DMF sach that the final
glycan concentration is 10 mM. To this sohution is added dusopropylethylamine {(DIPEA. 5
o) and the reaction is ncubated at 37°C untd] no further starting material is observed by ESI-
MS. The reaction is purified by P-2 size exclusion chromatography cluting with 0.1 M
ammoniam bicarbonate. The product containig fractions are pooled and the solvent is

removed by lyophilization.

SUBSTITUTE SHEET (RULE 26)



WO 2023/129737 PCT/US2022/054381

{808627 A skilled person would understand that many other click chemistry reagents are
commercially available and can be employed depending on the need, availability, and the
destrability of the final product. For example, with respect to Synthetic Scheme 3-1, any one
of the following commercially avaibale (from such vendors as Broadpharma, Sigma-

Millipore, or Fischer Scigntific) click reagents can be used:

[06863]
[00864]
100865
\1‘°M~§* >
§\ j}\ TS e B S e g e
s S8 3 £

{00866

§:_ BT LI N Qo Cie EEN S e ST D, oy
[00867]

[66868] Synthetic Example 3-2: Production of Exemplary Nanoparticles using polymers
with BBCO.
{0086%] Nanoparticles are propared by the enmulsion method. A representative example of

nanoparticle production includes the following. PLGA (10k-PEG(SK)-COOH and PLGA

(10K}-PEG(5k)-DBCO are weighed at a weight ratio of 3:1 and are dissolved in mixture of
organic solvents. The concentration of the polvmer 1s 37mg/mL in organic solvent (39.3%

ethyl acetate
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and 40.5% benzy! alcohol}. 10mb of the polymer solution 15 added to 40mL of an aqueous phase
consisting of G or 0.1% Tween 80 in water and homogenized using a Rotastator to form a coarse
emulsion. The coarse emulsion is further homogenized to a fine nanoemulsion using a
microfluidizer with 3 passes. The nanoemulsion 13 then quenched by addition to 450mL of cold
water to harden the nanoparticles. The quenched nanoparticle solution is then concentrated and
washed by tangential flow filtration to remove the organic solvent. The concentration of
polymeric nanoparticles 1s determined by evaporating water from a known volume of
nanoparticle solution. The nanoparticle solution is then prepared for conjugation to the
oligoglycan ligands.

[66876]  Synthetic Example 3-3: Ligand-Azide Conjugation to Core DBCO Nanoparticle
Surface via SPAAC Chemusiry

(80871} Punfied N3-ligand prepared as described above 15 conjugated to the surface of
purified PLGA-DBCO nanoparticles via a SPAAC copper-free chick chemistry protocol. Briefly,
the nanoparticles with DBCO are incubated with the ligand-azide at 4 °C or room temperature or
at 37°C overmght. Upon completion of the conjugation reaction, the nanoparticles are washed
using TFF to remove unreacted components, and the buffer is replaced with an appropriate
sotonic solution such as 10% Sucrose. The nanoparticle solution is then sterile filtered via a
0.Zum filter.

{00872F  Svuothetic Example 3-4: Additional Production of Exemplary Nasoeparticles by

Preconjugation of ligand-azide to DBCO-polymer

[B0873] Nanoparticles are prepared by the emulsion method. A representative example of
nanoparticle production is described helow. 10 myg of the ligand-azide is dissolved in 0.6mL of
DMSO or DMF or Acetonitrile or some appropriare solvent. The dissolved ligand solution 1s
added to 15 mg of PLGA (10k)-PEG (5k)-DBCO (dissolved n an organic solvent mixture of
ethyvl acetate benzyl alechol). The mixture is stirred and mixed overnight to allow for
conjugation of the hgand-azide to the PLGA-PEG-DBCO wvia the azide-DBCO click chenustry
coupling. After nuxing overnught, 285 mg PLGA (10k)-PEG(3k)-COOH 15 added to this reaction
mixture and the solution was muxed/stirred until 1t was visually clear.

{00874}  The final volume of the organic solvents 13 3.03 mi. with 2.43 mL of ethvl
acetate:benzyl alcohol at a volume ratio of 60:40, and 0.6ml of DMSO. In order to mtroduce a

flucrescence motety into the nanoparticles, a polymer, fluorescein-PLGA can be used. The total
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fraction of the fluorescein polymer in the total polvmer used for preparing the nanoparticles
was 1% by weight, te., 3 mg of PLGA-fluorescein was also added to the polymer sclution.
{00875  This polymer solution is added to 27 mL of cold water (saturated with ethyl
acetate) and homogenized using a IKA T-18 Rotastator to form a coarse emulsion. The
coarse ennulsion is further homogenized to a fine nanoemulsion using a microfhadizer
(Microfluidics LM10) with 3 passes. The nancemulsion is then guenched by addition to 270
ol of cold water to harden the nanoparticles. The quenched nanoparticle solution is then
concentrated and washed using cold water by tangential flow filtration (KR21 TFF, Repligen)
to remove the organic solvents and unreacted ligand-azide. The concentration of polyvmeric
nanoparticles is determined by evaporating water from a known volume of nanoparticle
solution. Sucrose is added to the nanoparticle solution at 10% wi/wt and filtered usinga 0.2
pm Millipore syninge filter. The nanoparticle solution is then frozen at -20°C. The size of the
nanoparticles 1s measured using Dynamic Light Scattering using a Malvern Zetasizer.
Dyvnamic light scattering tochnigues use the constant randorm thermal motion of particles and
molecules called Brownian motion {0 measure the size. The particles diffuse at a speed
related to their size, smaller particles diffusing faster than larger particles. The diffusion
speed is measured from the speckle pattern produced by illuminating the particles with a
laser. The fluctuations in the scatiering intensity at a specific angle is detected using a
sensitive photodiode detector. The intensity changes are analysed with a digital autocorrelator
to generate a correlation function. This curve is analysed to give the size and the size
distribution of the particles. The nanoparticies are diluted to a concentration of approximately
0.1-1.0 mg/mL using clean water and measured in the Zetasizer. Each value generated 1s an
average of 3 readings.

{80876] Svynthetic Example 3-5: Conpugation of glvcans to polvimers by amide coupling

{00877 Swnthetic Scheme 3-7

Na
08836
/az)&/ox/\/\,NHz 050,© Na
AchN EDC/NHS Os u o o
_— 1] "
o o /HO&ACHN ONaecn,crfock,cHjofceHd{CeH,dn
Il I *
HOZC—CHZCHZIOCHQCH]Z"O{'(-C(IDH HceH gt o CHs

CH,
[B0878]  Carboxvhic Acid terminating PLGA or PLGA-PEQG 1s disselved in DCM to a final
concentration of 5 mM. The solution s mixed at room temperature, and to this sample 1s
added EDC and NHS or Sulfo-NHS to provide a final concentration of cach reagent to 25
mM. The

SUBSTITUTE SHEET (RULE 26)



WO 2023/129737 PCT/US2022/054381

sohution is stirred at room temperature for one howur to vield to desired NHS or sulfo-NHS
activated ester. The activated ester is precipitated by addition of MeOH (10x reaction
volume) and collected by contrifugation (2,000 g for 10 mins). The activated PLGA-PEG-
WHS pellet is redissolved in DCM and precipitated 1n MeOH three total times to ensure
complete removal for residual EDC and NHS or sulfo-NHS. Amide formation is facilitated
by dissolving the amine containing glvean and the activated PLGA 1n a mixture of organic
solvents to facilitate the reaction between the amimne component of the glvean-amine and the
NHS group on PLGA-PEG-NHS. The choice of the organic solvents can be optimized for
cach glycan-amine and PLGA-PEG-NHS system. For example, the glycan is typically
dissolved in DMSO or DMF with the addition of small amount of water if necessary. The
PLGA-PEG-NHS block copolymer is dissolved in DMSO or DMF. The glycan and PLGA-
PEG-NHS solutions shoeld be clear and then nixed to initiate the reaction. N, N-
Duisopropviethylamine (DIPEA) is added to this reaction mixture to enable the coupling of
PLGA-PEG and glycans. The reaction s carried out for at ieast 4 hours or more. Afier the
reaction has proceeded to completion, the organic solvent mixture 1s emulsified into an
agueous phase to vield the nanoemulsion. Unreacted components of the reaction are expected
to be removed during the fabrication of the nanoparticles. The aqueous phase used during the
formation of the nanoembusions can be slightly basic with apH or > 7.2 1o assist in
hydrolvsis of unreacted NHS groups to COOH.

{06879 Svnthetic Example 3-6; Comugation of glycans to polvmers by azide/alkyne chick

{60888]  Sywiheric Scheme 3-8

o Na
0383 2 o o o
/O’&, N Azide / Alkyne ° I I 0
ho AcHN O Conjugatikin o 0883 /Y\N'C_CHZCHJOCHch]?nO‘R'C(EHdT(CCHZQ:]-n"_'
- ,HO&/O\/\/\/N\ M CH,
AcHN N=N

O o} O
vN,E—CHZCHZIOCHZCHl%\O{(-gg:dy—(ECHZQ;]-HH
H 3

{60881  Amde contaming glycan (> 1.2 eq} and alkyne containing polymer (1 eq} are
mixed in a solvent system containing BMSQO or DMF, benzyl alcohol and ethyl acetate. The
reaction is carried out for at least 4 hours until completion. Unreacted atkyne groups m the
polymer can be capped by addition of excess amounts of azide contamning molecules. After
the reaction has proceeded to completion, the organic solvent muxture is emulsified mto an

aqueous phase to
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yield the nancenwndsion. Unreacted components of the reaction are expecied to be removed
during the fabrication of the nanopanicies.

[00882]  Svathetic

-

coupling
[00883]  Symrhetic Scheme 3-94
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{00884}  Synthetic Scheme 3-98
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{60886] Ande contaming glycan {1 eq) and cyclooctyne contaiming polymer (1 eq) are
mixed in a solvent system containing BMSO or DMF, benzyl alcohol and ethyl acetate. The
reaction s carried out for at least 4 hours until completion. Unreacted alkvne groups n the
polymer can be capped by addition of excess amounts of azide contamning molecules. After
the reaction has proceeded to completion, the organic solvent mixture i3 emuldsified mto an
aqueous phase to vield the nancemulsion. Unreacted components of the reaction are expected
to be removed during the fabrication of the nanoparticles.

{60887} Svwthetic Scheme 3-9D
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{B0888]  Theol containing glvean {1 eq) and maleimide contaming polvmer (1 eq) are
mixed in a solvent system containing DMSO or DMF, benzyl alcchol and ethyl acetate. The
reaction is carricd out for at least 4 hours untif completion. Unreacted maleimide groups in
the polymer can be capped by addition of excess amounts of thiol containing molecules such
as cysteine. After the reaction has proceeded to completion, the organic solvent mixture i3
emulsified mnto an aquecus phase to vield the nanocemulsion. Unreacted components of the
reaction are expected to be removed during the fabrication of the nanopasticles.
[00889]  The above processes for fabricating nanoparticles can be applied to various
combinations of coupling chemistries including maleimide-thiol or cysteine, NHS and amine,

click chemistries etc.

[66898] Example 4;: Microarray Printing and Screening

{00891} The compounds described herein were initially tested for binding to Siglec targets
using microarray printing techniques described below.

{00892  All compounds were printed on NHS-ester activated glass slides (NEXTERION®
Slide H, Schott Inc.} using a Scienion sciFLEXARRAYER $3 non-contact microarray
equipped with a Scienion PDCR0 nozzle (Scienion Inc ). Individual samples were dissolved

i sodium
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phosphate buffer (50 ul., 0.225 M, pH 8.5) at a concentration of 100 uM and were printed in
replicates of 10 with spot volume ~ 400 pL, at 20 °C and 50% humidity. Each slide has 24
subarravs in a 3x8 layout. After printing, slides were incubated in a humidity chamber for & h
and then blocked for 30 mun with a 5mM ethanolamine in a Tris buffer (pH 9.0, 30 mM) at 40
°(. Blocked slides were rinsed with D1 water, spun dry, and kept in a desiccator at room
temperature for future use.

100893}  Screening was performed by incubating the slides with a protein solution for a certain
amount of time followed by washing and drying. The buffers used in screening were TSM buffer
{TSM, 20 mM Tris-Cl, pH 7.4, 150 mM NaCl, 2 mM CaCly, and 2 mM MgClh), TSM binding
buffer (TSMBB, TSM buffer with 0.05% Tween-20 and 1% BSA) and TSM washing buffer
{(TSMWEB, TSM buffer with 0.05% Tween-20}. A typical washing procedure ncluded
sequentially dipping the glass shide in TSM wash buffer (2 min, containing 0.0S % Tween 20),
TSM buffer (2 nun) and, water (2 x 2 man), followed by spun dry.

{80824} For the screening of the Fe tagged Siglec -2, 3, -5, -6, -7 and -9, the shdes were
incubated with Siglece-2 (Fe tagged, R&D system cat # 1968-SL-030, 1 pg/mL in TSMBB),
Siglec-3 (Fe tagged, R&D system cat. # 1137-SL-030, 1 pg/mL in TSMBB), Stglec-5 (Fe
tagged, R&D system cat. # 1072-SL-050, 20 upg/mL n TSMBB), Siglec-6 (Fc tagged, R&D
syster cat. # 2859-81.-050, 1 ug/ml in TSMBB), Siglec 7 (Fe tagged, R&D systero cat. # 1138-
SE~050, 20, 10, and Stpg/mL m TSMBB) or Siglec 9 (Fe tagged, R&D system, 10, 3, 1 ug/mlL
in TSMBB) for 1 h, followed by washing and imcubating with a solution of goat anti-human IgG
anttbody {Alexa Fluor 647 conjugated, Jackson ImmunoResearch,10 pg/ml) for 30 mun. For the
screening of strep-tagged enterovirus protein B3/1013, AZ/2018, B2/039, A4/P4, and
hemagglutinins of HSVN, H3N8B, the slides were incubated with the protem (S0 yg/ml in
TSMBB) for 1 b, followed by washing and incubating with a solution of anti-Strep tag antibody
{StrepMAB-Classic Oyster 645, IBA Lifesciences 2-1555-050, 10 ug/mL) for 30 min. For the
screening of MERS spike protein, the shides were incubated with a pre-muxed mixture of MERS
spike protein {Fc tagged, 50 ng/ml) and pAb-LS nanoparticle (50 ug/miL) for 1h, followed by
washing and incubating with a solution of goat anti-human Ig( antibody {Alexa Fluor 647
conjugated, Jackson ImmunoResearch, 10 pg/mb) for 30 min. After washing and drying, the
slides were scanned using a GenePix 4000B microarray scanner (Molecular Devices) at the
appropriate excitation wavelength with a resolution of § pm. Various gains and PMT values
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were employed for the scanning to ensure all signals were within the linear range of the
scanner’s detector and there were no saturation of signals. The images were analyzed using
GenePix Pro 7 software {version 7.2.29.2, Molecular Devices). The data was analyzed with an
Excel macro (http.//zenodo.org/record/5146251). The highest and the lowest value of the total
fluorescence intensity of the replicates were removed and the remaining values were used to
calculate the mean value and standard deviation.

