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HETEROBIFUNCTIONAL INHIBITORS OF E-SELECTINS AND CXCR4
CHEMOKINE RECEPTORS

[0001]

FIELD OF INVENTION

[0002] Compounds, compositions, and methods for treating cancer and inflammatory
diseases and for enhancing retention of cells after releasing into circulating blood are disclosed
herein. For example, heterobifunctional compounds and compositions that inhibit E—selectins

and CXCR4 chemokine receptors, and uses thereof are disclosed.

BACKGROUND OF THE INVENTION

[0003] A number of cancers are treatable before the cancer has moved beyond the primary
site. However, once the cancer has spread beyond the primary site, the treatment options may
be limited and the survival statistics may decline dramatically. Bones are a common location
for cancer to infiltrate once leaving the primary tumor location. Breast and prostate cancer are
examples of cancers that migrate to bones. Even leukemic cells that arise in the bloodstream
may home to the bone marrow. Once cancer resides in bone, it may cause pain in an individual.
Furthermore, once in the bone marrow, the cancer cells may also become resistant to
chemotherapy. In addition, if the particular bone affected produces blood cells in the bone
marrow, the individual may develop a variety of blood cell related disorders. Thus, it may be
desirable to prevent cancer cells from leaving the primary site and/or to prevent extravasation
of cancer cells from the bloodstream and infiltration into other tissues. Retention of cancer

cells in the bloodstream makes the cells more susceptible to treatment, such as chemotherapy.
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{80041 Some cancers coriginate all or in part in bone. For such canceys, it may be
desirable to mobilize cancer cells from bone to the bloodstream and/or (o prevent those cells
{as well as any cancer cells already in the bloodstream) from howing o bone or otherwise
lsaving the bloodstream. Retention of cancer cellz in ihe bloodstream (or mobilization of
cancer celis into the bloodstream and then retention therein) makes the cells more susceptible

o treatment, such as chemotherapy.

jaaas] Hematopoietic stem cells (HSCs) also reside in the bone marrow and are a source
of material for celhular therapy. HSCs adhere o the stroma within the bone marrow and in
order to be harvested must break these adhesions and wobilize oul of the bone marrow,
Improved agents for increasing the number of HSUs avallable for harvesting may be

desirable. Such HSCs may be useful for engrafiment. ‘

UL Accordingly, there is a need in the art for the (reatment of cancers that may leave
the primary site and cancers that originate all or in part in bone, and for improved methods fo
aid in the preparation of therapeutic—grade stern cells. The prosent disclosure may fulfill one

or more of these needs and/or may provide other advaniages,

SUMMARY OF THE INVENTION

BoaT| Briefly stated, compounds, compositions, and methods for treating diseases and
for improving methods in which an E—selectin and a CXCOR4 chemokine receptor may play a
role are disclosed.  Compounds disclosed herein are heterobifunctional, whersin an E-
selectin inhibltor is linked to a CXCR4 chemokine receptor inhibitor. The compounds may
be used lo treat cancer in which the cancer cells may leave the primary site, to treat an
inflammatory disease in which the adhesion or migration of cells ocours in the disease, and/or
to release cells such as stem cells {e. g, bone marrow progenitor cells) info circulating bleod
and enhance retention of the cells in the blood (e.g.. 1o wmobilize colls out of bone marrow and

maintain the cells in the peripheral bloodstream).

{6808] In some embodiments, heterobifunctional inkibitors of Formuia (I} are disclosed:
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prodrugs of Formutla (I}, and pharmaceutically acceptable salts of any of the foregoing,
wherain

R’} is chosen from H, Cra alkeyl, Cos afkenyl, Cog alkynyl, Crg haloalioyl, Cos
haloalicenyl, and Cy5 haloalkyny! groups;

R* is chosen from —OH, -NHy, ~OCEMY! -NHCEOY!, and -NHOE=0)NHY!
groups, wherein v is chosen from Cig alkyl, Cyp alkenyl, Cpg alkynyl, Oy ¢ haloalkyl, Cag
haloalkenyl, Cog haloalkynyl, Co.is aryl, and Cy.45 heteroaryl groups;

B> is chosen from <ON, -CHCN, and -C(E=0YYY groups, wherein Y7 is chosen from
Cra alkyl, Cos alkenyl, Cog atkynyl, <02, NHOH, -NHOCH,, -NHCN, and ~N2'77 groups,
whereln 2 and 7%, which may be identical or different, are independently chosen from H, €.
s alkyl, Cog alkenyl, Co alkynyl, Ci haloatkyl, Cos haloalkenyl, and Co g haloalkynyl
groups, wherein 7' and 27 may join together to form a ring;

B ja chosen from Csg cyclealicyl groups:

R’ is independently chosen from H, halo, Crs alkyl, Cox alkenyl, Cog atkynvl, Cig
haloatkyl, Ty haloalkenyl, and Cop haloalliynyl groups, with the proviso that at least one R
isnot B

n is chosen from integers ranging from 1 o 4; and

1, is chosen from linker groups.

16009] As used herein, ‘compound of Formula (IY includes hetsrobifunctional inhibifors
of Formula (1), pharmaceutically acceptable salts of heterobifunctional inhibitors of Formula
(I}, prodrugs of heterobifunctional inhibitors of Forrmula (1), and pharmaceutically accepiable

saits of prodrugs of heterobifunctional inhibitors of Formula (1.
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{8816] in some embodiments, pharmaceutical compositions comprising at least one
compound of Formula (1) and optionally at least one additiona] pharmaceutically acceptable

ingredient are presented,

{8811} In some embodiments, a compound of Formula (I} andfor a pharmaceutical
composition comprising ot least one compound of Formula () may be used for the
preparation and/or mamifacture of a medicament for use in treating at least one of the

diseases, disorders, and conditions described herein,

(812} In some embodiments, a method for treatment and/or prevention of at least one
cancer in which the cavcer cells may leave the primary site I8 disclosed, the method
comprising administering 1o a subject in need thereof an effective amount of at least one
compound of Formula ()} and/or a pharmacentical composition comprising at least one
compound of Formula (1} and optionally at least one additional pharmaceutically acceptable

ingredient.

3813} In some embodiments, a mothod for treatment and/or prevention of at least one
cancer in which it is desired o mobilize cancer cells from a siie into the bloodstream and/or
retain the cancer cells in the bloodstream is disclosed, the method comprising administering
to a subject in need thereof an effective amount of at feast one compound of Formula (D
and/or a pharmaceutical composition comprising at least one compound of Formula (I and

optionally at least one additional pharmaceuticaily accepiable ingredient.

8014} in some embodiments, at least one compound of Formula (1) andior 2
pharmaceutical composition comprising at least one compound of Formula (1) may be used in
methods desoribed herein for treatment and/or prevention of tumor metastasis. In some
embodiments, the tumor metastasis arises from pancreatic cancer, In seme emobidments, the
jumor metastasis arises from prostate cancer. In some embodiments, the tomor metastasis
arises from pancregtic cancer. In some embodiments, the tumor metastasis arises from breast
cancer. In some embodiments, at lgast ome additional chemotherapy agent such as

gemcitabine is administered to the individual.

[B015] i some embodiments, a method for releasing cells into circulating blood and

enhancing retention of the cells in the blood comprising administering to a subject in need

- -
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thereof an effective amount of at least one compound of Formula (1) and/or a pharmaceutical
composition comprising at least one compound of Formula (1) and optionally at least one
additional pharmaceutically acceptable ingredient is disclosed. In some embodiments, the
method further includes collecting the released cells. In some embodiments, collecting the
released cells utilizes apheresis. In some emobdiments, the released cells are stem cells {e.g.,
bone marrow progenitor cells).  In some embodiments, G-CSF is administered to the

ndividual,

LY In some embodiments, a method for the ireatment and/or prevention of an
inflammatory disease is presented in which the adhesion and/or migration of cells occurs in
the diseases comprising administering to a subject in need thereot an effective amount of at
ieast one compound of Formula (1} and/or a pharmaceutical composition comprising at keast
one compound of Formela (I and oplionally at least one additional pharmaceutically

acceptable ingredient,

{86177 In the following description, cerfain specific details are set forth in order o
provide a thorough understanding of various emnbodimenis, However, one skilled in the ant
will understand that the disclosed embodiments may be practiced without these details. o
other instances, well-known structures have not been shown or described in detail to avoid
unnecessarily obscuring descriptions of the embodiments. These and other embodiments will

become apparent upon referonce to the following detailed description and attached drawings,

BRIEF DESCRIPTION OF THE DRAWINGS

(80318} Figure 1 (Fig. 1A and Fig. 1B) is 8 diagram ilustrating the synthesis of

heterobifonctional Compound ¢ and Compound 16,
[8018] Figure 2 shows the 400MHz 'H NMR spectrum of Compound 9
28] Figure 3 shows the 600MHz "H NMR spectrum of Compound 16

(9821} Figure 4 depicts the resuits of the inhibition of SDF-1-induced chemotaxis assay

by heterobifunctional Compounds 9 and 16,

SUBSTITUTE SHEET (RULE 26)
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86221 Figure 5 (Fig. 53A and Fig. 5B} depicts the results of an BE-selectin assay in which

heterobifunctional Compounds © and 16 are used as the inhibitor,
{80231 Figure 6 depicts the results of a CXCR4 assay by heterobifunctional Compound 9.

16024} Figure 7 depicts the results of a Iymphatic and vacular endothelial migration

toward tumor-gssociated fibroblasts assay by heterobifunetional Compound 9.

{8023 Figure § depicts the resulls of a PRAC cell binding to bymphatic monolayers assay

by heterobifonctional Compound 8,

[0035] Figure ¢ depicte the results of an intrgtibial tumor assay by heterobifunciional

Compound 9.

DETAILED DESCRIPTION

(8037} Disclosed herein are compounds, compositions, and methods for treating diseases
in which an FE-selectin and & CXCR4 chemokine receptor play a role, and for enhancing
retention of cells after releasing into circulating blood. The compounds have a variety of uses

in vitro and in vive.

{8628} E-seleciin inhibitors are known in the art. Some E-selectin inhibitors are specific
for B-selectin only. Other E-selectin inhibitors have the ability to inhibit not only E-selectin
but additionally P-selsctin or L-selectin or hoth Peselectin and Lo-selectin, Examples of B~
selectin inhibitors {specific for E-selectin or otherwise) are disclosed in U.S, Patent No.
70600688, US, Application Publication Neo. US-2007-0054870; UK. Application
Publication No. LIS-2008-0161546; and references cited in any of these patent or published
application documents. Those examples are small organic molecules.  Other known E-
selectin inhibitors are amine acid-based, such as antibodies. For example, the humanized

monpclonal antibody CDPBSG is an E-selectin inhibitor,

{0291 UXCR4 chemokine recepior inhibitors are known in the art. Such ishibiiors will
typically prevent the binding of stromal derived factor-1 (8DF-1} to a CXCR4 receptor.

