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Highly Potent Multimeric E-Selectin Antagonists

I This application clainws the benefit under 35U S.CL§ 1We) o TS, Provisional
Application Nos. 624405, 792 fled October 7, 2016 and 62/451 415 filed January 27, 2017,

winch apphications are tucorporated by reference herein i their entirety.

{8662} Compounds, compositions, and methods for treating sndfor preventing at least one
disease, disorder, andfor condition associated with E-selectin activity including, for example,

inflammatory diseases and cancers, are disclosed herein,

[BB03] Whena tissue 18 infected or damaged, the inflammstory process divects leukooyvies
and other inwnune system components o the site of mfection or injury. Within this process,
leukocytes play an important role in the engolfinent and digestion of nucroovganisms. The

recruttment of lenkocytes to mfected or dantaged tissue 1s oritical for mownting an effective

mmmane defense.

{6604} Selecting are a group of structurally stnilar cell swrface receptors tmporiant for
mediating leukocyte binding to endothehial cells. These proteins are type 1 membrane
proteins and are composed of an amino terminal lectin domain, s epidermal growth factor
(EGF)-like domain, a variable number of complement recepior related repeats, a hydrophobic
dovaain spanung region and a oyioplasnue demai. The binding interactions appear to be

mediated by contact of the lectin domain of the selecting and various carbohydrate ligands.

[6605] There are three known selectins: E-selectin, P-selectin, and L-selectin. E-selectin
is found on the surface of activated endothelial cells, which ine the intenor wall of capitlaries.
E-~selectin binds to the carbohvdrate sialyl-Lewis™ {sL.e™), which is presented as a

glvcoprotem or ghycolipid on the surface of ceriain leukooytes (monocytes and neutrophils)
and helps these cells adhere to capillary walls in areas whers surrounding tissue is infected or
damaged; and E-selectin also binds to sialyl-Lewis” (sLe%), which is expressed on many

tumor cells. P-selectin 15 expressed on mflamed endothelinm and platelets, and also
recognizes sLe® and sLe”, but also containg a second site that interacts with sulfated tyrosine.
The expression of E-selectin and P-selectin 1s generally increased when the tissue adjacent to
a capillary i3 nfected or damaged. L-selectin is expressed on levkooyies. Selectin-mediated

intercellular adhesion is an example of a selectin-mediated function.

-1-
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{006]  Although selectin-mediated cell adhesion is required for fighting mfection and
destroyving foreign material, there are sitnations in which such cell adhesion is ondesirable or
gxcessive, resulting in tissue damage instead of repatr. For example, many pathologiss (such
as autoimmune and mflammatory diseases, shock and reperfusion injuries) ivolve abnormal
adhesion of white blood cells. Such abnormal cell adhesion may also play a role In transplant
and graft rejgction. In addition, some circulating cancer cells appear o take advantage of the
mnflammatory mechantsim to bind o activated endothelium. In such circomsiances,

modutation of selectin-mediated intercellolar adhesion may be desirable

{07y Modulators of selectin-mediated fanction include the PSGL-1 protemn {and smaller
peptide fagments). fucoidan, plveyrrhizin {and derivatives), sulfated lactose derivatives,
heparin and heparin Fagments, sulfated hyaluronic avid, condroitin sudfate, salfated dexiran,
sulfatides, and particular glycomimetic compounds (see, e.g., US RE44,778). To date, all but
the glycomimetics have shown to be unsaitable for drug development due to insufficient
activity, toxicity, tack of specificity, poor ADME characteristics, andior availability of

material.

[6668] Accordingtly, there is a need in the art for identifving inhubitors of selectin-
mediated funchion, e.g., of selectin-dependent cell adhesion, and for the development of
methods employing such compounds. The present disclosare may fulfill one or move of these

needs and/or may provide other advantages.

[0009] Compounds, compositions, and methods for treating andfor preventing (f.¢.,
reducing the hikehbood of occurrence or reoccurance} al least one disease, disorder, andior
condibion i which inhibiting binding of E-selectin to one ov more E-selectin ligands may

play a role are disclosed.

{8010} Dhsclosed are highly potent multimeric E-selectin amtagonists of Formada (T

32
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prodrugs of Formula (I), and pharmaceutically acceptable salts of any of the foregoing,

wherein each R!, R%, R, and R* are defined herein.

[0010a] According to a first aspect, the present invention provides at least one

compound chosen from glycomimetic E-selectin antagonists of Formula (I):
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and pharmaceutically acceptable salts thereof,
wherein
each R!, which may be identical or different, is independently chosen from Cj.12

alkyl;
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each R?, which may be identical or different, is independently chosen from —
NHC(=0)Y' groups, wherein each Y!, which may be identical or different, is
independently chosen from C.1> alkyl, groups;

each R3, which may be identical or different, is independently chosen from

0) R

6
R groups,

wherein each R®, which may be identical or different, is independently chosen from Cj.12
alkyl groups, and wherein each R’, which may be identical or different, is independently
chosen from -OY? and -NY?Y* groups, wherein each Y* and each Y*, which may be
identical or different, are independently chosen from H and Cis alkyl groups, wherein Y>
and Y* may join together along with the nitrogen atom to which they are attached to form a
ring;

each R*, which may be identical or different, is independently chosen from Cj.4
alkyl groups;

m is 2; and

L is chosen from

wherein Q is chosen from

3A
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wherein R® is chosen from H and benzyl, and wherein each p, which may be identical or

different, is independently chosen from integers ranging from 0 to 30.

[0010Db] According to a second aspect, the present invention provides a composition
comprising at least one compound according to the first aspect and at least one additional

pharmaceutically acceptable ingredient.

[0010c¢] According to a third aspect, the present invention provides method for
treatment and/or prevention of at least one disease, disorder, and/or condition where
inhibition of E-selectin mediated functions is useful, the method comprising administering
to a subject in need thereof an effective amount of at least one compound according to the

first aspect or a composition according to the second aspect.

[0010d] According to a fourth aspect, the present invention provides method for
treatment and/or prevention of at least one inflammatory disease, disorder, and/or
condition, the method comprising administering to a subject in need thereof an effective
amount of at least one compound according to the first aspect or a composition according

to the second aspect.

[0010¢] According to a fifth aspect, the present invention provides method for

treatment and/or prevention of metastasis of cancer cells, the method comprising

3B
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administering to a subject in need thereof an effective amount of at least one compound

according to the first aspect or a composition according to the second aspect.

[0010f] According to a sixth aspect, the present invention provides method for
inhibiting infiltration of cancer cells into bone marrow, the method comprising
administering to a subject in need thereof an effective amount of at least one compound

according to the first aspect or a composition according to the second aspect.

[0010g] According to a seventh aspect, the present invention provides method for
inhibiting adhesion of a tumor cell that expresses a ligand of E-selectin to an endothelial
cell expressing E-selectin, the method comprising contacting the endothelial cell with an
effective amount of at least one compound according to the first aspect or a composition

according to the second aspect.

[0010h] According to an eighth aspect, the present invention provides method for
treatment and/or prevention of thrombosis, the method comprising administering to a
subject in need thereof an effective amount of at least one compound according to the first

aspect or a composition according to the second aspect.

[0010i] According to a ninth aspect, the present invention provides method for treatment
and/or prevention of cancer, the method comprising administering to a subject in need
thereof (a) an effective amount of at least one compound according to the first aspect or a
composition according to the second aspect and (b) at least one of therapy chosen from (i)

chemotherapy and (ii) radiotherapy.

[0010j] According to a tenth aspect, the present invention provides method for enhancing
hematopoietic stem cell survival, the method comprising administering to a subject in need
thereof an effective amount of at least one compound according to the first aspect or a

composition according to the second aspect.

[0010K] According to an eleventh aspect, the present invention provides method for
treatment and/or prevention of mucositis, the method comprising administering to a subject
in need thereof an effective amount of at least one compound according to the first aspect

or a composition according to the second aspect.

3C
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[00101] According to a twelfth aspect, the present invention provides method for
mobilizing hematopoietic cells from the bone marrow, the method comprising
administering to a subject in need thereof an effective amount of at least one compound
according to the first aspect or a composition according to the second aspect, in

combination with at least one mobilizing agent.

[0010m] According to a thirteenth aspect, the present invention provides use of a
compound a according to the first aspect in the manufacture of a medicament for treatment
and/or prevention of at least one disease, disorder, and/or condition where inhibition of E-
selectin mediated functions is useful, for treatment and/or prevention of at least one
inflammatory disease, for disorder and/or condition, treatment and/or prevention of
metastasis of cancer cells, for treatment and/or prevention of metastasis of cancer cells, for
inhibiting infiltration of cancer cells into bone marrow, for inhibiting adhesion of a tumor
cell that expresses a ligand of E-selectin to an endothelial cell expressing E-selectin; for
treatment and/or prevention of thrombosis, for treatment and/or prevention of cancer, for
enhancing hematopoietic stem cell survival, for treatment and/or prevention of mucositis

or for mobilizing hematopoietic cells from the bone marrow.

[0011] As used herein, ‘compound of Formula (I)’ includes multimeric E-selectin
antagonists of Formula (I), pharmaceutically acceptable salts of multimeric E-selectin
antagonists of Formula (I), prodrugs of multimeric E-selectin antagonists of Formula (I),
and pharmaceutically acceptable salts of prodrugs of multimeric E-selectin antagonists of

Formula ().

[0012] In some embodiments, pharmaceutical compositions comprising at least one
compound of Formula (I} and optionally at least one additional pharmaceutically

acceptable ingredient are presented.

[0013] In some embodiments, a method for treatment and/or prevention of at least one
disease, disorder, and/or condition where inhibition of E-selectin mediated functions is
useful is disclosed, the method comprising administering to a subject in need thereof an
effective amount of at least one compound of Formula (I) or a pharmaceutical composition

comprising at least one compound of Formula ().
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[0014] In the following description, certain specific details are set forth in order to
provide a thorough understanding of various embodiments. However, one skilled in the art
will understand that the disclosed embodiments may be practiced without these details. In

other instances, well-known structures have not been shown or described in detail to avoid

3E
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unnecessarily obscuring descriptions of the embodiments. These and other ermbodiments will

become apparent upon reference (o the following detailed description snd attached drawings.

RRIEF DESCRIPTION OF THE DRAWINGS

L RS Figure 1 is  diagram lustrating the synthesis of intenmediate 2.
[0016]  Figure 2 is g diagram illustrating the synthesis of intermediate 7.

{66177  Figure 315 a diagram illustrating the synthesis of intermediate 9.

18] Figure 4 is a diagram tlustrating the synthesis of compound 11

{8619} Fizure 518 a diagram iHlusirating the synthesis of compound 20.

{0201 Figure 6 is 8 diagram ilustrating the synthesis of compound 27,

{8621} Figure 7 1s o diagram illustrating the synthesis of compound 29.

006227  Figure 8 15 a diagram illustrating the synthesis of compound 31,

o823} Figure QA 1s a diagram tHustraiing the syathesis of compound 32,

{80241  Figure 9B 19 a disgram flostrating an altnerative syithesis of compound 32
jan2s] Figure 10 is a diagram dlostrating the synthesis of cotpound 35,

[6626] Figure 11 15 a diagram illustrating the synthesis of compound 38.

[6827]  Figure 1215 g diagram illustrating the synthesss of compound 42.

[6028] Figure 13 is a diagram ilustrating the synthesis of compound 44.

{6629 Figure 14 s a diagram ilustrating the synthesis of compound 45.

3034 Disclosed herein ave hughly potent mudiimeric E-gelectin antagonists,
pharmacentical compositions comprising the sane, and methods for wnhibiting E-selecting
mediated funchions using the same. The compounds and compositions of the present

disclosure may be useful for reating andfor preventing at least one disease, disorder, and/or
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sondition that is treatable by inhibiting binding of E~selectin to ong or more E-selectin

ligands.

{66311 The compounds of the present disclosure have been found to be hughly potent
multimeric E-selectin antagonists, the potency being many times greater than the monomer,
The compounds of the present disclosure may also have at least one improved

physicochemical, pharmacelogical, andfor pharmacokinetic property.

[6632] In some embodiments, presented are highly potent muluimeric E-selectin

antagonists of Fornwla (1)

M

prodrugs of Formula (1), and pharmacentically acceptable salts of any of the fwegoing,
wherein

gach R! , which may be identical or different, is independently chosen from H, Cop
atkyl, Can alkensd, Cop alkynyl, and ~—«NEE¥C{¢¢¢=Q)R5 groups, wherein each ®*, which may be
wentical or different, is independently chosen from Ciyz atkyl, Copp alkenyl, Cui: alkyayl,
Caas arvl, and Ty heteroaryl groaps;

sach R®, which may be identical or different, is independently chosen from halo, ~
oY,
SNYIY, ~OCEOWY!, -NHCEOY, and “NHCEOINY 'Y groups, wherein each Y and
ench ¥, which may be ideatical or different, are independently chosen from H, Cus alkyl,

Cayp alkenyl, Cop alkviyl, Cys haloalkyl, G haloalkenyl, Coy; haloalkynyl, Cogp arvl,
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and Cy.1x heteroary! groups, wherein Y and ¥ may join together along with the nitrogen
atom to which they are attached to form a ring;

each R®, which may be identical or different, is independently chosen from

HO OH 0 R’
N O R
ON
HO
g AcHN-
& 38 & . T3
R 2} R _and HO

wherein each R®, which may be wentical or different, 18 independently chosen from H, Gy
alkyl and Cy.y; haloalkyl groups, and wherein each R?, which may be identical or different, s
mdependently chosen from Cig alkvl, Cos alkenyl, Co alkvavl, -OY?, -NHOH, -NHOCH,,
SNHON, and ~-NY*Y* groups, wherein each Y7 and each Y, which may be identical or
different, are independently chosen from H, Ciy alkyl, Cog alkenyl, Cog alkynvl, Cie
haloatkyl, Cas haloalkenyl, and Cay haloalkyny! groups, wherein Y* and Y* may join
ioeether along with the nitrogen atom o which they are attached to Ruma ning;

each RY, which may be identical or different, is independently chosen from -ON, €4
alkyl, and Ciy haloalkyt groups;

m is chosen from imegers ranging from 3 1o 236; and
L 35 chosen from Bnker groups;
with the proviso that when m is 4, each R and each R is methy], each R* is

~OCE=OPR, and each B is
O (§151

then the linker groups are not chosen from

-6
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[6633} in some embodiments, at lzast one compound is chosen from compounds of

Fornla (I}

{n

prodrugs of Formula (1), and pharmaceutically acceptable salts of any of the foregoing,
whevein

cach R}, which may be identical or differerd, 18 mdependently chiosen from H, Tz
alkyl, Cryp alkenv, Coyp alkynyl, and -N HOE=OR' groaps, wherewn each R® which may be
wdentical or different, is independently chosen from Cup alkyl, Ghaa alkenyl, Caug alkyoyd,

T aryl and Cy s heteroary groups;
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ench R, which may be identical or different, is independently chosen from halo, —
oY,

SNYY? OCEOY, SNHOEOY, and ~NHCEOQINY Y groups, wherein sach Y and
each Y7, which may be identical or different, are tndependently chosen from H, Cia aliovl,
Ca.qp alkenyl, Caupp alloynyl, Cip haloalkyl, Couys haloalkenyl, iy haloalkynyl, Cegn anvd,
and Ci.y3 heteroary! groups, wherein ¥ and Y* may join fogether along with the nitrogen
atom to which they are attached {o form a ving:

each R, which may be identical or different, is independently chosen from

OH

mm
R® R®  and HO

wherein each R®, which may be identical or different, is independently chosen from H, Ci.i

allyl and Croo haloalky! groups, and wherein each R, . which may be wdentical or different, s
independently chosen from Cre alkyl, Caos alkenyl, Cog alkynyl, OV, -NHOH, -NHOCH:,
“NHON, and -NY Y groups, wherein each Y and each Y*, which may be identical o
different, are independently chosen from H, T alkyl, Cyy alkenyl, Chg alkonyl, Cig
haloalkyl, Cog haloalkenyl, and Ca haloalkynyt groups, wherein Y™ and Y* may join
together along with the nitrogen alow to which they are attached to form aving

each R?, which may be identical or different, is independently chosen from ~CN, Ciu
alkyl, and Cyis haloalkyl groups;

m s chosen from integers ranging front 2 to 256; and

L is chosen from linker groups;

with the proviso that when m is 4, each R’ and each R® is methyl, each R’ is

~QU{=0Ph, and each R is
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Ox. _OH

N

than the Bnker wroups are not chosen from

9]
NH
HNJ‘ j:
O 3
S 50\ P 0 N

wherein p is chosen from integers ranging from {} to 250,

{6634} In some embodiments, at least one R’ is H. In some embodiments, at least one R*
1s chosen from .y, atkyl groups. In some embodiments, at least one R* is chosen from Cig
alkyl groups. In some embodiments, at least one RY is methyl, In some embodiments, at

least one R is ethvl.

66351 In some embodiments, cach R is H. In some embodiments, cach R, which may
be dentical or different, is independently chosen from CyLp alkyl groups. Insome

embodiments, each R', which may be identical or different, is independently chosen from €.

-9
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s alkyl groups. In some embodiments, each R is identical and chosen from Crs slkyl proups

In some embodiments, each R is methyl In some embodiments, each Rlis gthyl.

{6636} In some embodiments, at least one R’ is chosen from ~NHC{H=0IR" groups. In
some embodiments, gach R’ is chosen from -NHCEOR groups. In some embodiments, ot
least one R’ is chosen from H, Cys alkyl, Ce.a arvl, and Ciy¢ heteroaryl groups. In some
embodiments, each R’ is chosen from H, Cirgatkyl, Ceus arvl, and Cy; heteroaryl groups, In

some embodiments, at least one R is chosen from

0.CO0 GO0

o N
PN
j} \\\\ \
\ f:\ YA
= : 3 s o o
o, Now 4 & j
& ha ~ -~ e
A AN o4 X % . \.fo \ - \\,;:’! q
N
N Ry ‘,/’/\ ™ 7 TRy s.f’/ ™~ Y’f\
1l ] —ta. | @ J
N‘\:‘;/“’; \ij ~ & o~ s"'{&\\//
,\\’\\\\ ,/f'\ \\ F_.f\\)\
su W
/"‘; \\t f/x f&g’

LY ——
NN




WO 2018/068010 PCT/US2017/055648

srowps, whereln each Z 13 independently chosen fom H, ~OHM, CL, F, Ny, ~NH;, Crealkyd,
Crgalkenyi, Cogalkynvl, Copaaryl, 00 galkyl, ~OC calkene], ~OC s alkynyl, and ~0Cq 4

aryl groups, wherein v is chosen from integers ranging from 0 to 3.

[8037] In some ensbodiments, at feast one R is chosen from halo groups. In some
embodiments, at least one R” is fluoro. In some embodiments, at least one R” is chloro. In
some embodiments, at least one R” is chosen from ~OY' groups. In some embodiments, at
lesst one R is ~OH. tn somg smbodiments, at least one R is chosen from ~NY'Y? groups.
In some embodiments, at least one R is chosen from ~OCEOY! groups, In some
smbodiments, at least one R is chosen from ~NHC(=01Y? groups. In some embodiments, at

least one R is chosen from - NHCO(=OINY'Y? proups.

j6638] In some embodiments, each R, which may be identical or different, is
independently chosen front halo groups. In some embodiments, each R is fluoro. In some
gmbodiments, each R” is chlore. In some embodiments, each R, which may be kientical or
different, is independently chosen from ~0Y' groups. In some embodimenis, sach R is ~OH.
In some embodiments, each R°, which may be identical or different, is independently chosen
from

Ny groups. In some embodimenis, each Rz, which may be wdentical or different, is
independenily chosen from ~OCEOYY ! groups. In some embodiments, each R?, which may
be identical or different, is independently chosen from ~“NHC{(=(0Y" groups. In some
embodiments, sach R, which may be identical or different, is independently chosen from ~
NHCEOINY'Y® groups. In some embodiments, each R® is identical and chosen from ~QY!
groups. In some embodiments, each R is identical and choses from -NY'Y¥ groups. In
some embodiments, each R™ is identical and chosen from ~OC(=0Y groups. In some
embodiments, each R® {s identical and chosen from-NHCEOY! groups. In some

embodiments, each R” is identical and chosen from ~NHCE=OINY Y™ groups.

[6639] Tn some embodiments, at least one Y andior at least one Y7 is chosen from H, Gy
vz alkyl, Cogs arel, and Cioq heteroaryl groups. In some embodiments, at least ong Y andlor
at least one Y  is H. In some embodiments, at least one Y' andfor at least one Y is chosen
from Cy.y; alkyl groups. In some embodiments, at least one ¥ andior at least one Y- is
chosen from Cyx alkyl groups. In some embodiments, at least one Y' andfor at least one Y*

is chosen from .4 alkyl groups. In some embodiments, at least one Y andior at Jeast one

~11 -
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¥ is chosen from Ceis arvl groups. In some embodiments, ot least one Y* andior at least one
¥? is chosen from Cy.yz aryl groups. In some embodiments, at least one Y andfor at Jeast one
¥+ is chosen from Ceq arvl zroups. In some embodiments, at least ong Y andfor at least one
¥? is chosen from Cyo; heteroaryl groups. In some embodiments, at least one v andior at
least one Y7 is chosen from Cg.p heteroary! groups. In some embodiments, at least one Y*
andsor al least one Y” is chosen from Cy.c heteroaryl groups. In some embodiments, at least

wrl : w 1. " —
one Y anddor at feast one Y™ i3 chosen from .1 heteroaryl groups.