100893}  The results are shown in FIGs. 3A through 3M (vertical axis corresponds to

flucrescent intensity measured in relative fluorescent unit {RFU)).

[60896] Example 3: Surface Plasmon Resonance Analysis of Binding to Sislecs

100897}  The Ku of binding of the compounds of the present invention is determined using
Surface Plasroon Resonance (SPR) techmque.
{00898} Surface /Sample Conjugation;

{80898}  All analyses are performed on a GE Biacore T100 machine. To a Series S CMS chip

{Cytiva No. 29149603} 15 coated streptavidin (2,000 response units, Thermo Fisher Scientific
No.434301) using standard EDC/NHS anmide cormgugation chemustry (Flow cell 1, 2, 3, and 4).
Al flow cells are subsequently blocked using ethanolamine and the chip swiface is stabilized by
flowing (10 ul/min} a degassed solution of PBS-P (10 mM NaxHPGs, 1.8 mM KHzPOu, 137
mM NaCl, 2.7 M K, and 0.5% surfactant P20 (Cytiva No. BR100054), pH 7.4) overnight.
{89960} To the stabiiized baseline is mtroduced biotimylated compounds dissolved i D water
io a concentration of SO pg/mi. (Volume total = 200 uL}. Using the T100 software in manual
mode, the 50 ug/mL solution of biotinylated disialoside 1s mtroduced to flow cell 2 at a flow rate
of 30 uL/min for 90 seconds followed by PBS-P for 90 seconds at a flow rate of 30 pL/min.

This process is repeated three times, after which, no additional biotin conjugation is observed.
{00901}  Siglec-3 Screening

{00982} Lyophylized hFe-Siglec-3 (R&D Systems No. 1137-SL-050) is reconstituted 1n PBS-

P buffer to a concentration of 200 ng/mL and allowed to equilibrate on ice for 30 mins prios to
analysis. Binding assays are set up to measure the interaction between siglec-3 and biotinylated
sialosides by subtracting the response units measured from flow cell 2 and 1. This analysis 1s
accomplished by introducing siglec-3 at three different concentrations: 200 pug/ml, 100 pg/ml,

and 50 pg/ml using the following parameters:
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180963} a. Flow rate =30 ul/min; b. Contact time = 60 5; ¢. Dissociation time 90 5; d.
Stabtlization time = 30 s.

00984}  Siglec-5 Screening

{80905}  Lyophylized hFc-Siglec-5 (R&D Systems Ne. 1072-8L-050} 1s reconstituted i PBS-

P buffer to a concentration of 200 pg/mL and allowed to equilibrate on ice for 30 mins prior to
analysis. Binding assays are set up to measure the interaction between siglec-3 and bictinylated
sialosides by subtracting the response uniis measured from flow cell 2 and 1. This analysis is
accomplished by introducing siglec-5 at three different concentrations: 200 yg/mL, 100 pg/mlL,
and 50 pg/mL using the following parameters:

{80986}  a. Flow rate =30 yl/mun; b, Contact time = 60 5; ¢. Dissociation time 90 5; d.
Stabilization time = 30 s,

(809677 Siglec-7 Screening

{80988} Lyophylized hFc-Riglec-7 (R&D Systems No. 1138-8L-050) 1s reconstituted i PBS-

P buffer to a4 concentration of 200 ug/mL and allowed to equilibrate on ice for 30 mins prior to
analysis. Binding assays are set up to measure the interaction between siglec-7 and biotinylated
sialosides by subtracting the response units measured from flow cell 2 and 1. This analysis s
accomphished by 1otroducimg siglec-7 at three different concentrations: 200 ug/ml., 100 pg/ml,
and SO pg/rol using the following parameters:

(80989} a. Flow rate = 30 pl/min; b. Contact time = 60 s; ¢. Dissociation time 90 5; d.
Stabilization time = 305,

(80910} Siglec-9 Screening

{00911} Lyophylized hFc-Siglec-9 (R&D Systems No. 1139-SL-050) 15 reconstituted 1 PBS-

P buffer to a concentration of 200 pg/mL and allowed to equilibrate on 1ce for 30 mins prior to
analysis. Binding assays are set up to measure the interaction between siglec-9 and biotinylated
sialosides by subtracting the response units measured from flow cell 2 and 1. This analysis is
accomplished by introducing siglec-9 at a concentration of 100 pg/mi., 50 ug/ml, and 25 yg/mL
using the following parameters:

180912} a. Flow rate =30 ul/min; b. Contact time = 60 5; ¢. Dissociation time 90 5; d.
Stabtlization time = 30 s.

00913}  Siglec-E Screening
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180914} Lyophylized mFe-Siglec-E (R&D Systems No. 5806-8L-050} 1s reconstituted in
PBS-P buffer o a concentration of 200 ug/mb and allowed to equilibrate on ice for 30 muns prior
to analysis. Parallel binding assays are set up to measure the mteraction between Siglec-E and
biotinylated sialosides by subtracting the response units measured from flow cell 2 and 1. This
analysis 18 accomplished by introducing Siglec-E at a concentration of 100 uyg/mb, 50 pg/mb,
and 25ug/mb using the following parameters: a. Flow rate = 30 uL/mun; b. Contact time =60 5;

¢. Dissociation time 90 s; d. Stabilization time = 30 5.

{00915} Example 6A: S-Compounds Demeonstrate Binding Selectivity to Siglec-9

[86916] The Ka values of binding of S-compounds to Siglec-3, Siglec-7, Siglec-9, and Siglec-
11 were measured using biolayer interferometry (BLI) analysis.
{80917}  Briefly, all analyses were performed on an Octet RED384 mstrument. To high
precision streptavidin {SAX) tips (ForteBio #18-3117) specific biotinylated hibrary members
were conjugated by dipping the SAX tip nto a 50 pg/ml PBR-P solution of each sample for §
mins with a rotation value of 1000 RPMs. After samiple conjugation, the tip was stabilized by
mmersing it i PBS-P (no ligands) for 2 muns with a rotation value of 1000 RPMs.
[80918]  Screening SIXX series compounds against Siglec-3, -7, -9, and ~1 1
{89918}  Lyophvhzed (h/mjFe-Siglecs purchased from R&D Systems were reconstituted in
PBS-P buffer to a concentration of 10 pg/mlL and allowed to equilibrate on 1ce for 30 mings prior
to analysis. Binding assays were set up using the following parameters:

8. Assoctation (10 pg/ml. Siglec in PBS-P} = 5 muns at 1000 RPMs

b, Dissociation (PBS-P) = 5 mins at 10600 RPMs
NaCl (1 M} wash = 1 min at 1000 RPMs
d. Baseline regeneration (PBS-P} = 1 min at 1000 RPMs

[80920] Screening 8112, 8212, and 8217 against Siglec-7

Ie]

{00921} Lyophylized hFc-Siglec-7s purchased from R&D Systems was reconstituted in PBS-
P buffer to a concentration of 10 pg/mb and allowed to equilibrate on 1ce for 30 mins prior to
analysis. Binding assays were set up using the following parameters:

a. Association (10 pg/mb Siglec in PBS-P} = 2 mins at 1000 RPMs

b. Dissociation (PBS-P) = 3 mins at 1000 RPMs
. NaCl (1 M} wash =1 min at 1000 RPMs

[¢]
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d. Bascline regencration (PBS-P) = 1 min at 1000 RPMs
009227 The following compounds were tested:
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609231 The natural ligand of Siglec-9, 6-sulfosialyl Lewis*, also known as compound
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HO\“«!\ OH GO« H Cs 080, s 8-C-sulfation
S - e
Acﬁi\i.‘wi)mﬁu A
e ) ACHNT
~
- OH
H2.3 NEUBAS b TiH s @1,3 Fucose

was used as a positive control.
{60924}  In cach of the corapounds depicted above, R was a moiety represented by the

following structural formula:

[00925]  For example, the positive control, 6-suifosialyl Lewis®, was represented by the

following stroctural formula:

HO HO OH CO?OH o|-(|) OSO? o) HHN ]
A S =R S G 2
\g s HO o TI/\/\/\H - NH
.FOHQiOH el s—/
HO .
[80926] The results of the binding experiments are shown in the sensograms reproduced in
FIG. 4A through FIG. 4E. In the plots shown, binding affinity (response} is measured asa a
wavelength shift (nm} in the mterference pattern as a function of time, for a fixed
concetration of the Siglec target. The response is proportional to the number of ligand

molecules bound to the surface of a biosensor.
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{80927} The data iflustrates the higher binding affinity of certain tested compounds to

o

Siglec-9 when compared to the other Siglecs examined (Siglec-3, -7, and -11).

[00928] Example 6B: Compound B-182 Demonstrates Enhanced Binding to Siglec-7

[00929]  The strength of bidning of certain D-series compounds to Siglec 7 was tested
according to the same BLI protocol as described above in Example 6A.

[00938]  The following compounds were tested:

80931} Compound D11

HO
o HO oH coe
H ol
N O
AcHN —m
HO HO

{00932} Compound D182

HO
o Ho. pH cos
mS
N N
H/\g/ HO OH OH oH
HO
HO

HO

[0806933]  Compound D163

HO
o MO OH coe

s \M\
ACHN
HO HO

009347  Compound D164

HO )
o HOo, oH o

AN O
MNTNHO OH OH oH
HEBIRRY Compouﬁd Bi6s

[00936]  Compound D106
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[00937F  Compound D187
HO
OH coe
Oy e .
& St e
HO H R

HO

[0606938]  Compound D198

Ho HQ
2
OH
/Q)L W
ACHN é :o
HO R
HO

009397 Compound D168

HO )
o HO oH ool

N
ﬁ/\ﬂ/ HO OH OH
F o
AcHN —é:
HO

{00948} Compound D118

HO )
o Ho, oH o

N\ ﬁi@zf\\
HY HO' OH OH
S o]
AcHN
Ho&\;@/

009417 Compound D111

cl Ho, HO )

T\
F \ N
o ﬁ’\g/ HO' co OH OH oH
AcHN

HO Hm

5{5{3947 Compound B112

.
OH
OH H
AcHN
HO
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{00947  Compound D201

OO B Ho
“\'(N QH coze
0o ]
HO' HO, OH co,PH OHO oH
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HO HO HO R

HO

{00948]  Compound D282

HO
O AcHN
HO

OH co, OH OH
Aﬁt;;f\ o

HO H
[00948]  Compound D283
S
// N} OH co,

HO
HO HO HO

009587  Compound D204
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{80951} Compound D285

Q\S
H Ho o
N/)\’]/N .“OH CO,

O AcHN Q

(o] [S)
OH
HO' HO, P\OH co, OHO OH
AcHN Q o) o»é :0
HO R
HO

HO HO.

009521 Compound D206

€]
HO' HO, OH co,9H OH
s 2 o OH
c O S ,:; A ’é :o
Am’%\i\o HO ao > R
{00953 Compound D267

g

{80954} Compound D208
Cl

H Ho
NRon oo

O AcHN Q

o o
OH
HO' HO, :\OH CO, OHO OH
AcHN Q o o/é :o o

HO' HO HO
HO
[009851  Compound D209
E
H Ho
N O coze
O AcHN /30 €]
o
HO' HO, :\OH co, 9 OHo OH
AcHN 0 0 o O,
HO' Ho HO&X:Q/R
HO
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{80956} Compound D210

s

H Ho
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HO HO, OH co, OHO OH
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30987 Compound D211
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{30960  Compound D214

H Ho
N OH 0029

O AcHN Q
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HO OH OoH
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00961} Compound D218
[o]

< H Ho le)
N
o) OH  co,

O AcHN Q

HO OH OH OH
Ac\l—m\ O

HoH

{00962} Compound D216

N
A H
HO
@ENJ\,(N oH oo

O AcHN Q

HO 0020H oH
ACFM\ o

OHO

1009637 Compound D217
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OH c02
O AcHN
HO __9;“\;3 Son OoHy oH
AcHN o]
c ¢ HO H&/R
HO
{08964}  The natural ligand to Siglec 7, known as compound D000, was ased as a positive
control:
HO
oH ::OH COH
AcHN

COZHOH OH oH

{00965} In cach of the compounds depicted above, R was a moiety represented by the

(DGOO)

following structural formula:

[80966] The data demonstrates that cormpound D102 extubits approximately 4-fold lgher
affinity to Siglec 7 than its natural ligand, compound D000, Other tested B-series compounds

did not show a marked improvement in binding.

{00967  Example 7: Methods of Testing the Siglec Lizands

{00968}  The Siglec higands described herein (modified ohigosaccharides as well as the
modified oligonsaccharides comjugated to polymers that foro nanoparticles) can be screened
and tested for biological activity in s vifro and in vive models.

188969} 1. In vivo models

{08978  Lung fibrosis

1) Bleomyvem-Induced Pulmonary Fibrosis Model in Mice

2y Silica-Induced Lung Fibrosis Model in Mice:
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180971}  a) Route of delivery: oral pharyngeal route or osmotic pump; b) Test article
administration: oral, IP, IV, IM, SC, inhalation and osmotic pumps; ¢} Treatment regimen:
Therapeutic or Prophylactic.

{80972} Liver /kidney fibrosis/Cardiac

180973} 1) CCl4-Model of Liver Fibrosis in Mice or 2) NI-F mouse model for liver and
kidney fibrosis.

100974}  Retinal disease

{80975} 1) Ocular fibrosis, or 2) Dhabetic retinopathy — mouse ocular model for oxygen
induced retinopathy.

{86976}  Pulmonary

180977} 1) ARDS or 2) Acute lung injury.

[00978]  Sepsis

888791 Oncology

[00980) 2. Invitro assays

{80981} 1) Fibroblast cell culture, 2) NK cells cell assays, 3)Macrophages assays, 4)
Neutrophils cell assays, 5) Fibrocyte cell assays.

[80982) 3. Protocol for Isolating Human Newraophils from Whole Blood using FasySep using

magneds soring
1} Transfer 10 mi of whole blood to 50ml conical tube.
2y Supplement with EDTA (1mM final) if no EDTA-anticoagulant was used.
3} Vortex magnetic beads and 1solation cocktail before use.
4y Add SOul/ml of isolation cocktail to the sample.
5y Add 50ul/mi of magnetic beads to the sample.
6} Mix and incubate at RT for § min.
7} Top up sample tube to 50 mi with FACS buffer. Mix by gently inverting 2-3 times
8} Incubate without lid at RT for 10min in EasySep magnet.
9y Caretully pipeite the enriched cell suspension into a new tube.
10} Add same volume of magnetic beads to the new tube and mcubate 5 mun RT
11} Place the tube without lid 1n the magnetic rack for 5 min RT.
12} Transfer cell suspension to a new tube and place on magnet for 10 nun RT

13) Carefully pipette the enriched cell suspension into a new tube and spin at 400g Snun.
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14} Resuspend the cell pellet in 5 ml R10 medium and count.
[00983] 4. Verification of purity of isolated nevirophils

1} Transfer 500 000 cells to S ml FACS tubes

2} Spin down 400x 5 min and resuspend in FACS buffer

3} Add Fc blocker 1ul/100ul cells.