Examples of CXCR4 chemoking receptor inhibitors are AMD-3100 (Hendrix et al,

SUBSTITUTE SHEET (RULE 26)
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73:1719-1723, 1999). These examples include a small organic molecnle and amino acid-
based molecules, such as the T22 peptide. AMD-3100 is 2 bicyclam. Each of the two
cyclam rings is attached to the same phenyl ring (each cyclam ring is para o the other) via g

methylene group.

16036} Heterobifunctional compounds for ishibition of E-selectin and the CXCR4
chemokine recepior comprising F-selectin inhibitor-Linker-CXCR4 chemokine recepior
inhibitor are known in the art. EBxamples are disclosed, for example, in U5, Patent No.

8,410,066,

LAY In soms embodiments, presented are heterobifunctional inhibitors of Formula (I

prodruags of Formula (U}, and pharmaceutically acceptable salts of any of the foregoing,
wherein

R’ is chosen from H, Cix alkyl, Cos slkenyl, Cos alliynyl, Cig haloallvl, Co
naloalkenyl, and O haloalkynyi groups:

R” is chosen from ~OH, ~NH;, ~0CEOYY!, -NHCEOYY!, and ~NHCEONHY!
groups, wherein v is chosen from Cg allyl, Cog alkenyl, Cog alkynyl Cos haloalkyl, Cag
haloalkenyl, Cpq haloallynyl, Ceng aryl, and Cryy heteroaryl groups;

1% is chosen from ~CN, -CHON, and —C(===O)Y2 groups, whersin ¥2 i chosen from
Cog allyl, Cog alkenyl, Cyp allynyl, <07}, -NHOH, -NHOCH,, -NHCN, and -NZ'22 groups,
wherein 7' and 72, which may be identical or different, are independently chosen from H, Ci.
g alkyl, Og g alkenyl, Cog alkynyl, Oy haloalkyl, Coy haloatkenyl, and Cog haloatkynyl

groups, wherein 7 and Z? may join together to form a ring;
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®* is chosen from Ca.g cyeloatkyl SrOUpPS;

cach R is independently chosen from H, halo, Cip alkyl, Cog slkenyl, Cop alkynyi,
¢ haloalkyl, Cox haloalkenyl, and Cox haloalkynyl groups, with the provise that at least
one B §a not H:

1 is chosen from integers ranging from 1 o 4; and

L is chosen fram lnker groups.

18032 In some embodiments, R’ is chosen from H, Crq alkyvl, and Cyg haloallyl groups.
i1 some embodiments, R' is chosen from H, methyl, sthyl, -CHF, -CHF,, -CF;, ~-CHCHF,
-CHCHP,, and ~CHLCF;. In some embodiments, R! is H. In some embodiments, R' is
chosen from methyl and ethyl, In some embodiments, R! is methyl. 1n some embodiments,

R s ethyl,

10833] In some embodiments, R” is chosen from -QCEOY! and ~“NHCE=MY' groups,
wherein Y’ is chosen from Chg aikyl, Cyg haloalkyl, Ceyp aryl, and O3 heteroaryl groups,

s 9. .
In some embodiments, R® is chosen from

(%] LTI, X gy
v,\g\ ;,;;;z \i} g\\\\ f, \\
7 ¢ f
ook . b
HN St
N
v . cand PN .

{034 in some embodiments, R is -C{(=01Y", wherein Y* is chosen from -OZ' and -
e iy <yl 73 . . ] . .

NZ'Z' groups, wherein 2' and 27, which may be identical or different, are independently
chosen from H, Cys alkyl, and Cy. haloalkyl, wherein Z' and 27 may join together o form a

ring. In some embodiments, R? is -C=00H,

0835] In somne embodiments, RY is chosen from cyclopropy! and cyclohexyl groups. In

5257"‘} .
SN
and =

some embodiments, R? is chosen from
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16836} In some embodiments, each R® is independently chosen from H, halo, Cys alkyl,
and Co.s haloalkyl groups, with the proviso that at least one R° is not H. In some
embodiments, at least ons R® ig halo, In some embodiments, at Jeast one R is fuoro, In
some embodiments, at least one R §a chloro. In some embodiments, at least one R is brome.

In some embodiments, at least one R s fodo.

8437 in some embodiments, n is 2. In some embodiments, nis 2 and R’ is halo. In
sorpe embodiroents, n is 2 and R is bromo. To some embodiments, 3 15 1. In soms

embodiments, nis | and R7 is halo. Tn some embodimenis, nis | and B is broma.

{83381 in some embodiments, the compound is chosen from compounds of Formula (Ja)

Qg A y
i {.‘*
! . &
H PR
1 o 5
Ragy Al ,\""
~ T Linkee
b,
el
R it
i
{Ia}

{8838] In some embodiments, the compound 18 chosen from compounds of the following

Formulae:
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{60344 In some embodiments, the compound is chosen from compounds of Formula (Thy:

(1)

8041} In some embodiments, the compound s chosen from compounds of the following

Formulae:
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[6043] In some embodiments, the compound is chosen from compounds of the following

Formulae:
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. and

LY in some embodiments, Unker groups may be chosen from groups comprising
spacer groups, such spacer groups as, for example, -(CHolp- and -O(CHy)y-, wherein p is
chosen from integers vanging from 1 fo 20, Other non-lmiting examples of spacer groups
inolude carbonyi groups and carbonyl-containing groups such as, for example, amide groups.

A non-limidting example of a spacer group is

~§4 .

SUBSTITUTE SHEET (RULE 26)



CA 02968391 2017-05-18

WO 2016/089872 PCT/US2015/063191

H o

N S G S O /\?{?
S

N
1

{0045 in some embodiments, the linker group is chosen from
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{60451 (ther linker groups, such as, for example, polysthylene glyeols (PEGs)
and ~C{=0)-NH-{CH)p-C=0N-NH-, wherein p is chosen from integers ranging from 1 1o 20,
wiil be familiar to those of ordinary skill in the art and/or those in possession of the present

disclosure,

{60471 In some embodiments, the Hoker group is

~ 15 -
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[8048] In sgme embodiments, the linker group is
}.- N \V/f‘\ N - \///\\Q/\\Tr e “\\N]/"( :&\,,
H O -

{8849 In some embodiments, the Hnker group is chosen fom ~C{=0NE{CH)pNE-,
SCHNHCH -, and  ~CEORNHCH- In some embodiments, the lnker group is
~C{=ONH{CH 5 NH-

{8056] Int some embodiments, the compound is chosen from compounds of the following

Formulas:

vvvvvvvvvv e;:". Ny
R N
2 Vo ot
YT IN D ENL
Nemmnad { ™
| |
K,
N e
NHOHM
"
SO
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{6051 in some embodiments, the compound is chosen from compounds of the following

Formuiae:
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188521 Also provided are pharmaceutical composiiions comprising at least ong compound
of Formula {I). Such pharmaceuifcal compositions are described in greater detail hersin.

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

HHERS In some embodimeants, at least ong compound of Formuls (I} andior g
pharmaceutical composition comprising at least one compound of Formula (1) may be used in
methods desoribed hereln for ireatment and/or prevention of a cancer in which the cancer
cells may leave the primary site. A primary site may be, for example, solid tissue {e.g., breast,

prostate, or pancreatic) or the bloodstream.

[0854] In addition to breast cancer, prostaie cancer, and pancreatic cancer, other

examples of inhitrating diseases include lung cancer and melanoma, as well as the

- 19
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hematologies! malignancies {e g, leukemias and myelomas). As used herein, the ferm
“regtment” (neluding varlations such as ““reating™) inclhudes for the disease or a
complication associated with the disease. For example, a complication associated with the
cancer may not have presented itself in an individual with the disease, and a compound may
be administered 1o prevent presentation of the complication in the individual. Complications
associated with a cancer in which the cancer cells may leave the primary site include, for
example, metastasis and infiltration of cancer cells to other tissues. For example, acute
wyelogenous leukemia (AML)Y and multiple myveloma (MM) cells migrate to the endosteal
region of the bone marrow where the cells become gquiescent and are protected from
chemotherapy-induced apoptosis.  Administration of a compound described hergin may
prevent adhesion or migration of cancer celis.  Such prevention can result in making the
cancer cells more susceptible to treatment with chemoctherapy.  Administration of a
compound described herein in the context of prevention may be to an individoal who s at
risk of ocourrence of a cancer for the first thme, or for recurrence of a cancer. For example,
while a brain cancer such as gliohlastoma muliiforme s typically treated with another type of
therapy (such as radiation or chemotherapy) for the st ocourrsnce, such therapy is usually

not etfective fo prevent recurrence.

{H055] in some embodiments, at least one compound of Formula (1) and/or a
pharmaceutical composition comprising at least one compound of Formula (I) may be used in
methods described herein for treatment and/or prevention of a cancer tn which it is desired to
mabilize cancer cells from a site juto the bloodstream and retain the cancer cells in the

tloodsiream.

[B6056] Examples of cancers for such treatment include lsukerias and myelomas {e.g.,
AML and MM). Mobilizing cancer cells into the bloodstream from 3 site and retaining the
cells therein can resull in making the cancer cells more susceptible o treatment with
chemotherapy. An example of a stie from which to mobilize cancer cells is bone, Cance
cells may, fur example, be in circulation and then home to bone. Onee in bone, the cancer
cells are protected from chemotherapy. A compound described herein may be used, for
example, to mohilize cancer cells from bone into the bloodstream and prevent cancer cells
from homing o bone, thereby retaining the cancer cells n the bloodstream.  Administration

of a compound described herein in the context of prevention may be to an individual who is

- -
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at risk of oceurrence of a cancer for the first time, or for recurrence of a cancer. For example,
while a brain cancer such as glichlastoma multiforme is typically treated with another type of
therapy (such as radiation or chemotherapy) for the first ocourrence, such therapy is usually

not effective to prevent recurrence.

05T In some embodiments, at least one compound of Formula (I andior g
pharmaceutical composition comprising at feast one coropound of Formula () may be ysed In
methods for relasing cells (cush as hematopoletic stem cells) into circulating blood and

enhancing retention of the cells in the blood.