[6840] In some embodiments, each ¥ i’, which miay be identical or different, is
independently chosen from H, Uy alkyl, Coas arvl, and Ciops hetervaryl groups. In some
einbodinents, each viis H. In some embodiments, sach ‘fi which miay be wdentical or
different, is independently chosen from Cryy alkyl groups. In some embodiments, each Y,
which may be identical or different, 1s independently chosen from Cis allyt groups. In some
embodiments, each V', which may be identical or different, is independently chosen from Cy.
s alky! groups. In some embodiments, each Y*, which may be identical or different, is
independently chosen from Ceig aryl groaps. In some embodiments. each Y7, which may be
identical or different, is independently chosen from Ceyp aryl groups. In some embodiments,
each ¥, which may be identical or different, is independently chosen from Ce.pp vyl groups.
In some embodiments, each Y’ which may be idemtical or different, is independently chosen
from Cy.y; heteroaryl groups, In some embodiments, each Y which may be dentical or
different, is independently chosen from C heteroaryl groups. In some embodiments, each
¥, which may be identical or different, is independently chosen from Cy.s heteroaryl 2IDUPS.
In some embodiments, each ¥', which may be identical or different, is independently chosen

from Cy.s hetaroaryl groups,

j0841] In some embodiments, each Y7, which may be identical or different, is
independently chosen from H, Cuyy atkyl, Coe aevl, snd Cios heteroary! groups. In some
smbodiments, each Yo is H. o some ernbodiments, each Y7, which mav be identical or
different, is independently chosen from Ci.s2 alkyl groups. In some embodiments, each Y*,
which may be identical or different, i3 independently chosen from Ch.p atkyl groups. In some
embodiments, sach Y*, which may be identical or different, is independently chosen from Cy.
4 alkyl groaps. In some embodiments, each ¥° which may be identical or different, is

independently chosen from Ceas aryl groups. In some embodiments, each Y-, which may be

-12-
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identica! or different, is independently chosen from Ciz aryl groups, In some embodiments,
each Y°, which may be wentical or different, 15 independently chosen from Cyyp arvl groups.
In some embodiments, each Y°. which may be identical or different, 1s independently chosen
from Cy.y3 heteroaryl groups. In some embodiments, each ¥¥, which may be identical or
differend, 15 independently chosen from Ci. heteroarv! groups. In some embodiments, each
¥? which may be identical or different, is independently chosen from Cy.s heteroaryl 2IDUPS.
in some embodiments, sach ‘1? which may be identical or different, 1s independently chosen

from Cy.; heteroaryl groups.

(00421 In some embodiments, each Y is identical and chosen from H, Crar alkyvl, Cop
aryl, and Cyi.ps Beteroaryl groups. In some embodiments, each Y iy identical and chosen
from Cyp alkyl groups. In some embodiments, sach Y s identical and chosen from Oy
alkyl groups. In some embodiments, each Y is identical and chosen from €. alkyl groups.
1n some embodiments, each Y' is identieal and chosen from Cegz arvi groups. In some
embodiments, each Y’ is identical and chosen from Ce.yz aryl groups. In some embodiments,
each Y 13 identical and chosen from ey aryl groups. In some embodiments, each Y s
identical and chosen from Cy.y; heteroaryl proaps. In some embodiments, each Y7 is identical
and chosen from Ci.o heteroaryl groaps. In some embodiments, each Y is identical and
chosen from Cy.s heteroaryl groups. In some embodiments, each Y is identical and chosen

from (1 hetercaryl groups.

[6643] Tn some embodiments, each Y is identical and chosen from H, T alkyl, Csas
aryl, and Cyg3 heteroary! groups. In some embodiments, each Y™ is identical and chosen
from Cy.1y alkyl groups. In some entbodiments, each ¥~ is identical and chosen from Cy g
alky! groups. In some embodiments, each Y7 is identical and chosen from Cy alky] groups.
{n some embodiments, each Y* is identical and chosen from Ce.s2 arvi groups. Insoime
embodiments, sach Y7 is identical and chesen from Caas arvl groups. In some embodiments,
sach ¥ is identical and chosen from Coga arvi groups. In some embodinients, gach Y s
identical and chosen from Ch.z heteroaryl groups. In some embodiments, gach Y is identical
and chosen from Cy.o heteroaryl groups. In some embodiments, each Y is identical and
chosen from Cys heteroary! groups. In some embodiments, each ¥ is identical and chosen

from Ch.y heteroary? groups.

1
o
o3

¥
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{3044}

In some embodiments, at leastone Y is methyl In some embodiments, at least

B . g . R
one Y' is phenvl. In some embodiments, each Y is methyl. In some embodiments, each Y!

)

is phenyl. In some embodiments, af least one Y' is methyl and at least one Y7 is H. In some

embeodiments, at least one Y' is phenyl and at least one Y is H. In some embodiments, gach

v is methy! and each Y* is H. In some embodiments, sach Y is phenyl and each Y™ is H,

[0645]

jB846]

{6647}

jOB48]

[0649]

in soms embodiments, at least one R7 is chosen from

0 O 0 s
4 /

o ==y BN -/

Y . ~{ . and X

In some embodiments, each R s

Q
A

In some embodiments, each R Is

"

N\
M

In some embodiments, each R” is

Q \
N / \

- NH
/ J
HN

N

In some embodiments, at least one R, which may be wdentical or different, 18

mdependently chosen from

~1d -
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166501 In some embodiments, at least one RY, which may be identical or different, is

independently chosen from
_ON
Rﬁ

{81 In some embodinenis, at least ong R, which. may be identival or different, i

independently chosen from

R &

[6052] In some embodiments, at Jeast one R is

N
HQ

8083} In some embodinenis, each R7, which may be identical or different, s
mdependently chosen from

ON
R(S

- . c 3 P F ~ v AN v
{8054} I some smbodiments, each R, which may be identical or different, is
independently chosen from

N
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166581 In some embodiments, each R, which may be identical or different, is

independently chosen from

R

[0056]  In some enbodiments, each R i

O3 O r?

HOWY
AcHN~

HO

{86571 Iy some embodiments, each R is identical and chosen from

N
Ré
[6658] In some embodiments, each R is identical and chosen from
N
R®

{6659} Int some embodiments, each R ix identical and chosen from

[6066] In some embodiments, each R, which may be identical or different, is
independently chosen from Cy.y7 alkyl and Ciopn haloalkyl groups. In some embodiments,

each R, which may be identical or different, is independently chosen from Cy.p alky! groups.

~ 16~
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In some embodiments, each R®, which may be identical or different, is independently chosen
from Chp alkyl groups. I some embodiments, each R® which may be identical or differem,
is independently chosen from Cos alkyl groups. In some embodiments, each R, which may
be identical or different, is independently chosen from (. alkyl groups. i some
embodiments, each RY, which may be wdentical or different, 15 independently chosen from €,
» alky! groups. In some embodiments, each R®, which may be identical or different, is
ndependently chosen from Ci.y; haloalkyl groups. In some embodiments, each R®, which
embodiments, each R, which may be identical or different, ia independently chosen from Cy.

5 haloalkyvi groups.

61} In some enmbodiments, each R® is identical and chosen from Crp alloyl and Cioyz
haloalky! zroups. In some embodiments, sach RY is identical and chosen from Ch.iz alkyl
groups. In some embodiments, each R® is identical and chosen from €y alkyl groups. In
some embodiments, each R® is identical and chosen from Cy.s alky! groups. In some
embodiments, each R is identical and chosen from Ca alkyl groups. In some embodiments,
each R® i identical and chosen from Cax alkyl groups. Tn some embodiments, each R® is
wdentical and chosen from Ci.q; baloadky! groups. In some embodiments, each R® is identical
and chosen from Cy.y haloalky! groups. In some embodiments, each RY is identical and

chosen from Cy.s haloalkyl groups.

6662} T some embodiments, at least one R is chosen from

'

e

~3
¥
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[8063] In some embodiments, af Jeast one R is

N

|64} In some emthodiments, at least one R is

jB6s] In some embodiments, each R is chosen from

PCT/US2017/055648
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A L~

F R \
Wl Ty A
S R

AN ,
\/m S /T and /

[0666]  In some embodiments, each R is

N

3067} In some embodiments, each R is
N/A

[B68] I some embodiments, at least ong R i -0 1o some embodinients, st least one
R’ is chosen from ~NHY" groups. In some embodiments, at least one R is chosen from -
NYHY* groups. In some essbodimenis, each R, which may be identical or different, is
independently chosen from ~NHY" groups. In some embodiments, each R, which may be
identical or different, is independently chosen from -NY Y groups. In some embodiments,
each R’ is identical and chosen from ~NHY groups. In some embodiments, each R7 is
wlentical and chosen from

~NY'Y* proups. In some embodiments, each R’ is ~OH.

19 -
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[0669]  Insome embodiments, at least one ¥ and/or at least one ¥V is chosen from Cyg
alky! and Cy ¢ haloalky! groups. In some embodiments, at least one Y™ and/or at least one Y*
is chosen from Cig atkvl groups. In some embodiments, ot least one Y- andior at least one
¥*is chosen from Cy.s haloalkyl groups. In some embodiments, sach ¥* andior each Y°,
which may be identical or different, are mdependently chosen from Uy 5 alkyl and Oy
haloalky! groups. In some embodiments, each Y™ andfor each Y*, which may be identical or
diffevent, are independently chosen from Crg alky! groups. In some embodiments, each y?
and/or each Y*, which may be identical or different, are independently chosen from Ci g

haloalky! groups.

y ) ) B ) VN e ; - “ ; ) <
[6876 I some smbodiments, each Y7 18 wdentical and chosen from Chop adkyl and Gy
tloalky! groups. In some embodiments, each Y is identical and chosen from Chg alkyl

groups. In some embodiments, each Y™ 15 identical and chosen from €4 haloatkyl groups.

8871 In some embaodiments, each Y is identical and chosen from Cy.g alkvl and Cys
haloatky! groups. In some embodiments, gach Y is identical and chosen from Cr.s alkyl

’ - . sd . . o ~ = ¥
groups. In some embodiments, each Y is identical and chosen from Cys halealyl groups.

[6872] In some embodiments, at least one Y* andéor at least one Y is methyl, In some
embodiments, at least one Y and/or at least one Y is ethyl In some embodiments, at least
one Y anddor at least one Y*is H. In some embodiments, each Y° andior each Y* is methyl,
In some embodiments, each Y andfor each Y¥ is ethyl. In some embodiments, each Y*

and/or each Y* is H.

[LLERY In some embodiments, at least ong Y and af least one Y™ join together along with
the nitrogen atom to which they are attached to form aring. In some embodiments, each Y*

- .X PR N N N B ., N N o N . . ) o ) ) ~ )
and each Y™ join together along with the nitrogen atom to which they are attached to forma

ring.

[B074} In some embodiments, at least one R is chosen from

)
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[0075]

{6876}

[0677]

[6678]

[0079]

] 1
N }

[ p—
:L}]; . aud

in some embodiments, each R s

3

In some embodiments, each R is

%N

{n some embodiments, each R is

N

In some embodiments, each R is

A

In some embodiments, each R s

PCT/US2017/055648
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J

A

{66801 T some embodiments, at least one R is chosen from halomethy] groups. In some
embodiments, at least one R* is CFy. In some embodiments. gt least one RY is CHx. In some
embodiments, at least one RY is CN. In some embodiments, each R?, which may be identical
or different, is independently chosen from halomethy! grovps. In some embodiments, cach
R? is identical and chosen from halomethyl sroups. fo some embodiments, each RY is CFa

In some embodiments, each RV is CHy. In some embodiments, each R* is ONL

{06811 In some embediments, m is choses from integers ranging from 2 0 128, In some
embodiments, m is chosen from ntegers ranging from 2 10 64, In some embodiments, m 18
chosen from integers ranging from 2 {0 32. In some embodiments, m is chosen from integers
ranging from 2 to 16, In some embodiments, m 15 chosen from integers ranging from 2 v &,
In some embodiments, m is chosan from integers ranging from 2 to 4. In some embodiments,

mis 4. In some embodiments, mis 3. In some embodiments, mis 2.

|08 In some embodiments, linker groups may be chosen from groups comprismg
spacer groups, such spacer groups as, for example, -(CHi)- and -O(CH: )y, wherein p is
chosen from integers ranging from 1 to 2530, Other non-limiting examples of spacer groups
inclhude carbonyl groups and carbonyl-contaming groups such as, for example, amide groups.

A non-limiting example of a spacer group is
H O
5N~ N MOVA D/ﬁ%
H o)

{0083} In some embodiments, the linker group is chosen from
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o
BN %Nﬁ{
H H
friz) -
i;‘.’
S S N "\
3 i j.N..-
e N
VAR
A
!’!& N
L] N

and

{0084] Other linker groups, such as, for example, polvethylene glveols (PEGs)
and ~CEORNHA(CH ,-C=0)-NH-, wherein p is chosen from integers ranging from 1 to 250,

will be familiar to those of ordmary skill i the art andior those in possession of the present

disclosure.

[0O85] In some embodiments, the linker group is

Q H
%Q“”\%J\/DV"OWN“WK
Q
G | ,

3086} In some embodiments, the linker group is
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| O H
%§\XA§J\/O\J\O/\H/N\©?<
O

[0687] In some embodiments, the hinker proup s chosen from ~C{=OINH{UH »NH-,
SCHaNHCH», and ~CEOINHCH - I seme enbodiments, the lmker group i5
CEMNECH NS

[HI8S] In some embodimants, L is chosen from dendvimers. In some embodiments, L is
chosen from polvamidoanune ("PAMAM™) dendrimers. T some embodiments, L is chosen
from PAMAM dendvimers comprising succinamic. In some embodiments, L 1s PAMAM GO
generating ¢ tetraner. i some embodiments, L is PAMAM G generating anoctamer. In
some embodiments, L is PAMAM G2 generating 8 16-mer. In some embodiments, L 1s
PAMAM G3 generating a 32-mer. In some embodiments, L s PAMAM G4 generating a 64-

mer. In some embodiments, L is PAMAM G3 generating a 128~ mer.

[6089] In some embodiments, L is chosen from

H

?ﬂrNM\N @
o 1.3 H

wherein Q 1s a chosen from
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o O Q O ?&:N
P 0
Q o
;ELU\K\N/G\/Q}\/\NW
i
N p N=N , and
O , H O
;%\\(/\?\E«%Q\/HN\/\/\)LQRa
N=N PO O._.NH
Q

O
) MN/\S\Q

N*N

. B cr e . o~ | .
wherein R is chosen from H, Cpsalkvl, Coas avvl, G arvialkyl, and Gy heteroaryl groups
and each p, which may be identical or different, 1z independently chosen from ntegers
vanging from 0 to 250, Tn some embodiments, RY is chosen from Cgalkyl. In some

: 38 e ™~ . y : . R}
gmbodiments, R” is chosen from Crygarvialkyl In some embodiments, R™ s H. In some

embodiments, RY is benzyl.

(6696} I some embodiments, L is chosen from

H 0 O
; H
N,
?{ﬂ/ \/’\ﬁ)%/\OMN,/\\/N\H}.\
0 P H &

whereln p is chosen from integers ranging from 0 10 230,
[6691] {n somng embodiments, L is chosen from

ﬁﬁ\”"ﬁiﬁmxﬁfﬁ

G 0
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{66921 In some embodiments, L is chosen from
N H
N N
‘ o \n}q
0 P o
wherein p is chosen from integers ranging from 0 to 250,
[0093]  Insome embodiments, L is chosen from

}{WWNJK\/\ J\\ }‘/\”M*"\w Z%;

N==p

wherein p is chosen from integers ranging from € (o 250,

[6694] In some embodiments, L is chosen from

NN

?‘\"[( vf\NJ\/N f/\” 7\/\ )gg

[6695] In some embodiments, L 15 chosen from

1

oo

]
f
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[8696] n some embodiments, L is chosen from

wherent p is chosen from inlegers vanging from 0 1o 250,

[6697] {0 some embodiments, L is choser from
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0 W9
QLNNNi o
e} HN
ol 1
s NH
foo
o p
!
> b 23,
NH o]

wherein p is chosen from miegers ranging from 0 to 250,

{66981 I sone embodiments, p is chosen from infegers ranging from 0 to 200, In some
embodiments, p 1s chosen from integers ranging from 0 to 150, In some embodiments, pis
chosen from mntegers ranging from 0 to 100, In some embodiments, p is chosen from integers
vanging from 0 to 50, Ia some embodiments, p is chosen from integers ranging from O to 30,
in some embodiments, p is chosen from Integers ranging from ¢ © 15, In some embodiments,
p is chosen from integers ranging from 0 to 10, In some embodiments, p is chosen from
miegers ranging from 0 10 5. In some embodiments, p is 117, In some embodiments, p is 25,
In some embodiments, pis 21 In some embodiments, p is 17, In sone embodiments pis 13,
In some embodiments, p is 10, In some embodiments, pis & In some gimbodiments, p is 6.

In some embodiments, pis S In some embodiments, p s 4. In some embodiments; pis 3. In

some embodiments, pis 2. In some embodiments, pis 1. In somie embodiments, pis 6.

[8699] tn some embodiments, af least one compound is chosen fom compounds of

Formula {1}, wherein said compouand s symnetrical.

[86108] Insome embodunents, at least one compound s chosen fron compounds having

the following Formula:

S29 .
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0,

{66101} Insome embodiments, ai least one compound is chosen from compounds having

the following Fornula:

/o

{00102} In some embodiments, at least one compound is chosen fron compounds having

the following Formula:

~
E i HO Ot
. P
~ K \} Lot
M Py e ({
R — S
ﬁ\\—u“ﬁ-iﬁﬁ : ¢ 3
ped v - ks
7 et {0
y i - -_'::} }\,\)‘“O““{\ ‘j-ugoﬁ
. K O™ —
£ wn O S O -~ f -
/ Ve ™ 9 ‘- : ‘E 4 oo
Hou -4 ).4 ‘\\ E‘qi ‘ TN ;V\ };\ o~ R AcHN -u?- . \E
i\---\ \‘\/ g NPT 5 -~ ‘é\/‘ ‘Q}: o N*‘ . a /}\}" /5
N N 3 } e
wo  od f A : " b d
o P
> Ok

7



WO 2018/068010 PCT/US2017/055648

wherein p is chosen Drom integers ranging from 0 to 250, In some embodiments, p is chosen
from intepers ranging from 0 to 200, In some embodiments, p is chosen from integers
ranging from ¢ to 150, 1n some embodiments, p is chosen from tepers ranging from U to
100. In some embodiments, p is chosen from integers ranging from 0 to 3. In some
smbodiments, p is chosen from integers ranging from 0 to 25, In some entbodiments, pis
chosen {from integears ranging from O to 13, In some embodimentis, p s chosen froam infegers

ranging from O to 10,

[08103]  In some embodiments, at least one compound 1s chosen from compounds having

the following Formulas:
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the following Formula:
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In some gmbodiments, at least one compound s chosen from compounds having
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wherein p is chosen Drom integers ranging from 0 to 250, In some embodiments, p is chosen
from intepers ranging from 0 to 200, In some embodiments, p is chosen from integers
ranging from ¢ to 150, 1n some embodiments, p is chosen from tepers ranging from U to
100. In some embodiments, p is chosen from integers ranging from 0 to 3. In some
smbodiments, p is chosen from integers ranging from 0 to 25, In some entbodiments, pis
chosen {from integears ranging from O to 13, In some embodimentis, p s chosen froam infegers

ranging from O to 10, In some embodiments, p s chosen from integers ranging from U o §

{08105}  In some embodiments, at least one compound is chosen front cornpounds having

the following Formulas:
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[186] In some embodiments, at least one cosnpound s chosen from conpounds having

the following Formula

1
i
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3

wherein R® is chosen from H, Cisaltkel, Cos sovl, G arvialkyl, and € heterosryl groups
and each p, which may be wdentical or different, v independently chosen from miegers
rangmg from O 0230, In some smbodiments, R ix chosen from H, Cis aliyl, and Cop
arvlatkyl groups. fn some embodiments, R” is chosen from Cy.galtkyl groups.  In some
embodiments, RY is chosen from Ca.po arylalkyl groups. In some embodiments, R¥ s H. In
some embodiments, R” is benzyl. In some embodiments, each p is identical and chosen from
mntegers ranging from ¢ (o 250, In some embodiments, p is chosen from integers ranging
from O to 200, In some embodiments, p is chosen from integers ranging from 0 1o 1533 In
some embodiments, p ia chosen from integers ranging from {Ho 160, In some embodinenty,
p is chosen from integers ranging from o 50, In some embodiments, p is chosen from
mtegers ranging from (1o 25, In some embodiments, pis chosen from integers ranging from
o 13, In some embodunents, p is chosen from integers ranging from 0 fo 18 In some

ernbodiments, p is chosen from bntegers ranging from 0 1o 3.