4y Incubate RT for 20 min.

5} Spin down cells at 400x Snun and resuspend in 200 ul FACS buffer

&) Stain cells with antibodies 1ul/100ul cells for 20 min RYT.

7y Spin down cells at 400x Smin and resuspend in 300 ul FACS butffer

8y Wash cells using FACS bufter and resuspend in 500ul.

9) Analyze cells on MACSQuant machine for CD45/CD166b/CD16 expression

100984] 5. Preparation of medium

{80983}  Use sterile technigues to prepare R10 Mediuro (RPMI1640 + 10% FBS + Ix P/S).
The following example 1s for preparing 500 mL of medium. If preparing other volumes, adjust
accordingly.

1y Thaw FBS and P/S 10 water bath,

2} Add 50 mL of 100% FBS and S ml of 100x P/S

3y Invert bottle 4-5 times.

4} Store medium m 4C
{00986}  Use sterile techniques to prepare FACS Medium (PBS + 2% FBS + ImM EDTA}.
The following example 1s for preparing 500 mL of medium. If prepanng other vohumes, adjust
accordingly.

1} Thaw FBS in water bath.

2y Add 10 mL of 100% FBS and 550 ol of 1M EDTA

3) Invert bottle 4-5 times.

4} Store medium in 4C

[80987) 6. Fuswablishing the protocol for Fibrocyte Cell Culiure

100988}  Isclating Human Monocytes from Leukopak using EasySep (Easy 50 method)
1. Prepare 40mL of the sample from Leukopek (Cat. No. Cr70500.2) at a concentration of
5x1077 cells/mbL

2. Add sample to SOmL conical tube.
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(i

oo

6.

7.

Add 2mL of 50ul/m! of isolation coclkiail to the sample.

Mix and incubate at RT for Smin

Vortex Magnetic particles for 30s before adding 2Zml to sample

Mix and incubate at RT for Smin

Top up sample tube to 30ml with medium. Mix by gently pipetting up and down 2-3

times

8. Incubate tube at RT for 10min in EasySep magnet
[60989]
{00959}

7. Prepararion of ImmunoCult-SF Macrophage Differentiation Medium

Use sterile techniques to prepare ImmunoCult-SF Macrophage Differentiation

Medium (ImmunoCult-SF Macrophage Medium + Human Recombinant M-C8F). The following

example is for preparing 10 mL of medium. If preparing other volumes, adjust accordingly.

1y Thaw ImnmunoCult-SF Macrophage Medium at room temperature (15 - 25°C) untl just

thawed. Mix thoroughly. NOTE: If not used mumediately, aliquot and store at -20°C. Do

not exceed the shelf life of the medium. After thawing aliquots, use immediately or store

at 2 - 8°C for up to 4 weeks. Do not re-freeze.

Add 100 pl of § pg/mi. Human Recombinant M-CSF to 10 mil of lmmunoCualt-SF

Macrophage Medium (final concentration 50 ng/mL}. Mix thoroughly. NOTE: ot

used mmmediately, store ImmunoCult-SF Macrophage Differentiation Medmm at 2 - 8°C

for up to 1 week.

100991

2
b)

d)

e)

H

8. Establishing the protocol for Fibrocyie Cell Culture

Fibrocytes are generated by cell culture using Seram-free mediom.

Serum-free fibrocyte medium consists of RPMI 1640, supplemented with 1% L-
glutamine, 1% Penicillin-Streptomycin, 1% Hepes buffer, 1% liquid media
supplement (1T8+3), 1% non-essential amino acids and 1% sodium pyruvate.

Al cell cultures were performed at 5% CO2 i a humidified incubator.

PBMC (10"6/ml) or (D14 cells 65 {2 x 10°5/ml} are resuspended in SF medium,
cultured in either 8 well glass chamber slides or 24 well plastic plates for 5 days.

At day 4 the non-adherent cells are washed out and half the medium 18 removed
and replaced with fresh medium.

The number of fibrocytes was determined by counting iriplicate wells with thres

fields of view per well.
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100992} 9. Fstablishing the protocol for Normal Human Lung Fibroblast (NHILEF) Cell

Culiure
i Warm medium in a 37°C water bath.
H. Wipe the outside of the vial of cells with 70% ethanol or isopropanocl.
i, In a biosafety cabinet, twist the cap a quarter-turn to relieve internal

pressure and then retighten.
V. Quickly thaw cells in a 37°C water bath by gently shaking the vial. Do not
submerge the vial. Remove the vial when only a small frozen cell pellet

remains. Do not vortex cells.

V. Wipe the ouiside of the vial with 70% ethanol or isopropanol.
Vi, Dilute cells 1 in 10 with warmed medium.
vii,  Centrifuge the cell suspension at 300 x g for 10 nunutes at room

temperature {15 - 25°C).

viit.  Carefully remove the supernatant with a pipette, leaving a small amount of
medium to ensure the cell pellet 13 not disturbed. Resuspend the cell pelliet
by gently flicking the tube.

ix. Gently add medium to the tube and seed in T-25 flasks for 2-3 days.

{89983}  Establishing a Subculture

i Change media n cells every 2-3 days. Centrifuge at 125 x g for S muns,
then resuspend in fresh media.

. Split cells when they reach approx. 90% confluency.

11, The cells are stimulated with recombinant (r} TGF-1 ((TGF-B, 10 ng/ml)
and for 48hr at 37°C in 5% CO2

iv. Save supernatant and run ELISA

009941 Example 8: Study 1 of Manoparticle Formulations: Nanoparticles Decorated

with Fxemplary Licands Modulate Siglec-mediated Signaling

[00985] 1. Summary
[80996]  S101, 8103, 8105, S106, 8107, 8110, 5112, 8212 and 8217 ligands nanoparticle (NF)
conjugates were formulated using PLGA-PEG block polymer using either Chick chemistry or

NHS chemistry {See FI(G. 1) The formulation batches S212-NPO1, S217-NP01 and 8112-NP01
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were prepared using NHS chemistry. The formulation batches S101-NP01, 8103-NPO1, §105-
NPCI, S106-NP01, 8107-NPO1, S110-NPO1, §112-NPO2 were prepared using click chemistry.

See FIGs. 6A-6F for the chemical structures of the NP conjugates.

100997} 2. Manufacturing of Nanoparticle formulation using NHS chemistry (§212-NPO1
S217-NPO1 and S112-NP01Y
180998} 100 mg PLGA(IOK)-PEG(5K)-NHS (available from Nansoft Polymers at the URL

https://www.nanosoftpolymers. com/} was dissolved in 29 5% DMF {0.295 ml), followed by the
addition of 30% benzv! alcohol {0.300 mi) and 30% ethyl acetate {(0.300 ml} (polymer solution).
3 mg ligand {8212-amine or S217-amine or S112-amine} dissolved in $% water (0.050 mi} for
wjection (WFH) and 5% DMFE (0.050 ml). Then this ligand solution was nuxed with polymer
solution, followed by addition of 0.5% DIPEA (0.005 mi}. Solution was stirred overnught at room
temperature protected from light {orgaruc phase). Under homogenization (9600 rpmy, the organic
phase was igjected mto 9 ml pre~cooled WFT containing 8% ethyl acetate {aqueous phase). The
sample was then sonicated at 100% power for 30 sec using an Ulirasonic probe. The five
suspenston was then quenched with 10x quantity of pre-cooled WFIL After 30 mun incubation on
ice, the formulation was concentrated and purified using a TFF system. Concentrate was collected
and sucrose was added up to the 10% solution. pH was adjusted to around 7 using 0.1 M sodium
hydroxide solution. The final product was filtered using 0.2 micron filter. Particle size and PDI
were measured using a Malvern Zetasizer Pro. The final Formulation was stored at -20°C.

{80999}  The blank countrol for the anune-conjugated nanoparticles was prepared according the

same protocol, omiiting the step of the ligand attachment.

{001606] 3. Manufacturing of Nanopasticle formulation using Click chemistry (S101-NPO1,
S103-NPCL, S105-NPO1, S106-NP01, S107-NPO1, S110-NPOI, S112-NP02}
{001801] 90 mg of PLGA(10K}-PEG(SK}-COOH and 10 mg of PLGA-{10K}-PEG{SK}-DBLO

{available from Nanosoft Polymers at the URL https://www nanosoftpolymers. com/} were
dissolved in 30% DMF (0.300 ml), followed by the addition of 30% benzyl alcoho! (0.300 mi)
and 30% m! ethy! acetate {0.300 mi} {polymer solution). 3 mg ligand {8112-azide} was dissoived
in 5% water for mjection (WFI) (0.050 ml) and 5% DMF (0.050 ml}. Then this ligand solution
was mixed with polymer solution. The solution was stirred overnight at room temperature
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protected from light {organic phase). After homogenization (9600 rpm), the organic phase was
mjected into 9 mi pre-cooled WFI coniaining 8% ethyl acetate (aqueous phase). The sample was
then sonicated at 100% power for 30 sec using an Ultrasonic probe. The fine suspension was
then quenched with 10x quantity of pre-cooled WFL After 36 min incubation on ice, the
formulation was concentrated and purified using a TFF system. Concentrate was collected and
sucrose was added up to the 10% solution. pH was adjusted to around 7 using 0.1 M sodium
hydroxide solution. The final product was filtered using 0.2 micron filter. Particle size and PDI
were measured using a Malvern Zetasizer Pro. The final Formulation was stored at -20°C.
[001802] The blank control for the azide-conjugaied nanoparticles was prepared according the
same protocol, omitting the step of the ligand attachment.

[801683} The siructures of the polymer-ligand conjugates as well as the polymers used for
“blank” formulations (positive control) are shown i FIG. 6A through FIG. 6F. S101-azide,
S103-azide, S10S-anide, 8106-azide, S107-azide, S110-amde and 8112-azide were comjugated to
polymer blend of PLGA-PEG-COOH and PLGA-PEG-DBCO, resulting in formation of a
triazole hinkage between both reactants to yield conjugation. S112-amine, S212-arowme and 8217-
amine were conjugated to PLGA-PEG-NHS polymer, resulting in formation of an anude bond

between hoth reactants to conjugation.

[801804] 4. Characterization of Nanoparticle formulations

{001605] Resuolts are summarized in the following table.

Table 2: Nanoparticle formulation using NHS chemisiry

Batch number S212-NPO1 S247-NPO1 $1142-NPG1 AT-07 NP1
Ligand 8212 $217 3112 Blank
Conjugation chemistry NHS chemistry
Polymer:Drug (mg} 100:3 100:2.6 10G:3 100
Appearance Claar Claar Clear Transiucent
Particle size, nm 114.3 128.3 871 G4
PO 0.23 0.23 0.28 0.12
pH 8.13 8.22 7.23 N/A
Total solids mag/mi 8.25 1117 5.55 12




WO 2023/129737

PCT/US2022/054381

ligand concentration on N/A NIA 0.140 mg/mi N/&
NPs
Loading efficiency™ N/A N/A 83.8% N/A
Table 3: Nanoparticle formulation using Click chemistry
Batch # 8101~ $103- $105- $1086- $107- $110- | S112- AT-07-
NPO1 NPO1 NP3 NP3t NP3 NP3t NPg2 NP23
Ligand 3101 5103 3108 3108 2107 S11¢ 8112 Blank
Conjugation Click chemistry
Polymer:Drug 100:3 100
{mg)
Total 18.85 16.78 12.81 12.868 11.88 12.83 8.58 10.35
solids mg/mi
pH §.84 6.92 8.77 §.48 §.44 §.80 5.73 5.55
Particle size, 1013 114.2 113.4 118.4 117.6 1243 133.6 107.5
nm 8.28 8.28 0.21 0.26 0.24 $.23 0.15 0.31
PO
Ligand N/A N/A N/A N/A 0.374 N/A 0.108 N/A
concentration mg/imi ma/mi
on NPs Uy
absorbance
Loading effici N/A N/A N/A N/A 104% N/A 40% N/A
ency”
Appearance | Transiuc | Translu | Transluc | Transiuc | Transluc | Translu | Transiu | Transhic
ent cent ent ent ent cent cent ent
Endotoxin {EUY | 2497 .27 7.84 13.38 10.0 1.76 1515 N/A
i)
[8081806] The term “loading efficiency” in Tables 1 and 2 refers to the % of ligand {referred to

herein as a sialic acid-containing hgand) conjugated to polymer. It is computed as a ratio of the

actual drug loading to the target (theoretical) drug loading. The target drug loading is calculated

as the ratio of the weight of the hgand to the weight of the polymer. The method for measuring

of the actual drug loading can be selected by a person of ordinary skill based on the chemical

structure of the hgand.
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1801807] For example, the measurement of the actual drug load can begin with measuring
“total solids,” f.e. the amount (usually, in milligrams} of all polymers, including polymer
molecules conjugated to the ligands described herein as well as unconjugated polymers in a unit
volume of a nanoparticle formulation. In one example, a UV spectroscopy can be used at 230
nm. After a standard curve is obtained by a serial dilution of a polymer solution, the UV
absorbance of the sample at 230 nm ts measured and compared to the standard curve to obtain
the weight of the “total solids” in a unit volume of the formulation.

[601608] Next, the amount of ligands in a unit volume of a sample is measured. For the ligands
that absorb in the UV spectrum, such as 8107 or S112, UV spectroscopy can be used. The S112
figand has a Amax at 280nm; S107 ligand has a Amax at 260nm. After a standard curve was
obtained by a serial dilution of solutions of the free ligands 8107 and §112, the UV absorbance
of a sample of the 8107-conjugated nanoparticle was measured at 260 nm, whereas the UV
absorbance of a sample of the ST12-conjugated nanoparticle was measured at 280 nm. Both
absorbance values were compared to the relevant standard curve to obtain the weight of the
“hgand” n a unit volume of the formulation

[991009]  The ratio of the two values, usually expressed 1 ug of ligand per mg of total sohid, s
the actual drug load.