{BO5E] One use of the method is, for example, for stom cell harvesting,  Stem cells may
be needed, for example, afier high—dose chemotherapy treatment. Many chemotherapies
suppress bone marrow which disrupts the production of certain components of blood in an
individual. As a result, the individual may develop a variety of blood cell related disorders
and continuation of chemotherapy may be compromised. A compound described herein may
be used, for example, to releass stem cells into ciroulating blood and enbance retention of the
stemm cells in the blood. The method may include a further step of collecting cells that are
released. For example, released stem cells way be collected. A variety of fechnigues are
known in the art for collecting cells. For example, apheresis may be utilized. An example of
a stem cells is a bone marrow progenitor cell. The release of such cells from bone martow
into circulating blood and refention therein has a variety of uses. For example, the mobilized
hone marrow progenitor cells may be collseted from the blood. A use of such collected cells
is to obtain healthy bone marrow progentior celis from an individual prior io treatiment of the
individual in a manner such that bone marrow is suppressed. Following treatment, the
individual can receive a bone marrow fransplantation utilizing the bone marrow progenitor
cells collected prior to treatment. This is useful, for example, where an mdividual needsto be

subjected to a chemotherapy protocol that will suppress booe marrow,

[8a39] It can be desirable io additionally treat an individual with at least one {fe., one or
reore} colony stimulating factor. Soch a factor may be administered, for example, bafore or
simultancous with administration of at least one of the above—described compounds. Where
administration is simuliancous, the combination may be admisistersd from a single container

of two {or more) separate coniminers. An example of a suitable colony stimulating factor is
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granulocyte—colony stimulating factor (G-C8F). G-C8F induces the bone marow 1o grow
and produce more stem celis. A compound described hergin aids in releasing stem cells into
circulating blood. Stem cells produced in bone marrow and released into cireulating blood,
as a result of the combination of the administration (separately or together) of a compound
described herein and G-CSF, may be coilecied as deseribed above. Such collected stem celis
may be, for example, adminisiered o the individual after chemotherapy. The stem cells
return (o the bone marrow and produce blood cells.  Application of a compound described
herein to mobhilization and harvesting of healthy bone marrow progenitor cells from bone
marrow treated with G-CSF provides cclls useful, for oxample, for bone marrow

{ransplantation.

{0068] In some embodiments, al least one compound of Formula (I} andfor a
pharmaceutical composition comprising af keast one compound of Formula {8) may be used in
methods described herein for treatment and/or prevention of tumor metastasis. In some
embodiments, the tumor metastasis arises from pancreatic cancer, In some emobidments, the
turmor metastasis arises from prestate cancer.  In some embodiments, the tumor metastasis
arises from pancreatic cancer. In some embodiments, the tumor metastasis arises from breast
cancer.  In some embodiments, at lgast ong additiona! chemotherapy agent such as

gemcitabine s administered to the individual,

{661} In some embodiments, at least ong compound of Formula (I and/or a
pharmacentical composition comprising at least one compound of Formula (I} may be used in
methads for treatment and/or prevention of an inflammatory disease in which the adhesion or

migration of cells oocurs in the disease.

[080e2] Examples of inflammatory diseases include inflammatory skin disorders such as
atopic dermatitis and psoriasis. The treatment may reduce (partiaily or totaily) the disease or
a comphlication associated therewith, such as pain. The treatment may be used In conjunction
with one or more other therapies for such an inflammatory disease or a complication

associated therewith,

(8363} In some embodiments, & compound of Formula () and/or a pharmaceutical
composition comprising at least one compound of Formula (I} may be used for treating at

least one of the diseases, disorders, and conditions described herein or for the preparation or
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manutacture of 8 medicament for use in freating al least one of the discases, disorders, and/or
conditions described herein. Each of these methods and uses is described in greater detail,

Definitions

{H064] Whenever a term in the specification i identified as a range {e.g, G alkyly, the
range independently discloses and inclndes each element of the range. As a non-Hmiting

example, T4 alkyls includes, independently, Cy aliyls, €5 alkyls, C; alkyls, and Cy alkyls.

{BO6S] The term “af least one” refers 1o one or more, such as one, two, ete. For example,
the term “at least one Ty alky!” refers to one or more .y alkyl groups, such as one iy

atkyl group, two Cy alkyl groups, etc.

{0066] The term “alky!” includes saturated straight, branched, and eyclic (also identified
a5 cyeloalicyl), primary, secondary, and tertiary hydrocarbon groups. Non-limiting examples
of alkyl groups include methyl, ethyl, propyl, iseoropyl, cyelopropyl, butyl, sechutyl, isobutyl,
fertbutyl, cyclobutyl, f-methytburyl, 1l-dimethylpropyl, pentyl, cyclopentyl, isopentyl,
neopentyl, cyclopentyl, hexyl, ischexyl, and cyclohexyl. Unless stated otherwise specifically

in the specification, an alloyl group may be optionally substituied,

(8667} The term “alkenyl” includes straight, branched, and cyelic hydrocarbon groups
comprising at least one double bond.  The double bond of ap alkenyl group can be
unconjugated or conjugated with another unsatwrated group.  MNon-limiting examples of
alkenyl groups nelude vinyl, allyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl,
hexadienyl, 2-ethylhexenyl, and cyclopent-i-en-I~yl. Unless stated otherwise specifically in

the specification, an alkenyl group may be optionaily substituted.

[8068] The term  “alkynyl” inchides straight and branched hydrocarbon  groups
comaprising at least one triple bonds.  The triple bond of an alkynyl group can be
unconjugated or conjugated with another unsaturated group.  Mon-Hmiting examples of
allkvayl groups include ethynyl, propyuyl, butynyl, pentynyl, and hexynyl. Unless stated

otherwise specifically in the specification, an alkvnyl group may be optionally substituied.

{88691 The term “aryl” includes hydrocarbon ring sysiem group comprising 6 o 18

carbon ring atoms and at least one aromatic ring. The aryl group may be a monocyclic,

-2% .
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bicyclic, tricvelic or tetracyelic ring sysiem, which may include fused or bridged ring systems.
Non-limiting examples of arvl groups include aryl groups derived from aceanthrylene,
acenaphthylene, acephenanthrylene, anthracene, arulene, benzense, chrysene, fluoranthene,
fluorene, as-indacene, s-indacene, indane, indensg, naphthalene, phenalene, phenanthrene,
pleiadens, pyrene, and triphenyviens. Unless stailed otherwise specifically in the specification,

an aryl group may be oplionally substitnted.

FO878] The term “aryvialkyl” or “aralkyl includes aryl groups, as described hervein,
appended to the parent molecular molsty through an alkyl group, as defined hereln. Now-
limiting examples of an aryialkyl or aralkyl group include benzyl, phenethyl, and
diphenylmethyl. Unless siated otherwise specifically in the specification, an arylalkyl or

arallkyl group may be optionally substituted.

{0871} The term “cycloallyl” or “carbocyche ring” inchudes saturated monocyelic or
polyeyelic hydrocarbon group, which may include fused or bridged ring systems. Non-
limiting examples of a oyclealkyl groun include  oyclopropyl, oyclobutyl, cyclopentyl,
3 i group FEHOPTOPY, 3 yelopenty
cyelohexyl, cycloheptyl, cyelooctyl, adamantyl, and sorbomyl.  Unless otherwise stated

spocifically in the specification, a eycloalkyl group may be oplionally substituted.

09723 The term “E-selectin antagonist” includes inhibitors of H-selectin only, as well as
inhibitors of E-selectin and eBher P-selectin or L-selectin, and inhibitors of E-selectin, P-

selectin, and L-selectin.

0073 The term “fused” inchudes any ring structure deseribed herein which is fused fo an
existing ring structure, When the fused ring s a heteroovelyl ring or a heteroaryl ring, any
carbon atom on the existing ring structure which becomes part of the fused heterccoyelyl ring

or the fused heteroaryi ring may be replaced with a nitrogen atom.

[B874] The term “hale” or “halogen” inchudes fuora, chloro, bromo, and iodo.
[8875] The term “haloalkyl” includes alkyl groups, as defined herein, substituted by at

icast one halogen, as defined herein.  NMNon-limiting examples inchude trifluoromethyl,
difluoromethyi, trichloromethyt, 2,2, 2-trifluoroethyl, L2-diftuoroethyl,

3-bromo-2-flucropropyl, and 1 2-dibromoethyl. A “fluorcalky!” is a haloalkyi that is
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substituted with at least one fluoro group. Unless stated otherwise specifically in the

specification, a haloalkyl group may be optionally substituted,

876l The term “haloalkeny!” includes alkenyl groups, as defined herein, substituted by
at leasst one halogen, as defined herein.  DNon-limiting examples inciude fluorocthenyl,
1, 2~difluoroethenyt, 3-bromo-2-fluoropropenyl, and 1,2-dibromoethenyl. A “flucroalkeny!l”
is a haloalkenyl substitnted with at least one flucro group. Unless stated otherwise

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

{90771 The term “haloalloynyl” includes alkynyl groups, as defined herein, substituted by
at least one halogen, as defined herein.  Non-limiting examples include fluoroethynyl,
t,2-difluoroethynyl, 3-bromo-2-fluoropropynyl, and 1.2-dibromoethynyl. A “Huoroalkyay!”
is a haloalkvnyl substituted with at least one fluore group.  Unless stated otherwise

specifically in the specification, a haloallcynyl group wmay be optionally substituted,

[T 8L The term “heterocyelyvl” or “heterocyolic ring” includes 3- to 18-membered
saturated or partially unsaturated non-aromatic ring groups comprising 2 to 12 ring carboo
atoms and 1 to & ring hetercatom{s) each independently chosen from N, O, and S, Unless
stated otherwise specifically in the specification, the heterocyclyl groups may be a
monocyelic, bicyclic, tricyele or tetracyelic ring systerm, which roay inchude fused or bridged
ring systems; and the wnitrogen, carbon or sulfur atoms in the helercoyelyl group may be
optionally oxidized; the nitrogen atom may be optionally guaternized; and the heterocyolyl
group may be partially or fully saturated, Noun-limitiog examples include dioxolanyl,
thienyl[1,3}dithianyl, decabydroisoquinolyl, imidazelinyl, imidazolidinyl, isothiazolidinyl,
isoxazolidinyl, morpholinyl, octahydroindolyl, octahydroiseindolvl, 2-oxopiperazinyl,
Z-gxopiperidinyl, 2-oxopyrrolidinyl, oxazolidinyl, piperidiny], piperazinyt, 4-piperidonyl,
pyvreolidinyd,  pyrarolidingl,  quinuclidinyl, thiazolidiny], tetrabydrofuryl, trithianyl,
tetrabydropyranyl,  thiomorpholinyl,  thiamorpholinyl,  t-oxo-thiomorpholimyl,  and
i, I-dioxo-thiomorpholinyl.  Unless stated otherwise specifically jo the specification, a

heterocyelyl group may be opticnally substituted.