{81071 In some embodinments, at least ong compound iz chosen from compounds having

the following Formulae:

'
L
(¥

¥



WO 2018/068010 PCT/US2017/055648

% i
¢ YoM
}L N —~ 0 ~ N . s
I T N Vi SN N e N i VR
Oﬁ,OH 4 /“‘“‘N’{{ \'\ j\[ \ ;e : d Qfn
i NHAG N H NN 13 Qu. LNH
My N A,.\m,‘g‘{ R
r\{}"f‘*‘f‘b‘i NG‘E\ s Y ~
A, Q - = © N
N Loon AN
N O
~ e
. Saaali] 0
HO O, OH :wemwnf‘j | N
Y WA »—K\
A
rL.ﬁ,?«*JE?‘“DM ®

. feon

() o —gagdon

y,\a) A

. and

~36 -



WO 2018/068010

‘O‘
i
Oy Ot Mo
A e Y
[ o eniee
" Lo 314 H
t \f . !:
SRS el R
P
| OH
O
Oy OM

(66108}

the following Formula:

{66109}

the following Formula

1
o3
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In some embodiments, at least one compound is chosen from compounds having
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I some embodiments, at least one compound is chosen from compounds having
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{81107 In some embodiments, at least one cosnpound s chosen from conpounds having

the Sollowing Formula
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wheredn p 1s chosen from integers vanging from 0 to 250, In some embodiments, p is chosen
fromt hitegers ranging from 0 10 200, In some embodiments, p is chosen from ntegers
ranging fom O to 150, In some embodiments, p is chosen from integers ranging from € o
160, In some embodiments, p is chosen from integers ranging from 0 t0 50, In some
embodiments, pis chosen from integers ranging from 0 10 25, In Some embodiments, p is
chosen from integers rauging fom € 0 13, In some embodiments, p is chosen from integers

ranging from 0 to 10

{86111} Insome embodiments, at Jeast one conpound s chosen from compounds having

the following Formulae:
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{66112}  Insome embodiments, a1 least ope compound 1s chosen frowm compounds having

the following Formula

whergin p is chosen from integers ranging from 010 250, In some embodiments, pis chosen
from mtegers ranging from O to 200, In some embodiments, p 1s chosen from integers
ranging from 0 1o 130, In some embodiments, p is chosen from mtegers ranging from € to
100, In some embodiments, p is chosen from integers ranging from 010 530, In some

embodiments, p 1s chosen from titegers ranging from 0 10 25, In some embodiments, pis

. 14
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chosen from integers ranging from O to 13, In some embodiments, p is chosen from ntegers
tanging from { to 10

{66113}  In some embodiments, 8t least one compound is chosen from compounds having
the following Formulae:
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[06114]

In some embodiments, at least one compound is chosen from compounds having
the following Formula:

~41 -
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{8118 Insome embodiments, at feast one compound is chosen from compounds having

the following Formula:

[66116]  Insome embodiments, a1 least ope compound 1s chosen frowm compounds having

the following Formula
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wherein p is chosen Drom integers ranging from 0 to 250, In some embodiments, p is chosen
from intepers ranging from 0 to 200, In some embodiments, p is chosen from integers
ranging from ¢ to 150, 1n some embodiments, p is chosen from tepers ranging from U to
100. In some embodiments, p is chosen from integers ranging from 0 to 3. In some
smbodiments, p is chosen from integers ranging from 0 to 25, In some entbodiments, pis
chosen {from integears ranging from O to 13, In some embodimentis, p s chosen froam infegers

ranging from O to 10,

{86117} In some embodiments, at least one compound 15

\1
HO, ‘\DH
N N e
] o HQ-'\ 0') -
N L .
S i wo
— o ------_1 O \\
‘ S NG ;m,\(* g
f-n “!/ (,- 0‘_“\\
i o 0 \L\\)'érg\ ¥ }»u.QH
: t N D
on /mﬁa\f_.ao ~ ; E" / f AHN O
How « P L N \!\\/\ij«\, SN 5 }
= - o ﬁ H f H T‘( RN
HQ ) Is} 10 N

{86118} In some smbodiments, af lsast one compound 18 chosean fony compounds of the

following Forsmulag:
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{8119 Also provided are pharmaceutical compositions comprising at least ove compound

of Formala (1), Such pharmaceutical compositions are described in greater detasl heremn.

These compounds and compositions may be used in the methods described herein.

[66120] In some embodiments, a method for reating andior preventing at least one disease,

disovder, andfor condition where inhibition of E-selectin mediated funcions may be useful is
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disclosed, the method comprnising adnunistering @t lenst one compound of Formulda (1) andfor

a pharmaceutical composition comprising at least one compound of Formula (1),

{60121} In some embodiments, a method for treating and/or preventing at least one
inflanumatory disease, disorder, andfor condition in which the adhesion and/or migration of
cells occurs in the disease, disorder, andfor condition is disclosed, the method comprising
adnunistering at feast one compound of Formula (1} andfor 8 phanmaceutical composition

comprising at least one compound of Formula (1)

[00122] In some embodiments, @ methoed for nlubiting adbeston of a cancer cell that
expresses a higand of E~selectin to an endothelial cell expressing E-selectin on the cell surface
of the endothelial cell is disclosed, the method comprising contacting the endothelial cell and
at least one compound of Formula () andfor a pharmacsutical composition comprising at
least one compound of Formuda (1) such that the at Teast one compound of Formula (1)
interacts with E-selectin on the endothelial vell, thereby inhibiting binding of the cancer cell
i the endothelial cell. In some embodiments, the endothelial cell i3 present in the bons

MTOW.

[066123] In some embodiment, a method for reating and/or preventing a cancer is

disclosed, the method comprising administering 1o a subject in need thereot an effective
amount of at least one compound of Formula (1) andéor a pharmacentical composition
comprising al least one compound of Formula (1), In some embodiments, at teast one
compoand of Forpuula {1} and/or pharmaceutical composition comprising at least one
compound of Formula (1) may be admunistered in conjunction with (A ¢, as an adjunct thetapy,

which s also called adjunctive therapy) chemotherapy and/ot radiotherapy.

jeR124]  The chemotherapy andfor radiotherapy may be referred 1o as the primary anti-
tumor or anti-cancer therapy that is being admimstered to the subject to treat the particular
cancer. In some embodiments, a method for reducing (L e, inhibiting, dinunishing}
chemosensitivity andfor radiosensitivity of hematopoietic stem cells (HSC} to the
chemotherapeutic drug{s) and/or radiotherapy, respectively, is disclosed, the method
comprising administering 1o a subject in need thereof an effective amount of at least one
compound of Formula (1) andfor a pharmaceutical composition comprising ot least one

compound of Formulg (1),
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{61251 In some embodiments, a method for enhancing (e, promoting) survival of
hematopoietic stem cells is provided, the method comprising administering to a subject in
need thereof at least one compound of Formulda {1} or a pharmaceuntical composition

conyxising at least one compound of Fornmla {1}

[66126]  In some embodiments, a method for decreasing the hikehhood of occurrence of
metastasts of cancer cells {also called twmor cells herain} i1 a subject who 13 in need thereof
is disclosed, the method comprising adminsiering an effective amount of at least one
compound of Forama {1} andfor a pharmaceutical composition comprising at least ong

corapound of Formuls ().

[66127]  Insome smbodiments, a method Ly treatment sndfor prevention of at leasi one
cancer i which the cancer cells may leave the primary sile 1s disclosed, the method
comprising administering to a subject in need thereo! an effective amount of at least.one
compound of Formula 1) andfor a pharmaceutical composition comprising at least one
compoand of Fornuuda {1). A primary sile may be, for example, solid tissue (e.g., breast or

prostate) or the bloodstream.

[66128] In some embodiments, a method fiw treatment and/or prevention of at least one
cancer m which 1t is destrable o mobilize cancer cells from a stie nto the bloodstream andéor
retain the cancer cells in the bloodstreant is disclosed, the method comprising admmistening
to a subject i1 need thereof an effective amownt of at least one compound of Formutda (1)

andfor a pharmaceutical composition comprising at least one compound of Formula (1)

[88129]  In some embodunenis, a method for decreasing the hikelihood of occwrence of
infiltration of cancer cells into bone marrow 13 disclosed, the method comprises administering
to a subject m need thereof an effective amount of at least one compound of Formuta {1)

and/or a pharmaceutical composition comprising at least one compound of Formula (1),

[B0138]  In some embodimenis, a method for releasing cells into circulating blood and
enhancing relention of the cslls i the blood s disclosed, the method comprising
adnunistering to a subject in need thereof an effective amount of at least one compound of
Fornwla (1) anddor a pharmacentical composition comprising at least one compound of

Formala (I3 In some eondbodiments, the method further inclades collecting the released cells

1
10
133

¥
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in some embodiments, collecting the released cells niilizes aphevesis. In some embodiments,
the released cells are stem cells {e.g., bone marrow progenitor cells). In some embodiments,

G-CSF 15 adnunistered to the mdividual.

{00131}  In some embodiments, a method for treating andfor preventing thrombosis is
disclosed, the method comprising adnunistering to a subject in need thereof an effective
amount of at least one compound of Formula (1) andfor a pharmaceutical composition

comprising at least one compound of Formula (1)

[00132] In some embodiments, & method for treating andfor preventing mucosiis is
disclosed, the method comprising adnunistering to a subject in need thereof an effective
amount of at least one compound of Formula (1) andfor a pharmaceutical composition

comprising at least one compound of Formula {1).

{08133} In somne embodiments, a compound of Formula (1) sndior a pharmaceutical
soraposition conyxising at least one compound of Fornula (1) may be used for the
preparation and/or manufacture of a medicament for use in treating and/or preventing at least

one of the diseases, disorders, and/or conditions described herein.

[00134]  ‘Whengver a torm in the specification is wentified as arange {e.g., T alkvl), the
range ndependantly discloses and includes sach slement of the range. Asxa non-linuting
example, Cig alkyl groups includes, independently, €y alkvl groups, Cs alkyvl groups, Uy alkyl

wroups, and C, alky! groups.

{00135 The term “ai least one” refers Yo one or move, such as one. two, etc. For examyple,
the term “at least one Cig alkyl group” refers to one or move Cyy alkyl groups, such as one

.4 alkyl group, two Cig alkyl proups, stc.

(001367 The term “alkyl” inchudes satrated straight, branched, and cyelic {also identified
ax ovcloalkyl), primary, secondary, and tertiary hvdrocarbon groups. Non-linutng examples
of alkyl groups inchude methyl, ethyl, propyl, isepropyl, ovclopropyl, butyl, sechutyl, isobutyl,
ferdbutyl, cyclobutyl, l-methylbutyl, 1 1-dunsthylpropyl, pentyl, cyclopeniyl, sopentyl,
neopentyl, cyvclopentyvi, hexvi, isohexyl, and cvelohexyl. Unless stated otherwise specifically

in the specification, an alkyl group may be optionally substituted.
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{61371 The teom "alkenyl” includes straighy, branched, and cychic hydrovarbon groups
comprising at least one double bond. The double bond of an altkenyl group can be
unconjugaied or conjugated with another unsaturated group. Non-hmiting examples of
alkeny! groups inchade vinyl, alivl, butenyl, pentenvl, hexenvl, butadienyl, pentadienyl,
hexadienyl, Z-ethvihexenyl, and cyclopent-I-en-1-vl. Unless stated otherwise specifically m

the specification, an atkenvl group may be oplionally substitated.

[138]  The terin "atkvoyl® includes straight and branched hydrocatbon groups
comprising at least one friple bond. The triple boud of an alkynyl group can be unconjugated
or conjugated with another unsaturated group. Non-limiting examples of alkyayl groups
inchude ethynyl, propyayd, butyayl, pentyavl, and hexynvl Undess stated otherwise

spectiically in the specification, an alkynyl group may be optionally substinged.

[00139]  The term “aryl” includes hydrocarbon ring system groups comprising st least 6
varbon atoray snd at least one aromatic ring. The arvl group may be a monocyalic, bicyelic,
trieyelic or {etracyelic ring system, which may include fused or bridged ring systems. Non-
linniting examples of aryl groups include aryl groups derived from aceanthrylens,
acenaphibyiene, acephenanthrylene, anthracene, azulene, benzene, chrvsene, fluoranthene,
fluorene, as~-indacene, s-indacene, indave, indene, paphthalene, phenalene, phenanthrene,
pleladene, pyrene, and triphenylene. Unless stated otherwise specifically in the specification,

an aryl groop may be optionally substituted.

{86146 The{erm “E-selectin antagonist” includes inhibitors of E-selectin only, as well ax
inhibitors'of E-selectin and exther Pselectin or Lrselecting and inlibitors of B-selectin, P

selectin, atnd Le-seleciin.

je0143]  The term “glycomimetic”™ mohades any naturally occwrring or non-naturally
occurring carbohydrate compound n which at least one substituent has been replaced, or at
least one ring has been modified (e.g., substitution of carbon for a ring oxygen), to vield s

compound that is not fally carbohvdrate.
[00142]  The term “halo™ or “halogen™ includes flaoro, chloro, brome, and iodo.

{86143} The term “haloally™ tncludes alkyl groups, as defined herein, substibuted by at

least one halogen, as defined herein. Non-hmiting examples of haloalkyt groups inchude

o
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iriftuoromethyl, diffuoromethyvl, inchioromethyd, 2.2, 2-riflaoroethyd, 1. 2-diflvorogthyl,
I~brome-2-fluoropropyl, and 1 2-dibromoethyl. A “fluorcalleyl” is a haloalkyl wherein at
least ong halogen is fluoro. Unless stated otherwise specifically in the specification, a

haloalkyt group may be optionally substituted.

[66144]  The term “haloalkenyl” includes alkenyl grounps, s defined herein, substituted by
at least one halogen, as defined herem. Non-limiting examples of haloalkenvt groups tnchude
fluoroethenyl, 1,2-difluorcethenyl, 3-bromo-2-flucropropenvl, and 1 2-dibromoethenyl. A
“fuorcalkeny!” is a haloalkeny! substizuted with at least one fluoro group. Unless stated

otherwise specifically in the specification, a haloalkeny] group may be optionally substituted.

{00145}  The term “haloalkyny!” inchuidss alkynyl groups, as defined herein, substituted by
at least one halopen, as defined hevein. Non-himiting examples include fluorosthynyl,

i, 2-diftuoroethvayi, 3-brome-2-Hucropropynyl, snd 1.2-dibromosthyayl. A “fluoroalkyay!”
is a haloalkyvayvl wherein at east one halogen is Buoro. Unless stated stherwise specifically

in the specification, a haloalkynyl group may be optionally substituted.

[H46]  The term “heterocyelyl” or “heterocycehic ring” mcludes 3- to 24-membered
saturated or partially unsatwrated non-gromatic ring groups comprising 2 o 23 ring carbon
atoms and 1 to 8 ring heteroatom(s) each independently chosen from N, O, and S8, Unless
stated otherwise specifically in the specification, the beterocyalyl groups may be monocyclic,
hicyclic, tncyclic or tetracyelic ring svstems, which may include fused or bridged ring
systems, and may be partially or fully saturated; any nitrogen, carbon or salfur atom(s) in the
heterocyelyl group may be optionally oxidized; any vilrogen atom b the belerocyelyl group
may be optionally guatermized; and the heterocyelyl group  Non-linniting examples of
heterocyelic ring inchade dioxolanyd, thienyif1 3 ldithianyl, decabvdrotsogquinolvl,
imidazohinyl, imidazolidinyl, isothiazolidingd, isoxazolidinyl, morpholinyl, cctahydroindehdd,
octahydroisoindolyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2Z-oxopyrrolidinyl, oxazohidiny,
piperidinyl, piperaznyl, 4-piperidonyl, pyrrohdinyl, pyrazolidinyl, quinuclidinyd,
thiazohdinyl, tetrahvdrofuryl, trithianyl, tetrabydropyranyl, thiomorpholinyl, thiamorpholinyl,
I-oxo-thiomorpholinyl, and 1,1-dioxo-thiomorpholinyl. Unless stated otherwise specifically

i the specification, 3 heterocyclvl group may be optionally substituted,
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{66147 The term “heteroaryl” includes - to 14-membered ring groups comprising 1 to 13
ring carbon atoms and 1 to 6 ring heteroatom{s} each wdependently chosen from N, O, and §,
and at least one aromatic ring. Unless stated ctherwise specifically i the specification, the
heteroarvi group may be a monoeyelic, bicychic, tricychic or tetracyvehic rmg system, which
may include fused or bridged ring systems; and the nitrogen, carbon or sulfur stoms i the
heteroarvi radical may be optionally oxidized; the nitrogen alom may be optionally
guaternired. Non-limiting  examples include azepinyl, acridiny,  benzimudarolyl,
benzothiazolyl, bennndoly!l, benzodioxolyl, benzofuranyl, benzooxazelyl, benzothiazolyl,
benzothiadiazolyl,  benwzolbli1.didioxepinyl,  1.4-benzodiowanyl, benzonaphthofuranyl,
benzoxazolyl, benrodioxolvl, benzodioxinyl, benzopyranyl, benzopyranonyl, benzofuranyl,
benzofiranonyl, benwothienyl {benzothiophenyl}, benzotriazolyl,
benzofd, 6 lmndazol 1, 2-ajpyridinyl, carbazolyl, cinnolinyl, dibenzofiwanyl, dibernzothiophenyl,
furanyl,  fursnonyl, isothiazolyl, mmidazolyl, ndazolvl, iudelyl, indazelyl, wsoindelyvl
indolinyl, isomndelinyl, iscquinolyl, indolirinvl, isoxazolyl, nuphthyridinyl, oxadiazelyl,
Z-oxoaxepinyl, oxazolvl, oxiranyl, 1-oxidopyridinyl, L-oxidopyrimidinyd, -oxidopyrazinyl,
I-oxidopyridazinyl, I-phenyb1H-pyrrelyl,  phenarinvl, phenothiazinyl,  phenoxaninyl,
phthalaminyl, pieridinyl, purinvl, pyrrelyl, pyrazolvl, pyridingl, pyrazinyl, pyrimding,
pyridazinyl, quinazolinyl, gquinoxalinyl, quinclmvl, guinnchdinyl,  isoquinoliny,
tetrahvdroguinoliny, thiazolyl, thiadiazolvl, triazolyl, tetrazolyl, {tazinyl, and thiophenvi (is.
thienyl), Unless stated otherwise specifically in the specification, a heteroaryl group may be

optionally substituted.

[0148]  The term “pharmaceutivally accepiable salis™ includes both acid and base addition
salts. Nop-luniting examples of pharmagceutically acceptable acid addiiion salts include
chlonides, bronudes, salfates, mitrates, phosphates, sulfonates, methane sulfonates, formates,
tarirates, maleates, citrates, benxoates, salicylstes, and ascorbates. Non-limiting examples of
pharmaceutically acceptable base addition salts mclude sodinm, potassiwm, lithium,
ammonium {substituted and unsubstituted), caleiium, magnesium, iron, zing, copper,
manganese, and aluminum salts. Pharmaceutically acceplable salts may, for example. be

obtained using standard procedures well known 1o the field of phavmaceuticals.

{01491 The term “prodrag” includes conpounds that may be cotverted, for example,

under physiclogical conditions or by solvolysis, 1o 8 biologically active compound deseribed



WO 2018/068010 PCT/US2017/055648

hevein. Thus, the term “prodrag™ includes metabolic precursors of compounds described
hergin that ave pharmaceutically acceptable. A discussion of prodrugs can be found, for
sxample, in Higuchi, T., et al., "Pro-drugs as Novel Delivery Svstems,” A.C.S. Symposium
Series, Vol. 14, and in Bioreversible Carrters in Dirug Design, ed. Edward B. Roche,
American Pharmaceutical Association and Pergamon Press, 1987, The term “prodrug™ also
mcludes covalently bonded carriers that release the active compound(s) as described herain in
vive when such prodrog s administerad to a subject. Non-limuting examples of prodrugs
inchude ester and annde derivatives of hydroxy, carboxy, mercapto and amine functional

groups it the compounds described berein,

081561  The tenm “substituted” includes the siuation where, in any of the sbove groups, at
least one hydrogen alom s replaced by a non-hvdrogen stom such as, fov example, & halogen
atom such as F, U1, Br, and I; an oxygen atom m groups such as hydroxyl groups, alkoxy
proups, and ester groups; a sudfar atom w groups such as thiol groups, thicalkyi groups,
sulfone groups, salfonvi groups, and sulfoxide groups; a nitrogen atom in groups such as
anunes, amides, alkylamines, dialkviames, arvlamines, alkviarvlamines, diarylamines, N-
oxides, inndes, and enanunes; a silicon atom in groups such as wiatkylsibyvl groups,
dialkylarvisilyl groups, alkyidiarvisily] groups, and triavylsilyl groups; and other heteroatoms
in various other groups, “Substiuted” also inchides the sitagtion where, in any of the above
groups, at least one hydrogen atom is replaced by a higher-order bond {e.g., 8 double- or
triple~-bond) to a heteroatom such as oxygen in oxo, carbonvl, carboxyl, and ester groups; and

nirogen in groups such as imines, oximes, hydrazones, and nilriles.

{60151} The present disclosure includes within its scope all the possible geometric isomers,
e.g., % and E isomers (ois and wrans isomers), of the compounds as well as all the possible
optical isomers, e.g., diastereomers and enantiomers, of the compounds. Furthermorg, the
presemt disclosure includes in its scope both the individual isomers and any mixtures thereof,
e.g., racentic mixtures. The individual isomers may be ohiained using the corresponding
isomeric forms of the starting material or they may be separated after the preparation of the
end compound according to conventional separation methods. For the separation of optical
isomers, e.g., enantiomers, from the mixture thereof conventional resolution methods, ¢ g,

fractional crystatlization, may be used.
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001521  The preseat disclosure includes within #s scope all possible tautomets.
Furthermore, the present disclosure includes in its scope both the individual taatomers and

any mixtures thergof.

{00153}  Compounds of Formula (I} may be prepared according to the General Reaction
Scheme shown in Figure 1. 1t is understood that one of ordinary skill in the art may be able
to make these compounds by sinular methods or by combinmg other methods known to one
of ordinary skill i the art. 1t s also understood that one of ordinary skill in the art would be
able to make, in a similar manner as described in Figwre 1, other compounds of Fornmla (B
not speotfically Hlustrated hersin by using appropriate starting components and modifying the
parameters of the synthesis as needed. In general, storfing components may be obtained from
sources such as Sigma Aldrich, Lancaster Synthesis, Inc., Maybridee, Matnix Scientific, TCL
and Fluorochem USA, elc. andfor synihesized according to sources known to those of
ordinary skil i the art {see, for sxample, Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure, 5th edition {Wiley, December 2000)) andfor prepared ag

dosoribed herem.