[801610] Using the methods described herein, 1t 1s possible to achieve the values of actual drug
foad from 1 16 1,000 ug of higand/1 mg total solid. The amount of ligand can be about 1 pg,
about 2 pg, about 3 pg, about 4 pg, about 3 ug, about 6 g, about 7 ug, about & ug, about 9 ug,
about 10 ug, about 11 ug, about 12 pg, about 13 ug, about 14 pg, about 15 pg, about 16 pg,
about 17 ug, about 18 ug, about 19 pg, aboui 20 ug, about 21 pg, about 22 pg, about 23 ug,
about 24 ug, about 25 ug, about 26 pg, about 27 ug, about 28 pg, about 29 g, about 30 pg,
about 31 ug, about 32 pg, about 33 pg, about 34 pg, about 35 pg, about 36 pg, about 37 g,
about 3% ug, about 39 ug, about 40 pg, about 41 ng, about 42 pg, about 43 pg, about 44 pg,
about 45 ug, about 46 ug, about 47 pg, about 48 yg, about 49 pg, about 50 pg, about 60 pg,
about 70 ug, about &0 ug, about 90 ug, about 100 pg, about 150 pg, about 200 pg, about 250 ug,
about 300 ug, about 350 ug, about 400 ug, about 450 yg, about 500 ug, about 550 ug, about 600
pg, about 650 pg, about 700 ug, about 750 pg, about 800 ug, about 850 pg, about 900 ug, about
950 ug or about 1000 pg. Additionally, the amount of ligand can range from about 5 pg to about

500 ug, such as about 10 pg to about 250 ug, such as about 20 ug to about 100 pg.

\
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1801811] The nanoparticles comprise a polyethylene-glycol/polylactic-glycolic acid core
decorated with synthetically modified sialic acids on its surface. Without being bound to any
particular theory, it is beligved that the nanoparticle core provides a stable yet biodegradable
scatfold for the presentation of the synthetically modified higands of the Siglec receptors present
on immune cells. Further, it 1s believed that the presentation, at a relatively high density, of these
ligands to the immune cells augments the potency of the anti-inflammatory signaling through
enhancement of avidity, that is, sirong cell binding through a multiplicity of weak interactions.
Finally, it 1s believed that synthetic ligands have an increased affinify 1o the targeted Siglec
receptor, which, in turn, augments the potency of the nanoparticle in anti-inflammatory
signaling. Sialic acid-activated signaling is considered to be a mechanism by which immune cells
recognize “sel”. It is postulated that enhanced gffinity of the svnthetic ligands, when compared
to sialic acid, toward their Siglec receptors, and enhanced avidity, through presentation of a
multiphicity of Siglec ligands on the surface of the nanoparticle operate in tandem to generate a

therapeutically tractable anti-inflamunatory strategy.

991012] 5. MNoun-toxicity profile of exemplary naneparticles with respect to magrophages

[861813] In order to deterrmine the non-toxicity profile of 8101-NP-01, S103-NP-01, 8106-NP-

01, 8107-NP-01 nanoparticles, an in vitro cytotoxicity assay on THP-1 monocyte derived
macrophages was conducted. THP-1 cells were seeded in a 96 well plates at a density of
100x10° eells/200ul in each well. THP-1 monocyte differentiated macrophages were treated with
0.01 mg/mL ~ 1 mg/mL of the nanoparticles for 24 hours. Cells were differentiated using 10
ng/mk. phorbol-12-myristate-13-acetate (PMA) and activated using hipopolysacchanide (1.PS) at
Tug/ml. The cells were incubated for 24 hours with 0.01mg/ml — 1 mg/mL dose of exemplary
nanoparticles and control nanoparticles lacking a ligand. After 24 hours, cells were washed and
mcubated with 1 mg/mi. of MTT for 34 h at 37 °C. The resulting formazan crystals were
dissoived in 100 pi of MTT solubilization buffer and the absorbance were measured at 570 nm
using a Spectra iMax plate reader, the values were compared to the control cells. Graphs
represent percent cell viability when compared to control unireated cells. The results, shown in

FIG. 7, demonstrate that these nanoparticles are non-toxic to THP-1 derived macrophages.

[001014] ¢ Affect of Nanoparticles on EPS-activated Macrophages
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1001818] Derivation of THP-1 LPS-activated macrophages

[801016] The THP-1 cells used in these experiments are a “monocyte-like” cell line derived
from a one-year-old boy with leukemia (Tsuchiya, 1980). The cells express complement 3 (C3)
and Fc receptors. They are phagocytic (for both latex beads and sensitized ervthrocytes and
others) but lack surface and cytoplasmic immunoglobulin. The cells are weakly responsive to
toll-like receptor agonists in their undifferentiated state but become more responsive after
differentiation. Cells were grown in Roswell Park Memorial Institute (RPMI) culture medium
that had been supplemented with 20% fetal bovine serum (FBS; Gibco, 10438026). The initial
seeding and mcubation were conducted m T-25 flasks for 2-3 days. At 48 hours before use the
differentiation of THP-1 cells to monocyies were induced with 10 ng/mL, phorbol 12-myristate
12-acetate (PMA) i serum-free RPMI. The exact function of the PMA is not known but it is
believed to numic signaling molecules that are mserted in the ner face of the plasma membrane
and stimulate the protein kinase C pathway. Thus, once added it cannot be washed away and
differentiation 1s termunal. Afier an additional 48 hours, the differentiated cells were adherent
and ready for activation with 1 ug/mL lipopolysacchande (LPS). The cells can be evaluated for
bioactivity using western blot for SHP-1 phosphorylation, cellular binding using THC.

Supernatants were used for ELISA based cytokine release assays. {Abbreviations used: PMA =

LPS = lipopolysaccharides.}

[801817) General Procedure

{001618] R&D huBELISA ks for TNF-a, 1L-6, and VEGF were used and followed
manufacture’s protocol. Cytokine levels were determined by coating a 96 well plate with capture
antibody diluted in 1x phosphate buffered saline (PBS) overnight. All steps were carried out at
room teraperature. The wells were washed three times in 1X PBS and 1% Polyoxyethylene
sorbitan monolavrate (Tween 20) before being blocked for one hour with 1% BSA dissolved in
1xPBS. The washing step was repeated and S0ul. of treated cell supernatants or standards based
on the manufacturer’s protocol were added to the wells and left for 2 hours. Subsaquently
supernatant was aspirated out, the wells washed 3 times and 50 oL of detection antibody diluted
in 1% BSA in 1XPBS was added for 2 hours. Wells were washed three times and Horse Radish
Peroxidase (HRP) conjugated antibody was added at 1: 200 dilutions in 1% B SA in 1xPBS for
20 minutes. The plates were covered m aluminum foil. Once wells were washed, 3,3',5,5'"-

tetramethylibenzidine (TMIB) was added for 20 minutes and protected from light. 1M
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hydrochloric acid was added to halt the reaction and absorbance read on a plate reader at 450
nivh

1001619} Nanoparticles modulate TNF-alpha production in 1L.PS-activated macrophages.
[80102¢] The effect of nanoparticles on TNF-alpha in LPS-activated macrophages was
assessed as follows: THP-1 cells were seeded in a 24 well plates at a density of 500,000 cells/500
ul media in each well. Cells were differentiated using 10ng/ml of Phorbol-12-myristate-13-
acetate (PMA) and activated using lipopolysaccharide (LPS) at 1ug/mbL. The cells were
mcubated for 24 hours with nanoparticles, LPS alone, Media alone and 10% Sucrose as conirols.
After 24 hours, supernatants were collected and assayed for Hu TNF-alpha by ELISA (R&D
systems). FIG. & reflects the results; graphs show a trend in suppression of TNF-alpha protein
ievels in LPS activated cells 24 hrs post treatment in S106-NPO1 when compared to LPS alone
group.

[801821] The data shown wn FIG. 8 demonstrates that S106 ligand, when presented on a
scatfold PLGA-PEG navoparticle ST06-NPG1, has the ability to suppress key pronflammatory
cytokine TNF-alpha. Fach hgand had a charactenstic feature of either suppression or activation
of inflammatory markers found on the tested rmacrophages. This also indicates polarization of
M1 macrophages to M2¢ resolution macrophages as identified by suppression of pro-
mftlaromatory mediators. TNF-a can be widely targeted for inflammatory indications.

[801822] Nanoparticles modulate Il -6 production in LI S-activated macrophages.

{001623] The effect of exemplary nanoparticles on IL-6 in LPS-activated macrophages was
assessed as follows: THP-1 cells were seeded in a 24 well plates at a density of 560,000 cells/500
ul media in each well. Cells were differentiated using 10ng/ml of Phorbol-12-mynistate-13-
acetate (PMA) and activated using hipopolysaccharide (ILPS) at Tug/mL. The cells were
mncubated for 24 hours with nanoparticles, LPS alone, Media alone and 10% Sucrose as controls.
After 24 hours, supernatants were collected and assayed for Hu 1L-6 by ELISA (R&D systems).
FIG. 9 reflects the resulis; graphs show a trend in suppression of 1L-6 protein levels in LPS
activated cells 24 hrs post treatment in S107-NPO1 when compared to LPS alone group.
1001824] The data in FIG. 9 shows that 8107 ligand when presented on a scaffold PLGA-PEG
nanoparticle 8107-NPO1 has the ability to suppress key promnflammatory cytokine IL-6. Each
ligand had a characteristic feature to suppress or activate inflammatory markers, which s a very

mportant factor in inflammatory diseases. This also indicates suppression of highly activated
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M1 macrophages by these S107-NPOT nanoparticles as compared to other formulations and LPS
alone.

{001825] Nanoparticles modulate VEGE production 1n LPS-activated macrophages.

[801026] Effect of nanoparticles on VEGF in LPS-activated macrophages was assessed as
follows: THP-1 cells were seeded in a 24 well plates at a density of 500,000 cells/500 ul media
i each well. Cells were differentiated using 10ng/ml of Phorbol-12-myristate-13-acetate (PMA}
and activated using lipopolysaccharide (LPS) at 1ug/mb. The cells were incubated for 24 hours
with nanoparticles, LPS alone, Media alone and 10% Sucrose as controls. After 24 hours,
supernatants were collected and assayed for Hu VEGF by ELISA (R&D systems). FIG. 10
reflects the results; graphs show a trend in suppression of VEGF protein levels in LPS activated
cells 24 hrs post treatment in $107-NPG1 when compared to LPS alone group.

[801027] The data shown in FIG. 10 demonstrates that 8107 ligand when presented on a
scaffold PLGA-PEG nanoparticle S107-NPG1 has the ability to suppress key promnflammatory
cytokine VEGF. Vascular endothehal growth factor (VEGF-VEGF receptor (R) system 15
extensively involved i anglogenesis. Suppression of VEGE is an important part of many
milarmatory diseases, mamnly wvelving macrophages/monocytes. This suppression by STOTNE-
01 could potentially be wvolved i polarization of M1 macrophages to M2¢ resolution

macrophages.

[001628] 7. Fibrosis differentiation assav on S-series ligands Nanoparticles

[801829] General protocol

[B81630] Fibrocytes were generated from monocyte isolated from PBMCS by using the
EasySep kit {Stem cell) according to manufacture’s instructions, CD 4+ monocyies were
cultured in serum-free medium (RPMI 1640, supplemented with 1% L-glutamine, 1% Penicillin-
Streptomyvein, 1% Hepes buffer, 1% liquid media supplement (IT5+3}, 1% non-essential aming
actds and 1% sodmm pyruvate) at 2 x 10°5/mL in 96 well plate for 4 days. At day 4 the non-
adherent cells were washed out and half the medium removed and replaced with the same
volume of media alone or containing the following nano-formulations (NPs) with the ligands:
S10S-NPOL, S106-NPO1, S107-NP0O1, ST10-NPO1, S112-NPO1, S112-NP02, at 0.5 and 0.25
meg/mb. AT-07-NP23 blank nanoparticles {azide linked) at 0.5 and 0.25 mg/mL, 10% sucrose

and serum amyloid P (SAP) lug/mL were used as controls. The monocyte/fibrocyte cells were

- 180 -



WO 2023/129737 PCT/US2022/054381

incubated for another 24 h. The number of differentiated fibrocytes was determined by counting
fibrocytes and monocytes by duplicate wells with three fields of view per well and images were
analyzed on Image] by using cell counter plug . Differentiated fibroeytes are spindly shaped
cells, while monocytes have a round circular shape. A total N=0-9 images per condition were
analyzed.

[001631] The results shown 1in FIG. 11{A) indicate that S112-NP02 (azide linked) significantly
mhibited monocyte differentiation at 0.5 and 0.25 mg/mL corpared to sucrose control and the
blanks. Moreover, the mhibition of fibrocyie differentiation observed for S112-NPO2 {azide
linked} 1s similar to SAP, a well described anti-fibrotic drug (Pilling D, et al, 2018). Sidak's
multiple comparisons test p**%-0.0001.

1001832] The graph shown in FIG. 11{A) suggesis that the ratio of fibrocytes/monocyies
conversion is siguificantly reduced m STIZNP-02 wreated cells when compared to AT-07-NP23
{blank azide) treated cells and also exhibuted a dose response, with p value <0.0001 using
Dunnett's multiple comparisons test. This suppression was very similar to that of Serum amyloid
protein (SAP) a positive control in preventing fibrocyte differentiation. Further suggesting that
the presentation of S1172 ligand on a nanoparticle S112-NP0O2 mvolves a multivalency
representation and sigutficantly inhibits the differentiation of moonocytes to fibrocytes,

[081033] The plot shown in FIG. 11{B) shows fibrocyte differentiation rates determmned for the
NPs 8105-NP01, S106- NP0, S107-NPOL, STT0-NPOL, 8112-NP02, AT-07-NP-23 blank azide,
sucrose and SAP controls by analyzing 6-8 images from duplicated wells using Irmagel software,
[801834] The data in FIG. 11(B) suggests the ratio of fibrocytes/monocytes conversion 1s
significantly reduced in S105-NPOI, S107-NP01, S110-NPO1 and S112-NP02 when compared to
AT-07-NP23 Blank azide. All these nanoparticles exlubited a dose response, with p value <0.001
using Dunnett's musltiple comparisons test toward AT-NP23 Blank Azide. This suppression was
very similar to that of Serum amyloid protein (SAP) a positive conirol in preventing fibrocyte
differentiation. The use of the nanoparticles described herein can be exploited in myelofibrosis
disease where monocytes and fibrocyie involvement is extensively explored (Verstovsek, S et
al 2012, 2018, Manshourt T etal,, 2019, Veletic, 1., et al., 2018} The data indicates that the
presentation of 8112 ligand on a nanoparticle S112 NP-02 is a multivalency (i.e. the multiplicity
of presentation of ligands on the NP surface) that significantly inhibits the differentiation of
monocytes to fibrocytes.
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[801035] 8 Suppression of ROS in Neutrophils

[001836] Neutrophil granulocytes are the most abundant leukocytes of the innate immune
system representing the first line of defense against invading pathogens. Myeloperoxidase MPO
13 a heme-based peroxidase enzyme found at high levels in the primary granules of neutrophils.
MPO enzymatic activity has been shown in mouse models of Diabtetic retinopathy (Binett, et al.,
2020}, Along with ocular indication, role of neutrophils has been established in acute respiratory
distress syndrome {ARDS), which is a disease characterized by accumulation of fluid and
inflammatory cells in the auspace of the lungs. This accumulation of fluid and cells resulis in a
compromise of the lung’s ability to deliver oxygen to the bloodstream. There are several
identified causes of this disease, although the most common is sepsis, implying that there is a
relationship between ARDS and uncoontrolled inflammation. NETosis 15 a unigue form of
programmed cell death that neutrophils undergo when exposed to certain agents such as phorbol
mytistate acetate (PMA), bacterial LPS (Fuchs et al., 2007). These agorusts activate NADPH
oxidase (NOX), which generates reactive oxygen species {ROS) and subsequently activates
mitogen-activated protem kinases. Hence the sialic acid recepior Siglec-9 1s ighly expressed on
both macrophages and neutrophils, the Siglec 9 higand are excellent candidate therapeutics for
targeting these disease.