84751 The term “heteroaryl” includes §- to 14-meombered ving groups comprising 1 o 13
ring carbon atoms and 1 to 6 ring heteroatom(s) cach independently chosen from N, O, and §,

and af least one aromatic ring. Unless stated otherwise specifically jo the specification, the
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heteroary! group may be a monceyclic, bicyclie, tricyclic or tetracyclic ving system, which
may include fused or bridged ring systems; and the nitrogen, carbon or sulfur atoms in the
heteroaryl radical may be optionally oxidized; the nitrogen alom may be optionally
guaternized. Non-limiting  examples  include azepinyl, acridinyl, benzimidazolyl,
benzothiazolyl, benzindolyl, beneodioxolyl, benzofuranyl, henzooxazolyl, benzothiazolyl,
benzothiadiazolyl,  benzoldl[1L41dioxepinyl, 14d-benzodioxanyl, benzonaphthofuranyl,
benzoxazalyl, benzodioxolyl, benzodioninyl, benzopyranyl, benzopyranonyl, benzofuranyl,
benzofuranonyl, benzothionyl {benzothiophenyl), benzotriarofyl,
banzof4.6limidazol |, 2-alpyridiny], carbazolyl, cinnolinyl, dibenzofuranyl, dibenzothiophenyl,
furanyl,  furanonyl, isothiszolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoindolyl,
indelinyl, isoindelinyl, isoquinolyl, indolizinyl, isoxazolyl, naphthyridinyl, oxadiazolvl,
2-oxoazepinyl, oxazolyl, oxiranyl, l-oxidopyridinyl, t-oxidopyrimidingl, l-oxidopyrazinyl,
l-oxidopyridazinyl,  I-phenyl-18-pyrrolvl, phenazinyl, phenothiazinyl, phenoxazinyl,
phthalazinyl, pteridinyl, purinyl, pyreolyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, quinazolinyl, quinoxalinyl, guinolinyl, guinuclidinyl

isoquinolingd,

tetrahydroquinolinyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl, triaziny, and thiophenyl (i.e.

N

thicnyl}. Unless stated otherwise specifically jn the specification, a hetercaryl group may be

7/

optionally substituted.

[B08G] The term “pharmaccutically acceptable salts” includes both acid and bass addition
salts. Non-limiting examples of pharmaceutically acceptable acid addition salts include
chiorides, bromides, sulfates, nitrates, phosphates, sulfonates, methane sulfonates, formates,
tartrates, maleates, cifraies, benzoates, salicylates, and ascorbates. MNon-limiting examples of
pharmaceutically acceptable base addition salts include sodiom, potassiom, lithiom,
ammonium  {(substituted and  unsubstitwted), calchum, magoesiom, iron, zioe, copper,
manganese, and aluminum salts. Pharmaceutically accepiable salis may, for example, be

obtained using standard procedures well known in the field of pharmaceuticals,

]

{B08Y] The term “prodrug” includes compounds that may be converted, for example,
under physiclogical conditions or by solvolysis, (o a biclogically active compound described
herein. Thus, the term “prodrug” includes metabolic precursors of compounds deseribed
herein that are pharmaceutically acceptable. A discussion of prodrogs can be found, for

examople, in Higuchi, T., et al,, "Pro-drugs as Novel Delivery Systems,” A.C.8, Symposium
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Series, Vol 14, and in Bioreversible Carelers in Dwug Design, ed. Edward B, Roche,
American Pharmaceutical Association and Pergaroon Press, 1987, The term “prodrug” also
includes covalently bonded carriers that release the active compound(s) as described herein in
vive when such prodrug is administered to a subject. Non-limiting examples of prodrugs
inchude ester and amide derivatives of hydroxy, carboxy, mercapto and amino functional

groups in the compounds described herein.

{B0R3] The term “substituted” includes the situaticn where, in any of the above groups, at
least one hydrogen ator is replaced by a non-hydrogen atom such as, for example, a halogen
atom such as F, Cl, Br, and T; an oxygen atom in groups such as hydroxyl groups, alkoxy
groups, and ester groups; a sulfur atom in groups such as thiol groups, thioalkyl groups,
sultone groups, sulfony! groups, and sulfoxide groups; a sitrogen atom in groups such as
amines, amides, alkylamives, dlalkylamines, arviamines, alloylarviamines, diarylamines, N-
oxides, iroides, and enamines; a silicon atom in groups such as trialkylsilyl groups,
diatkylarylsilyl groups, alkyidiaryisibyl groups, and triarylsilyl groups; and other heterogtoms
in various other groups. “Substituted” also includes the situation where, in any of the above
groups, at least one hydrogen atom is replaced by a higher-order bond (e.g., a double- or
triple-bond} (o 2 heteroatom such as oxygen in oxo, carbonyl, carboxyl, and ester groups; and

nitrogen in groups such as imines, oximes, hydrazones, and niiriles,

B The term “thicalky!” includes -8R, groups wherein R, is chosen from alkyl,
alkenyl, and alkynyl groups. as defined hercin, Unless stated otherwise specifically in the

specification, a thioalkyl group may be optionally substituted.

{3484] The present disclosure includes within its scope all the possible geometric isomers,
e.g, Z and E isomers {ciz and frong isomers), of the compounds as well as all the possible
optical isomers, e¢.z. diastereomers and enantiomers, of the compounds. Furthermore, the
present disclosure moludes in its scope both the individual isomers and any mixtures thereof,
£.g. racemic nuxtures. The individual isomers may be obtained using the corresponding
isomeric forms of the starting material or they may be scparated affer the preparation of the
end compound gccording to conventional separation methods, For the separation of optical
isomers, e.g, enantiomers, from the mixiure thereof conventional resolution methods, e.g

fractional crystallization, may be used,

-3
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[8885] The present disclosure inciudes within s sgope all possible imutomers,
Farthermore, the present disclosure Includes in Uis scope both the individual tautomers and

any mixtures thereof

Compound Synthesis Procedures

HHREY Compounds of Formula (1) may be prepared according to General Reaction
Schemes { and 1 below, 1t is understood that one of ordinary skill in the art may be able 1o
make ihese compounds by similar methods or by combining other methods known to one of
ordinary skill in the art. Tt s also understood that one of ordinary skill in the art would be
able to make, in a similar manner as desoribed below, sther compounds of Formula (1) not
specifically llustrated hersin by using appropriate starting components and modifying the
parameters of the synthesis as needed. In general, starting components may be obiained from
sources such as Sigms Aldrich, Lancaster Synthesis, inc., Maybridge, Matrix Scientific, TCL
and Fluorochem USA, sic. and/or synthesized according to sources known to those of
ordinary skill in the amt (sse, for example, Advanced Organic Chemistrv: Keactions,
Mechanisms, and Structure, 5th edition (Wiley, December 2000)) and/or prepared as

deacribed herein.

Cieneral Reaction Scheme 1
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[BG8E7] Deprotection of compound | gives brominated hydroxymethyl aldehyde 11
Reductive amination with a suitably tri-protected cyclam generates compound Y. Oxidation
gives aldehyde V which can bg coupled to compound V1 (W 2013/096928) via reductive

amination. Deprotection then gives a compound of the invention.

B888] Alternatively, the regioisomeric bromide can be prepared according to Scheme {1
Oxidation of compound 1 gives the aldehyde IX. Reductive amination with a suttably tri-
proftecied ovelam gives intermediate X. Deprotection provides X1 which can be coupled with
compound VI via reductive amination to provide XL Deprotection then gives a compound

of the invention.

Gienemd Reastion Schene U
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{H089] Those of ordinary skill in the art will understand that, in processes described
herein, the funciional groups of intermediate compounds may need o be protected by at least
one suitable protecting group. Non-limiting examples of such functional groups include,
hydeoxyt groups, aldehyde groups, amino groups, mercapto groups, and carboxylic acid
groups, Mon-limiting examples of suitable protecting groups for hydroxy groups include

trialkylsityl  and  diarylalkylsilyl  groups  {(for  example, tbutyldimethyisilyl, ¢
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butyidiphenylsilyl or trimethylsilyly, tetrshydropyranyl, and beneyl, Non-limiting examples
of suitable protecting groups for aldehyde groups inchide 1.3-dioxanes and 1,3-dioxolanes.
MNon-limiting examples of suitable protecting groups for amine, amidine and guaniding
include t-butoxycarbonyl, benzyvloxycarbonyi, alivloxycarbonyl, and iriflucracetyl groups.
Mon-limiting examples of suitable protecting groups for mercapto include -C{N-R” (where R”
is alkyl, aryl or arvialkyl), p-methoxybenzyl, and trityl groups. Non-limiting examples of
suitable protecting groups for carboxylic acid include alkyl, aryl and arvialkyl esters
Protecting groups may be added or removed in accordance with standard techniques, which
arg known o one of ordinary skill in the art and as described herein. The use of protecting
groups is, for example, described in detail in Green, TW, and P.OM. Wutz, Protective
Groups in Organic Synthesis {(1999), 3rd Bd, Wiley. As one of ordinary skiil in the art
would appreciate, the profecting group may also be a polymer resin such as a Wang resin,

Rink resin or 8 2-chiorotrityl-chloride resin.

Methods for Characterizing Heterobifuctionsl Compounds

[B8086] Biclogical activity of a heterobifuctional compound deseribed herein may be
determined, for example, by performing at least one i vitro and/or in vive study routinely
practiced in the art and described hergin or in the art,  J» vivre assavs inchude withouwt
fiymilation binding assays, Inummoeassays, competitive binding assayvs and cell based activity

A5SAYS.