{86154} It will also be appreciated by those skilled in the art that in the processes described
heremn the functional groups of intermediate compounds may need 1o be protecied by suilable
protecting groups, even if not specifically deseribed. Such functional groups include hydroxy,
anung, mercapto, and carboxylic seid. Suitable protecting groups for hydroxy inclade but are
not himited to tralkylsiyl o diarylalkydsilyl tor exawple, Abutyldimethyvisilyl, &
butyldiphenylsilyl or trimethylsilyly, tetrahydropyranyd, benzyl, and the hike. Suitable
profecting groups for amino, amidino and guamdino include bat are not hinsted to &
butoxyearbonyl, benzyloxycarbonvi, and the bike. Suttable protecting groups for mercapto
include but are not lmited {0 -C{OMR™ {where R” iz alkyl, arvl or arvialkyi},
pemethoxybeneyl, irityl and the like. Suitable protecting groups for carboxylic acid include
but ave not Limited to alkyl, aryl or arylalkv esters. Protecting groups may be added o
removed in accordance with standard techniques, which are known to one skilled i the ant
and as described herein. The use of profecting groups is described in detail in Green, T W,
and P.G.M. Wulz, Protective Growps in Organic Svathesis (1999), 3rd BEd., Wiley., Asone of
skifl in the art would appreciate, the protecting group may also be a polymer resm such as a

Wang resin, Rink resin or a 2-chlorotrityl-chlonde resm,

-89 .
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166155] Analogous reaciants o those described herem may be wdentified through the
mngices of known chemicals prepared by the Chemical Abstract Service of the American
Chemical Sogiety, which are available in most public and uwmiversity libranies, as well as
throuzh on-line databases (the Amerncan Chenucal Scciety, Washington, D.C., mav be
contacted for more details), Chemicals that are known but not commercially available in
catalogs may be prepared by custom chemical synthesis houses, where many of the standard
chemical supply houses {e.g., those listed above) provide cusion synthesis services. A
reference for the preparation and selection of pharmaceutical salts of the present disclosure is
P Siahl & C. G Wernmuth “Handbook of Pharmaceutical Salts,” Verlag Helvetica

Chimica Acta, Zurich, 2002,

jaa1sel  Methods known 1o one of ordinary skill 1y the art may be sdentified through
varions reference books, articles, and databases. Suitable reference books and treatise that
detail the synthesis of reactants useful i the preparation of compounds of the present
disclosure, or provide references o articles that describe the preparation, inclade for example,
“Swnthetic Orgamic Chemistry,” John Wiley & Sons, Inc., New York; 8. R. Sandler et al.,
“Oreanic Functional Group Preparvations,” 2nd Ed., Academic Press, New York, 1983 H. O,
House, “Modern Synthetic Reactions”, 3nd Ed., W. A. Benjamin, Inc. Menlo Park, Cahf
1972; T, L. Gilchrist, “Heteroeyclic Chenustry™, 2nd Ed., John Wiley & Sons, New York,
1992; §. March, “Advanced Organic Chemistry: Reactions, Mechanisms and Structure,” 4th
Ed., Wiley-Interscience, New York, 1992, Addivonal sultable reference books and treatise
that detail the synthesis of reactants useful in the preparation of compounds of the present
disclosurg, or provide references o articles that describe the preparation, inchude for example,
Fubhrhop, 1. and Penslin 3. “Organic Synthesis; Concepts, Methods, Starting Materials”,
Second, Revised and Enlarged Edibon (1994) John Wiley & Sons ISBN: 3.527-29074-5;
Hoffman, RV, “Organic Chemistry, An Intermediate Text™ {19963 Oxford University Press,
ISBN 0-19-300618-5; Larock, R. C. “Comprehensive Organie Transformations: A Guide to
Functional Group Preparations” 2ud Edition (1999) Wiley-VUH, ISBN: 0-471-19031-4;
March, 1. “Advanved Orgawie Chermstry: Reactions, Mechanisms, and Struchure™ 4th Edition
{1992 John Wiley & Song, ISBN: (-471-60180-2; Oterg, I {editor) “Modern Carbonyl
Chemustry™ {2000) Wiley-VCH, ISBN: 3.527-298711; Patai, 8. "Patar’s 1992 Guide to the

Chemistry of Functional Groups™ (1992} Interscience ISBN: 3-471-93022-9; Quin, L.D. et al.
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“A Guide o Organophosphorus Chemustry™ (20003 Wileyv-Interscience, ISBN; 0-471-31824-
; Selomons, T. W. G. “Orgaic Chemistry™ 7th Edition {2000} John Wiley & Sons, ISBN:
{1-471-19093-0; Stowell, 1.C., “Intermediate Qrgamc Chemistry™ 2nd Edition (1993) Wiley-
Interscience, [SBN: 0-471-57456-2; “Indusirial Organic Chenncals: Starting Materials and
Intermediates: An Ullmann’s Encyclopedia™ (1999) John Wiley & Sons, ISBN: 3-527-29645-
X, m & volumes; “Organic Reactions™ (1942-20000) John Wiley & Sons, in over 35 volunres;

and “Chemistry of Functional Groups”™ John Wiley & Sons, m 73 volomes.

[60187} Biclogical activity of a compound descrilred herein mav be determiined, for
examyple, by performing gt least nng i wiro andfor i vive stady routinely practiced in the at
and described hersin orin the art. Jo vidro assavs mehude withowt Tmatation binding agsays,

impnoassays, competitive binding assavs, and cell based activity assays.

{00158}  An inhibition assay may be used io screen for antagonists of E-selectin. For
sxamypde, an assay may be performed 1o characterize the capability of & coonpound described
herain lo mhibit {fe., reduce, block, decrease, or prevent in a stalistically or biclogically
stgnificant manner) teraction of E-selectin with sLe® or sLe®. The inhibition assay may be a
competitive binding assay, which allows the determination of s values, By way of
example, E-selectin/lg chimera may be immobilized onto a matrix {&.g., 8 multi-well plate,
which may be made from a polymer, such as polystyrene: a test tube, and the like), 2
composition nay be added to reduce ponspeailic binding (e.g., a composition comprising
non-fat dried milk or bovine serum glhumin or other blocking buffer routinely nsed by a
person skilled in the art); the immobilized E~selectin may be contacted with the candidate
compound in the presence of sLe® comprising 4 reporter group under conditions and for a
time sufficient 1o permit sLe® to bind to the immobilized E-selectin; the immobilized B-
selectin may be washed; and the amount of sLe” bound to immobilized B-selectin may be
detected. Variations of such steps can be readily and routinely accomplished by a person of

prdinary skall iy theart.

{86159}  Conditions for a particular assay include temperaturg, buffers (including salts,
vations, media), and other components thal mamiain the itegrity of any cell used in the assay
and the compound, which a person of ordinary skill in the art will be familiar andfor which

can be readily determuned. A person of ordinary skill in the art also readily appreciates that
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appropriate controls can be designed and mcluded when performang the i virre methods and

i vive methods deseribed herein.

[00166] The source of a compound that is charactenized by ai least one assay and
techniques described herein and in the art may be a biological sample that is oblained from a
subject who has been treated with the compound. The cells that may be used in the assay

may also be provided in a brological sample. A “biological sample™ may include 3 sample
from a subject, and may be a blood sample (from which serum or plasma may be prepared), a
biopsy specimen, one or more body fluids (e.g., lung lavage. asciles, mucosal washings,
synovial fluid, uring), bone marrow, lyniph nodes, tissue explant, organ culture, or any other
tisswe or cell preparation from the subject or a biclogical source. A biological sample may
firther mclude a tissue or cell preparation i which the morphological integrity or physical
state has been disrupled, for example, by dissection, dissociation, solubilization, fractionation,
homogemzation, biochemical or chemical extraction, pulverization, hvophilization, sonication,
or any other means for processing a sample derived from a subject or biclogical source. In
some embodiments, the sabject or biological source may be a huwman or non-haman antmal, a
primary cell cultore {e.g., immane cells), or culture adapted cell line, inclading but not

limited to, genetically engineered cell lines that may contain chromosomally integrated or
episomal recombingat nucleie gcid sequences, immortalized or immortalizgble cell lines,
somatic cell hybrid cell lines, differentisted or dilferentiatable cell hines, transformed cell

lines, and the like,

{08161}  As described herein, methods for characterizing E-selectin antagomists include
ammal model studies. Non-limiting examples of animal models for ligquid cancers nsed in the
art inchude muliiple miveloma (see, 2.g, DeWeerdt, Nature 480:S38-839 (15 December 201 1)
dot 10 1038/480538a; Published online 14 December 201 1; Mitsiades et al., Clin. Cancer
Res. 20009 151210021 2009)); acute myeloid leakemia (AML) {(Zuber st al,, Genes Dev.
2000 Aprid 10 237 R77-889), Animal models for acute lymyphoblastic leukenua {ALL)
have been used by persons of ordinary skill in the art for more than two decades. Numeroas
exemplary anumal models for solid tumor cancers are roatinely used and are well known to

persons of ordinary skill m the art.
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{00163 The compounds of the present disclosure and the pharmaceutical compositions
comprising at least one of such compounds may be oseful i methods for treating and/or
preventing a disease or disorder that is ireatable by inhibiting at least one activity of E-
selectin (andfor inhibiting tunding of E-selectin {0 a higand, which in turn inhibits 2 biological
activity). Focal adhesion of leukocyies to the endothelial lining of Blood vessels s a

characteristic step in ceriain vascular disease processes.

{1631 The compounds of the present disclosure and pharmaveutical compositions
conypising at least one such compound nwy be useful in methods for treating andfor
preveniing af least one inflammatory disgase, InSammation comypwises reaction of
vascudarized biving Ussoe fo injury,. By way of example, although E-selectin-mediated cell
adhesion is important to the body's anti-infective immme response, i other circmmstances,
E-selectin mediated cell adhesion may be undesirable or exvessive, resulting in tissue damage
mstead of repair. For example, many pathologies (such as sutoimmane and mflammatory
diseases, shock and reperfusion injuries) involve abnormal adhesion of white blood cells,
Therefore, inflammauon affects blood vessels and adjacent fissues i response to an iyury or
abnormal stimulation by a physical, chemical, or biological sgent. Examples of inflammatory
diseases, disorders, or conditions include, withoot Hmitation, devmatitis, chronic screma,
psoriasis, multiple scleresis, rheumatoid arthritis, systennc lupus eryvihematosus, grall versus
host disease, sepsis, diabetes, atherosclerosis, Sjogren’s syndrome, progressive svstemic
sclerosis, scleroderma, scuie coronary syndrome, ischemic reperfusion, Crohn’s disesse,
mflanumatory bowel diseass, endomeiriosis, glomernlonephritis, myasthenia gravis,
idiopathic pulmonary fibrosis, asthma, allergic reaction, scuie respivatory distress syadrome
{ARDS} or other acute leukocyte-mediated lung injury, vasculitls, or inflanumatory
swionnnme myositis, Other diseases and disorders for which the glycomimetic compounds
described herain may be usefud for treating and/or preventing include hyperactive coronary
circudation, microbial infection, cancer metastasis, thrombuosis, wounds, burns, spinal cord
damage, digestive tract muscons mentbrane disorders {e.g., gastritis, nleers), osteoporosis,
ostenarthritis, septic shoek, traumatic shock, stroke, nephritis, stopic dermatifis, frosthite
igury, adult dyspooes syndrome, alcerative colitis, diabetes and reperfusion imury following
ischaemic episodes, prevention of restinosis assoctated with vascular stenting, and for

undesirable angiogenesis, for example, sngiogenesis assoviated with tumor growth.
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[00164]  As discussed n defail herein, a disease or disorder o be treated or prevented is a
cancer and related metastasis and includes cancers that comprise solid tumor(s) and cancers
that comprise hquid fumor{s). The compounds of the present disclosure and pharmaceutical
compositions comprising at least one such compound may be usefud in methods for
preventing andfor freating cancer. In some embodinents, the at least one compound may be
used for wreating and/or preveniing melastasis and/or for inhibiting (slowing, retarding, or

preventing) melastasis of cancer cells.

{86165 In some smbodiments, the compounds of present disclosure and phanmaceutical
compositions comprising at least one such comypound may be used for decreasiug (Le,
reducing) the hikelihood of evcurrence of netastasis of cancer cells i an mdwvidual (e,
subject, patient} who 15 in need thereof. The compounds of the present disclosure and
compositions comprising at {east one sach compound may be used for decreasing ..
redacing) the bkelihood of occarrence of infiliration of cancer cells into bone marrow in an
individual who is in peed thereof. The individuals {or subjects) in need of such treatrnents
include subjects who have been disgnosed with a cancer, which includes cancers that

comprise solid honor(s) and cancers that comprise hgaid tumor(s).

[08166]  Non-hmuting examples of cancers mclade colorectal cancer, iver cancer, gastric
cancer, fung cancer, brain cancer, kidney canger, bladder cancer, thyroid cancer, progiate
SHRCEr, ovarian cancer. cervical cancer, wlerine cancer, endometrial cancer, melanomg, breast
cancer, and pancreatic cancer. Liguid tumors can occur in the blood, boue marow, the soft,
sponge-like tissue in the center of most bones, and lymph nodes and nclude levkenua (e g,
AML, ALL, CLL, and OML), lvinphoma, und myeloma (e g, mudtiple myeloma).
Lymphomas include Hodgkin lymphoma, which is marked by the presence of a tvpe of cell
called the Reed-Sternberg cell, and non-Hodglun lymphomas, which includes a large, diverse
gronp of cancers of mumune system vells. Non-Hodgkun hymphomas can be fwther divided
into cancers that have an mdolent (slow-growing) course and those that have an aggressive

{fast-growing) course, and which subtypes respond to freatment differently.

[88167]  The compounds of the present disclosure and phanmaceutical compositions
conypising at least one such compound may be adnunistered as an adpmnct therapy o

chemotherapy and/or radiotherapy, which isfare being delivered to the subject as primary
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therapy for treating the cancer. The chemotherapy andfor radiotherapy that may be
administered depend upon several factors including the type of cancer, location of the
tumor(s}, siage of the cancer, age and gender and general health status of the sulyect. A
person of ordinary skill in the medical art can readily detenmine the appropriate
chemotherapy regimen andfor radiotherapy regimen for the subject in need. The person of
ordinary skill in the medical art can also deternune, with the aid of preciinical and clinical
studies, when the compound of the present disclosure or pharmaceutical composition
comprising at least one such compound should be adminisiered to the subject, that is whether
the compound or composition is admimstered prior to, concurrent with, or subsequent {o a

cvele of the primary chemotherapy or radiation treatment.

jaa168]  Also provided herein is a method for minbiting adhesion of a tumor cell that
expresses a ligand of E-selectin to an endothelial cell expressing E-selectin on is cell swrface,
which method comprises contacting the endothelial cell with at least one compound of the
present disclosure or phavmacentical compositions comprising ot least one such compound,
thereby pernutting the compound to mteract with E-selectin on the endothelial cell sunface
and inhabiting binding of the twmor cell to the endothelial cell. Without wishing to be bound
by theory, inhibiting adhesion of tumor cells to endothelial cells may reduce in a significant
manner, the capability of the tumor cells to extravasaie into other organs, blood vessels,
Iymph, or bone marrow and thereby reduce, decrease, or mhibiat, or slow the progression of

the cancer, including reducing. decreasing. inhibiting, or slowing metastasis.

[00169]  As described herein, at least one of the compounds of the present disclosure or
pharmaceutical compositions comprising ot feast one such compound may be administered in
combingtion with at least one additional snti-cancer agent. Chemotherapy may comprise one
or mare chemotherapewtic agents. For example, chemotherapy agents, radiotherapeutic
apents, inhibitors of phosphoinositide-3 kinase (PI3K}, and inhibitors of VEGF may be used
i combination with an E-selectin antagonist compound descrilsed heretn Non-bnuting
examples of inhibitors of PI3K include the compound pamed by Exelixis as “X1.499.” Nop-
limting examples of VEGFE mhibitors include the compound called “cabo” {previously
known as XL184), Many other chemotherapeutics are small organic molecules. As
undersiood by a person of ordinary skill in the art, chemotherapy may also referfo a

combination of two or more chemotherapeutic molecales that are adiwinistered coordinately
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and which may be referved to as combination chemotherapy. Numerous chemotherapeutic
drugs are used in the oncology art and inchude, for example, alkylating agents;

antimetabolites; anthracyclings, plant alkalowds; and topoisomerase inhibitors,

{00178}  The compounds of the present disclosure or phanmaceutical compositions
comprising at least one such compound may function independently from the anti-cancer
agent or may function in coordination with the anti-cancer agent, ¢.g., by enhancing
sffectiveness of the anti-cancer agent or vice versa. Accordingly, provided herein are
methods for enhancing (7 e, enhancing, promoting, improving the hkelihood of, enhancing i
astatistically or bislogically sipnificant manner} andior maitaining survival of
hematopoetetic stem celly (HSO) 1 a sobject who is treated with andfor will be treated with a
chemotherapeutic drug{s} andfor radicactive therapy, respectively, comprising adnunistering
at least one E-selectin antagonist glycomimetic compound as described herein. In some
embodiments, the subject receives andfor will recetve both chemotherapy and radiation
therapy. Also, provided herein 1s a method for redocing (Fe, reducing, inhibiting,
dinunishing in a statistically or biologically significant manner) chemosensitivity andfor
radiosensitivity of hernatopotetic stem cells (HSC) to the chemotherapeatie drug(s) and/or
radioactive therapy, respectively, in a subject. Because repeated cycles of chemotherapy and
radiotherapy ofien dimimsh the ability of HSCs o recover and replenish bone marrow, the
glyecomimetic compounds described herein may be useful for subjects who will recetve more
than one cycle, such as at least two, three, fowr or more cycles, of chemotherapy andfor
radiotherapy. HSCs reside in the bone marrow and gengrate the cells that are needad to
replenish the inumune systent and the blood, Anatomically, bone murrow comprises a
vascular niche that is adjacent {0 bone endothelial sinuses (see eg., Kl etal, Cell
121110921 {2005}, Sagivama et al., fmmuni 25:977-88 (2006}, Mendez~Ferrer et al.,
Mature 466:629-34 (2010); Butler et al., Celf Stem Celf 6:251-64 (ROHIN. A recent study
describes that E-selectin promotes HSC proliferation and ix an important component of the
vascular niche (see, e.p, Winkler et al., Natwre Medicine published online 21 Oclober 2012
doi: 10, 1038%m2969). Deletion or inhihition of E-selectin enhanced HSC survival in mice
that were treated with chemwotherapeutic agents or vadiotherapy and accelerated blood

nenirophil recovery {see, g, Winkler et al., supra).
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{00171 In addition, the administration of at least one compound of the present disclosure
or pharmaceutical composition comprising at least one such compounds may be in
conjunction with ong or more other therapies, ¢.g., for reducing {oxicities of therapy. For
example, at least ong palliative agent to counteract {af least in part) a side effect of a therapy
{e.z., anti-cancer therapy) may be administered. Agents {chemical or biological) that

promuie recovery, or counteract side effecis of administration of antibiotics or corticosteroids,
are examples of such palliative agents. At least one E-selectin antagonmist deseribed harein
may be administered before, after, or concurrently with administration of at least one
additional anti~cancer agent or at {east one patliative agent 1o reduce 8 side effect of therapy.
When adminisiration is concurrent, the combination may be administered from a single

container or two (Or more) separate contaimers.

{66172}  Cancer cells {also called herein tamor cells} that may be prevented (L e, inhibited,
slowed) from metastasizing, from adhering to an endothelial cell, or from mfilating bone
marrow inchide cells of solid tumors and hguid homors (nchuding hematological
malignancies). Examples of solid tumors ave deseribed herein and include colorectal cancer,
hiver cancer, gasiric cancer, lung cancer, brain cancer, kidoey cancer, bladder cancer, thyreid
cancer, prosiate cancer, ovaran cancer, cervical cancer, uterine cancer, endometrial cancer,
nielanoma, bregst cancer, and pancreatic cancer, Liguid tumors ocowr in the blood, bone
marrow, and lymph nodes and mmclude levkenua (e, AML, ALL, CLL, and CML),
lymphoma (e.g., Hodgkin lymphoma and non-Hodgkin lymphoma), and myeloma {e.x..
multiple myelomal. As used herein, the fenm cancer cells include mature, progenitor, and

vancer stem cells,

{00173} Bones are a common location for cancer to infiltrate once leaving the privowry
tumor location, Once cancer resides in bone, it is frequently a causs of pain io the individual,
In addition, if the particular bone affected is & source for production of blood cells in the boue
marrow, the individual may develop a variety of biood vell related disorders. Breastand
prostiate cancer are examples of solid tumors that migrate to bones. Acate myelogenous
leukemia (AMLY} and musdliple myeloma (MM} are examples of iquid tumors that migrate to
bones. Cancer cells that migrate to bone will tvpically migrate to the endosteal region of the
bone marrow. Once cancer cells have infiltrated into the wamrow, the cells become quiescent

and are protected from chemotherapy. The compounds of the present disclosure block
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infiltration of disseminated cancer cells into hone warrow. A variety of individuals may
benefit from reatment with the compounds. Examples of such individuals mclude
individuals with a cancer type having a propensity to migrate to bone where the tumor is sull
localized or the tumor is disseminated but not vt infilirated bone, or whers mdividuals with

such @ cancer type are i renussion,

{06174} The cancer patient population most likely fo respond to treatment using the E-
sefectin antagonist agents {e.g., compouids of Formula (1)) described herein can be identified
based on the mechanism of action of E-selectin. That is, patients may be seleciad that
express g highly active E-selectin as determined by the genstic polymorphism for E-selectin
of SIZBR {(Alessandro et al, Ine S Comeer 121528-335, 2007). In addition, patients for
treatment by the compounds described herein may also selecied based on elevated expression
of the E-selectin binding ligands {sialyl Le® and sialyl Le%} as delermined by antibodies
direcled against cancer-associated antigens UA-19-9 (Zheng et al., World J Gastroentarol.
7:431-434, 2001 and CDO65. In addition, anttbodies HECA-452 and FH-6 which recognize
sumilar carbobydrate ligands of E-selectin may also be used in a diagnostic assay to select the

cancer patient population most hikely to respond to this treatment.

{08178 The compounds of the present disclosure and pharmaceutical compositions
comprising at least one such compound may be useful 1 methods for teating andfor
preventing thrombosis. As described herein methods are provided for inhibiting formation of
& throwbus or infubiting the rate ab which g throwbus s formed. These methods may
therefore be used for preventing thrombosis (L., reducing or decreasing the hikelihood of

occurrence of a thrombus in a statistically or clinically significant manner).

[00176]  Thrombus formation may occur in infants, children, teensgers and adults, An
individual mayv have a hereditary predisposition to thrombosis. Thrombosis may be initiated,
for example, due to a medical condition (such as cancer or pregnancy}, a medics! procedure
{such as surgery} or an environmental condition (such as prolonged immobility). Other
individuals ot risk for thrombus formation include those who have previously presented with

a thrombus.