[801837] Neutrophils were 1solated from the blood of healthy controls using EasySep Human
Neutrophil [solation Kit (StemCell Technologies Catalog # 19359, Human PMNs were rested for
1hr prior to treatment with phorbol myristate acetate {(PMA) (100nM) following the
manufacturer’s instructions. Followmg PMA treatment, cells were incubated at different
concentrations of nanoparticles ST01-NPO1, S103-NP01, S105-NPO1, 5106-NPO1, S107-NPO1L,
S8112-NP02 at 37C and supernatants were collected at different time points. ROS activity was
assessed using manufacturer’s instructions from Promega ROS-Glo H202 (Iytic protocol,
Catalogue #G8820) at 1 hr post treatment.

[601038] FIG 12 iHustrates the veffect on ROS production in neutrophils isolated from whole
biood and treated with PMA(100mM) at different concentrations {0.05mg/mb to 0.5mg/mL} of
nanoparticles S101-NPO1, S103-NPO1, 8105-NPO1,5106-NPO1, S107-NPO1, S112-NP02. The

data in FIG. 12 indicates a trend in a dose dependent suppression of ROS activity 1 hr post
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treatment with 8112-NP02 and 8105-NPOC1 at 0.5mg/mL when compared to media with PMA
posttive control.

{00183%] The data shown in FIG. 12 strongly suggests that the suppression of ROS ina dose
depending manner using $112 NP-02 and S105 NPO1 in neutrophils could be useful in

atherapeutic approach aimed at reducing NETosis.

1001040] 2 MPO (Myeloperoxidase) levels post PMA treatroent on neutrophils at different

time points

[001041] Effect on MPQO production in neutrophils isolated from whole blood and treated with
PMA (100mM) at different concentrations (0.3mg/mL to 0. 1mg/mL) of nanoparticles S101-
NP0, S103-NPO1, S105-NPO1 S106-NPOI, S107-NP01, S112-NPO2 is illustrated in FIGs.
13(A), 13(B), and 13(C). (In each of FIGs. 13(A)-13(C), the two pownis cotresponding to a
concetration value represent the number of sample repeats. This experiment was performed
duplicates. The line between the two points represents standard ervor of rean between the two
duplicates.) Supernatants were isolated at different time pownts 1 hr (A), 2hi(B), 4 b (C). Below
graphs mndicate that only 4 hrs post treatment had a significant suppression of MPO compared to
sucrose treatment 0. Smg/ml. when compared to media with PMA positive control.

[891042] The graphs shown in FIGs. 13(A) through 13(C) suggest that at treatment with
nanoparticles {A) 1 br post treatment of PMA with neutrophils and (B} 2 hrs post treatment does
not suppress the MPO enzyme levels (MPO 1s a neutrophil marker and a constituent of NETs),
while {C) at 4 hrs post treatment, 8101-NPO1, S112-NPO2 exhubited a very highly significant
dose dependent suppression with the p value of <0.0001. S103-NPO1, S106-NPCI, had a
moderate suppression with the p = (.0002 at high concentrations and S107-NP01 had a lower
suppression with p = 0.01 (all p values computed by Dunnett's multiple comparisons test}). $105-
NP1 did not exhibit suppression of MPC 4 hrs post treatment.

{001843] It1s believed that presentation of the above-described ligands to the immune cells
augments the potency of the anti-inflammatory signaling through enhancement of avidify. At the
same time, the synthetic higands have an increased affini?y to the individual Siglec receptor
{compared to the sialic acid), which also enhances the anti-inflammatory potency of the
nanoparticles. The data presented in FIGs. 13(A) through 13(C) clearly indicates the role of the
siglecs in target engagement and eliciting functional response. MPQ is a key neutrophil marker
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in NETosis and suppression of MPQO is a potential target for neutrophil-mediated disease
mdications.

j001844] 10. Role of phasocyiosis and involvement of Siglecs in modulating innate and

adaptive immunity

1001845] Phagocytosis 1s a specitic form of endocytosis where cells internalize solid matter,
thereby elimimnating celiular debris and pathogens. Although most cells are capable of
phagocytosis, the phagocytes 1o the immune system including neutrophils, macrophages and
mmature dendritic cells, play a key role in this process. In these cells, phagocytosis is a
mechanism by which microorganisms can be contained, killed and processed for antigen
presentation; it represents an important facet of the innate tmmune response, and plays an
essential role i initiating the adaptive immune response. Siglecs that can bind trans-ligands,
such as Saloadhesin, allow cell-cell interactions to take place. These glycan-Siglec interactions
allow cells to bind one another. Sialoadhesin lacks a cytosolic ITIM or a positive residue to bind
ITAM-containing adaptors and 30 1s thought not to influence signalling. Studies show that this
protein 18 involved in phagocytosis of bacteria that contain highly swslyvilated glycan structures
such as the hipopolysaccharide of Neisseria meningitidis. Binding to these structures allows the
macrophage to phagocytose these bacteria, clearing the system of pathogens.

[991046] Siglec ligand nanoparticles affect phagocytosis in vitro.

[801847] Cells (immortalized cell ines BV-2 cells (mouse microghia celf hne) and RAW 264.7
{murine macrophages)) were plated on black wall 96 well plates, rested for 24 hours, then treated
for 24 howrs (0=2-8 wells/condition}, before adding LysoBrite Dye and incubating at 37C for The
and washing twice. Plates were read by fluorescent spectrophotometer {ex: 475 nio/em: S00-
550nmy}, then celis were fixed (2% PFA for 30min)}, stored at 4C, and images were captured
(FITC channel} on an inverted Zeiss microscope.

[001048] The resulis are shown n FIG. 14(A) for microghia cells and FIG. 14(B) for
macrophages.

[601649] Results shown in FIG. 14{A} indicate that BY-2 cells {(mouse microghia cell line} after
treatment with: media (untreated control}, sucrose (buffer control), AT-07-NP-23 (blank NP
control), had higher flusrescence indicative of phagocytosis, while 8106-NP01, S107-NPOT and
8112-NP02 showed lower intensity of flusrescence suggesting these higands inhibit
phagocytosis.
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1001836] FIG. 14(B): Quantification of LysoBrite labeled RAW cells {mouse macrophage cell
fine) by fluorescent spectrophotometer after treatment with LPS plus: media, sucrose, AT-07-
NP-23, 8106-NPO1, 8107-NP01, or S110-NPO1.

[801058] Results shown in FIG. 14(B) indicate that RAW cells (mouse macrophages cell line)
after treatment with: media (untreated control}, sucrose (buffer control), AT-07-NP-23 (blank NP
control), had higher fluorescence indicative of phagocytosis, while $106-NPG1, S107-NPO1 and
S110-NPC1 has lower intensity of fluorescence suggesting these ligands inhibit phagocytosis
[601652] In summary, in comparison to untreated and sucrose controls, all siglec ligand
nanoparticles tested appear to inhibit phagocytosis in a dose-dependent manner. Although AT-
07-NP23 blank NP control also weakly mhibits phagocytosis, treatment with 8112-NP02, S106-
NPO1, STO7-NPO1, or STIO-NPO1 appears to be more effective than AT-07-NP23. Suppression
of phagocytosis may be harnessed 1o reduce phagocytosis of neurons, synapses, and intact
myehin in multiple neurodegenerative diseases, including: amyotrophic lateral sclerosis, multiple
sclerosis, Parkinson's disease, Alzheimer's disease (Late), Huntington's disease, CNS mjury

{chronic).

[6010653] Example 9: Study 2 of Nanoparticle Formulations: Nanoparticles Decorated

with Exemplary Licands Bind to Siglecs
[001054] 1. METHODS
[891658] 1.1 Formulation of NHS- and DBCO-functionalised PLGA-PEG nanoparticies

[801856] Nanoparticles were synthesised in 20 mg batches consisting of either (13 15 mg
PLGA 502H {acid) (Sigma) plus 5 mg PLGA-PEG-NHS (Nanosoft Polymers), {2) 15 mg PLGA
502H plus S mg PLGA-PEG-DBCO (Nanosoft Polymers), (3) 17.5 mg PLGA S02H plus 2.5 mg
PLGA-PEG-DBCQ or (4) 10 mg PLGA 502H plus 10 mg PLGA-PEG-DBCO. Polymers were
dissolved in 1 mL of dichloromethane (DCM) to form the organic phase and then injected into an
aqueous phase comprising 7 mb of 2.5% w/v polyvinyl aicohol (PVA) in 50 mM 2-(N-
morphohino} ethanesulfonic acid hydrate buffer at pH 5 {(MES), under moderate stirring on ice.
The emulsion was subjected to probe sonication in pulse mode (3 sec on followed by 2 sec off,
for a total of 90 sec) on ice using a Model 120 sonic dismembrator (Fisher Scientific) set at an
amphitude of 50% and left stirring overmght at room temperature to facilitate DCM evaporation.
Nanoparticles were then washed by repeated centrifugation (3x} at 17,000 x g for 20 min at 4°C.
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Between each centrifugation step, nanoparticle pellets were resuspended in PBS by probe
sonication in pulse mode (1 sec on followed by 1 sec off, for a total of 10 sec) at an amplitude of
35%.

[601857] 1.2 Conjugation of amine- and azide-labelled ligands to NHS- and DBCO-
functionalised PLGA-PEG nanoparticles

1001838] Conjugation reactions were set up by adding 100 pg of amine- or azide-functionalised
figand (20 yL of 5 mg/mL stock 1n HaO to 1 mg of NHS- or DBCO-functionahised
nanoparticles, respectively, which were resuspended in T ml. of PBS. Following overrught
meubation at 4°C under gentle rotation, nanoparticles were centrifuged at 12,000 x g for 20 min
at 4°C and supernatants containing excess non-conjugated higand were discarded. Nanoparticles
were finally resuspended at the desired concentration in PBS by probe sonication in pulse mode
{1 sec on followed by 1 sec off, for a total of 10 sec) at an amplitude of 20% prior to downstream
studies.

[861639] 1.3. Characterisation of nanoparticles

{891666] Nanoparticles (formulated as described in sections 1.1, and 1.2.) were resuspended at
100 ug polymer/ml. in PBS prior to analysis of size and polydispersity index (PDI) by dynamic
fight scattering (BLS} using a NanoBrook Omni (Brookhaven Instraments Corporation).
[601061] 1.4 Conjugation of biotin-labelled ligands to FluoSpheres™ NeutrAvidin™-labelled
microspheres

[801862] Yellow-green fluorescent 0.2 pm FluoSpheres™ NeutrAvidin™-labelled
sicrospheres {Thermo Fisher Scientific} were placed in an ultrasonic bath for 15 mins and 100
ug (10 pul of 1% sohids stock) aliquots were then dispensed mito 1.5 mL Eppendorf tubes.
Microspheres were washed by adding 1 mL of BlockAid™ blocking solution { Thermo Fisher
Scientific} to each tube, followed by centrifugation at 20,000 x g for 15 mn at 4°C. After
discarding the supernatants, a further 1 mL BlockAid™ was added to each tube and microsphere
pellets were resuspended by probe sonication in puise mode (1 sec on followed by 1 sec off, fora
total of 10 sec) at an amplitude of 35%. Conjugation reactions were set up by adding 10 pg of
biotinylated ligand (5 puL of 2 mg/mL stock or 10 uL of 1 mg/mL. stock in H2(} to each tube.
Following overnight incubation at 4°C under gentle rotation, microspheres were centrifuged at

20,000 x g for 15 min at 4°C and supernatants containing excess non-conjugated ligand were
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discarded. Microspheres were finally resuspended at the desired concentration in BSA/PBS by
probe sonication in pulse mode (1 sec on followed by 1 sec off, for a total of 10 seciatan
amphitude of 20% prior to downstream studies.

[601063] 1.5 Cell surface binding of Siglec-9 F¢ +/« PLGA-based nanoformulations

[601664] Siglec-9 Fe chimera protein (R&D Systems; 5 gl of 50 ug/mb stock) was
precomplexed with PE-conjugated anti-IgG Fe antibody {Thermo Fisher Scientific; 1 ul of 500
pg/ml. stock) 10 94 ul of 6.5% BSA/PBS for 15 muus at 4°C in darkness. Nanoformulations (50
pL of 2 mg polymer/mL stock in 0.5% BSA/PBS) were then incubated with the above for 153
mins at 4°C in darkness, followed by addition of PANC-1 cells {50 pL of 5 x 10° cells/mL in
0.5% BSA/PBS) for a further 30 mans at 4°C i darkness. Cells were washed by adding 1 mL of
0.5% BSA/PBS to each tube and then centrifuged at 500 x g for 5 mins at 4°C, after which the
supernatants were discarded. Cells were washed again as above and finally resuspended in 0.5%
BSA/PBES prior to analysis of PE fluorescence on a BD Accuri €6 Plus flow cytometer. A
sinimum of 10,000 events per sample were acquired.