{3091 An inhibition assay may be used to screen for antagonists of E-selectin, For
example, an assay may be performed to characterize the capability of a compound described
herein 1o inhibit (Je., reduce, block, decrease, or prevent n a statistically or biclogically
significant manner) interaction of E-selectin with sLe® or sLe®. The inhibition assay may bea
competitive binding assay, which allows the determination of ICs values. By way of
example, E-selectin/lg chimera may be immobilized onto a matrix (e g, & multi-well plate,
which may be made from a polymer, such as polystyrene; a test tube, and the like); a
composition may be added to reduce ponspeeific binding {e.g, 8 composition comprising
non-fat dried milk or bovine serum albumin or other blocking buffer routinely used by a
person skilled in the art); the immoebilized E-selectin may be contacted with the candidate

compound in the presence of sLe® comprising a reporter group under conditions and for a
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time sufficient to permii sLe® to bind {0 the ivimobilized B-selectin; the immobilized B~
selectin may be washed; and the amount of sLe® bound to immobilized E-selectin may be
detected, Vartations of such sieps can be readily and routinely accomplished by a person of

ordivary skill in the art.

{80521 An ijphibition assay may be used o sereen for antagonism of CXCR4 mediated
chemotaxis. For example, an assay may be performed to measure the ability of a
glycomimetic CXCR4 antagonist to inhibit migration of CCRF-CEM cells, which express
CXCR4 on their cell surfaces, across 8 membrane toward the CXCR4E ligand CXCLIZ (8DF-
la}. By way of example, CCRF-CEM cells are human T Iymphoblaste that express CXCR4
on the cell surface. The cells may be labeled with 3 ub Calesin AM 1o enable detection by
fluorescence. The cells may be treated with a CXCR4 antagonist and placed into the upper
chamber of a transwell insert. The transwells may be placed into the wells of a 24-well plate
with each well containing 600 ul of REFMI 1640 plus 2% FBS and 50 ng/ml CXCLiZ
{(5DF1e). The cells may be allowed to migrate across the membrane from the vpper chamber
into the lower chamber for 3 howrs at 37°C in 5% CO2. The transwell inserts may be
removed from the 24-well plate and the fluorescence in the lower chambers measured using a
Molscular Devices FlexStation 3 with an exciiation wavelength of 485 nm and an emission

wavelength of 538 nm.

[6693] Alternatively, an assay may be used to measure the ability of a glycomimetic
CKCR4 antagonist to inhibit the binding of CXCLI2 (SDF-1t) to CHO cells that have besn
genetically engineered to express CKCR4E on the cell surface. One skilled in the art may
activate CXCR4 by ligand binding ({CXCL1Z), causing G to dissociate from the CXCR4
complex. The activated CXCR4 may bind to adenyiyl cvclase, thus inactivating i, resulling
in decreased levels of intraceibiiar cAMP, Intracellular cAMP s usually low, so the decrease
of the low level of CAMP by a Gl-coupled receptor will be hard to detect. Forskolin is added
to the CHO cells to directly activate adenyiyi cyelase (bypassing all GPCURs), thus ralsing the
level of cAMP in the cell, so that a Gt response can be easily observed. CXCLIZ interaction
with CXCR4 decreases the intracelludar level of ¢CAMP and inhibition of CXCL1Z interaction
with CXCR4 by a CXCR4 sntagonist increases the intracellular cAMP level, which is

measured by luminescence.
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{394 Alternatively, oang skilled in the art may use av assay o measure the ability of a
glycomimetic CXCR4 antagonist to block the binding of an anti-CXCR4 antibody fo Jurkat
cells, which express CXCR4 on the cell surface. Jurkat cells may be trested with a CXCR4
antagonist followed by a phycoerythrin-conjugated anti-CXCR4 antibody. The antibody may
be allowed o bind to the cells for 1 howr at 4°C. The cells may be washed and the binding of

the anti-CXOR4-PE antibody 1o the celis may be assessed by {low cytomeiry.

RS Conditions for a particular assay include temperature, buffers {including salts,
cations, medial, and other components that maintain the integrity of any cell used in the assay
and the compound, which a person of ordinary skill in the art will be familiar and/or which
can be readily determined. A person of ordinary skill in the art also readily appreciates that
appropriate controls can be designed and includad when performing the & vifro methods and

in vivoe methods described herein.

REHNY The source of a compound that i3 charscierized by at least one assay and
technigues described herein and in the art may be a biclogical sample that s oblalned from a
subject who has been freated with the compound. The cells that may be used in the assay
may also be provided in a biological sample. A “biclogical sampie” may include a sample
from a subject, and may be a bloed sample (from which serum or plasma may be prepared), a
biopsy specimen, one or more body fluids {e.g, lung lavage, ascites, mucosal washings,
synovial fluld, uring), bone marrow, lymph nodes, tissue explant, organ culture, or any other
tssue or cell preparation from the subject or a biological source. A biological sample may
further include a tissue or coll proparation in which the morphological jntegrily or physical
state has been disrupted, for example, by dissection, dissociation, solubilization, fractionation,
homogenization, biochemical or chemical extraction, pulverization, lyophilization, senjeation,
or any other weans for processing a sample derived from a subject or biological source. In
some smbodiments, the subject or biological source may be a human or non-human animal, g
pritoary cell culture {e.g, immune cells), or culure adapted cell line, including but not
Heited to, genetically enginecred cell lines that may contain chromosomally integraied oy
episomal recombinant nucleic acid sequences, immortalized or imunortalizable cell lines,
somatic cell hybrid cell lings, differentiated or differentiatable cell lines, transformed cell

lines, and the like.

*
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{68971 As described herein, methods for characterizing heterobifunctional inhibiiors
include animal model studies. Non-Hmiting examples of animal models for liguid cancers
used in the art inchude multiple myeloma (see, e.g, DeWeerdt, Natore 480:538-838 (i3
Deceraber 2011) doi:10.1038/48083 8a; Published onling 14 December 201 1; Mitsiades et al,,
Clin. Cancer Res. 2009 151210021 (2009)); acuie myeloid lenkamia (AMLY (Zuber et al,
Genes Dev, 2009 Aprtl 1; 23(7) 877-889). Animal models for acute lymphobdastic leukemia
{ALL) have been used by persons of ordinary skill in the art for more than two decades,
Numerous exeraplary animal models for solid tumor cancers are routinely used and are well

known to persons of ordinary skill in the art,

[BESHE] As understond by a person of ordinary skill in the medical art, the terms, “ireat”
and “treatment,” include medical management of a disease, disorder, or condition of a subject
{i.e., patient, individual) {see, ¢.g., Stedman’s Medical Dictionary}, In general, an appropriate
dose and treatment regimen provide at least one of the compounds of the present disclosure in
an amount sufficiont to provide therapeutic and/or prophylactic beneft. For both therapeutic
treatment and prophylactic or preventative measures, therapeutic and/or prophylactic benefit
includes, for example, an improved clinicsl outeomes, whereln the object is to prevent or slow
or retard (lessen) an undesired physiological change or disorder, or to prevent or slow or
retard (lessen) the cxpansion or severity of such disorder. As discussed herein, beneficial or
desired clinical results from treating a subject include, but are not limited to, abatement,
lessening, or alleviation of symptoms that result from or are associated with the disease,
condition, or disorder 1o be {reated; decreased nocurrence of symptoms; improved quality of
lite; longer discase-free status {ie., deorcasing the likelihood 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 disecase; stabilized (e, nol worsening) state of disease; delay or slowing of
disease progression; amelioration or palliation of the discase state; and remission (whether
partial or total}, whether detectable or undetectable; and/or overall survival, “Treatment” can
include prolonging survival when compared to expected survival if a subject were not
receiving treatment. Subjects in need of treatment include those who already have the
disease, condition, or disorder as well as subjects prone to have or at visk of developing the
disease, condition, or disorder, and those in which the disease, condition, or disorder is 10 be

prevented (e, decreasing the Hkelihood of ceawrrence of the disease, disorder, or condition).
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[$899] In some embodiments of the methods described herein, the subject is 3 human. In
some ambodiments of the methods deseribed herein, the subject is a non-human animal. A
subject in need of treatment as described bereln may exhibit at least one symptom or sequelae
of the disease, disorder, or condition described herein or may be at risk of developing the
dissase, disorder, or condition. Non-human animals that may be treated include mammals,
for example, non-human primates {e.g., monkey, chimpanzee, gorilla, and the like), rodents
{e.g., rats, mice, gerbils, hamsters, forrets, rabbits), lagomorphs, swine (2. g, pig, miniature

pig), eqoine, canine, feline, bovine, and other domestic, farm, and zo0 animals.

6631061 The cffectiveness of the compounds of the present disclosure in {reating and/or
preventing a disease, disorder, or condition described herein can readily be determined by a
person of ordinary skill in the medical and clinical arts, Determining and adjusting an
appropriate dosing regimen {e.g, adjusting the amount of compouond per dose and/or number
of doses and frequency of dosing) can also readily be performed by a person of ordinary skill
in the medical and clinical arts. One or any combination of diagnostic methods, incloding
physical examination, assessment and montoring of clinical syraptoms, and performance of
analytical tests and methods described herein, may be used for monitoring the health status of
the subicct.

Plarmacanival Composiitons and Methody of Lsing Bharoaceutiond Compositiong

[88185]  Also provided herein are pharmaceutical compositions comprising al least one
compound of Formula (). In some eimbodiments, the pharmaceutical composition further

comyprises at least one additional pharmaceutically acceptable ingredient.

{90182] In pharmaceutical dosage forms, any one or more of the compounds of the present
disclosure may be administered in the form of a pharmacsutically acceptable derivative, such
as a salt, and/or t/they may also be used alone and/or in appropriate association, as well as in

combination, with other pharmaceutically active compounds.