{00177 The compounds of the present disclosure and pharmaceutical compositions

comprising at least one such compound may be uselul in wethods for treating ndividuals
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undergoing thrombosis or who are at risk of a thrombetic event ovourting. Such individuals
may or may not have a risk of bleeding. In some embodiments, the mdividos! has a risk of
bleeding. In some embodiments, the thrombosis is 3 venous thromboembolism (VTE) VTE
causes deep vein thrombosis and pulivonary smnbolisin. Low molscular waight (LMW}
heparin is the current mainstay therapy for the prevention and {reatment of VTE. In many
circumstances, however, the use of LMW heparin is contraindicated. LMW heparinis a
known anti-coaguelant and delays clotting over four thmes longer than control bleeding times.
Patients andergoing surgery, patients with thrombocytopenia, patients with a history of stroke,
and many cancer patients should avoid adnunistration of heparin due 10 the risk of bleeding.
By contract, administration of the E-selectin antagonist compomnds of Formula (1)
significantly redaces the time to clotting than occurs when LMW hepavin is admimstered, and
thus provide a sigmificant improvement in reducing bleeding thue compared with LMW
heparin, Accordmgly, the compounds snd pharmaceutical compositions desertbed herein
may not only be useful for treating 8 patient for whom the risk of bleeding is not significant,
but also may be useful i when the risk of bleeding is significant and the use of anti-

thrombosis agents with giti-coagulant properties (such as LMW heparin} is contramdicated.

[88178]  The compounds of the present disclosure and pharmaceutical compositions
comprising at least one such compound may be gdministered o combination with at least one
additional anti-thrombosis agent. The compounds of the present disclosure and
pharmaceutical compositions comprising st least one such compound may function
insdependently from the anti-thrombosis agent or may function in conrdination with the at
least ong auti-thrombusis agent, In addition, the sdmimistration of one or more of the
compounds or compositions may be in conjunction with ong or more other therapies, e g for
reducing toxicities of therapy. For example, af least one palliative agent to counteract {at
least i part) a side effect of therapy may be administered. Agents (chemical or biological)
that promele recovery and/or coanteract side effects of administration of antibioties or
corticosteroids are examples of such palliative agents. The compounds of the present
disclosure and pharmaceutical composiion comprising at least one such compoumnd nay be
admimstered before, after, or concarrently with admbustration of at least one additional anti-

thrombosis ggent or at least one palliative agent to reduce a side effect of therapy. Where
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administrgtion 1s concurrent, the combimation may be adwministered from a single container or

two {or more) separate containers.

[66179]  The compounds of the present disclosure and pharmaceuntical compositions
comprising at least one such compound nay be useful in methods for preventing and/or
treating mucositis. In some embodiments, at least one compound of Fornmula (B ora
pharmaceutical composition comprising at least one compound of Formula (I} mav be vsed m
methods described herein for decreasing the hikelihood of cccuwrrence of mucositis ina
subject who is 1n need thereof by administering the compound or composition to the subject.
n some embodiments, the mucositis 1s chosen from oral mucositis, esophageal nucositis,

and gastromtestinal macositis. In some embodiments, the mucesitis is alimentary nositis.

[B61861 1t is believed that approximately half of all cancer patients underpoing therapy
sutfer some depree of mucositis. Mugcositis s bebieved to occur, for example, i virtually ail
patients treated with radiation therapy for head and neck twmors, all patients receiving
radiation along the G tract, and approximataly 40% of those subjected o radiation therapy
and/or chemotherapy for tunwys in other locativns (e.g., leakemias or lysphomas). It is ako
is believed to be highly prevalent m patients treated with high dose chemotherapy andfor
pradiation for the purpose of myeloablation, such as in preparation for stem cell or bone
marrow transplantation. The compounds of the present disclosure snd pharmacentical
compositions comprising 8t least one such compound may be uselul in methods for treating
and/or preventing nmucositis in 8 subject affhicted with cancer. In sowe ombodiments, the
subject 1s afflicted with g cancer chosen from head and neck cancer, breast cancer, lung
cancer, ovarian cancer, prostaie cancer, lymphatic cancer, leukemic cancer, andfor
gastrointestingl cancer. In some embodiments, the nwcositis is associated with radiation
therapy andfor chemotherapy. In some embodiments, the chemotherapy comprises
administering a therapeutivally effective amount of at least one compound chosen fiom
platinam, cisplatin, carboplatin, oxaliplatin, mechlorethanune, eyclophosphanide,
chlorambuci, azathioprine, mercaptopurineg, vineristine, vinblastine, vinoreibine, vindesine,
sloposide, teniposide, paclitaxel, docetanel, rinotecan, topotecan, ansactine, etoposide,
etoposide phosphate, teniposide, S-fluorouraci (5-FLI), leucovorin, methotrexate,
gemcitabing, laxane, leucovorin, mitomycin C, tegalur-uraci), idarubicin Hudarabine,

mitoxantrone, fosfamide and doxorubiom.
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[06181] In some embodiments, the nmethod funther comprises administering a
therapeutically effective amount of at least one MMP inhibitor, nflamnmatory cytokine

inhibitor, mast cell inhibitor, NSAID, NO mhibitor, or antinucrobial compound.

{00182} In some embodiments, the method further comprises adnuinistering 8

thergpeuntically effective amount of velafermin andfor palifermin.

[06183]  The compounds of the present disclosure and pharmaceutical compositions
comprising at least oné such compound may be useful in methods for mobilizing cells from
the bone marrow 1o the peripheral vasculature and tissues. As discussed herein, i some
grmbodiments, the compounds and compositions are useful for mobilizing hematopoietic cells,
mcluding hematopoietic stem cells and hematopoietic progenitor cells. In some smbodiments,
the compounds ac{ as mobilizing agents of normal blood cell types. In some embodiments,
the sgents are used 1n methods for mobilizing mature white blood calls (which may also be
valled leukocytes herein), such as granulocytes (e g, neutrophils, eosinophily, basophils),
Iymphocytes, and monocyiss from the bone marrow or other inumune cell compartments such
as the spleen and liver. Methods are also provided for using the compounds of the present
disclosure and pharmaceutical compositions comprising at Ieast one such compound
methods for mobilizing twmor cells from the bone marvow. The tumor cells may be
malignant cells (e.g, tumor cells that are metastatic cancer cells, or highly invasive tumor
cellsYin cancers. These tomor cells may be of hematopoietic origin or may be malignant

cells of another ongin residing 1o the bone.

{0184} In sowe embodimens, the methods using the E-seleéchin antagonists described
herein are usefil for mobilizing hematopoietic cells, such as hematopoietic stem cells and
progenitor cells and lenkocytes (including granulocytes such as neutrophils), which are
collected (i e, harvesied, obtained) from the subject recetving the E-selectin antagonist and at
a later time are gdministered back into the same subject fautologous donory or sdministered 1o
a different subject (allogeneic donor). Hematopoietic stem cell replacement and
henmtopoletic stern cell transplantation have been successtully used for reating a number of
diseases (including cancers} as described herein and i the art. By way of example, stem cell
replacement therapy or transplantation follows myeloablation of a subject, such as occurs

with adminisiration of high dose chemotherapy andfor radiotherapy. Desirably, an allogeneic
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donor shares sufficient HLA antigens with the recipient/subject to minimize the risk of host
versus graft disease in the recipient (Ze. the subject recetving the hematopoietic stem cell
transplant). Obtaining the hematopoistic cells from the donor subject (sutologous or
allogeneir) is performed by apheresis or leukapheresis. HLA {vping of a potential donor and

the recipient and apheresis or leukapheresis are methods routinely practived in the clinical art,

[08185}] By way of non-limiting example, autelogous or allogenic hematopoietic stem cells
and progenitors cells may be used for treating a recipient subject who has certain cangers,
such as Hodgkin lvemphoma, non-Hodgkin lymphoma, or multiple myelona. AHogeneic
hematopotetic stem cells and progeniiors cells may be used, for example, for teating a
recipient subject who has acute leakenmias {e. g, AML, ALL); chronie Ivmphooytic leukenua
{(CLLY, amerakarvocytosis/congenttal thrombocoytopenia; aplastic anenia/vefraciory anemig;
famihal erythrophagoeytic lvmphohistioevtosis; myelodysplastic syndromefother
myelodysplastic disorders; osteopetrosis; paroxysmal nocturnal hemoglobinuria; and

cells and progenitors cells inclade treating a recipient subject who has amyloidosis; germ cell
turnors {e.g., testicular cancer); or a solid twwor.  Allogeneic hematopoietic stem cell
transplants have also been investigated for use in treabing solid tumors (e, e g, Ueno et al|

Blood 102:3829-36 (20031,

[00186]  In some embodiments of the methods described herein, the subject is not a dovor
of peripheral hematopoietic cells but has a disease, disorder, or condition for which
mobilization of hematopoietic cells in the subject will provide clinical benefit. Stated another
wiy, while this clinical situation 1s sinular to autologous bemaiopotetic cell replacement, the
mohilized bematopoettic cells are not removed and given back o the same subject at a later
fime as occurs, for example, with a subject who recerves myeloablation therapy. Accordingly,
methods are provided fr mobilizing hematopoigtic cells, such as hematopoietic stam cells
and progenitor cells and leukoovies (ncluding gramalocytes, such as neutrophils), by
administering at least once compound of Formula (1), Mobilizing hematopometic stem cells
and progenttor cells may be useful for treating an inflammatory condition or for tissue repair
or wound healing. See, e g, Mimeault et al,, Clin. Pharmacel. Therapeutios 82:252-64

2u07),
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{01871 In some embodiments, the methods described berewm are nselful for mobilizing
hematopotetic leukocytes (white blood cells) in a subject, which methods may be used in
treating diseases, disorders, and conditions for which an increase in white blood cells, such as
neutrophils, eosinophils, lymphoevtes, monooyies, basophils, will provide clinical benefit.
For example, for cancer patients, the conpounds of Formula (13 are beneticial for stimulating
neutrophil production to compensate for hematopoietic deficits resulting from chemotherapy
or rachation therapy. Other diseasas, disorders, and conditions to be treated include infectious
diseases and refated conditions, such as sepsis. When the subject to whom at least one
compound of Formala (1) is administered is a donoy, peutrophils may be collected for
administration to a recipient sabject who has reduced hematopoietic funchon, reduced
mmmune function, reduced neutrophil count, reduced neutrophid mobilization, severe chromc
neutropenia, leacopenia, thrombocytopenia, anenus, and acguired innmane deficiency
syndrome. Mobihization of mature white blood cells may be useful in sulyjects 1o inprove or
1o enhance fissue repair, and (o miniouze or prevent vascular infury and tissue damage, for
example following Hver transplaniation, myocardial infarction or limb ischenia. See, e.g.,
Pelus, Curr. Opin. Hematol, 15:285-92 (2008); Lemoli et al., Haematologica 93:321-24

(2008).

[60188]  The componnd of Formuly () myy be used in combingtion with one or more piler
agents that mobilize hemaiopoietic cells. Such agents include, for example, G-USF:
AMD3100 or other CXCR4 antagonists; GRO-f (CXCL2) and an N-ternunal 4-amino
truncated form (SB-231333); IL-88DF- 1o peptide analogs, CTCE-021 and CTCE-0214; and
the SDF1 apalog, Met-8DF-1 {see, e g, Pelus, supra and references cited thergin). In some
embodiments, 3 compound of Formula (13 may be administered with other mobilizing ageais
used 1 the art, which may permit adminsstration of a lower dose of GUSF or AMDI N, for
example, than required in the absence of a compound of Formula (13 The appropriate
therapeutic regunen for administering a compound of Formuda {1} in combination with
another mobilizing agent or agents can be readily determined by a person skilled in the

chnical ant

[86189  The teoms, “reat™ and “reatment,” include medical management of a disease,
disorder, andfor condition of a subject (£ e, patient, individual) as would be understood by 3

person of ordinary skill n the art (see, e.g., Stedman’s Medical Dictionary). In general, an
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appropriate dose and treatruent regimen provide at lenst one of the compounds of the present
disclosure in an amount sufficient to provide therapeutic and/or prophylactic benefit. For
both therapeutic treatment and prophyviactic or preventative measures, therapeutic andior
prophylactic benefit includes, for example, an improved clinical outcome, wherein the object
is to prevent or slow or retard {lessen) an undesired physiclogical change or disorder, or to
prevent ot slow or retard (lessen) the expansion or severity of such disorder. As discussed
herein, bengficial or desired clintcal resulis from ireating a3 subject inchude, but are not lmled
{0, abatement, lessening, or alleviation of symptoms that result from or are associated with
the disease, condition, and/or disorder to be treated; decreased occurrence of symptoms;
improved quality of bife; longer disease-free status {i.e., decreasing the likebihood or the
propensity that a subject will present symptoms on the basis of which a diagnosis of a disease
is made); diminishment of extent of disease; stabilized (e, not worsening) state of disease;
delay or slowing of disease progression; amelioration or palliation of the disease state; and
remission (whether partial or total), whether detectable or undetectable; andéor overall
survival, “Treatment” can include prolonging survival when conypared o expected survival if

a subject were not receiving treatment.

[8190]  In some embodiments of the methods described herein, the subject is a human. In
some embodiments of the methods described herein, the subject is 8 non-human animal.
Non-human aninmals that may be treated include manymals, for example, non-human primates
{e.g., monkey, chimpanree, gorilla, and the hike), rodents {e.g., rats, mice, gerbils, hamsters,
ferrets, rabbits), lagomorphs, swine {e.g., pig. miniature pig), equine, canine, feling, bovine,

and other domestic, farny, and zoo animals,

{80191} The effectiveness of the compounds of the present disclosure fn tresting andior
preventing diseases, disorders, andior conditions treatable by inhibiting an activity of E-
selectin can readily be determined by a person of ordinary shill in the relevant st
Determining and adjusting an appropriate dosing regimen {e.g., adjusting the amount of
compound per dose and/or number of doses and frequency of dosing) can alzo readily be
performed by a person of ordimary skill in the relevant arl. One or any combination of
diagnostic methods, including physical examination, assessment and monttoring of climcal
symplons, and performancs of analytical tests and methods described herein, may be used

for monttoring the health status of the subject.
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{66192 Also provided herein are pharmaceutical compositions comprising at least ong
compound of Formula (I}, In some embodiments, the pharmaceutical composition further

comprises at least ong additional pharmaceutically accepiable ingrediant.

(00193}  In pharmaceuntical dosage forms, any one or more of the compounds of the present
disclosure may be admimstered in the form of a pharmaceutically acceptable denvative, such
as @ salt, and’or it or they may also be used alone and/or in appropriate association, as well as

in combination, with other pharmaceutically active compounds,

[00194]  An effective amount or therapeutically effective amownt refers o an amount of at
least one compound of the present disclosure or a pharmaceutical composition comprising at
least one such compound that, when administersd to a sabject, either as a single dose or as
part of a series of doses, is effective to produce at least one therapeutic effect. Optimal doses
may genersily be determined using experimental models andfor clinical trials, Design and
gxecution of pre~chinical and clinical studies for each of the therapeutios (including when
administered for prophylactic benefit) described herein are well within the skill of a person of
ordipary skil m the relevant mit. The optunal dose of a therapeutic wmay depend upon the
body mass, weight, and/or blood volume of the subject. In general, the amount of at least one
compound of Formala (1) as desonbed berein, that is present in a dose, may range from about
0.01 pg to about 3000 pg per kg weight of the subject. The mininnun dose that is sufficient
to provide effective therspy may be nsed in some embodiments. Subjects may geverally be
montored for therapeutic effectiveness using assays suilable for the disease, disorder and/or
condition being treated or prevented, which assays will be familiar to those having ordinary
skifl in the art and arve described herein. The level of a compound that is adnunistered to a
subyect roay be momtored by deternuning the level of the compound (or & metaboliie of the
compound) in a biological fluid, for example, in the bloed, blood fraction (e.g., serum),
andfor in the urine, and/or other Mological sample from the subject. Any methed practiced in
the art {0 detect the compound, or metabolite thersof, may be nsed o measure the level of the

compouand during the course of a therapeutic regimen.

{88195 The dose of a compound desciibed hevein may depend upon the subject’s
condition, that is, stage of the disease, severity of symptoms caused by the disease, general

health status, as well as age, gender, and weiglyt, and other factors apparent t¢ a person of
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ordinary skill i the medicsl art. Similarly, the dose of the therapeutic for irestting a disesse,
disorder, and/or condition may be determined according to parameters understood by a

person of ordinary skill in the medical art.

{00196} Pharmacentical compositions may be sdministered in any manner appropriate o
the disease, disorder, andfor condition to be trepted as determined by persons of ordinary skall
n the medical arts. An appropriate dose and a suitable duration and frequency of
administration will be determined by such factors as discussed herein, including the condition
of the patient, the type and severily of the patient’s disease, the particular form of the active
ingredient, and the method of adminsiration. In general, an appropriate dose {or effective
dose} and treatment regimen provides the composition{s) as described hevein in an ot
sufficient to provide therapentic andfor prophylactic benefit {for example, an improved
clinical outcome, such as more frequent complete or partial remigsions, or longer disease-fres
and/or overall survival, or a lessening of symptom severity or other benefit as described in

detait above).

[B1971  The pharmacentical compostiions described hereln may be admimstered to g
sublect in nesd thereof by any one of several routes that effectively delivers an effective
amouwnt of the compound. Non-hmiting examples of suitable admimstrative routes include
topical, oral, nasal, intrathecal, enteral, buccal, sublingusl, transdermal, rectal, vaginal,
inraccular, subconjunctival, sublingual, and parenteral adnmnistration, inclading
suboutanecus, nfravenons, intranwscnlar, infrasternal, infracavemnous, mivamestal, and

intraurethral injection and/or infusion.

[66198]  The pharmacentical compositions described berein may, for example, be siexile
agueous or sterile son~agueous solutions, suspensions, or erudsions, snd may addionally
comprise al least one pharmaceutically acceptable excipient {i.e., a non-toxic material that
does not mterfore with the activity of the active ingredient). Such compositions may, for
example, be in the form of a solid, liquid, or gas {aerosol). Alteratively, the compositions
described hersin may, for example, be formulated as a lyophilizate, or compounds described
hevein may be encapsulated within liposomes using technology known i the art. The
pharmaceutical compositions may {urther comprise at least one additional pharmaceutically

acceptable ingredient, which may be biologically active or inactive. Non-limiting examples
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of such ingredients include bulfers {e.g, nevtral butfered saline or phosphate buffered saline),
carbohydrates (e.g., glucose, mannose, sucrose or dextrans), mannitol, proteins, polypeptides,
amine acids {e.g., ghyeine), antioxidants, chelating agents {e.g.. EDTA and glutathione),

stabilizers, dyes, flavoring agents, suspending agents, and preservaiives.

[66199]  Any suitable excipient or carvier known to those of ordinary skill in the ant for use
n compositions may be emploved m the compositions described hevein. Excipients for
thergpeutic use are well known, and are described, for example, i Remington: The Science
and Practice of Pharmacy (Gennaro, 21% Ed. Mack Pub. Co., Easton, PA (2003)). In general,
the type of excipieni may be selected based on the mods of admunistration, as wall as the
chernical composition of the active ingradieny(s). Compositiontnay be formulated for the
particelar mode of admintsiration. For parenteral adnunistration, pharmacentical
compositions may further comprise water, saline, alcohols, fats, waxes, and buffers. For oral
administration, pharmaceutical compositions may further comprise at least one component
chosen, for example, from any of the aforementioned mgredients, exciprents and carriers,
such as manniiol, lactose, starch, magvnesium steasrate, sodium saccharing, taleum, cellulose,
kaolin, glycerin, starch dextring, sodiwm alginate, carboxymethylcelliulose, ethyl cellidose,

glucose, sucrose, and magnesium carbomate.

{66200}  The pharmsceuntical compositions (e g, for oral administration or delivery by
injection} may be in the form of g bguid. & hgeid composition ey inclade, for example, at
least one the following: a stertle dilnent such as waler for fyection, saline solution, ncluding
for example physiological saline, Ringer’s solution, isotonic sodium chionide, fixed oils that
may serve as the solvent or suspending mediom, polyethylene glveols, glycerin, propylene
clyeol or other solvents; antibacterial agents; antioxidants; chelpting agents; buffers and
agents for the adjustment of tomcity such as sodiwn chloride or dextrose. A parenteral
prepatation can be enclosed i ampoules, disposable syringes or multiple dose vials made of
slass or plastic. In some embodiments, the pharmaceutical composition comprises
physiclogical saline. In some embodiments, the pharmaceutical composition s an injectable

composition, and 1 some embodiments, the injectable composition is sterile.

[66201] For oral formulations, at {east one of the compounds of the present disclosure can

be used alone or in combination with af least one additive appropriate to make tablets,
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powders, granules andor capsules, for example, those chosen from conventional additives,
disintegrators, tubricants, diluents, bufTering agents, moistening agents, preservatives,
coloring agents, and flavoring agents. The pharmaceutical compositions may be formulated
0 inchade at least ong buffering apent, which may provide for protection of the active
mgredient from low pH of the gastnic environment andfor an enteric coating. A
pharmaceutical composition may be formulated for oral defivery with at least one Hlavoring

agent, &g, v a hiquid, solid or semi-sohid formalation andfor with an enteric coating.

{86202} Oral formulations may be provided as gelatin capsules, which may contain the
active compound or biclogical along with powdered carniers. Sinilar carriers and diloents
may be used fo make compressed tablets, Tablets and capsudes can be manefactured as
sustained release products to provide for continuons release of active mgredients overa
period of tume. Compressed tablets can be sagar coated or film coated {o mask any
unpleasant taste and protect the tablet from the atmosphere, or enteric coated for selective

distntegration in the gastrointestinal tract.

82031 A pharmaceutical composition may be formulated for sustamed or slow release.
Such compositions may generally be prepared using well known technology and
adnunistered by, for example, oral, rectal or subcntaneous implantation, or by implantation at
the desired tavget site. Sustained-release fornudations may contain the achive therapeutic
dispersed in a catvier matrix andfor contained within a reservoir surrounded by g rate
controlling membrane. Excipients for use within such fornndations are bipcompatible, and
may also be biodegradable; the formulation may provide a relatively constant level of active
component release. The amount of active therapentic contained within & sustained release
formulanon depends upon the site of inplantation, the rate and expected durgtion of release,

and the nature of the condition {0 be treated or prevented.