016651 1.6 Cell surface binding of Siglec-9 Fe /- FluoSpheres™ nucrospheres

[001866] A similar protocol was applied as described in section 1.5, with some nunor
modifications. Briefly, Siglec-9 Fe chimera protein (2.5 gL of 100 pg/mi stock) was
precomplexed with PE-conjugated anti-IgG Fe antibody (1 pl. of 500 pg/mL stock) mn 46.5 pl.
of 0.5% BSA/PBS for 15 mins at 4°C in darkness. Microspheres {150 ub. of 0.666 mg solids/mbL
stock 1 0.5% BSA/PBS) were then incubated with the above for 15 mins at 4°C in darkness.
PANC-1 cells (3 x 10°) were resuspended in the above mixture of reagents and incubated for a
further 30 mins at 4°C 1n darkness. Cells were washed and PE fluorescence was analysed as
described i section 1.5,

[601867] 1.7 Fluorescence-linked immunosorbent assay (FLISA) analysis of Siglec-9 Fc
binding by FluoSpheres™ microspherss

[001068] High-binding black 96-well microplates (Gremner Bio-One) were ceated with 0.5
pg/ml Siglec-9 Fe chimera protein or control IgG1 Fo (R&D Systems) in PBS (100 pl per well}
and incubated at 4°C overnight. Wells were washed (3x} by immersion in 0.1% Tween 20 in
PBS (PBST) and non-specific binding sites were blocked with 1% BSA/PBS (blocking buffer;

150 uk per well} for 1 h at room temperature, after which washing was repeated as before.
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Fluorescent microspheres {100 pk of 0.25 mg solids/mL stock in biocking buffer per well) were
then added for 2 h at room temperature in darkness. Finally, wells were washed (3x)}, bound
microspheres were dissolved 1 a 1:1 volume ratio of ACNDMSO {50 uL per well} and
fluorescence was measured at 487/20:« and 528/20em using a Cytation 5 plate reader (BioTek).
[661069] 1.8 Cell surface binding of Siglec-9-PE +/~ PL{GA-based nanoformulations
[001076] HEK293T cells (2.5 x 10°) stably transduced with Siglec-9-encoding lentiviral
particles were resuspended in 67.5 pl of 0.5% BSA/PBS. Cells were then incubated with
nanoformulations (753 pul. of 10 mg polymer/ml stock m 0.5% BSA/PRS) for 30 mins at 4°C,
after which PE-conjugated anti-Siglec-9 antibody (R&D Systems; 7.5 ull of 10 pg/mL stock)
was added for a further 30 mins at 4°C in darkness. Cells were washed by adding 1 mL of 0.5%
BSA/PBS to each tube and then centrifuged at 500 x g for 5 mins at 4°C, after which the
supernatants were discarded. Cells were washed again as above and finally resuspended in 0.5%
BSA/PBS prior to analysis of PE fluorescence on a BD Accuri €6 Plus flow cytometer. A
minimum of 10,000 events per sample were acquired.

[601071] 2. RESULTS

1001872] 2.1. Cell surface binding of recombinant Siglec-9 Fc

[801073] A flow cytometry assay was employed {0 assess whether nanoformuliated higands
were capable of disrupting binding of Siglec-9 Fe to 15 cognate sialylated ligands expressed on
the surface of tumour cells (FIG 15).

[001874} In the schematic of flow cytometry assay setup shown in FIG. 15, Siglec-9 Fe was
pre-complexed with PE-labelled anti-IgG Fc for 15 muns at 4°C, followed by the addition of
nanoparticles (either PLGA-based nanoparticles described in section 1.1, and 1.2. or
FluoSpheres™ microspheres described in section 1.4,) functionalised with 8 series ligands fora
further 13 mins at 4°C. Complexes were then incubated with PANC-1 cells for 30 mins at 4°C.
Excess reagents were removed by washing and PE fluorescence was assessed via flow
cytometry.

[8910758] The PANC-1 pancreatic line was considered an appropriate model for these studies
based on literature demonstrating high surface expression of Siglec-9 hgands on these cells (see
Rodriguez E, Boelaars K, Brown K, Eveline Li RI, Kruijssen L, Bruijns SCM, van Ee T,

Schetters STT, Crommentuijn MHW, van der Horst JC, van Grieken NCT, van Viet 85,
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Kazemier G, Glovannettt E, Garcia-Vallejo JJ & van Kooyk Y. Sialic acids in pancreatic
cancer colls drive tumour-associated macrophage differentiation via the Siglec receptors
Siglec-7 and Siglec-9. Nat Comunwn 2021, 12(1), 1270). In agreoment with these findings,
Siglec-9 Fe bound to PANC-1 cells as indicated by an increase in PE fluorescence compared
to unstained cells and cells stamned with PE anti-IgG Fo alone (FIG. 16, - nouraminidase).
Muoreover, this was abrogated upon pre-treatment of cells with nevraminidase, confirming
that Siglee~9 Fe binding to PANC-1 cells was sialic acid~dependent (FIG. 16, +
neuraminidase).

{001076] FIG. 16 shows the results of the flow cvtometry analysis of Siglec-9 Fe binding to
PANC-1 cells +/- neuramimidase. PANC-1 cells were cither left untreated (- neuraminidase)
ot incubated with neuramimidase {(+ newraminidase) to cleave sialic acids from the cell
surface. Cells were then incubated with PE-labelled Siglec-9 Fe. PE fluorescence was
assessed by flow cytometry as a readout of Siglec-9 Fo binding to the PANC-1 cell surface
[0610771 2.1.1 Cell surface binding of recombinant Siglec-9 Fe +/- PLGA -based
nanoparticles

{861078] This assay was then employed to assess the impact of nanoformulated ligands on
Siglec-9 Fe binding to PANC-1 cells. PLGA -based nanoparticles were tested intially, which
were syithesised using a polymer blend of 75% PLGA S02H and either 25% PLGA-PEG-
NHS or 25% PLGA-PEG-DBCQ, enabling conjugation to amine- or azide-labelied S112
ligand. respectively according to Scheme 100 below:

[661079] Scheme 100
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{B01080] In Scheme 100, S112-amine was conjugated to nanoparticles comprised of a
polymer blend of PLGA SO02H (1.e, an acid-terminated PLGA, not llustrated) and PLGA-
PEG-NHS, resulting in formation of an amide bond between both reactants to yield 5112-
amine nanoparticle. S112-azide was conjugated to nanoparticles comprised of a polymer
blend of PLGA 502H (not tlustrated) and PLGA-PEG-DBCO, resulting i formation of a
triazole linkage between both reactants to vield S112-azide NP,

{001081] Physicochemical characterisation of these PLGA-based nanoparticles revealed
similar diameters for both S112-amine nanoparticles and S112-azide nanoparticles, at 185.21
+3.75 am and 198 81 £ 5. 88 nm, respectively (Table §). Likewise, the corresponding control
non-targeted nanoparticles showed comparable diameters of 183.20 391 nm and 19630 &
6.99 na for NHS- and DBCO-functionalised nanoparticles, respectively. Moreover, the size
distributions of all nanoformulations were highly monodisperse as mndicated by low PBI
values of <0.1.

{661082] Table 5. Physicochernical characteristics of PLGA-based nanoparticies.

Nanoformulation Size {nm} {mean + S PDH (mean £ SD)
S§112-amine NP 18521 £3.73 0.05£0.04
Control NHS NP 18320+391 0.06£0.04
S112-azide NP 19881 £ 588 0.07£0.04
Control DBCO NP 19650 £6.99 007002

Referring to FIG. 17, binding o

iglec-9 Fe 1o PANC- | cells was inhibited by S112-azide

nanoparticles (histogram (7)), as indicated by a reduction m PE fluorescence compared to

cells stained with PE-labelled Siglec-9 Fe in the absence of nanoparticles (histogram {3)).
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This mdicates that S112-ande nanoparticles engage Siglec-9 Fe, thus impeding binding of

the latter to
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PANC-1 cells. In contrast however, S112-amine nanoparticles did not affect Siglec-9 Fc binding
to PANC-1 cells (histegram (5}}, with PE fluorescence remaining comparable to that observed
for cells stained with PE-labelled Siglec-9 Fe alone (histogram (3}). Likewise, Siglec-9 Fe
binding to PANC-1 cells was also not affected by control nanoparticles (histograms {4} and
{6y}, which were formulated using the same polymer blends as S112-amine and 5112-azide
nanoparticles, although not subsequently conjugated to 8112 ligand. Collectively, these findings
highlight the superior Siglec-9 binding ability of $112 nanoparticles formulated via click
chemistry compared to NHS-amine coupling.

[001084] FIG 17 shows the flow cytometry analysis of Siglec-9 Fe binding to PANC-1 cells
+/- PLGA-based nanoparticles. PE-labelled Siglec-9 Fe was incubated with PLGA-based
nanoparticles, followed by the addition of PANC-1 celis. PE fluorescence was assessed by flow
cytometry as a readout of Siglec-9 Fe binding to the PANC-1 cell surface.

[801883] Referring to FIG. 18, these studies were next extended to assess the wupact of varying
figand densities on the surface of S112-azide nanoparticles. This was achieved by formulating
nanoparticles with differing amounts of the PLGA-PEG-DBCO polymer required for 8112-azide
coupling, either: {1} 12.5% PLGA-PEG-DBCO blended with 87.5% PLGA 502H, (2) 25%
PLGA-PEG-DBCO blended with 75% PLGA 502H or (3) 50% PLGA-PEG-DBCO blended
with 50% PLGA SOZH. Binding of Siglec-9 Fe to PANC-1 cells was progressively inhibited with
each stepwise mncrease 1n the Y% of PLGA-PEG-DBCO polymer mcorporated within the
nanoformulation (histograms (5}, (7}, and (9}). This suggests that ligand loading plays a role in
determining the affinity of the interaction between Siglec-9 Fe and 8112-azide nanoparticles.
[881686] FIG. 18 shows the resulis of the flow cytometry analysis of Siglec-9 Fe binding to
PANC-1 cells +/- PLGA-based nanoparticles. PE-labelled Siglec-9 Fe was mcubated with
PLGA-based nanoparticles incorporating various amounts of the PLGA-PEG-DBCO polymer
required for S112-azide coupling, followed by the addition of PANC-1 cells. PE fluorescence
was assessed by flow cytometry as a readout of Siglec-9 Fe binding to the PANC-1 cell surface.
[6010871 2.1.2. Cell surface binding of recombinant Siglec-9 F¢ +/- FluoSpheres™
microspheres

[001088] [naddition, the studies described in section 2.1.1. were also replicated using an
alternative nanoscaffold, whereby S series ligands were synthesised in biotinylated format (See
structures below) and then coupled to FluoSpheres™ NeutrAvidin®™-labelled microspheres (see
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FIG. 18, which shows 5112-biotin NP as an example; all other biotinvlated ligands were
coupled to FluoSpheres™ NeutrAvidin™-labeHed microspheres in the same manner). These
are commercially available polystyrene beads of a sinular size range to the PLGA-based
nanopariicles emploved in the previous seetion 2.1.1., with a nominal bead diameter of 0.2
T

[001089] S101-biotin

[001896]  $102-biotin
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[001095] S217-biotin
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[601496] Referring to FIG. 20, binding of PE-labelled Siglec-9 Fe to PANC-1 cells was
observed (histogram (3}} and could be markedly inhibited by S§112-biotin nanoparticles
(histogram (9}, Similarly, microsphere formulations of the other § series ligands also
intubited Siglec-9 Fe binding to PANC-1 cells to differing extents, with the most pronounced
reduction i binding seen with S101-bictin nanoparticles (hastogram (5)), S110-biotin
nanoparticles (histogran (8)) and 8217-biotin nanoparticles (histogram (11)). These findings
indicate that microsphere formulations of all § series ligands tested are capable of binding to
Siglec-9 Fe, albeit with varving affinities.

[801497] FIG. 20 shows the results of the flow cviometry analysis of Siglec-9 Fe binding to
PANC-1 cells +/- FluoSpheres™ microspheres. PE-labelled Siglec-9 Fo was incubated with
microsphere formulations of various S series ligands (or Siglec-9 antibody clone 191240 asa
postitve control}, followed by the addition of PANC-1 celis. PE fluorescence was assessed by
flow cytometry as a readout of Siglec-9 Fe binding to the PANC-1 cell surface.

[661098] 2.2, Binding of FluoSpheres™ nucrospheres to recombinant Siglec-9 Fe
immobilised on microtiter wells

{861099] FLISA was next employed to assess binding of the microsphere formulations
described in the previous section 2,12, (i.¢. biotinyvlated S series ligands coupled to
FluoSpheres™ MNeutrAvidin™-labeled microspheres) o Siglec-9 Fe tmmobtliscd on a
microtiter plate (see FIG. 21}, All nucrosphere formulations incorporated a fluorescent dye,
enabling simple measarement of fluorescence as a readout of their binding to immobihised
Siglec-9 Fe.

[601108] FIG. 21 shows a schematic of FLISA setup. Microtiter plate wells were coated
with Siglec-8 Fe or control Ig(G1 Fe overnight and then washed on the following day. After
blocking wells with BSA, a further wash step was performed prior to the addition of

fluorescent
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microsphere formulations of 8 series ligands. Wells were then washed again and fluorescence
was measured as a readout of microsphere binding to Siglec-9 Fc.
(601181} Referning to FIG. 22, all microsphere formulations tested showed a similar level of

alEsTe]

background binding to 1gG1 Fe (FIG. 22, white bars). However, clear differences were observed
in the binding of the microsphere formulations to Siglec-% Fc (FIG. 22, black bars). In particular,
8101 -biotin NP, $110-biotin NP and $112-biotin NP showed superior binding to Siglec-9 Fe.
Binding of $102-biotin NP, §103-biotin NP, 8212-biotin NP and $217-biotin NP to Siglec-9 Fe
was comparatively lower, although still exceeded that observed for control NP that were not
functionalised with any ligand.

[601182] FIG. 22 is a bar plot showing the results of the FLISA analysis of FluoSpheres™
microspheres binding to immobilised Siglec-9 Fe. Fluorescent microsphere formulations of
various S series ligands were added to microtiter plate wells coated with Siglec-9 Fe or control
1gGl Fo (FIG 22, white bars). Wells were then washed and fluorescence was measured as a
readout of microsphere binding to Siglec-9 Fe. Data presented as mean + SEM. RFU = relative
fluorescence unis.

[B011631 2.3, Cell surface binding of Siglec-9-PL antibody +/- PLGA-based nanoparticles
[801104] Referring to FIG 23, in contrast to previous assays where a recombinant Siglec-9 Fo
protein was emploved, the next studies aimed to nvestigate whether PLGA-based nanoparticles
were similarly capable of binding to cell surface-expressed Siglec-9.

[B81165] FIG. 23 15 a schematic diagram of binding assay setup with Siglec-9-expressing
HEK293T cells. Cells were inttially pre-incubated with or without §112-azide nanoparticles for
30 mins at 4°C, followed by the addition of a PE-labelled anii-Siglec-9 antibody for a further 30
mins at 4°C. Excess reagents were removed by washing and PE fluorescence was assessed via
flow cytometry.

[001106] Referring to FIG. 24, for these studies, a cell model was developed via stable
transduction of the HEKZ293T line with lentiviral particles encoding for Siglec-9. Surface
expression of Siglec-9 was confirmed by flow cytometry, where an increase in flucrescence was
observed upon staining cells with a PE-conjugated Siglec-9 antibedy (histogram/bar (23} To
assess whether §112-azide nanoparticles were capable of binding to surface Siglec-9, the cells
were first pre-incubaied with nanoparticles, prior to staining with the PE-conjugated antibody as
before to detect uncomplexed receptor remaining on the cell surface. Pre-incubation of cells with
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8112-azide nanoparticles led to a reduction in PE fluorescence, which became more pronsunced
with each mcrement in the % of PLGA-PEG-DBCO polymer within the nanoformulation
{histograms/bars (4), (6} and (8)}. In contrast, PE fluorescence was not affected by control non-
targeted nanoparticles, remaimng simlar to levels observed on cells that were stained with
Siglec-9 antibody alone without any nanoparticle pre-incubation (histograms/bars (3}, {5} and
{7)). These findings suggest that 8112-azide nanoparticles engage Siglec-9 on the HEK293T cell
surface, thereby obstructing binding of the PE-tagged antibody to the receptor. Moreover, the
results further highlight the importance of ligand density in dictating the sirength of the
interaction between Siglec-2 and $112-azide nanopariicles.