{68183  An effective amount or therapeutically effective amount refers to an amount of a
compound of the present disclosure or 3 composition comprising at least one such compound
that, when administered to g subject, either a5 a single dose or as part of & series of doses, is

effective fo produce at lsast one therapeutic effect,  Optimal doses may generally be
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determined usiog experimental models and/or clinical trials. Design and execution of pre-
clinical and clinical studies for each of the therapeutics (including when administered for
prophylactic benetit) described herein are well within the skill of a person of ordinary skilf in
the relevant art. The optimal dose of a therapeutic may depend upon the body mass, weight,
and/or blood volume of the sublect. in general, the amount of at least one compound of
Formuuda (I} as described herein, that is present in a dose, may range from about 8.01 ug to
about 1000 pg per kg weight of the subject. The minimum dose that is sufficient to provide
effective therapy may be used in some embodiments, Subjects may generally be monitored
for therapeulic effectivencss using assays suitabie for the discase or condition being treated or
prevented, which assayvs will be familiar to those having ordinary skill in the art and are
described herein,  The level of a compound that is administered to a sublect may be
monitored by determining the level of the compound {or a metabolite of the compound) in a
biological fluld, for exarple, in the blood, blood fraction {e.g, serum), and/or in the urine,
and/or other biological sample from the subject. Any method practiced in the art to detect the
compound, or metabolite thereof, may be used to measure the level of the compound diring

the course of a therapeutic regimen,

f30i047  The dose of a compound described herein may depend upon the subject’s
condition, that is, stage of the disease, severity of sympioms caused by the disease, general
health status, as well as age, gender, and weight, and other factors apparent to a person of
ordinary skill in the medical art. Similarly, the dose of the therapeutic for treating 4 disease
or disorder may be determined according to parameters understood by a person of ordinary

skiil in the medical art,

001831 Pharmaceutical compaositions may be administered in any manner appropriate io
the disease or disovder 1o be treated as determined by persons of ordinary skill in the medical
arts, An appropriate dose and a suitable duration and freguency of administration will be
determined by such factors as discussed herein, including the condition of the patient, the
tvpe and severity of the patient’s disease, the particular form of the active ingredient, and the
method of administration. In general, an appropriate dose {or effective dose) and treatment
regimen provides the pharmaceutical composition{s) as described hersin in an amount
sufficient to provide therapeutic and/or prophylactic benefit (for example, an improved

clinical cutcome, such as more frequent complete or partial remissions, or longer disease-free
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and/or overall survival, or a lessening of symptom severity or other benefit as described in

detail above).

[3186]  The pharmacentical compositions described herein may be administered to a
subject in veed thersof by any one of several routes that effectively delivers an effective
amount of the compound. Non-Hmiting suilable administrative routes include topical, oral,
nasal, inirathecal, emieral, buccal, sublingual, transdermal, rectal, vaginal intraccular,
subconjunctival, sublingual, and parenteral administration, including  subcutaneous,
intravenous, intramuscolar, inirasternsl, infracavernous, intramestal, and  intraurethral

injection and/or infusion.

{81871 The pharmaceutical composition described berein may be sterile aqueous or sterile
nen-aqueons solutions, suspensions or emulsions, and may additionally comprise at least ong
pharmaceutically acceptable excipient ({ e, a2 non-toxic material that does not interfere with
the activity of the active ingredient). Such corpusitions may be in the form of a solid, liguid,
or gas {aevosol), Alternatively, the compositions described herein may be formulated as a
iypphilizate, or compounds described herein may be encapsulated within liposomes using
techaclogy known in the art. The pharmaceutical compositions may further comprise af least
one additional pharmaceutical acceptable ingredient, which may be biclogically aclive or
inactive. Noun-limiting examples of sach mgredisnts include buffers {e.g., neuiral buffered
saline or phosphate buffered saline), carbohydrates {(e.g., glicose, mannose, sucrose or
dextrans), manniiol, proteins, polypeptides, amino acids {e.g. glveine), antioxidants,
chelating agents {e.g, EDTA and glutathione), stabilizers, dyes, flavoring agents, suspending

agents, and preservatives,

{68108} Any suitable excipient or carrier known 0 those of ordinary skilf in the art for use
in pharmaceutical compositions may be employed in the compositions described herein.
Excipients for therapeutic use are well known, and are described, for example, in Remington:
The Science and Practice of Phormacy {(Gennaro, 21% Bd. Mack Pub. Co., Easton, PA
{20057, In general, the type of excipient is selected based on the mode of administration, as
well as the chemical composition of the active ingredient(s}. Pharmaceutical compositions
may be formulated for the particular wode of administration.  For parenteral administration,

pharmaceutical compositions may further comprise water, saline, aleohols, fafs, waxes, and
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buffers. For oral administration, pharmaceutical compositions may further comprise at least
one ingredient chosen, for example, from any of the aforementioned excipients, solid
axcipients and carriers, such as mannitol, lactose, starch, magnesium stearate, sodium
saccharine, lalcurn, cellulose, kaolin, glveerin, starch dextrins, sodium  alginate,

carboxymethyleelhidose, ethyl cellulose, glucose, sucrose, and magnesium carbonate.

{81897 The pharmaceutioal compositions {e.g., for oral administration or delivery by
injection) may be in the form of a liquid. A lguid pharmacsutical composition may inclode,
for example, at least ong the following: a sterile diluent such as water for injection, saline
schution, preferably physiclogical saline, Ringer's solution, isotonic sodium chioride, fixed
oils that may serve as the solvent or suspending medium, polvethyvlene glycols, glycerin,
propylene glveol or other solvents; antibacterial agents; antioxidants; chelating agents;
buffers and agents for the adjustment of fonicity such as sodium chloride or dextrose. A
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose
vials made of glass or plastic. In some embodiments, the pharmaceuntical composition
comprises physiological saline. In some embodiments, the pharmaceutical composition an
injectable pharmaceutical composition, and in some embodiments, the injectable

pharmaceutical composition is sterile.

{68118} For oral formulations, at least one of the compounds of the present disclosure can
be used alone or in combination with at least one additive appropriate o make tablets,
powders, granules and/or capsules, for example, those chosen from conventional additives,
disintegrators, lubricants, diluents, buffering agenis, moistening agents, preservatives,
coloring agents, and flavoring agents. The pharmaceutical compositions may be formulated
to include at least one buffering agent, which may provide for protection of the active
ingredient from low pH of the gasteic environment and/or an enteric costing. A
pharmaceutical composition may be formulated for oral delivery with at least one flavoring

agent, e.g., it a liquid, solid or semi-solid formulation andfor with an enteric coating,

{08111} Ovsl formulations may be provided as gelatin capsules, which may contain the
active compound or biological along with powdered carriers. Similar carriers and diluents
may be used o make compressed tablets, Tablets and capsnles can be manufactured as

sustained release products 1o provide for continuous release of active ingredients over a

]
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period of time. Compressed tablets can be sugar coated or film coated to mask any
unpleasant tasie and protect the tablet from the atmosphere, or enteric coated for selective

disintegration fu the gastvrointesting] tract,

[868112] A pharmaceutical composition may be formulated for sustained or slow releass.
Such compositions may generally be prepared using well known technology and
adrainistered by, for example, oral, recial or subcutansous implantation, or by implantation at
the desired target site. Sustained-release formulations may contain the active therapeutic
dispersed in 5 carrier matrbx and/or contaived within a reserveir surrounded by a rate
controlling membrane. Excipients for use within such formulations are biocompatible, and
may also be bicdegradable; preferably the formulation provides a relatively constant level of
active component release. The amount of active therapeuwtic contained within a sustained
release formulation depends npon the site of implantation, the rate and oxpected duration of

release, and the nature of the condition to be treated or prevented,

{00113}  The pharmaceutical compositions described herein can be {ormulated as
suppositories by mixing with a variety of bases such as emulsifying bases or water-soluble
bases. The pharmacestical compositions may be prepared as agrosol formulations o be

administered via inhalation. The compositions may be formulated inte pressurized

scceptable propelants such as dichlorodiflucromethane, propane, nitrogen and the like.

[6G114] The compounds of the present disclosure and pharmaceutical compositions
comprising these compounds may be administered topically {eg, by wtransdermal
adminisiration). Topical formulations may be in the form of a fransdermal pateh, ointment,
paste, lotion, cream, gel, and the like. Topical formulations may include one or more of a
penetrating agent or enhancer {also call permeation enhancer), thickener, diluent, emulsifier,
dispersing aid, or binder,  Physical penetration eshancers include, for example,
slectrophoretic techniques such as lontophoresis, use of ulirasound (or “phonophoresis™}, and
the like. Chemical penetration enhancers are agents administered cither prior to, with, or
immediately following administration of the therapentic, which increase the permeability of
the skin, particularly the stratum corneum, o provide for enhanced penetration of the drug
through the skin. Additional chemical and physical penetration enhancers are described in,

for example, Transdermal Delivery of Drugs, A, F. Kydonieus (ED} 1987 CRL Press;
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Percutaneous Penetration Enhancers, eds. Smith et al. {CRC Press, 1993); Lennerds et al,, /.
Phorm, Pharmacol, 54:498-508 (2002); Karande et al,, Pharem. Res. 19:655-60 (2002); Vaddi
et al, Mt J. Pharm. 81:1639-31 (2002); Ventwea et al, J Dvug Targer 3:379-93 (2001}
Shokri et al., b S Pharm, 228(1-2):99-107 (2001); Suzuld et al., Biol Pharm, Bull 24:693-
700 (2001 Albertd et al, J Comrol Release T1H319-27 (2001); Goldstein et al., Urology

fnt A Pharm. 192:147-58 (1999).

[48115]  Kits comprising unit doses of at least one compound of the present disclosure, for
example in oral or injectable doses, are provided. Such kits may include a container
comprising the unit dose, an informational package insert deseribing the use and attendant
benefits of the therapeutic in treating the pathological condition of interest, and/or optionally
an applance or device for delivery of the at least one compound or composition comprising

the same,

EXAMPLES

EXAMPLE 1
HETEROBFUNCTIONAL INHIBITOR OF B-SELECTIN AND CX R4 CHEMOKINE RECEPTOR

{COMPOUNDS 9 AND 16)

{80116} Exemplary heterobitinctionsl compounds of Formula (1) were synthesized as
described in Examples 1-2 and as shown in the exemplary synthesis schemes set forth in

Figure I,

{80117  Syanthesis of compound 2 Compound 1 2.5z, 8.3mmol, Qlan ¢t al, Nature
Comypmunications, 2, 2011, 495) was dissolved in dioxane (30mb) and H;O 20mi) was added
slowly with stirring st room temperature.  The solution was cooled to ¢ °C (ice bath) and
NaBH, (3g, 79.3mwool) was added slowly with stirring.  The reaction mixture was stirred at
64 °C for 16h. The reaction mixture was cocled to § °C and gquenched with SN HCL A solid
mass precipitated out of selution which was removed by filiration. The filtrate was diluted

with EtOAc (1253ml} and transferred to a separatory funnel. The phases were separated. The

L
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organic phase was washed with saling (100m), dried (Nax5Q), and concendraied, The
residue was purified by column chromatography using hexanes-EtOAc as mobile phase to

give compound 2 (1.8g, 6.6mmol, 79.3%).