{06204}  The pharmaceutical compositions described herem can be formulated as
suppostories by mixing with g variety of bases such as emulsifying bases or water-soluble
bases. The pharmaceutical compositions may be prepared as asrosol formulations to be
admuustered via mhalation. The pharmaceutical compositions may be formulated nto
pressurized acceptable propeliants such as dichlorodifluoromethane, propane, nitrogen and

the like.
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166205]  The compounds of the present disclosure and pharmacentical compositions
comprising these compounds may be administered topically {e.g., by transdermal
adminisiration). Topical formulations may be in the form of a transdermal paich, ciniment,
paste, lotion, cream, gel, and the like. Topical formulations may inchude one or more of a
penetrating agent or enhancer (also call permeation enhancer), thickener, diluent, emulsifier,
dispersing aid, or binder. Physical pensiration enhancers include, for example,
slectrophorelic techniques such as 1opiophoresis, ase of ulirasound {or “phonophoresis™y, and
the ike. Chemical penelration enhancers are agents administered etther prior to, with, ov
immediately following admimstration of the therapeutic, which increase the permeability of
the skin, particularty the stratum cornenm, to provide for enhanced penetvation of the drug
through the skin. Additional chermeal and physical penetration enhancers are described 1n,
for example, Transdermal Delivery of Drugs, A, F. Kydomeus (ED) 1987 CRL Press;
Percptaneous Penetration Enhancers, eds. Snuth et gl {ORC Pregs, 1995); Lemnerfis et al, A
Pharm, Pharmacol. 34:499-508 (2002); Karande et al., Pharm. Bes. 19655680 (2002 Vadd
et al, fue J. Fharm. 91:1639-31 (2002); Ventura et al., J Drug Targer 937993 (2001,
Shokri et al., S J Pharm. 22801299107 (2001); Suruki et o, Biol Pharm. Bull 24:6498-
700 (2001); Albertt et al, J. Control Release T1:319-27 (2001); Goldstem et al., Urology
537:301-5{2001); Kigavainen et al., Fur. J Pharm. Sci. HE97-102 (2000); and Tenjarla et al |

i J Pharm, 19214738 (1999,

[80206]  Kits comprising writ doses of at legst ong compounnd of the present disclosure, for
exaraple in oral or injectable doses, are prowvided. Such kits may include a container
gomprising the unit dose, an informational packags insert describing the use and attendant
benefits of the therapeutic nn treating the pathological condition of intevest, andior optionally
an apphiance or device for delivery of the at least one compound of Formula (1} andfor

pharmaceutical composition comprising the sume.

EXAMPLE 1 COMPOUND 1

{06207 Cempound 2: A solution of 1-{{1-oxo-2-propyoyhoxy 2. S-pyrrolidinedione
{propargylic actd NHS ester} {57 mg, .34 nmmole} in aphydrous DMF (1 mb) was added

dropwize over 13 mimstes to a shury of compound 1 (019 g (.26 mmole) {preparation
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described in WO 2013006926) and DIFEA (0.1 wal) in puhvdrous DMF {3 ml) at room
temperatore. The resulting solotion was stirred for 1.5 s, The resction nuxiure was
concentrated under reduced pressure. The residue was separated by Combi-flash
JE10AC/(MeOHwater, 6/1, viv), %1 — 3/7, viv] to afford the desirad compound as a laht
hrown solid (0,14 g, 699%). MS; Calculated for CiyrHaNJOjs = 7833, Found ES- posilive mi

=808.3 {M+Na"), ES-negative nvz = 784.4 (M-1).

{08208  Compound 4: To a solution of compound 3 {preparation deseribed in WO
20130059263 (2.5 g, 3.54 mmole) snd DIPFEA (1.2 mL, 7.08 punoley in anhydrous DMF (15
mL) was added TBTU (1.7 ¢, 5.31 mmole} at 0 °C and the solution was stirred for 20 min.
Azetidine (085 mL, 35.4 nunole) was added and the resuling solution was stirred for { hr
wiile the temperature was gradually mcereased to room temperature. After the reaction was
completed, the sohition was concentrated under reduced pressure.  The reaction muxtwre was
separated by Combi-flash (EtOAc/MeQGH, 4/1-273, viv) 1o give compound 4 (1,17 g, 1.57

mmole, 44%6) and lactone side product compound § (.88 g, 1.28 nunole, 36%:).

[602609F Compound 4: Compound 8 {1188 g, 1.28 nunol) was dissolved m anhydrous
DMF (5 mb). Azetidine (1.5 mL) was added, and then the resulting solution was stirred for 3
hrs ut 30 °C. The solution was concentrated and dried under high vacuum to give compound 4

{193 g, 1.25 mmolg, 98%).

[00218]  "H NMR {400 MHz, Deuterium Oxide) § 492 (d, J = 4.0 Hz, 1H), 4.79{q. J= 7.3,
68 He, TH), 443 (broad d, /= 8.3 Hr, THY 424 (g, F= 86 He, T1H)Y, 415 {q. = 8.5 He, TH},
401, =93 He, TH), 3.99 <380 {m, 3H}, 3.76 (dd, = 10.6, 32 Hz, 1H), 3.73 - 3.51 (m,
BHY 342 (m, J= 77, 44 He, 2H), 321 (4, 7= 9.7 He, TH), 239 (hroad 1.7 = 12.7 Hz, 1H),
232 2.09 (m, 3, 195 (s, 3HD, 195 (m, THIL77 (m, 2H), 169 — 135 {m, 7TH}, 135093
{m, 1GH), 0.93 ~ 0.58 (m, 6H}) MS; Calcudated for CigHeN:DOy = 7853, Found ES- positive

prz =767 3 {(M+Na"), ES-negative ma = 7434 (M-1).

- B}~
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66211} Ceompound 6: A solution of compenmd 4 {0.93 g, 1.25 munole} m ethvlens
diamine (10 mL} was stirred overnight at 60 "C. The solution was concentrated under reduced
pressure and the residue was directly purified by silica gel cohwmn chromafngraphy
{(BOAS/MeOH, 12, wivito give compound 6 as 3 light vellow gel {419 g, 1.16 numnole, 91%5).

MS: Calcwdated for CoFaaNaOrs = 772.4, Found BS- positive iz =773.4 (M+H ).

[66212]  Compound 7: A solution of compound 6 (.22 g 038 mmole) and 3 drops of
DIPEA i anhydrous DMF (3 mbL) was cooled (0 0 °C. Propargylic acid NHS ester (37 mg,
(.34 mmole} was slowly added. The resulting solution was stivved for 1 hr. The solution was
concenivated under reduced pressure and the residue was directly purified by Combi-flash
{E1OAC/{MeOHwater, 61, vivy, 1/9-2/8, wiv}. The product Ivophihized to give compound 7
as an off-white solid (0.12 g, 0.13 mmele, 54%). MS: Calculated for CaoHaaNsQyz = 824.4,

Found ES- positive miz =847.3 (M+Na").

082131  Compound ¥: To a sturry solution of compound 1 (8112 g 016 nmamole) and
DIPEA (0.1 mL) in anhvdrous DMF (1 mL) was added a solution of axidogcene acid-NHS
ester {fcompound 8} (39 mg, 0.2 nunole) in anbydrous DMF (1 mL) dropwise over a 10
nunute period at room temperature. The resulting solution was stirred for 3hrs. The reaction
mixture was concenirated under reduced pressure and the residue was purified by Combi-
flash eluting with [EtOAC{MeO Hwater, 6/1, viv), 91 — 248, viv]. The product was collectad

then lvophilized to give compound 9 as a3 white solid (G.11 g, .13 mmolde, 819} MS:
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Caleulated for CyHuNOys = 8164, Found ES- positive m/z =838.7 (M+Na'), ES- negative

iz =814 7 (M-H).

{66214} Compound 11: A solution of PEG-17 Bis-NHS ester {compound 1 {02 g 019
mmol) in DMSO (2 mL) was added to a solution of compoond 1 (0.4 g, 0.56 nunole) and
DIPEA (1.2 mL) in anhydrous DMSQO {2 mL) dropwise over a 5 nunute period ai room
temperature, The resulting soligion was stirred overnight. The solution was dialyred against
distitled water for 3 days with dialysis tube MWCO 1000 while distilied water was changed
every 12 hours, The solution in the tube was lvophilized overnight to give compound 11 asa

white solid (0,32 p, 0.14 mmuole, 77%).
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[BO218]  1TH NMR (400 MHz, Deuteriian Oxade) d .02 (d, J= 3.9 He, 2H), 4 %0 {q, I=06.7
Hz, 2H), 4.52 (road d, J = 8.4 Hz, 2H), 3.97 (broad t, 2H}, 3.86-3.74 {m, 16H), 3.73 - 359
fm, 62H), 3.56 (4, F= S8 Hx 2H), 3.44 {m, 2H), 3.34-3.26 (m, 108D, 2,50, =61 He 4H),
231 (broad ¢ 2H), 2,12 (my, 2H), 2.04 (8, 6H), 190~ 179 (m, 4H), 1.78 ~ 1 38 {m, 14H),
137 - 126 (m, T4H), 125~ 1.08 {(m, 14H), 098 - 0.79 (m, 10H). MS: Calculated for
CingHisaNgQyy = 2297 2, Found MALDI-TOF iz = 2321, (M+Ng').

EXAMPLE 2: COMPOUND 12

[66216] Compound 12; Prepared in an analogous manner from compound 1 and PEG-25

bis-NHS ester.
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[O217F 11 NMR (4080 MHz, Denterium (hade} § .03 {d, J= 39 i, ZHL 4 M (g d =69
Hz, 2H), 453 (broad d. /= 84 Hz, 2H), 3,98 (broad ¢, /= 8.8 Hy 2H), 3.92-3.86 {m, 6H),
381379 Gm, 3D, 378 - 3.74 {m, 4HD), 3.72 - 366 0m, 100H), 356 (1, /= 5.7 Hz 2H), 382
~ 340 {m, 2H), 3.37-3.25 (m, 10H). 2.53 -2.49 (1. J = 6.1 Hz 4H), 2.31 {m, 2H), 2.16 - 2.13
fim, 2H), 2.058 (s, 6H), 1.86 —~ L84 {m, 4H}, 176~ 165 (m, 4,1 .63 ~ 1 44 {m, 10H), 1 .41 -
1.29 (m, 14H), 1.27 ~ 112 (m, 14H), 0.94 ~ 0.89 {m, 4H), 0.87 ~ 0.84 (1, J = 7.2 Hz, 6H). MS:
Calculated for CinManeNgOss = 2649; Found MALDIL-TOF ma = 2672 (M+Na™).

EXAMPLE 3: COMPOUND 13

[08218] Compound 13 Prepared in an amalogous manver from compound 1 and PEG-21

his-NHS ester.
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(002197 'H NMR (400 MHz, Deuterivm Oxide} 8 5.03 (d, J= 3.9 Hz, 2H), 491 (q.J = 6.7
Hz, 2H), 4.56 (broad d, ./ = 8.4 Hz, 2H), 3.98 (broad ¢, 2H), 3.91-3.86 {m, 6H}, 3.81 —3.79
{m, 4H), 3.78 - 3.74 {m, 4H), 3.72 {m, 4H), 371 - 3.66 (m, 78HD), 356 (1, /= 5 8 He 3H),
347 (m, 2H), 3.35-3.27 (m, 10H), 2.53 -2.49 (1, .7 = 6.1 Hz 48), 2.31 {woad , 2H)}, 2.16 -
213 (m, 2H), 2.05 (5, 6H), 1.86 ~ 1.84 (m, 4H), 1.76 ~ L65 (m, 4H), 163 ~ L.47 (m, RH),
T3S~ 129 {ny, 14H), 127~ 1.22 Gm, 8HY, TIS - 112 (m, 6H), 0,94~ 0.89 {m, 4H), 087

1
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.84 {t, J= T2 Hz, 6H) MS: Calculated for CoaHauNaDs; = 2473.3; Found MALDI-TOF
iz = 2496 (M+Na ).

EXAMPLE 4: Compound 14

[an228]  Compound 14 Prepared in an snalogous manver frony compound 1 and PEG-13

hinaNHS esisr
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(68221} "HONMR (400 MHz, Deyterium Oxide) 8 5.06 (d, J=4.1 Hz, 2HL 4.94{q, =466
Hz, 2H), 4.56 (broad &, /= 8.4 Hz, 2H), 4.02 (Broad s, 2H), 3.94-3.90 (tn, 6H), 3,84 {ny, 2H),
380 (m, 4HD, 376 0m 6HD, 3,72 - 3.70 (o, 50HD, 3.5% (broad £, 2H), 34%{m. 2H), 3.38-3.33
(m, LOH), 254 (1, 7= 6.1 Hz 4H), 2.34 (broad £ 2H). 2.19 - 2,17 (s, 2H), 2.09 (s, 6H), 1.90
187 (m, 4H), 179 - 171 (m, 4K, 169 - 1.58 (m, SH). 1.56 (m, 2D, 1.51 (m, 4H), 143 -
136 (m, 4H), 1.35 -1.33¢m, 6H), 1.27 — 1.17 (m, 8H), 1.00 - 0.91 (s, 4H), 0.90 - 0.88 (1, J =
7.4 Hz, 6H} MS: Calcalated for CogHenaNsOp = 21211 Found MALDE-TOF ma = 2144
{(M+Na").

EXAMPLE 5 Compound 13

[#92221 Compound 5 Prepared in an analogous manner frous conpommd 1 and PEG-16

bis-MHS estar.
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662231 'H NMR (400 MHz, Dentertum Oxide) 8 5.06 {(d. J=4.0 Hz, 2H), 494 (g, /=67
Hz, 2H), 4.56 (broad d, J= 8.4 Hz, 2H), 4 02 (broad 5, 2H), 3.95-3.90 (m, 6H), 3.84 (m, 2H),
379 {m, 4HD, 375 (m, 6HD, 372 Om, 30H), 3,70 (brosd 5, 10H), 3.58 (broad 1, /= 5.6 Hz 2H),
351 (m, 2H), 338335 (m, 6H), 3.34-331 {m, 4H), 254 {t, 4H), 2.34 (broad £, 2H), 2.19 -
217 (m, 2FD), 2.09 (s, 6H), 1.90 - 187 (m, 4H), 1.79 ~ 1.66 {m, 4H),1.63 ~ 1.55 {m, SH),
153 149 (m, 2H}, 141 (g, =120 Hz, 4H), 137~ 1.32 (m, SH), 1.27 (broad d, J = 6.6 Hz,
AHY, 124 — 117 (Gm, 8HD, 098 — 0L93 {my, 41D, 0.90 - 088 1, J= 7.4 He, 6H) MS:

Caleulated for CunHgNeOie = 1989.0; Found MALDETOF miz = 2013 (M+Na').
EXAMPLE & Compound 16

[66224] Compound 16 Prepared in an snalogous manner from compound 1 and PEG-9

bis-NHS gster,
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[00225]  'H NMR (400 MHz, Deuterfon Oxide) 8 7.82 (nx, 2H), 6.83 {d, /= 8.9 Hz, 28),
491 {d, =40 Hr, 2HY. 479 (g, /= 6.7 He, 2H), 430 (. J =83 Hz, 2H), 3.96 - 383 {m,
4H), 381 (d, J = 3.0 Hz, 2H), 3.79 - 3.71 (m, 4H), 371 ~ 3.47 (m, 34H), 3.47 — 3.31 {m, 4F),
331 - 3.07 {m, 10H), 2.39 (1. J= 6.1 Hz, 4H), 2.19 (1, /= 12.5 Hz, 2H), 2.03 (broad d, J =

6.8 Hz, 2HY, 1.93 (s, 6H), 1.73 (broad d../ = 12.5 Hz, 4H), 168 ~ 1.34 (ny, 16H), 1.34 ~ 118
(m, 41D, LIS ~0.9] {m, 14H), 0.91 - 0.63 (m, 10H). MS: Calculated for CaatlialNgOie =
1812.9; Found ES-Negative mba = 18128 (M-1).

EXAMPLE 7: Compound 17

[60226] Compound 17 Prepared in an analogous nianner from corgpound 1 and PEG-4

his-NHS ester,
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602271 ' NMR (400 MHz, Denteriom Oxide) 8 491 (d, J= 4.0 Hz, 2H), 480 (g,./= 6.7
Hz, 2H), 440 {(broad d, J= &4 Ha, 2HD), 4.00 - 3,84 (m, 41D, 3824d, J= 3.0 He 2H) 376
(dd, 7= 10.6, 3.2 Hz, 2H), 3.72 - 357 (o, 12H), 3.55 (m, J= 3.1 Hz, 14H), 342 {m, J= 7.5,
4.5 Hz, 4H), 3.30 - 3,09 (ny, 10F), 2.39 (1,7 = 6.1 Hz, 4H), 2.20 (broad 1, /= 12.6 Hz, 2H),
2.03 {m, J=6.5 He, 2H). 1.94 {5, 6H), 173 (broad &, J== 12,5 Hu, 4HD), 1.67 = 1.33 {m, 16H),
1.33 - 0.93 (m, 200, 0.89 — 0.67 (m, 101 MS: Calculated for CaplliaaNgOhg = 1724.9;
Found ES-Negative sz = 1724 & (M1},

EXAMPLE B Compound 18

{00228 Compound 18; Prepared in an analogous manner from compound 1 and PEG-2

bis-MHS exiar.
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[60229] 'R NMR {400 MHe, Deuteriom Oxide) 5 4.91 (d.J =40 Hz, 2H), .79 {q. J= 8.7
iz, 2H). 4.40 (broad d, = 8.5 Hz, 2, 4.01 — 3.84 (m, 4H), 3.81 (d../= 3.0 Hz, 2H), 3.76
{dd, J= 108, 3.2 Hr, 3H), 3.72 355 (m, 14D, 352 (s, 4H), 342 (m, J = 6.0 Hz, 4H), 3.28
~ 306 (my, I0HY, 238 (¢, F=6.1 Hy, 4H}, 219 (broad ¢, J= 127 Hx, ZH), 203 {m, =65 Hy,
2H), 1.94 (s, 6H), 1.73 (. J = 12.5 Hz, 41D, 1.67 ~ 1.33 (m, 16H), 1.33 — 0.92 {m, 20H),

.92 — 1160 {m, 16H). MS: Calcudated for CralaeNgOnyy = 1636.8; Found ES-Negative m/p =
16367 (M-1)
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EXAMPLE ¥ Compound 19

[08230]  Compound I3 Prepared i an sialogous maveer from compound 1 and seccinie

acid bis-NHS ester,

[O0231]  THONMR (300 Mz, Deuterium Oxide) § 401 {d, J= 4.0 Hi 2HL 4.80 g, J = 6.8
Hz, 2HY, 441 (road d, =86 Hz, 2HD, 388 (m, 2H), 381 - 3.7 {m, 6, 3.73-3.65 (m,
6H), 3.64-3.56 (im, 6H), 3.45 (broad t. 2H), 3.33 {broad d, /= 9.9 Hz 2H), 3.20 (m, J= 11 4,
10.3 Hz, 10H), 239 (s, 4H), 219 (m, J= 128 Hz, 2H), 2.02 (m, 2H), 1.94 (5, 6H), 1.84 ~
1.69 (m, 4H), 1.51 {m, J=65.3,30.1, 14.0 Hz, 14H), 1.26 (q../ = 12.5 Hz, 6H), 1.09 (m. J =
284, 8.7 Hz 141, 094 - .64 (i, 10H). MS: Calculated for CoalHipaNeQOw = 1548 8; Found
ES-Negative pris = 154867 (M-1)

EXAMPLE 10: Compound 20

[e02321  Compound 2 A sohttion of compound 15 {124 myg, 6.23 pmols) and DIPEA
{11 il 62.3 umole,) in anhydrous DMF (0.2 mL) was cooled to 0°C and TRTU {12 mg, 37.8
pmole) was added. The resulting solution was stirred for 10 mimgte. Azetidine (8.4 pl., 124.6
pmole,) was added and the resulting solution was stivred for th at room terperatore. The
regetion nuxiure was concentrated under ugh vacuen and the residue was purified by HPLC
The product portion was collecied and evaporated, re-dissolved in minimun: smount of
distilled water then lyophilized overnight to give compound 28 as a white solid (6.3 mg,

49%),

1
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[60233]  'H NMR {400 MHz, Deuterium Oxide) 8 8.32 (s, 2H), 823 (4, J = 9.5 Hz, 2H),
4.92 (broad d, 2H), 4.79 (q. J = 6.7 Hz, 2H), 4.42 (m, ZH), 423 {q.J = 7.8 Hz, 2H), 4.14 (q..7
=7 & Hr, 2H), 4.06 - 3.79 (m, 6H), 3.76 (dd, 7= 105 Hz, 2H), 3.66 (m, J= 151, 138, 8.6
Hz, 8H), 387 {m, J= 8.0 Hz, 461, 3.41 {m, 4H), 321 {m, /= 14,4, 122 He, 10H), 245 -
234 (1, 4H), 222 (m, J= 12,9 He, 6H), 2.02 (m, 2H), 1.94 (5, 6H), 1.74 (broad d, /= 12.2 He,
4H), 168 — 133 (m, 4H), 1.26 (m, F= 111 Hz, 6H), 115 - 085 (im, 16H), 0.95 - 0.64 {m,
10H). MS: Calcutated for CosymNeOag = 2067; Found ES-Negative sri = 10336 ((M-1)/2).

[a234] The following compoands were prepared in an analogous manner:
EXAMPLE 11 Compound 21

[882351  Compound 21 Prepared i an analogous manner from compound 15 and

dimethylamine.
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[00236]  'H NMR (400 MHz, Deuterium Oxide) 3 8.33 (s, 6H), 4.93 (broad s, 2H), 4.80 {q,
2H), 4.42 (broad &, J = 9.9 Hz, 4H), 3.89 (broad s, 2H), 3.77 (3d,J = 10.9 Hz, 2H), 3.74 -
3.49 (m, S4H), 3.42 (Broad s, 4H). 3.21 (m, /= 14.5, 12.4 Hz 10H), 2.95 (s, 6H), 2.83 (s,

.
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GH). 2.41 (broad t, 4H), 2.21 (hroad 1, TH), 2.05 (m, ZH), 1.97 (s, 6H), 173 (m, 6H), 1.67 ~
36 {m, 12H), 136~ 096 (m, 20H), 0.80 {d, ./ = 38.2 Hx, 10H). MS: Caleulsted for
CoelroNgQOye = 2043.0; Found ES-Negative sz = 10668 ((M+formic acid-1¥2).

EXAMPLE 12: Compound 22

{66237} Compound 22: Prepared i an analogous manner from compound 12 and

azetidine.