[861167} FIG 24 shows the resulis of the flow cytometry analysis of Siglec-9-PE binding to
Siglec-9-expressing HEK2937T cells +/- PLGA-based nanoparticles. Cells were pre-incubated
with PLGA-based nanoparticles for 30 nuins at 4°C, after which PE-comjugated anti-Siglec-9
anttbody was added for a further 30 mins at 4°C. Cells were then washed and PE fluorescence

was assessed by flow cytometry.

(0013108] Example 18: Example Siclec Lizands

[861109] Table 4, below, provides structural formulas of exemplary Siglec ligands of the
present disclosure.
[801118] Forany of the structural formulas histed in Table 4, the variable R can take any one of
the following values:
a) ~O-{CHa)s-NHa,
b} ~O-(CHz)s-NH-Fmoc, where Fmoc 1s the fluorenyimethyloxycarbony! protecting
groups of the structural formuda:
®
[
Ly
A

d) ~O-{CHz)s-NH-biotin, where the term “biotin” refers to the moiety represented by

c) ~O-{(CHz}s-Ns, or

the following structural formuda:
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wherein the dash line denotes the point of attachment to the -NH- mowety.

{801111] Throughout this disclosure, the compounds of Table 4 may be referred to as
“amines,” “azides,” “Fmoe,” or “biotin.” For example, S101-amine refers to the compound
8101, as shown 1n Table 4, where R = -0-(CHz)s-NH:z. Likewise, $101-azide refers to the
cormpound S101 as shown in Table 4, where R = -0-{(CHa)s-N3, and $101-Fmoce, where R = -
O~(CHa)s-NH-Fmoc.

{061112] Although the motety R is shown in an equatorial position, it is understood that
hecause moiety R is attached to the anomeric carbon,  can occupy esther equatorial or axial
position. Additionally, although the structural formulas of the compounds i Table 4 are
shown as iontzed conjugate bases of carboxylic and/or sulfonic acids, sometimes with a metal
counterion, 1t is understood that the listed compounds can exist in the form of an acid or any

salt thereof, for example, a pharmaceutically acceptable salt.

{001113] Tabled

Compound | Structure
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1001114] The teachings of all patents, published applications and references cited herein are
mcorporated by reference n their entirety.

[001115] While this invention has been particularty shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

mvention encompassed by the appended claims.
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CLAIMS

What was claimed 15
1. A compound represented by any one of the following structural formulas:

HG
H CO H CH OH

S
< 0 JéH
R~ ™y HN\/,;;,,,\]\ Q—w
' AcHN
1?53;2
‘/ OH

Ot
HO (S-1),

R

R‘I,_ﬂ;\! HO
;0 (“OZH OH QH O"i 34H
.

nnenan

(5-2),
HO
MO of com
7o
0
NW HO HO OH co OH _oH
—&[\ \{,f@ LR
AcHN. £l O\\\,“mA\,O‘\\-/D
HO HO HOWWR
HO (D-1), or
, HO
R NR o1 com
ActN. /O T
HO ¥ OH
HO 2 -‘;OH r‘O,H sﬁiu OH
Ao /07 g o g
HC HO HMWMR
HO (D-2),

or a pharmaceutically acceptable salt thereof,
wherein:

Ry, for each occurrence independently, 1s ~C{O)-A, wherein A 15 a 01-Cs alkyl, a
Co-Cis aryl, a {Co-Ciglaryl{Ci-Cslalkyl, a S-18-member heteroaryl, a (5-18-
membertheteroaryl{Ci-Calalkyl, a C3-Cs cveloalkyl, a {Cs-Coloyeloalkyl(Ci-Calalkyl, a 5-

8-member heterocycloalkyl, or a (S-8-muemberiheterocycloalkyi{Ci-Caalkyl;
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wherein one of two carbon atoms within the alkyl portion of A 15 optionally, each
independently, replaced with a hetercatom selected from N, O, or S

and wherein A is optionally substituted with 1 to 3 R" groups, each said R
group independently selected from a Ci-Co alkyl, a Ci-Ce haloalkyl, a Ci-Co alkoxy, a
halogen, a Cs.Ci2 aryl, a 5-12-member heteroaryl and cyano, or two groups R', taken
together with the atoms to which they are attached, form a 5-7-member heterocyclyl
having 1 to 3 hetercatoms selected from N, O, or §;

wherein R"', each independently, is optionally substituted with 1 to 3 substituents
selected from a halogen, a Ci1-Cs alkyi, a C1-Cs haloalkyl, a Ci-Cs alkoxy, or cyano; and
and further wherein:

R, for each occurrence independently, is -RM-RF, and wherein:

RE 15, for each occurrence independently:

-0-(C1-C12) alkylenyl-, ~O-, -8, -NR™. -S(C1-Ciz) alkylenyl-, -NR'WA{C1-Ciz)
atkylenyl-, -NRI.O(Ci-Cialkylenyl-; -O-(CH2CH2O -, -O-{CH2CH2O i CH2CH2)-
, -NRICXIO(C1-Cra) alkylenyl-, -NRIPLNRIP.COY-(Ci-Cndalkylenyl, wherein R
RIVE RO RIZ R 4nd R1 each independently 15 H or a C1-Ca alkyl, and X1
is -0~ or -NH-, and wherein m and k, each mdependently, is an mteger from 1 to 12;

RY, for each occurrence independently, is:

H, a C1-Cs alkyl, -NHg, -NH-Fmoc, -NH-Bog, -WNH-CBz, -NH-Trog, -NH-TFA, a
mono{Ci-Cajalkylamine, a &i{Ci-Cs allyBammo;

-C(O)-R¥™ ) wherein R'® 15 -H, -OH, or a (C1-Cs) alkyl;

o

i

-SH, a motety represented by the following structural formula o

or a chick chemistry reagent.

The compound of Claim 1, wherein the compound is represented by any one of the

foliowing structural formulas:
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HO
HOLL &H  coM OH_oH

""" o7 o é@ 4
R1\\ HN O Q——‘ ,,»-O
- R

HO
AcHN

T N gy
/0
OH

HO

(3-1-1},
H
RN on comion
J\j COxH OH_OH .
A.\E—éNw\O@ <
O O i} "
HO HO O -
- | AcHN
A OH .
HO (§-2-1),

H()

K(; LQ?H
o
s OH coH OH _oH

) <7 OH
ey i_/-yk, -
ACHN \N\ OmR

HO {B-1-1), or

ot a pharmaceutically acceptable salt thereof.

The compound of Claims 1 or 2, wherein the click chemistry reagent comprises an azide,

a {o-Cs alkvne, a tetrazine, a trans-cyclooctene, or a cyclooctyne.

The compound of Claim 3, wherein the click chemistry reagent 18 an azide, a $2-Cs

alkyne, or a mosety represented by any one of the following structural formulas:
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5

wherein: R is hydrogen or halogen; X is null or O; and R? is in each case independently
selected from hydrogen, halogen, Crealkyl, Cisalkoxy, a Ce-Ciz aryl, 5-8 member
heteroaryl, Csscycloalkyl, or 3-B-member heterocyclyl; wherein any two or more R°
groups together with the atoms to which they are attached optionally form an unsaturated,
saturated, or aromatic S-8-member ring; and R¥is hydrogen, Cisalkyl, Cisalkoxy, a Cs-

Ciz aryl, a 5-8-member heteroaryl, Csacycloalkyl, or a 3-8 member heterocyciyl

The compound of Claim 3, wherein the click reagent 1s an azide, a C2-Cs alkyne, or any
one of the moieties represented by the following structural formulas:
%—NR#

2 \h/ ;;\\

o) N i /NN
RN

NTR )
g
T or

7 RN

S

‘/E\R O xzs“

g kR J BNRE G N g )
e N O R e "
S e @ R anste!

wherein R* is H or methyl, R”, for each occurrence independently, is H or a C1-Cs
alkyl, and R* is -NH-C(Q)YO-.
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The compound of Claim 1, wherein R, for each occurrence independently, 1s -O-{CHz e
NH:z of -O-{CHz)-NH-Fmoc, wherein x, for each occurrence imdependently, is an integer

from 1 1o 10,
The compound of Claim 6, wherein x 15 5.

The compound of any one of Claims 1 through 7, wherein:

the cycloalkyl portion of moiety A is selected from a Cs-Cr cycloalkyl;

the heterocycloalkyl portion of moiety A is selected from a 5-6-member
heterocycloalkyl having | or 2 heteroatoms selected from N, O, or §;

the ary] portion of motety A is selected from a phenyl or a naphthalenyl; and

the hetercary! portion of moiety A 1s selected from a motety represented by any of

the following structural formulas:

Q

>

wherein X!, X? and X°, each independently, is selected from NR®, O, or 8, wherein R is
Hoor a C1-C5 alkyl; and further

wherein if present each R'! is independently selected from cyvano, a halogen, a
phenyl, a halophenyl, a Ci-Ce alkyl, a Ci-Cs haloalkyl, a C1-Cs alkoxy, or two groups R,

2 2

taken together with the atoms o which they are atiached, form a [1,3]dioxolo group,

optionally substituted with one or two methy!l or ethyl groups.
The compound of any of Claims 1-8, wherein Ry, for each occurrence independently, is

selected from the moiety represented by the following structural formulas, wherein the

wavy line represents the point of attachment of Ry to the nitrogen atom:
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26 Q27 428 026 030 CN 34
10, The compound of any one of Claims 1-9, wherein the compound is any one of the

compounds 8-101 through S-131, or D-1061 through B-131, wherein the motety R 15 -O-
(CH2)s-NH-Fmoc.

11 A particle, comprising a compound represented by the following structural formula:

R i
wherein;
P 1s a biocompatible polymer;
L 1s a covalent linker; and

G 15 any one of the moieties represented by the following structural formulas:
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COH OH

QOSOzH
- /——U
&i@ o
HO
E AcHN
Ao
NOH
b O
HO {S-14),
COH OH OH

{

.,
g%i
I fe

\
O
E
»
[e]
s
z

HO {(8-ZA},
HO
HO K;}\H COLH
HA\S /:
~ N, ,7.52/\
R"“"’"N N
¢ HO_ OH

AGHN \[,7.,93}\0 o 0
HO HO HMN

HO ¢ (D-1A), or

b
o GO G o
e
AcHN \9:3:7\ R/O \i,,xi)

HG HO~ oo’
o D24,
ot a pharmaceutically acceptable salt thereof,
wherein:
the symbol cewwrepresents the point of attachment to L;

R, for each occurrence independently, 15 -C(O)-A, wherein A is a C1-Cs alkyl, a
Co-Crs aryl, a (Co-Cispary{C1-Cslalkyl, a 3-18-member heteroaryl, a (5-18-
memberiheteroary{Ci-Cajalkyl, a Cs-Us cycloalkyl, a {(Cs-Crieyeloalkvl{Ci-Calalkyl, a S-
8-member heterocycloalkyi, or a {5-8-membertheterocycloalkyi{(Ci-Cajalkyl;

wherein one or two carbon atoms within the alkyl portion of A 18 optionally, each

mdependently, replaced with a hetercatom selected from N, O, or S,
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and wherein A is optionally substituted with 1 to 3 RY groups, each said R!!
eroup independently selected from a Ci-Cs alkyl, a Ci-Co haloalkyl, a Ci-Co alkoxy, a
halogen, a Cs.Ciz aryl, a 5-12-member heteroary] and cyano, or two groups R, taken
together with the atoms to which they are attached, form a 5-7-member heterocyclyl

having 1 to 3 hetercatoms selected from N, O, or §;

wherein R, each independently, is optionaily substituted with 1 to 3 substituents

selected from a halogen, a Ci-Cs alkyl, a C1-Cs haloalkyl, a Ci-Co alkoxy, or cyanc.

The particle of Claim 11, wherein motety G is represented by any one of the following

structural formulas:

HQ H OH
i O COzH OH
e 3 OH QOgH

S 0
R1\N HN., w m(}, .
HA}’/ HO : %
o = A(HN
~m
: OH

[ OH ,
HO (S-1-1A),

H
N_ HO
RN OH coH oH_on

i i 0504 H

HO HO
. AcHN
o~
07 o
Ho 1 (S-2-1A),
HOL QH COLH
H
i r‘ﬁ‘ HO HO, _KO“i GoaH OH o
Ami\, LN—O “f\,—o
HO HO HM
HO T (D-1-1A)
of
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~—

Ho  (D-2-1A).

or a pharmaceutically acceptable salt thereof.

13. The particle of Claims 11 or 12, wherein the biocompatible polymer comprises a

copolymer PLGA-PEG.

14, The particle of any one of Claims 11-12,) wherein P is represented by the following

structural formula;

i i
— G OCHQCHQ%O CH?HO CCOHLO H
HZ m CH3 ’
0-10 X ¥ ,

wherein the symbol YW represents the point of attachment of the polymer to the
linker L, and further wherein
v 1s an integer from 0 to 1000, x 18 an integer from 0 to 1000, and m is an mteger

from 0 to 450, provided that x and y are not simultaneously 0.

15 The particle of Claim 14, wherein v is an mteger from 0 1o 500, x is an integer from 0 to
500, and m s an nteger from 0 to 250

16. The particle of any one of Claims 11-15, wherein the linker L mcludes a portion that s a
product of a click chemistry reaction.

17. The particle of any one of Claims 11-16, wherein the linker L comprises a portion

represented by any one of the following structural formulas, wherein the symbols —wmma-
and v | each independently, represents the point of attachment to additional portions
of the linker L, to P, or to (&'

- 219 .
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O

B Ny — !mg
),

wherein R* is H or methyl, R", for each occurrence independently, is H or a C1-Cs alkyl,

and R¥ 15 -NH-C(0)O-, and R*™ is an —H or a C1-Cs alkyl.

The particles of any one of Claims 11-17, wherein the P 13 a PLGA{10k)}-PEG(5k).

The particle of any one of Claims 11-18, wherem the weight of G per unit weight of P

(ligand density) is from 1010 75 pg/mg.

A method of treating a disorder in a subject in need thereof, the method comprising:
admunistering to a subject an effective amount of a compound of any one of
Claims 1-10 or 31-33, or particles of any one of Claims 11-19, 34-37, 39, 42, 43 and 45
or a pharmaceutically acceptable salt threof, wherein the disorder 18 selected from a
cancer, an ophthalmic disease, a fibrotic disease, a parasitic inflammation, a fungal
mflammation, a viral mflammation, an autoummune inflammation, a neurclogical
mflammation, a neurclogical degeneration, a dermatologic inflammation, a renal
inflammation, a cardiovascular disease, a gasirointestinal inflammation, or a rheumatic

disease.