{08118]  Synthesis of compound 3: Compound 2 {(1.7g, 6.2mmol) was dissolved in THF

(32Zm1} and 16N HCI (30mi} was added with stirving at room temperature. The resction
mixture was stirred at room temperature 4.5h. The reaction mixture was dihmted with H,O
(150ml}) and extracted with EtGAe (3x125ml). Combined organic phases were with washed
saturated solution of NaHC O {(1x123mi) and brine {1}(1251}13} dried {(Na,S5Qy), filtered, and
concenirated.  The residue was purifisd by column chromatography using hexanes and

E10AC as mobile phase to give compound 3 (1.22g, $.7mmol, §1.7%0).

ey ~
g, 7

{003119]  Synthesis of compound 5: A mixture of compound 4 (3. S8mmol,

Tetrahedron Leticrs, 2003, 44, 2481-2443) and compound 3 {(2.05g, 9.53mmol} was co-
evaporated with toluene (2 x 40 mi) and kept under vacuum for 30 min. The mixture was
dissolved in 1, 2-dichloroethane, 40ml) and stirred at room temperature for 30 min under
argon, NafOAcHBH 3.2z, 15 mumol) was added and the reaction mixture stivred overnight af
room temperature under argon. Water (60ml} was added followed by CHLCl; (80mib), The
reaction mixture was iransferred 0 a seperatory funnel and organic phase was collected.
Agueous phase was washed with CHoCly (2x60ml). Combined organic phases were washed
successively with cold saturated solution of NaHC(O: (80ml) and brineg (80mi), dried
(May30y), filiered, and concentrated. The residue was purified by column chromatography

using Hexanes and Et{3AC as mobile phase to give compound 8 {4.5g, 6.54mmol, 86.3%).

(005287  Synthesis of compound §; Compound § {4.5g, 6.54mmol} was dissolved in

CHRCl (80mi) under argon and cooled on an ice-bath. Dess-Martin reagent (3.6g, 8.4%mmol}
was added and the reaction mixture was stirved for 3h under argon during which time the
reaction mixture attained the room temperature slowly, The resction mixture was diluted
with CH.OL (d0mi) and washed with cold saturated solution of NaHCO; and cold brine.
Crganic phase was dried (MNapR{dy), filtered, and conventrated. The residus was purified by
column chiromatography using Hexanes-Et0A« as mobile phase o give compound 5 (3.6,

5.25mmol, 80.28%).

T
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[00121] Synthesis of compound 8: A mixture of compound 6 (3.5g, 5.11mmol) and
compound 7 (2.8g, W0O2013/096926) was co-evaporated with MeOH (3x50ml) and dried

under vacuum. The residue was dissolve in MeOH (50ml) and stirred under argon for 1h at
room temperature. Na(OAc);BH (3.6g, 16.99mmol) was added and the reaction mixture was
stirred under argon for 17h at room temperature. The reaction mixture was concentrated. The
solid residue was suspended in CHCIl; (100ml), HoO (250ml) was added with stirring. The
mixture was stirred for 10 min at room temperature during which time the solid product
precipitated. The solid product was collected by filtration, washed with water, and dried under

vacuum to give compound 8 (4.4g, 3.14mmol, 82.2% based on compound 6).

[00122] Synthesis of compound 9: To a solution of compound 8 (4.2g, 3mmol) in MecOH

(100ml) was added an aqueous solution of 1N NaOH (50ml) with stirring at room temperature.
The reaction mixture (pH 12.9) was stirred for 2h at room temperature. The pH of resulting
reaction mixture was adjusted to 8.9 by adding AcOH (3ml). Solvent was evaporated off and
then lyophilized. The solid mass was dissolve in H>O (20ml) and pH of the solution was
adjusted to 9.5 by adding NaOH solution. Desalting was performed by using pre-packed Sep-
Pak™ C18 column (2x10g) using H,O (150ml each column), 50% MeOH in H,O (60ml each
column), 70% MeOH in H>O (100ml each column), and 80% MeOH in H>O (50ml cach
columm). Desired compound eluted in 50-80% MeOH in H2O. They were combined and
concentrated to ¥ of the total volume. The resulting solution was lyophilized to give compound

8 (2.9g, 2.6mmol, 86.7%). m/z calculated for Cs2HgsBrN7O14 [M+H]: 1116.2; found: 1116.4.

[00123] Synthesis of compound 10: To a solution of compound 2 (0.225g, 0.73mmol) in

CH:Cl, was added Celite™ followed by pyridinium chlorochomate (0.28g, 1.3mmol) with
stirring at room temperature. The reaction mixture was stirred at room temperature for 2h and
filtered through a bed of silica and celite™. The filtrate was evaporated to dryness and purified
by column chromatography to give compound 10 (0.2g).

[00124] Synthesis of compound 12: To a suspension of cyclam (5g, 25mmol,) in
anhydrous CH>Cl: (150ml) was added a solution of diallyldicarbonate (12ml, d 0.991g/ml,

83.7mmol) in CH>ChL (100ml) drop-wise with stirring. The reaction mixture was stirred

at room temperature ovemnight during which the reaction turn light green and gave a clear
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sohution, The sobvent was removed and the residue was purified by column chromatography
using CH,CL

&

TLC: CHCL-MeOH (93:5),

and MeOH as mobile phase to give compound 12 (10.5g, 23.2mmol, 92.9%).

{00125 Syothesis of compound 13 A solution of compound 18§ (0.19g, 0.7mmel) and

compound 12 (0.45g, Tmmol} in MeOH (1 mi and THF .5 ml) was stirred at room
tomperature for 30min. To this solution was added Na(QAcKBH {0.346g, 1.6mmol) and the
reaction mmixture was stirred roown lemperature for overnight. The solution was diluted with
F10A¢ and washed with HoO. Crganic layer was dried (Nag8(y), filtered, and concentrated
to dryness.  The residuc was purified by column chromatography to give compound 13

{(.22).

[80126] Synthesis of compound 14 To a solution of compound 13 (8.24g, 0.34mmol) in

THF (7 mb was added concentrated HOL 3 m) and the reaction mixiure was stirred at room
femperature for 10k, The reaction mixture was difuted with H;O (20m!) and exiracted with
EtQAc (B3xlamly The combined organic phases were dried {Naz8y), filtered, and
congenirated. The residue was purified by column chromatography to glve compound 14

(0.15g).

(00271 Syothesis of compound 150 A mixture of compound 7 {0.1g, ¢.idmmol,

WO2013/096926) and compound 14 (0.18g, 0.23mmol} in MeOH {1.5ml} was stivred af

room temperature for 30min. followed by the addition of Na{OAckRBH (0.096g, {L45mmol}.
The reaction mixiure was stirred at room femperature overnight, The reaction mixiure was
concenirated and the residue was suspended in MeOH. The resulting solid was removed by
filtration and the filirate was concentsated.  The residee was purified by column

chromatography o give compound 18 35mg).

(808381  Synthesis of compound 16 To a sohution of compound 15 (0.028g, 6.02mmol) in

CHoCh (Cml)y was added AcOH {0.005ml, {.0%9mmol} followsd by PdiPPhyl, (0.003g,

8.003mmob) and BuaSaH {(0.017ml, 0.06mmol) and the reaction mixture was stirred &t room
temperature for 3k, The reaction mixture was diluted with CH,ClL (10mi) and extracted with
H.0 (8ml). The aqueous laver was lyophilized, dissolved in HaO ané purified by Sep-Pak C-
1§ Colomn. Fraction corresponding io the product was concentrated and dissolved in Ha(,

The pH of the solution was adjusted 8.5 by a solution of MaOH and lyophilized to give

-4 .
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compound 16 (6.5mg) as Na-Salt. m/z calculated for CaxHgBryOy, [MAH] 1116.2; found:
j116.6

EXAMPLE 2

CKCRS ASSAY TO AS3SESS INHIBITION OF SD¥F-1 InpuCen CHEMOTAXIS

[0612%9] A chemotaxis assay was used to measure the ability of a glycomimetic TXCR4
antagonist to inhibit migration of CORF-CEM cells, which oxpress CXCR4 on their celi
surfaces, across a membrane toward the UXCR4 Hgand CXCLIZ (SDF-1a). CCRF-CEM
celis are human T lymphoblasts that express CXCR4 on the cell surface. The cells were
fabeled with 3 uM Calcein AM for 13 minutes at 37°C to enable detection by fluorescence,
Sabsequently, the cells were pelleted at 250 x g for 10 mwinutes and resuspended to a final
concentration of about 5 x 107 cells per mL in BRPMI 1640 medium supplemented with 2%
FBS. Typically, 200 ul of cells were mixed with 22 ul of a 10x concentration of the
compound to be tested and placed at room temperature for 10 minutes. The treated cells were
evaluated in duplicate, so 100 ul of the cells were placed into the upper chamber of each of
two transwell inserts (Costar number 3421 5.0 um pores; 6.5 mun diameter inserts). The
ranswells were place into the wells of a 24-well plate with sach well containing 600 ul of
RPMI 1640 plus 2% FBS and 50 ng/mlL CXCLI2. Wegative control wells contained no
CXCLER in the lower chamber, The cells were allowed (o migrate across the membrane from
the upper chamber into the lower chamber for 3 hours at 37°C in 3% C0,. The transwell
inserts were removed from the 2d-well plate and the fluorescence in the lower chambers was
measured using a Molecular Devices FlexStation 3 with an excitation wavelength of 485 nm

and an emission wavelength of 338 nm. See Figure 4.

EXAMPLE 3

F-SELECTIN ACTIVITY — BINDING ASSAY

[601306] The inhibition assay to screen snd characterize antagonists of E-selectin is a
competitive binding assay, from which ICs; values may be determined. E-selectin/lg chimera
was immobilized in 96 well microtiter plates by incubation at 37 °C for 2 hours. To reduce
nonspecific binding, bovine serum albumin was added to cach well and incubsted st room

temperature for 2 hours. The plate was washed and serial dilutions of the test compounds
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were added to the wells in the presence of conjugates of bictinviated, sl¢? polyacrylamide

with streptavidin/horseradish peroxidase and incubated for 2 hours at room temperature.

881311 To determine the amount of sLe bound to immobilired E-selectin after washing,
the peroxidase substrate, 3,3°,5,5 tetramethylbenzidine (TMB) was added. After 3 minutes,
the enzyme reaction was stopped by the addition of HiPOy, and the absorbance of Hght at o
wavelength of 450 nm was determined.  The concentration of test compound required fo
inkibit binding by 30% was detormined and reporied as the 1Cs value for esch H-selectin
antagonist as shown in the table below. ICs values for exemplary compounds disclosed

herein are provided in the following table. See Figure 5.