8 R AN

wod emtiBse vt

e e Y B
w9 L e d e

g Gy -t

[BB238] Y NIMIR (400 MHz, Deuteriom Oxided 8 §.33 (s 2H), 4.92 (4, 7= 4.0 Hx, 2H),
4.79(q, /= 6.6 He, 2H), 4,42 (Broad 4,/ = §.6 Hz, 2H), 424 (g, /= .7 Hz, 2H), 4,15 (g J =
§.6 He, ZHY, 390 (m, J =252, 9.1 He 4H), 386 (broad s, 2H), 3.77 {dd, /= 10.6, 3.1 Hz,
ZHY, 373 - 347 i, D, 342 4o, J= 7.8, 4.6 Hy, 4H), 3.20 (m, J= 228, 8.6 Hz, 10H),
241 ¢, =61 Hz, 4H), 235 - 213 (m, 6H), 2.04 {m, J= HL8 Hz, 2H), 1.95 (s, 6H), 1.75
(broad d, /= 12.7 He, 4H), 168 ~ L35 (m, 16H), L35 - (.54 {m, 20H), 0.94 - 0.67 (m, 10H).
MS: Calculated for CoaallaalieQs = 27275 Found ES-Negative mit = 14093 {(M+formuc
acigd-1}2)

EXAMPLE 13 Compound 23

602397  Compound 23: Prepared in an analogous manner from compound 17 and

azetidine.
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[BO240]  'H NMR (400 MHz, Deuterium Oxide) 8 8.28 (broad s, 2H), 8,23 {(broad d, 2H),
491 {d, f=4.0He, ZH), 478 {g, /= 7.4, 69 Hx, 2H), 441 (broad d. = 8.5 Hz, 2H}, 4.23 (q.
J=8.7 He, 2H), 4.14 {q, /= 8.8 Hz, 2H), 4.04 ~ 3.80 {m, 8H), 3.76 (dd, /= 10.6, 3.2 Hz, 2H),
372~ 358 {m, 16H), 3.55(d, /=30 Hz, 12H), 341 (m, J=7.7, 4.4 Hz, 4H), 3.30 - 310 (m,
HOH), 240 (7= 6.1 He, 4H), 2.34 - 212 (m, 6H), 2.03 {m, J= 7.1 Hz, 2H}, 1.94 {5, 6H}),
1.74 (bread d, / = 127 Hz, 4H), 1.67 133 (m, {4H), 1.33 - 116 (m, 8H), 1.16 - 095 (m,
14H), 0.95 ~ 0.64 (m, 1OHD) MS: Caloulated for CuglliseN2Os = 1803.6; Found ES-Positive
s = 18268 (MNRD)

EXAMPLE 14 Compound 24

[062411  Compound 24; Prepared in an anslogous manner from compowd 16 and

aretidine.
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[B0242]  'H NMR (400 MHz, Deuterium Oxide) 8 4.92 {d, J= 4.0 Hz, ZH), 4.79 {q. /= 6.6
Hz, 2H), 4.42 (m, 2H), .24 {q, J= 8.7 He, 2H), 414 (g, J= 8.4 Hy, 2H), 396 (m, J= 249,
8.9 Hz, 8H). 3.80 — 3.48 (1, 36H), 3.42 (m, J= 7.7, 4.4 Hz 4H), 3.19 ¢m, J = 23.4, 85 Hz,
TOH), 240 (1.7 = 6.1 Hz, 4H), 2.32 - 2.10 {m, SH), 2.02 (m, 2H), 1.94 (s, 6H), 1.74 (broad d.
J=12.5 He, 4H), 1.67 - 1.34 {(m, 14H), 124 (m, /= 112 Hez, 8H), 116 - 0.94 (m, 14H),

- Y -
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.84 - Q.64 (m, 1OH) MS: Calculated for CooHliagNgQyy = 1821.0; Found ES-Negative mir =

1935 9 (M+formic acid-1),
EXAMPLE 15: Compound 23

{82431  Compound 28 Prepared in an analogous manver from compound 18 and

aeetiding.
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[66244] H NMR {400 MHzx, Deuteriom Oxide) 5 823 {d, .7 =96 Hz, 2H), 4.91 {d, /=40

He, 2H), 478 {q, J = 6.7 Hx, 2H}, 4,41 (woad d, J= 8.5 He, 2H}, 4.23 (g, = &6 Hz, 2H),
414 (q, J= K7 Hz, 2H). 3.95 (m, J = 24.6, 8.8 Hz, &H), 3.76 (dd, J= 10.6, 3.2 Hz, 2H). 3.72
~ 355 (m, 14H), 3.53 (s, 4H), 3.41 (m, J = 7.7, 4.4 Hz, 4H), 3.19 (m, /= 13.5, 10.9 Hz, 12H),
239 (1, = 6.1 Hz, 4H), 2.21 {(m, J= 16,1, 8.8 Hz, 6H), 2.02 (m, 2H), 1.94 {s, 6H). 1.74
(broad d.J = 12.4 Hz, 4H), 1.67 ~ 1.33 {m, 14H), 1.33 ~ 0.93 {m, 22H), 0.93 ~ 0.62 {m, 10H).
MS: Caleulated for CoaHasNeOse = 17149 Found ES-Positive mi = 17378 (M+Na' 1.

EXAMPLE 16 Compound 27

[86245] Compound 27: To a mixture of compound 2 {72 mg, 81 umole) and compound
26 {azido-PEG3I-ande) (9.3 mg, 38 pmole) in detontzed water (2 ik} was added a sohution
of CuSOu-THPTA {0.040) {05 ml} and sodium ascorbate (38 mg, .19 mmwoled
successively. The reaction mixiwe was stirred overnight at voom tewperature. The reachion
nuxiure was concentrated snder hugh vacoum and the residue was purified by HPLC. The

product was lyophilized overnight to give compound 27 as o white solid (3.0 mg, 4%).

-9 -
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ja2d46]  TH NMR G0 MHz, Denterbon Oxide) 8 527 (s, ZH) B22 (s, 2HL 4.884{d, I=
40 He, 2H), 4.78 (g F = 6.8 Ha, 3H), 4.53 (6,7 = 4.9 Hz, 4H), 4.39 (broad d. J = &.6 Hz, 2H),
3.94 ~3.80 Gm, 8H), 3,50~ 372 {m, 4F), 3.72 - 3.64 (m, 4H), 3.60 (m. J = 5.8 Hy, 41, 3.54
~ 331 {m, 18H), 3.31 - 3.09 (m, 4H), 2.16 (broad 1, I = 12.6 Hz, 2H), 2.01 {m, I = 7.5 Hz,
2H), 1.90 (5, 6H3, 1.80 — 1.30 (m, 20H), 1.22 (m, I= 11.9 Hxz, 2H), 116~ 0.87 (m, 18H),
O78 (m, I=23.1, 109 Hy, 4H), 0.63 (1, T=7 3 He, 6H). MS: Caleulated for

CE2HIMNIZO33 = [814.9; Found ES-Negative miz = 18147 (M-1}.
[66247]  The lollowing compounds were prepared in an analogous manber:
EXAMPLE 17 Compound 28

{86248} Compound 28: Prepared in an analogous manner from compound 2 and azido-

PEG2-arnide.

~
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[66249]  'H NMR (400 Mz, Deuterivm Oxide) 8 823 (s, 2H), 4.87 (d, /= 4.0 Hz, 2H),
4774, =69 Hz, 2H), 4500, J=49 Hz, 4H), 437 (broad d, /= 8.6 Hz, 2H}, 3 87 (broad
d,J=359 Hz, 4H), 3.82 ~ 3.71 {m, 8H), 3.71 - 3.63 {m, 4H), 3.63 ~ 353 {m, 4H), 3.50 {m,
6H), 3.46 332 {m, BH), 3.32 - 323 {m, 2H), 3.23 - 3.09 {m, 2H}, 2.17 {lwoad £, J= 128
Hz, 2H}), 210 - 197 (m, 2H), 189 (5, 6H), 182~ 130 (m, 20H), 121 {d, /= 12.1 Hz, 4H},
116 - 087 (m, 18H), .79 (dt,J=223_10.7 He, 4H), .62 {t, = 7.4 Hz, 6H). MS:
Calculated for CaolinoNpQy = 1770.8; Found ES-Negative m/i = 17697 (M-1)

EXAMPLE 18: Compound 29

062561  Compound 29: To a solution of compound 7 (46 mg, 56 pmole) and conpound
26 (azido-PEG3-azide) (5.6 mg, 23 pmole) n a selution of MeOH (3 mL) and distilled water
{13 mb) was added a solution of CoSO-THPTA (6.040) (003 rall) and sodm ascorbate
{23 mp, 0.12 mmole) successively, The resulfing solution was stirred overnight at room
temperatare. To complete the reaction, another set of catalyvst was added and the reaction was
continued additional 6 hrs. After the reaction was completed, the solution was concentrated
wnder bigh vacuum and the residue was purified by HPLC. The product portion was collected
and evaporated, re-dissolved in minipnan amount of distilled water then Ivophilized
overnight to give compound 29 as a wiite sohd (35.2 mg, 13.3 umole, 57%).
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EGGES}} Y ONMR (400 MHz, Deuterium Oxide) 3 828 (s, 2H), 4.88 (d, / = 4.0 Hz, Z2H),
T7{q J=68 He, 2H), 4.53 (4. /= 4.8 Hz, 4H}, 438 (broad o, 2H), 4.23 (g, /= 7.7 Hz, 2H),

413 {q. /= 8.4 Hz, 2H), 4.07 - 3.87 {m, 6H), 3.82 (1, /= 4.9 Hz, 4H), 3.79 - 3.63 {m, RH),

3.63 355 (m, 6HY, 355 - 332 (m, 14H), 3.32 - 310 (m, 4H), 2 - 2.08 (m, SHY, 2.02 (my,

~9% -



WO 2018/068010 PCT/US2017/055648

2HY. 189 (s 6H), L1~ 131 (my, 18FD, 122 (m, 7= 116 Hr 6H), 117 = 0.90 (m, 14H),
0.90 - 0.68 (m, 4H), 0.63 (1, J = 7.3 Hz, 6H). MS: Calculated for CeeHigoNisOyy = 1893 .0;

Found ES-Positive m/z = 969.5 (M/2+Na '),
(00252} The following compounds were prepared in an analogous manner
EXAMPLE 19: Compound 30

{08233 Compound 30 Prepared in an snalogous manser from compound 7 and axido-

PEGS-aride,

~— - HO, "\DH
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[00254]  'H NMR (400 MMz Deuleriom Oxide) 8 8.33 (3, 2H), 4 88 (dJ = 3.9 Hz, 2H),

£774q, = 6.8 He, 2HYL 45540 7= 3.0 He o SH), 439 {m, 2H), 4.22 (g, /= &2 He, 2H), 4.13
o, J=B.7 He, 2H), 400 (throad d, J=99 e, 2H), 393 (o J= 7.7 He 4H), 385 (1, J= 50

He 48, 374(dd, J= 105, 3.2 Hy, 2HD, 3.70 throad d, J = 3.0 He, 3H), 3.69 - 3.62 (m, 4H),
389 (m,J= 7.7 He, 6H), 3.53 {m, J = 5.6 Hz, 2H), 3.47 (m, = 11.4, 4.1 Hy, 12H), 343 ~

331 {m, 6H), 3.31 = 3.22 (m. 2H), 31744, 7 =97 Hz, 2H). 2.20 (m. J = 14.0 Hz, 8H), 2.01
{m, /= 103 Hz, 2H), 1.90 (5, 6H), 1.75 ~ 1.31 {m, 18H), 1.22 (m,./= 12,1 Hz, 6H), 1.16~
0.91 (o, 14H), 091 -~ 0,60 (m, 4H), 0.63 {1, J= 7.3 Hz, 6H), MS: Calculated for

CorHy 2 N0 = 1981 0; Found ES-Positive sz = 1013.6 {(M/2+Na").

EXAMPLE 20: Compound 31

{66255}  Compound 31: To a solution of compound 2 (30 mg, 38 pmole) and compound @
{46 myg, 37 umote) in distilled water (2 mL} was added a solution of CaSO-THPTA {0.040D
{0.2 ml.} and sodium ascorbate (1.5 mg, 7.6 pmole) successively. The resulting solution was

stirred for 4 hrs at room temperature, The solution was concentrated under high vacuum and

-0 -
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the residue was purified by HPLC, The product portion was collected and evaporated, re-
dissolved in mintnuan amount of distilled water then lyophilized overnight to give compound

31 as a white solid (3.5 mg, 6%:).
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[00256] 'H NMR (400 MHz, Deuterium Oxide) 8 .39 (s, 1H), 523 (5, 2H), 4.97 (1, J=
4.5 Mz, 2H3, 485 (m, 2H), 4.45 (broad t, 2H), 3.94 {m, 2H), 3.91 - 378 (m, 6H), 3.77 -~ 362
(m, 12H), 3.61 - 3.40 (m, §F), 3.40 - 3,16 (m, 8H), 2.24 (m, J = 12.0 Hz, 2H), 2.09 {m, 28},
198 (two s, 6H), 1.89 ~ 137 (m, 20H), 136 ~ 1.24 (m, 4H), 1.33 ~ 0.94 (m, 18H), 0.93 -
7 (o, 4HY, 071 =72 He, 6H) MS: Caleulated for CrutyaNeOsp = 16018, Found ES-
Negative sz = 1600.5 (M-H}.

EXAMPLE 2§ Compound 32

{86357  Compound 32: To a solution of compound 1 (25 mg, 34 gmole) and
carbonyldimidazole (2.3 mg, 14 pumole) in anhydrous DMF {1 mb) was added DIPEA 20
pl.} The resulting solution was stirred overnight at room temperature under an Ni
atmosphere, The reaction mixture was concgntrated vader bigh vacuum sad the residue was
purifisd by HPLC, The product portion was collecizd and evaporated, re-dissolved in
minmm amount of distilled water then tyophilized overnight to give compound 32 as a

white solid (1.6 mg, %)

{00238} Coempound 32 {Alternative Synthesis): To a solution of compound 1 {0.77 g,

1.04 mmole) in ashydrous DMSO (3 mbL) was addad bis(p-mitrophenyl) carbonate (0.15 g

L
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(.49 mole) {3 mL). The reaction mixiure was stirred overnight at 40 °C. The reaction
mixture was tvophilized to dryness. The residue was purified by reverse phase C~18 column
chromatography eluting with a sohution of water/MeQOH {gradient change from 9/1 to 149 vivh
The product porion was concentrated and yophilized to give the desired product as a whits

solid (11.47 g, 0.31 munole, 48%),

[66259]  'H NMR (400 MHz, Deuterium Oxide) § 4.92 (d../= 4.0 Hz, 2H), 4.81 {q. /= 6.7
He, 2H), 442 (broad d, J= 8.5 Hx, 2H), 388 {m. 2H), 384 - 374 (mn, 6H}, 3.73 - 356 {m,
128), 345 (1. = 5.9 He, TH), 3.36 (broad d, /= 10.1 Hz, 2H), 3.29 - 3.00 (m, 128), 2.25
{bropd ¢, J= 12.7 Hx, 2H), 2.05 {m, 2H), 193 (s, 6H), 1.75 (broad d.J = 12.58 Hz, 4H), 1.69 -
135 (m, ISHY 1.35 - 116 {m, 6H), 1.15 - 002 (m, 16H). 0.91 - 0.62 (m, 12H): MS:
Calculated for Caul16NeOrw = 1492.7; Found ES-Negative sz = 14915 (M-H).

EXAMPLE 22: Intermediate 35

00260 Compound 38: A solution of L-Lysine (OBn ester) (0.15 ¢, .49 mumole) in
anhydrous DMF {3 ml) was cooled to 07°C and DIPEA (035 mL, 2.0 oanole) was added.
The solotion was stirred for 10 miin. This solotion was added 1o g solution of N-PEGI-NHS
ester {compound 34) (030 g, 116 mmole) over 8 5 minute period followed by a catalytic
amount of DMAP (20 mg). The resulting solution was stirred overnight winle temperature
wis gradually increased to room temperature. The solution was concentrated and the residue
was dried under bigh vacuum for 30 nun to dryness, then divectly purified by Contn-{lash

{EQACMeOH, EtOAC anly - 241, viv) The product portion was collected and evaporaied,

~96 ~
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WO 2018/068010
then dried under high vacuum © give compound 38 gs a light vellow gel (025 g, 0,48 mmole,

28%). MS: Caleulated (C23HINE06, 518.2), ES- positive (319.2, M+1, 541.2 M+Na).
9
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(002611 'H NMR (400 MHz, Methanol-dy) 8 7.47 - 7.22 {m, SH). 531 - 5.03 (dd, 2H),
445 (dd, = 8.7, §.2 He, THYL 3.86 - 3.66 (m, 4H), 3.63 (q..7 = 4.9 Hz, 450, 3.45 - 3.24 (m,
THY, 3170, T 6.9, 4.9 Hz, 2H), 2.63 - 248 (m, 2H), 245 (7= 6.1 Hz, 2H), 1.56 (did, J

R0, 5.2 He, TH), 180~ 1.63 {(n 1HY, 163 — 1.45 (m, 7H), 1.39 (m, 2H).

EXAMPLE 23 Intermediate 36

Compound 36 Prepared in an analogous nianner from componnd 33 and azide-

(66262}
)
i

PEGS-NHS ester in 8% yield.
[ Vo
PN 0\\/ o /.N\i /\,\fﬁﬁ, i
NH

ng ) £
5 O O\'\ ¥
-;@.

CSHY, 5.29 - 5,09 (dd, 2H),

1 NMR {440 MMz, Methanol-d & 748 - 7.26 (my,
336 (m, SH), 333 {p, JJ= 17T Hz

[9263]
445 (dd S =88, 5.2 He, 1H), 3.81 - 3.55 (m, 41H), 343 -
12H), 31760 = 7.0 Ha, 2H), 2,61 — 2.49 (m, 2H), 244 (1, J = 6.1 Hz, 7H), 1.95 - 180 (m,

YH), 180 - 166 {my, TH) 161 — 1,96 (m, 2H), 1.46 — 131 {ny, 3H).
EXAMPLE 24 Compound 37
Compound 37: To a solution of compound 358 (24 mg, 46 pmole) and compound

[00264]

2 (94 my, 9.12 mmole} in of MeOH (1 ml.) and water {1 mL) was added a solution of
CoSO-THPTA (0.04M,0.23 mL, 20 pmole) and sodiam ascorbate (2.7 myg, 14 umole)
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sucgessively, The resulting solution was stirred for 3 days at room emperature. The solution
was concentrated under reduced pressure and the mixture of mono- and di-coupled products
was separated by -18 column (water'MeOH, water only — %, v/v)} To complets the reaction,
this mixture was re-subjecied to the reaction conditions as described above overnight at 40 °C.
The reaction sohution was then dialyrzed against water with dialysis tube MWCO 1O while
distilled water was changed every 6 howrs. The aqueous solation in the tube was collected

and {vophilized to give compound 37 as a white solid £33 myg, 35% vield).
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00265 'H NMR (400 MHe, Deuteriun Oxide) 8 8.27 (broad two §, 2H), 7.27 (m, SH),
5.05 (broad s, IH), 4.92 (broad s, TH), 4.81 (m, 2H), 4.62 — 438 (m, 6H), 4.20 (m, 1H), 4.09
—~ 388 {m, 26H), 355~ 3.10 (m, 13H), 2.93 (broad 1, 2H), 2.42 (broad £, 2H}, 2.31 {(broad t.
2H), 2.20 (m, J = 12,6 Hz, 2H), 2.06 (m, 4H), 1.95 (m, 10H), 1.84 ~ 1.36 (m, 12H), 1.35 -

0.91 (o, 12H), 091 0072 {m, 103, 071 - 0.60 (broad {, SHI MS: Calealated (CortlianNisOss,
20890}, ES-Negative (2088.6, M-1, 1642.9 M2-1).

EXAMPLE 25 Compound 38

166266  Compound 38; A solution of compound 37 {13 mg, 6.2 pmole} in anhydrous
MeOH (2 mi) was hvdrogenated in the presence of BA{OH), (10 mg) for 2hrs at room
temperature. The solution was filtered through a Celite pad and the filtvate was concentrated.
The crude product was purified by HPLC. The product portion was collected, evaporated,

then lyophilized overnight to give compound 38 as a white solid {4.5 myg, 36% yield).

~OR -
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1602677 'H NMR (400 MHz, Dewteriam Oxide) 5 8.28 (two s, 2H), 4,89 (d, J= 4.0 Hz,

2H), 4.79 (q,J = 6.7 Hz, TH), .54 (g, /= 4.6 Hz, SH), 440 (d, J = 8.6 Hz, 2H), 398 (dd, J =
8.5, 4.7 Hz, JHD, 395 - 3.79 (m, 6H), 3.78 - 3.74 (m, SH), 3.73 - 3.67 (m, 6H), 3.66 - 1.55
{m, 13H), 3.54 - 3.32 {m, 11H), 3.31 - 3.24 (m, 2H), 3.18 (¢, J = 9.7 Hz, 2H), 292 (L = 6.9
Hz, 2H), 2.49 ~ 2.33 (m, 2H), 2.30 (1. /= 5.8 He, 2H), 2.19 (broad . J= 12.6 Hz, 2H), 2.11 -
198 (m, 280, 1924, = 301 B, 63D, 179~ 1.33 (m, 24H), 1.23 {m, 3H), LI~ (.89 {m,
2T, .88 ~ 0.69 {m, SH), 0.64 (..J= 7.4 Hz, 6H) MS: Calculated {CosHl N 10ns, 199905,

ES-Negative (1219.2 M7/2-1).
EXAMPLE 26: Compound 39

[08268] Compound 39 Compound 39 was prepared i 32% yield using an analogous

procedure starling from compownd 2 and compound 36,

N o 39

RO

[002697  'H NMR (406 MHz, Deuterium Oxide} 3 8.35 {s, 2H), 7.41 - 7.20 (m, SH), 5.21 -
5.0) (dd, 2H), 4.92 (d, 7= 4.0 Ha, 2H), 4.81 (o, J = 6.8 Haz, 2H), 4.58 (1, J= 4.9 Hz, 4H),
442(d, /= 8.6 H, 2H), 435 - 4.21 {m, 1H), 3.88 (m, J= 5.0 Hz, 6H), 3.84 - 3.75 {m, SH),
374~ 3,70 (i, 4HD, 3.60 359 (m, 11H), 3.58 — 3.44 (m, 36H), 3.43 ~ 334 (m, 6H), 3.33 -
324 (m, 3H), 320 (6, F = 0.7 Ha, 2H), 3.03 (¢, J = 6.8 Ha, 2H), 2.46 (t, J= 6.1 Hz, 2H), 2.37
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{t./=6.0He 2H), 220 (hroad 1,/ = 12,3 Hz, 2H), 2.05 {m, 2H), 1.93 (s, 6H), 1.82 ~ 1.33 (m,
24H), 1.32 ~ LIR(TH), 117~ 6.91 (n, 17H), 0.90 - 0.72 {m. SH), 0.67 (1,./ = 7.3 Hz. 6H)
MS: Calculated (CriaHiygaN1gQus, 2441.2), ES-Negative (1219.2 M/2-1).