A method of treating a disorder in a subject in need thereof, the method comprising:
administering to a subject an effective amount of a compound of any one of
Claims 1 through 10 or 31-33, or particles of any one of Claims 11-19,34-37_ 39, 42 43,
and 45 or a pharmaceutically acceptable salt threof, wherein the disorder is selected from
a breast cancer, non-small cell lung cancer (NSCLC), prostate cancer, colorectal cancer,
melanoma, pancreatic cancer, myelofibrosis, diabetic retinopathy, wdiopathic pulmonary
tung fibrosis, liver fibrosis, sickle cell anemia, and acute respiratory distress syndrome

(ARDS).
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A pharmaceutical composition, comprising a compound of any one of Claims 1-10 ora
particle of any one of Claims 11-19, or a pharmaceutically acceptable salt thereof, ina

pharmaceutically acceptable carrier.

A method of making a particle comprising a molecule represented by the following
structural formula:
e il
wherein:
P 15 a biocompatibie polymer;
L is a covalent linker; and

G 1s any one of the moisties represented by the following structural formulas:

SO COH OH o

/H’\i o 0—“ </—G .
H/W E AcHN
e g -
%‘?‘*QZOH
O
HO (S-1A),
"
R{_/“N HO

SO oH co.HoH OH

NE O80;H

HO Ho -y
— ACHN H
*\.O_,
M
HO T (8-2A)
HO™? o COH
H ,
N N \7\0" \O
R} I wo HO, \\H cOoH OH o
ALHN &m/o e ,,0
HO HO H:;\,—«“N

HO = {D-1A}, or

O
1\ OH oM OH
g SO
- ‘\
LT &/@ N &\
F HO-,

H HO
HO {D 24},
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or a pharmaceutically acceptable salt thereof,
whergin:

the symbol e represents the point of attachment to L;

Ry, for each occurrence independently, is ~C{()-A, wherein A 1s a Ci-Cs alkyl, a
Co-Cis aryl, a (Co-Ciglar{Cri-Cilalkyl, a 5-18-member heteroaryl, a (5-18-
membertheteroar(Chi-Csjalkyl, a Ci-Cs eycloalkyl, a (Cs-Cy)eycloalkyl{Ci-Calalkyl, a S-
§-member heterocycloalkyl, or a (5-8-memberheterccycloalky{Ci-Cyjalkyl;

wherein one or two carbon atoms within the alkyl portion of A is optionally, each
independently, replaced with a heteroatom selected from N, O, or §;

and wherein A is optionally substituted with 1 to 3 R'! groups, each said RY
group independently selected from a C1-Cs alkyl, a Ci-Cs haloalkyl, a Ci-Cs alkoxy, a
halogen, a Ce.Ciz aryl, a 5-12-member heteroaryl, cvane, or two groups R, taken
together with the atoms to which they are attached, form a 5-7-member heterocyelyl
having 1 to 3 hetercatoms selected from N, O, or §;

wherein R, each independently, is optionally substituted with 1 to 3 substituents
selected from a halogen, a Ci-Cs alkyl, a C1-Cs haloalkyl, a Ci-Cs alkoxy, or cyano,
the method comprising:

reacting a compound represented by a structural formula (1)

G-R™ (1)
with a compound represented by a structural formula (I1)
P-R™ (11,

wherein R and R™ are each a reactive moiety,
under conditions suitable to cause moieties R™ and R™ to react with each other thereby

producing a portion of the covalent linker -L-.

The method of Claim 23, wherein R and R™ are a click reagent pair, and wherein the
conditions are suitable to cause a click reaction between RY and R¥?, wherein the the
linker L includes a portion that is a product of a click chemistry reaction between R™! and

R™

A compound represented by the following structural formula:
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HD\ HO
PH COLH OH
A P 2 KOHm OS0;H
P
ACHN & o N0 \ﬁ/c
HO HO o R
» AcHN
~o
: OH
OH .
HO (5000-C)

or a pharmaceutically acceptable salt thereof,
wherein:

R, for each occurrence independently, is -RY-RF, and wherein:

RF s, for each occurrence independently:

-0O-, -S-, -NR™. -0-(C1-C1z) alkylenyl-, -S-(C1-C12} alkylenyl-, -NR{C1-Cr2)
atkylenyl-, -NR!H.0-(C1-Cialkylenyl-; -O-(CH2CH:O ), ~O-(CH2CHO W CHzCH2)-
, -NRIZXO(01-Crzy alkylenyl-, -NRICLNRID.C(O)-(C1-Crzdalkylenyl, wherein RYC
RIVL RV RIZ RIC and RY? each independently is H or a C1-Cs alkyl, and X%
ts -0~ or -NH-, and wherein m and k, each mdependently, 15 an mteger from 1 to 12;

RF, for each occurrence independently, is:

H, a C1-Cs alkyl, -NHg, -NH-Fmoc, -NH-Bog, -WNH-CBz, -NH-Trog, -NH-TFA, a
mono{Ci-Cajalkylamine, a di{Ci-Cs allyDammo;

-C{O)-R'™ wherein R' is -H, -OH, or a (Ci-Ca) alkyl;

o)
NG
-SH, a motety represented by the following structural formula o ;
or a click chemistry reagent,
provided that -R*R' is not ~OH.
26, A particle, comprising a compound represented by the following structural formula:

Gm—] &
wherein:

P is a biocompatible polymer;

L is a covalent linker; and

G 1s represented by the following structural formula:
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HO (S000-P),

or a pharmaceutically acceptable salt thereof]
wherein:

the symbol e wrepresents the point of attachment to L.
The particle of Claim 26, wherein the polymer comprises a block copolymer PLGA-FEG.

A method of treating a disorder in a subject in need thereof, the method comprising:
administering to the subject a therapeutically effective amount of a compound of

Claim 25 or a pharmaceutically acceptable salt thereof, or a composition comprising

particles of any one of Claims 26-27 or a pharmaceutically acceptable salt threof,

wherein the disorder s influenza.

Any of the compounds represented by the structural formulas listed in Table 4 ora
pharmaceutically acceptable salt thereof, wherein the variable R 18 -O-(CH2)s-NHz | -0O-
(CHa)s-NH-Fmoce, —O-{CHz)s-Ns, or —~O-(CHz})s-biotin,

A compound represented by any of the following structural formulas of a
pharmaceutically acceptable salts thereof:

HO
o oo A f\g;;gm Phor oso , Ci
i 707 0. 54 oio0 M e { L“‘}/‘ ey
~ \\EH‘/\T’;\'H TR O N CH2 O {\ f("f“IO/T\-‘;“{’H?MQ}-"H
- m Q b 7y
Y 7 O oH 0]
1O OF

(S112-NPO1);
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O CHa~CH,~CH;~CH,~CH; H-CHz-CHZ‘[O-CHz-CHZ]»O C—C-OH-C—CH,-O}—H
m X Y

CHy

(8112-NPO2);

OHO OH
mNH o

AcHN
HOOH OH

oY) g 9w \[?

N \-CCH2=CHy-CHp=CHy=CH3 “N-CHy-CH; 7O-CHy-CHy~O—C—G~OrC~CH,-Op—H

N H m CH4'X y
N

5

(S101-NPO1);

OH
‘—%H\;S?H ol 0SO;H
Cfm NH’\nrNH 'm

AcHN
OH
HOOH

o
{29 b Q
N NCCH2=CHy"CHz=CH=CHy “N-CHy"CH,TO-CHy CHy O —c o c CH,-OF—H
Nl m CH/X v

N

(S103-NPO1):;

V/U\NH’\INH 0«/\/‘773
O QAo
OH

HOOH

O Q X He §Ha
N -CCHa=CHyCHy~CHy=CH; ~N-CHy-C—0-Ch;-CH; O—((E—ﬁ—O)-(g—CHZ-Oj—H
N 6 R J\6
m

i
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(8105-NPO1);

HOHR OH COQHOHOH

0S05H
C@"N L Qo
O ACHN

H
MO ©

- 2
o
N c—CHz—CHZCHZ—CHZ—onLN -CH,"CH {O-CHZ CHZ]— 1(0 c o}éo ~CHy o}

N W
ﬁ7_‘7/\/
W,

(S106-NPO1);

HO
HO, HOHOH

O mjACHN

HOOH

(Do e

o o
H
N e CHz=CH-CHy=CH,~CH; N—CHZ—CHZJ[O—CHZ-cm]—o—(&—q—o)—é&—cm-o)—ru
H m CH5'% Y

Nl
W

N

(S107-NPO1);
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HO
o HAX on COZHOHO':-') 0S0zH
N NER7 0 SR o O
NH Y fo) O
@/K o Ho Ho o AHN A
OH
HO OH

o}
OF: Lo o
N O CHz—CHy=CHy—CH,—CH; ~N-CHp-C—-0~CH,~CH, O%ﬁ—ﬁ—O)—ﬁ%—CHz—Oij
N, | m (0] x\O y

(8110-NPO1);

CH3
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H
Y NR OH COo,HOH oH
O AcHN o) —CHo— & —CH.-
£ OMN\H,CH%O CH, CHz]»o—<g|; e o>—<9 CH, O>—H
o f \O A

O

Ho o AcHN o m
OH

o OH

(§212-NPO1);

H
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N/l N_Ho OH
AcHN o o} O —CHo— —C— —CHa
o} 5 ~°% OMN\H/CHZ O—CH,=CH,-0—C ﬁ O {-G—CH,-0—H
o7 AcHN S m 0 i \O ly
OH
Ho OH

{S217-NPO1),
wherein, for each occurrence independently,
< I8 an integer from 90 to 140;
v is an ineteger from 10 to 75; and

n1is an integer from 90 to 140

31 The compound of Claim 1, wherein R, for each occurrence independently, is ~-O-(CH-
2)x-N3, wheremn x, for each occurrence independently, 1s an integer from 1 to 10,
32, The compound of Claim 31, wherein x 15 5.
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33, The compound of any one of Claims 1-9, wheremn the compound is any one of the
compounds 5-101 through S-131, or B-101 through DB-131. wherein the moiety R
is ~O-~{CHz2)s-NH:z o1 ~-0-(CHz)s-Na.
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The particle of Claim 17, wherein the additional portion of the hinker 15 a -O-(Ci-Ciz}

allylenyl-.

The particle of any one of Claums 11, 12, or 26 wherein the biocompatible polymer
comprises at least one of polyglyeolic acid, poly{lactic acid), poly{lactic-co-glycolic
acid), polycaprolactone, poly(3-hydroxybutyric acid), polyethylene oxide,
polyoxyethylene-polyoxypropylene block copolymer, poly(hydroxymethylmethacrylate),
polyvinvl alcohol, poly{vinylpvrrolidone}, hyaluronic acid, heparin, heparin sulfate,

polysialic acid and chitosan.

The particle of any one of Claums 11, 12, or 26, wheremn the biocompatible polyrer

comprises poly{L-~lactic acid), poly(D-lactic acid), poly{D¥/L-lactic acid), a copolymer

thereof, or a combmation thereof.

The particle of any one of Claims 11, 12, or 26, wherein the biocompatible polymer
comprises polyethylene oxide, polyoxyethylene-polyoxypropylene block copolyroer, a

copolymer thereof, or a combination thereof,

The method of Claim 23, wherein the biccompatible polymer comprises at least one
biocompatible polymer selected from the group consisting of polyvglycolic acid, poly{L-
lactic acid), poly{lactic-co-glycolic acid), polycaprolacione, poly{3-hydroxybutyric acid
), polyethylene oxade, polyoxyethylene-polvoxypropylene block copolymer,
poly{(hydroxymethyimethacrylate), polyvinyl alcohol, poly{(vinylpyrrolidone), hyaluronic

acid, heparin, heparin sulfate, polysialic acid and chitosan.

The particle of Claim 14, wherein:
x 15 an integer from 90 to 140,
v 15 an meteger from 10 to 75; and

m is an integer from 90 to 140,
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The particle of Claim 26, wherein P is represented by the following structural formula:

wherein the symbol YW represents the point of attachient of the po}ymer to the

linker L, and further wheremn:
v 18 an nteger from 0 to 1000, x 15 an irgeger from 0 to 1000, and m s an ndeger

from 0 to 450, provided that x and v are not simultaneously 0

The particle of Claim 40, wheremn:
x 13 an integer from 90 to 140,
v is an meteger from 10 to 75; and

m 1 an integer from 90 to 140

The particle of any one of Clawms 11, 12, or 26, wherein the particle further comprises
one or more of;

an acid-terminated PLGA (PLGA-COOH);

an acid-terminated PLGA-PEG copolymer, wherein the acid moiety terminates
the PEG block (PLGA-PEG-COOH),

an PLGA-PEG copolymer, wherein the PEG block is terminated with the muoiety

represented by the following structural formula:

CHy=CHy=CHy—CHy = CHy “N-CHy=C

(PFLGA-FEG-DBCO); or
an PLGA-PEG copolymer, wherein the PEG block is terminated by the the

moiety represented by the following structural formula:
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0
¢ o
§{; N 0/1\ ot
0 Hz ' (PLGA-PEG-NHS),
wherein the dash line denotes the point of attachment of the terminating moiety to PEG
block.

The particle of Claim 42, wherein the particle comprises at least one oft

a blend of 75% by weight of PLGA-COOH and 25% by weight of PLGA-PEG-
DBCO;

a blend of 75% by weight of PLGA-COOH and 25% by weight of PLGA-PEG-
NHS;

a blend of 90% by weight of PLGA-PEG-COOH and 10% by weight of PLGA-
PEG-DBCO; and

PLGA-PEG-NHS.

A pharmaceutical composition, coraprising a coropound of Clawn 25 or a particle of
Claim 26, or a pharmaceutically acceptable salt thereof, 1n a pharmaceutically acceptable

carrier.

The particle of any one of Clatms 11-18, 34-37, 39, 42, 43 and 45, wherein the amount of
p o 2 > 5 9 9

(G per unit weight of the particle 1s from Tug/mg to 1000 ug/mg.

A method of treating a disorder that is responsive {0 modulating the activity of a Siglec
receptor, in a subject in need thereof, the method comprising adminisiering to the subject
a compound of any one of Claims 1-10 or 31-33, or particles of any one of Claims 11-19,

34-37. 39,472, 43 or 45.

The method of Claim 46 wherein the activity of at least one of Siglec 3, 5,7, 8, 9, 10, 11,

14, 15 or 16 15 modulated.
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48. The method of Claim 46, wherein the disorder is selected from a cancer, an immune-

related disorder and an inflammatory-related disorder.
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