EXAMPLE 27: Compound 40

[66276]  Compound 46: Compound 40 was prepared m 26% vield using an analogous

procedure starting from conpound 3%

[60271] "M NMR (400 MHz, Deufertum Oxide) 8 8.36 (two s, 2H), 4.90 (d, =39 He,
2H), 480 (q. J = 6.7 Hz, TH), 4.58 (1. J = 4.9 Hz, SH), 4.41 (4. J= 8.6 Hz, 2H), 4.05 (dd, J =
8.5, 4.7 Hz, TH), 3.98 - 3.82 {m, 5H), 3.81 — 3.72 (m, 5H), 3.72 - 3.59 (m, 11H), 3.59 - 3.32
fm, 34H), 332 ~ 3.1 {m, SH), 3.06 (1, J= 6.9 Hz, 2H), 2.57 - 2.42 (m, TH), 2.38 (L. J= 6.1
Hz, 2H), 2.20 {broad t. J = 12.2 Hz, 2H), 2.04 (m, 2H), 1.92 (s, 6H), 1.78 - 1.32 {m, 208},
1,32 - 088 (t, 24H). 0.8 - 0.70 (m, SH), 0.66 (1,./ = 7.3 Hz, 6H) MS Calculated

(CrasH 156N, 2351.2), ES- negative (1173.9 Mi2-1, 782.3, M/3-1).

EXAMPLE 28: Compound 42

[662721  Compound 42: A solution of compound 41 {described in JACS, 2002, 124(47),
14085} (22 mg, 49 umolej and DIPEA (28 yL, 163 pmole) in anbydrous DMF (0.3 ml) was
cooled 10 0°C and HATU (62 mg, 163 wmole) was added. The solution was stivved for 30
minutes. This solution was gdded o a solution of compound 1 (8.12 &, 163 pmole} overa 5
aun, period. The resalting solution was stivred overnight. The reaction solution was dialyred
agamnst water with dialvsis tube MWCO 1000 while distilled water was changed every 6
hows. The aqueous solution m the tube was collected and lvophulized overnight to give

compound 42 as a white solid {69 myg, 54%).
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/ \
;f HO .0 \
| NHAC H 9 T
‘ e ‘*~~4~j‘~ o N~ N N.,

i v
P ? oY VA Sl
\ $ { HO OH \\ Q ;

\ L *’fTQj/‘Z o
']
\ v OH /q
42

1002731 THONMR (400 MHz, Methanol-dy) § 4.45 (m, 6H), 4.52 (broad s, 3H), 3.75 (M, J
= 111 Hz, 15H), 3.69 - 332 (mm, 12H), 3,38 throad 1, J = 1.7 He, 3H), 337 - 3.06 (m, 45H,
partially ludden by MeQH}, 2.67 (m, 6H), 2.52 - 2.34 (m, 13H), 2,15 {broad {, 3H}, 2.08 ~
1.96 (my, 3HD, 188 {my, 128, 173 (m, 3H), 170 - 137 (m, 12H), 1.36 - 098 {m, 36H), 0.93
- 071 {m, F= 7.3 Hz, 15H}. MS: Calcolated for O aaHzgi Ny 20us = 2592 3; Found ES-
Negative sz = 1295.6 (M/2-H}.

EXAMPLE 29 Compound 44

{66274} Compound 44: A solution of tetravalent PEG-active ester {Average MW = 20176,
.5 g, .24 mmole) in DMSQO €5 mi.) was added a solution of compound 1 {1.4 g, 1.93 mowle}
and DIPEA (0.3 mL) in distilled water {10 mL) over 1 hr period at room femperature., The
resulting sohstion was stured for 3 days under the same condition. The reaction solution was
dialyzed against water with dialysis tube MWCO 1000 while distilled water was changed
every 6 fiours. The agqueons solution in the b was collected and bvophilzed ovemight to
give compound 44 (average chain length (n) = 110} as a white sohd (0.67 g, .15 mmele,

6394},

WO 0 o ..
NHAS H ]

} P \“ "'7”\..,'»7"'-- Q»’jﬁa—«- .“ S m /L\VJ 0 {“’J \@‘}:\

g “

f

L

44
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(002757 'H NMR (400 MHz, Denterfum Oxide} § 4.92 (d. /= 4.0 Hz, 4H), 4.81 {d, /= 68
iz, 4H), 4.42 (4, J= 7.8 Hz, 4H), 3.96 (s, §H), 3.78 (m, 12H), 3.74 - 3.50 {m, 188H), 3.42 -
334(m, 12H), 3.33 - 3.16 (m, 8H), 3.10 (g, J= 7.4 Hz, 4H), 2.37 ~ 2.14 (m, 4H), 2.05 (m,
AHD), 1.96 (s, 12H), 175 (m, 8H), 1.70 ~ 1.33 (m, SH).

EXAMPLE 30: Compound 45

[86276] Compound 45: A solution of compound 32 (300 mg, 0.2 mmole) and DIPEA (0.2
mi., 1.0 mumole) in anhydrous DMF (15 mL) was cooled t0 0 °C. TBTU (200 myg, 0.6 mmnle)
was added. The resulting solution was stirred for 3 hrs at roont temperature.  Azetidine (4.0
mb., 60.0 munol) was added. The solution was transferred to a sealed tube and stirred
overnight at 853 °C. The reaction mixture was cooled to room temperature and concenirated

& vacye. The residue was partially purified by clwomatography using the Combi-flash

system and eluting with BiOAcMeOH water (3781, viviv), The crude product was de-salted

using a C-18 columm {water/MeOH, 91 — 19 v/v). The pure product was tvophitized to

-y
7
v

g, 2.35 mumole, guantitative).

afford a white solid (0.3

(062771 'H NMR {400 MHx, Deutertum Oxide) 8 4.93 (broad s, 1H), 4.88 — 4.76 {m, 1H),
442 ¢hroad s, {H), 419 {m, 3H), 397 (m, 3H), 385 373 {m, 2H), 372354 (m, 61D, 3.42
{m, 2HY, 329 -3.00 (m, 6H)L 267 - 2249 {m, O.5HD), 235 - 2015 (o 4H), 214 — 198 (m,
1H), 1.94 (s, 3H), 1.75 (broad d, J = 12.8 Hy, 2H), 1.68 — 1.36 (m, RH). 135~ 1 .17 {m, ./ =
TH3 Hy 4H), 1160098 {dd, /=205, 9.1 He, THY, 0.94 ~ 0.67 {m, ./ = 32.9, 89 Hz, 5H)
MS: Calonlated {C7SHIZONRO27, 1570.8), ES-Positive (15945 M+Nag; 8083 (M2+Na),

ES-Negative (1569.6, M-1; 7844 M/2-1)
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EXAMPLE 31
E-SPEBOTRN ADTINVEHY —ANADY SIS BY SPR

{02781 Sweface Plasmon Resonance {SPR) measurements were performed on a Biacore
X100 instroment {GF Healthcare). A CMS sensor chip {GF Healthcare) was used for the
mdaraction between E-selectin and GMI compound. Anti-haman 1gG (Fo) antibody (GE
Healthcare) was immobihized onto the chip by amine coupling according to the
mgnufacturer’s mstrpctions. To brvel] after a T-nun miection (flow rate of § plimiy of 11
auxture of N-ethvbN-(G-dimethylanunopropy D) carbodiionde hydrochioride and N-
hydroxysuccinimide, anti-human 1g( (Fc) antibody (25 pg/ml in 10mM sodium acetate
buffer, pH 3.0) was injected using a 6-min injection &t 5 ulnin. Remaining activated groups
were blocked by injecting 1 M ethanolanune/HCL, pH 8.3, The recombinant human E-
selectin/CDO3E Fo Chimera (530 pgiml) (R & D systems) was injected into the experimental
cell until 6000-7000 RU was captured onto the antibody surface. No recombinsnt human E-
selectin’CD63E was injected mio the controd cell. Increasing comcentrations of GMI
conwpound samples were injected at 30 pl/min into both flow cells and all sensorgrams were
recorded agatnst the control, Regeneration of the anti-human I1gG (Fo) surface was achieved
by injecting 3M magnesium chlonde, followed by 36 mM sodiom hydroxide. Data were
analyzed using Biacore X100 evaluation / BIA evaluation 4.1.1 software (GE Healthcare) and
Graphad prism 6 software.

E-Selectin Antagonist Activity of Compounds

Compound KD (M)

11 R.3

12 3.7

13 4.7
I T 66

133 6.4

16 6.0

17 5.1

18 33
'''''''''''''''''''''''' o w2

2@ 0.8
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21 18.3

22 23

23 2.8

24 2.4

25 3.0

27 8.6

28 3.2

29 3.2

30 2.0

31 3.3

32 8.8

37 3.9

38 6.4

39 5.1

40 5.5

42 1.5

44 8.0

45 2.1
3 (monomer —CO:2H) 2260
4 (monomer azetidine) 2600

[00279] Throughout this specification and the claims which follow, unless the

context requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or

steps.

[00280] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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The claims defining the invention are as follows:

1. At least one compound chosen from glycomimetic E-selectin antagonists of Formula
():
R2
R3
\O
o) L
0 0
OH R!
OH _,
R o
OH
HO
OH
m
@)

and pharmaceutically acceptable salts thereof,
wherein

each R!, which may be identical or different, is independently chosen from Cj.i»
alkyl;

each R?, which may be identical or different, is independently chosen from —
NHC(=0)Y' groups, wherein each Y!, which may be identical or different, is independently
chosen from Ci.12 alkyl, groups;

each R3, which may be identical or different, is independently chosen from
0) R’
6
R groups,

wherein each R®, which may be identical or different, is independently chosen from Ci.i2
alkyl groups, and wherein each R’, which may be identical or different, is independently

chosen from -OY? and -NY>Y* groups, wherein each Y> and each Y*, which may be identical
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or different, are independently chosen from H and Cis alkyl groups, wherein Y* and Y* may
join together along with the nitrogen atom to which they are attached to form a ring;

each R*, which may be identical or different, is independently chosen from Cj.4 alkyl
groups;

mis 2; and

L is chosen from

N Q
M
1-3H

O
m

b

wherein Q is chosen from

O O o N=N
0O !
P }%%AO)/\/U“{ R WA
P 0
Q o
Ay ke
N=N P N=N ,
0 H o
RPN PN Pone
N=N PO Oy NH

Q

and

/N/\BQ

N=N

wherein R® is chosen from H and benzyl, and wherein each p, which may be identical

or different, is independently chosen from integers ranging from 0 to 30.

2. The at least one compound according to claim 1, wherein R® is H.
3. The at least one compound according to claim 1, wherein R® is benzyl.
4. The at least one compound according to any one of claims 1 to 3, wherein p is 0 to 5.
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5. The at least one compound according to any one of claims 1 to 4, wherein at least one

R! is chosen from methyl and ethyl.

6. The at least one compound according to any one of claims 1 to 5, wherein at least one
R? s
o>;
HN\
~
7. The at least one compound according to any one of claims 1 to 6, wherein at least one

R is chosen from the group consisting of*

0 N e~

s b ?

NM/( | Mf\ﬁ A
T e

'y F

8. The at least one compound according to claim 7, wherein at least one R® is

4
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9. The at least one compound according to any one of claims 1 to 8, wherein at least one

R’ is chosen from —OH, -N(Me), and

.?11/"
/

10. The at least one compound according to any one of claims 1 to 9, wherein at least one
R*is CHs.
11.  The at least one compound according to claim 1, wherein the compound is chosen

from compounds having the following Formula:

0 OH
NHAc
(6] o L
0 o
OH
OH
0]
OH
HO
OH
m
12.  The at least one compound according to claim 1, wherein the compound is chosen

from compounds having the following Formula:
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oA

NHAc
(0] o L
0 0
OH
OH
0]
OH
HO
OH
m
13. The at least one compound according to any one of claims 1 to 12, wherein the
compound is symmetrical.
14. The at least one compound according to any one of claims 1 to 13, wherein L is
NP AN
}{[( N N SN j‘)fl
H H
O 0
15. The at least one compound according to claim 1, wherein the compound is chosen

from compounds having the following Formulae:

Lantd
HO
HO o
= HO\
" NHAC f 3
/ 0—
\ o *1110H
O§|\“ A
AcHN O
O“CZ‘ © N\/\ /U\ /\/NH w
o

OH and
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16. The at least one compound according to claim 1, wherein the compound is chosen

from compounds having the following Formulae:

. HO
0 T 0 \
. NHAc R
/% 0
HO ., A QI < OH
“, Q o o
. O - §| -;
Ho! 0o H 0 " AcHN ©
\ . ,,,( \/\NWO H/\/ o
HO OH \ 5 H 17
OH
Ho, OH

OH
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Ho ~ OH

/ aand
OH HO d

HO o HO
; 0 \
. NHAc 3

/ 0

Ho © o “1OH

OH

o
n\|
o]
5
7y

k)
- O=\ A
[0} - o} j <
Hor 0 H 0 " AcHN O
iy N\/\N o N/\/ o
g S | H H
\ o

OH

HO, OH
il
HO
OH 0
He o _ Ho
; (o} £ o
. NHAc ; s
/ [o]
HO o ~, A QI *t11QH
“, ] o= /
Ho: o H 0 " AcHN O
N
\ . .,,,( \/\N)Lé/\o H/\/ o
3 3 H
HO OH ‘\ o 10
OH
HO, OH
oy
HO
OH (o}
HO,’— 9 _ HO
g o) T 0 \
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Ho, OH
1N
HO
OH 0

HO,,_ kS . HO
N 0 T 0 \
. NHAc 3
/% 503

HO ., O 111OH
o

(3 - o -

OH
Ho OH
@'““
HO
N/j 0
HOQ 0
= ~ _ HO
0 0 \
. NHAc o s
HO/ 0 " v
) ”o R Ol 1"1OH
. o 2 o o Oy .
Ho! o H NH AcHN ©
N
_ -,,,( \/\N%/\o H/\/ o
< o H
HO OH \ o 10 .
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0
o . HO,
' 0 S \
o NHAc 0
HO o ", A "IOI|-
“, o O™
“—0, ‘- o = P
Ho: 0 H " AcHN ©
\ N \/\N/U\é/\o N/\/ 0
HO  OH \ cl : 25
O
Ho ~ OH
ant
HO
] d
HC21 9 HO
— ) T 0 \
. NHAc 3
/ 0
HO O, \ ‘g
“, Q (e} o
“—0 z = -
Ho. o H 0 " AcHN
N
\ ,”r \/\N)Lé/\o H/\/ o
HO  OH Y H 4
N

-113 -

o
HO
0 \
o &
"Io“.

AcHN ©
o)
N
OH



08 Mar 2023

2017341065

114 -

Ho,  OH
s
. S HO
fo) =
- NHAc A N
/ 0
"o o
H AcHN ©
.., \/\ /\/NH
o
O
HO, OH
/3 31}
N HO
HO o ©
— o T 0 Ho\
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‘% b B .llo“'
. S o OQI‘\ A
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,”( \/\N o ~_NH °
N R H H
HO OH ° 2
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. 5
o NHAG R He
Ho 0 - N
5 o]
Z R t1on.
o=
H —
Q‘ *O Py Lo T
o N \ /\/NH o
OH



08 Mar 2023

2017341065

OH
OH 1L
H HO
. o o
N 0 _ HO
NHAG =
1} . ~
o : 0 \
HO 9 0
“ o e Lo "1OH
s ~N )‘\(\ fo) Cl
1 N
HO  oH d Ho ey Ny Sy o
\ N N=N H
OH
HO, OH
) -
HO
. 0 d
‘ 0 _ HO
NHAG z
\ . -
/,, = 0 \
’/ o N
“, Q \ “ow( )"IOH
o= -~
Ho! @ N 7 [
, ~N AcHN [e]
:Cz‘ ,,r /U\(\N/<\/ )\/\N X /\/NH
HO o)
O
OH
N .
HO o N HO
S| HO,
NHAc T 0 \
/M ' 3
HO 9 0
2, o e R o Y1 1iOH
HO! o@ ~N j\(\ 1 O§|\ AcHN ©
iy N / o
5 SR | N (= IN’(\/ 9\/\,\‘\ N N/\/NH o
N N=p H
O
<)1 ~\0H
HO o OH HO o
%S o — °
o NHAc : HO\
”',, o—_ N o 0\ \\\‘. ‘Ot
o i Ti}JK 7 o
H -
HO! /U\/ / N/\/NH -
Q \O""’(N\/\N N H AcHN 5
N S H
HO OH \ o}
o
HO
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OH
HO (o]
Q4 oH
o]
OH 7 IN/Q&
N
HO O _OH HN—/_H N=N
NHAc
(o] %E
0 o (o] (o]
OH
HO 04 _OH
OH
HO

OH
HO O/ oH o
O
OH 7 N/\S&
HO N /
Oy _OH HN—/_H N=N
NHAc
o a3 °o§§ )
OH
HO 0°4 _OH
OH
HO .
HO OH
[
N HO
e 0 ° ho
P o) = \
- O
o NHAc - 3
O
HO o ., 'I,Ol“ .,.'OH
. o)
= o=\ 4

Q , and

pharmaceutically acceptable salts of any of the foregoing.

17. The at least one compound according to claim 1, wherein the compound is:
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0 0 \
. NHAc ; 3
o
HO/ O -,’ 'i[ol,, "'OH
/,’ Q \\\‘
O - o o\ N >
0 H AcHN 0O
HOM
Q \Q""' N\/\N/U\N/\/NH 0
<~ \\‘ | H H
HO OH \ o
&
18. The at least one compound according to claim 1, wherein the compound is:

19.

20. A composition comprising at least one compound according to any one of claims 1 to

19 and at least one additional pharmaceutically acceptable ingredient.
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21. A method for treatment and/or prevention of at least one disease, disorder, and/or
condition where inhibition of E-selectin mediated functions is useful, the method comprising
administering to a subject in need thereof an effective amount of at least one compound of

any one of claims 1 to 19 or the composition of claim 20.

22. A method for treatment and/or prevention of at least one inflammatory disease,
disorder, and/or condition, the method comprising administering to a subject in need thereof
an effective amount of at least one compound of any one of claims 1 to 19 or the composition

of claim 20.

23. A method for treatment and/or prevention of metastasis of cancer cells, the method
comprising administering to a subject in need thereof an effective amount of at least one

compound of any one of claims 1 to 19 or the composition of claim 20.

24. A method for inhibiting infiltration of cancer cells into bone marrow, the method
comprising administering to a subject in need thereof an effective amount of at least one

compound of any one of claims 1 to 19 or the composition of claim 20.

25. A method for inhibiting adhesion of a tumor cell that expresses a ligand of E-selectin
to an endothelial cell expressing E-selectin, the method comprising contacting the endothelial
cell with an effective amount of at least one compound of any one of claims 1 to 19 or a

composition of claim 20.

26. The method according to claim 25, wherein the endothelial cell is present in bone
marrow.
27. A method for treatment and/or prevention of thrombosis, the method comprising

administering to a subject in need thereof an effective amount of at least one compound of

any one of claims 1 to 19 or a composition of claim 20.

28. A method for treatment and/or prevention of cancer, the method comprising
administering to a subject in need thereof (a) an effective amount of at least one compound of
any one of claims 1 to 19 or a composition of claim 20 and (b) at least one of therapy chosen

from (1) chemotherapy and (ii) radiotherapy.
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29. A method for enhancing hematopoietic stem cell survival, the method comprising
administering to a subject in need thereof an effective amount of at least one compound of

any one of claims 1 to 19 or a composition of claim 20.

30.  The method according to claim 29, wherein the subject has cancer and has received or

will receive chemotherapy and/or radiotherapy.

31. A method for treatment and/or prevention of mucositis, the method comprising
administering to a subject in need thereof an effective amount of at least one compound of

any one of claims 1 to 19 or a composition of claim 20.

32. The method according to claim 31, wherein the mucositis is oral mucositis,

esophageal mucositis, and/or gastrointestinal mucositis.

33.  The method according to claim 31, wherein the subject is afflicted with head and

neck, breast, lung, ovarian, prostate, lymphatic, leukemic, and/or gastrointestinal cancer.

34. A method for mobilizing hematopoietic cells from the bone marrow, the method
comprising administering to a subject in need thereof an effective amount of at least one
compound of any one of claims 1 to 19 or a composition of claim 20, in combination with at

least one mobilizing agent.

35.  The method according to claim 34, wherein the at least one mobilizing agent is G-

CSF.

36. Use of a compound of any one of claims 1 to 19 in the manufacture of a medicament: for
the treatment and/or prevention of at least one disease, disorder, and/or condition where
inhibition of E-selectin mediated functions is useful; for the treatment and/or prevention of at
least one inflammatory disease, disorder and/or condition; for the treatment and/or prevention
of metastasis of cancer cells; for inhibiting infiltration of cancer cells into bone marrow; for
inhibiting adhesion of a tumor cell that expresses a ligand of E-selectin to an endothelial cell
expressing E-selectin; for the treatment and/or prevention of thrombosis; for the treatment
and/or prevention of cancer; for enhancing hematopoietic stem cell survival; for the treatment

and/or prevention of mucositis; or for mobilizing hematopoietic cells from the bone marrow.
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