E-Selectin Antagonist Activity of Heterobifenctional Compounds

 Compound ICS0 {uMy rHCS0

Compound 9 1,49 060
Compound 16 | 108 $.23
EXAMPLE 4

CKCRA ASSAY « INHIBITION OF CYCLIC AMP

[68132] The CMUR4-cAMP assay measures the ability of a glycomimetic UXCR4
antagonist to inhibit the binding of CXCL2 (8DF-la) to CHO cells that have been
genetically engineered to express CXCR4 on the cell surface. Assay kits may be purchased
from DiscoveRx {95-0081E2CP2M; cAMP Hunter eXpress CXCR4 CHO-KI) The G-
coupled recepior antagonist response protocol described fn the kit instruction manual was
followed. GPCRs, such as CXCR4, are typically coupled 1o one of the 3 G-proteins: Gs, (3
or Gg. In the CHO cells supplied with the kit, CXCR4 is coupled to Gi. After activation of
CXCR4 by ligand binding (CXCL12), i dissociates from the TXCR4 complex, becomes
activated, and binds to adenvivl cyclase, thus inactivating it, resulting in decreased levels of
intracelular cAMP. Intracelfular cAMP is usually low, so the decrease of the Jow level of
cAMP by a Gi-coupled receptor will be hard to deteet, Forskolin is added tu the CHO cells
to directly activate adenylyl cyclase (hypassing all GPCRs), thus raising the level of cAMP in

the cell, so that a Gi response can be easily observed. CXCL12 interaction with CXCR4
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decreases the intraccllular lovel of cAMP and inhibition of CXCLIZ interaction with CXCR4
by a CXCR4 antagonist increases the intracellular ¢AMP level, which is measured by

fuminescence. See Figure 6.

EXAMPLE 3
INHIBITION OF LYMPHATIC AND VASCULAR ENDOTHELIAL MIGRATION TOWARD TUMOR-

ASSOCIATED FIBROBLASTS

861331 Plaled 80 x 10° 13,34 fibroblasts, $2.013 wmor cells, and Colo387 tumor cells in
a T-23. Incubated overnight. Changed media o serum-free EBM-2 and sllowed cells to
condition media for 24 hours, Collected media and filtered to remove debris. Added 750 ul
conditioned media to lower wells of a Boyden chamber migration plate {3 replicate/cell
type/treatment).  Plated specifications: 24 well; &80 um pores. Added 3.0 & 10% RLECSs or
HUVECs to the upper wells of the Boyden chamber diluted in serum-free EBM-2 (500
ul/insert), Added 100 ug/ml compound 9 to upper wells, Allowed hLECs or HUVEGs o
migrate overnight. Afler migration, washed inserts and removed non-migrated cells on the
upper side of the membrane with a (-tip. Fixed and stained migrated cells with Diff-Quik
Kit. Removed membranes from the inseris and mounted on a slide. Drew quadrants over the
membranes and imaged each quadrant. Quantified the number of migratory endothelial cells.

See Figure 7,

EXAMPLE G

TaprrnoN oF PDAC CELL BINDING TO LYMPHATIC MONOLAYERS

[00134] Plated 4.5 x 13 LLECs into the wells of 8-well chamber stides. Incubated cells
until a confluent monolaver of endothelial cells is achieved, Pretreated the endothelial cells
for 2 hours with designated treatments: control media, 100 ugfol an H-selectin specific
antagonist, 10 ug/ml compound 9, or 100 ug/m! compound 9. Dyed S2.013 or Colo357 with
CFDA-SE Cell Tracker Dve. Following endothelial cell pretreatroent, added 3.0 x 16
$2.013 ar Colo357 cells diluted in serum-free EBM-2 io the wells along with designated
treatments (400 ulbwell; 3 replicate wellsfreatment). Incubated the turor cells on the
endothelial monolayer for | hour. Following binding incubation, washed each well 3X with

PRSH).5% FRS o remove non-adherent cells, Fixed with 4% PFA and coverslip slides.
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imaged 3 locationsfwell at 10X magnification. (Jnantified the number of adherent cells in

cach tmage. See Figure 8,

EXAMPLE 7

PROSTATE CANCER MODEL

[B8138)  Luciferase iransfecied PC3Luc colls weore injected at 2 x 105 cells/10 i of serum-
free medium into the proximal tiblae of 4-week old male CD nu/nu mice. The development
of metastases was monitored by using a Faxitron cabinet x-ray system and tumor burden
evaluated by bicliminescence analvses {see below). The development of metastases was

wonitored by radiography ssing s Faxitron cabinet x-ray system (Faxitron x-ray corp.,
Wheeling, IL, USA ). Radiographic analyses were performed at days 28, 35, 42 and 50 after
cell injection. No Faxitron analysis was performed afer the S0th day sinee after this time the
estimaded risk of anesthesia-related mortality of mice was significantly increased. However,
in order to determine both cumulative incidence of bone metastases and disease free survival
{DSE), Xrays were also repeated at the death of sach animal or in the survived animal at the
end of follow-up, that we have defined to be 170 days, when animals were sacrificed. Burden
of osteolyiic lesions was evaluated by digital examination of radiography (Imagel, a public
domain software by Wayne Rasband, NIH, USA). Animals were sacrificed by carbon dioxide
inhalation 170 days afler heart injections, or ewlier if there were early signs of serious
distress. All animals were subjected to an accurate post morteim examination and samples of

various organs were processed for routine histological analyses.

{00136]  For luminescence imaging, mice recetved 130 g firefly huciferase (Syncham Ug
and CoXG, Felsberg-Allenburg, Germany) per kg body weight glven lutraperitoneally.
Following anesthesia with ketamine/xylazine mixture mice were placed into a Hamamatsu
imaging station (Hamamatse photonics, Itallan distributor, Rome Italy). Biocluminescence
generated by the huciferin/luciferase reaction was used for gquantification using a dedicated
Living Image software on a red (high intensity/cell nuraber) to blue (low intensity/cell
number} visual scale. A digital grayscale animal image was acquired followed by acquisition
and overlay of a pseudo-color image representing the spatial distribution of delected photon
counts emerging from active luciferase within the animal. Signal intensity was quantified as

the sum of all detected photons within the region of interest during 8 -minute luminescent
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itegration time. Tumor incidence was scored on a dichotomous scale as being either positive

or negative if animals had at least one lesion detected in either the humeri or tibia/femur region.

See Figure 9.

[00137] The various embodiments described above can be combined to provide further

embodiments.
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What is claimed is:

1. At least one compound selected from the group consisting of compounds of
Formula (I):

(R

e INAL )

R} NH HN

O OH

@
and pharmacecutically acceptable salts thereof,
wherein:
R!is selected from the group consisting of H, Ci-s alkyl, C»-s alkenyl, C»-s alkynyl,
Ci1.g haloalkyl, C».s haloalkenyl, and C».s haloalkynyl groups;
R? is selected from the group consisting of -OH, —~NH,, -OC(=0)Y?!, —

0)
HN

A}

NHC(=0)Y!, o , and -NHC(=O)NHY" groups, wherein Y! is selected
from the group consisting of Cig alkyl, C.s alkenyl, C».5 alkynyl, Ci.g haloalkyl, C».5
haloalkenyl, Cz-s haloalkynyl, Ce.15 aryl, and Ci.13 heteroaryl groups;

R? is selected from the group consisting of -CN, -CH>CN, and -C(=0)Y? groups,
wherein Y? is selected from the group consisting of Ci-s alkyl, Ca-s alkenyl, C2-s alkynyl,
-0Z!, -NHOH, -NHOCH3, -NHCN, and —-NZ!'Z? groups, wherein Z! and Z?, which may be
identical or different, are independently selected from the group consisting of H, C1-g
alkyl, C».s alkenyl, C»-g alkynyl, Ci.s haloalkyl, C».s haloalkenyl, and C»-s haloalkynyl
groups, wherein Z! and Z? may join together to form a ring;

R*is selected from the group consisting of Cs-s cycloalkyl groups;
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each R is independently selected from the group consisting of H, halo, C1s alkyl,
Ca5 alkenyl, Co.g alkynyl, Ci.g haloalkyl, C».s haloalkenyl, and C».g haloalkynyl groups,

with the proviso that at least one R is not H;

n is selected from the group consisting of integers ranging from 1 to 4; and
Linker is sclected from the group consisting of -(CH2)p-,
-O(CH3),-, -C(=0)-NH-(CH2),-C(=0O)-NH-,

H 0 o, O S
%N\/\NJJ\/\/O\/\O/\[% - ?{N/U\N%
H o , H H

NN 2N/ N\ Ng H

s % % s

(O)o-2 e ° o) ’ H/“\W Qé :

H H O O

P{([)r W fi gHWi\N% B{\N/}‘i

i , , ,
PPN

H

3

Q H
’}QHV\HJ\/O\/\O/\H/N O
@)
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Q H
ooy X
O groups, wherein p

is selected from the group consisting of integers ranging from 1 to 20.

2. The at least one compound according to claim 1, wherein R! is selected from the

group consisting of Ci.g alkyl groups.

3. The at least one compound according to claim 2, wherein R! is selected from the

group consisting of ethyl and methyl.
4. The at least one compound according to claim 3, wherein R! is ethyl.

5. The at least one compound according to any one of claims 1-4, wherein R? is
selected from the group consisting of -OH, -NHb, -OC(=0)Y?, and -NHC(=0)Y?,
wherein Y! is selected from the group consisting of Ci-s alkyl, Cs.1s aryl, and Ci-13

heteroaryl groups.

6. The at least one compound according to claim 5, wherein R? is selected from the

group consisting of

7. The at least one compound according to any one of claims 1-6, wherein R? is
-C(=0)Y?, wherein Y? is selected from the group consisting of -OZ', -NHOH, -NHOCH3,
and —-NZ!Z? groups, wherein Z! and Z2, which may be identical or different, are
independently selected from the group consisting of H and Ci-s alkyl groups, wherein Z!

and Z? may join together to form a ring.

8. The at least one compound according to claim 7, wherein R? is -C(=0)OH.
50
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9. The at least one compound according to any one of claims 1-8, wherein R* is

selected from the group consisting of
RS AN
and

10. The at least one compound according to any one of claims 1-9, wherein at least one

R’ is halo.

11.  The at least one compound according to claim 10, wherein at least one R? is

Bromo.
12.  The at least one compound according to claim 10 or 11, whereinnis 1.

13.  The at least one compound according to any one of claims 1-6, wherein the at least

one compound is selected from the group consisting of compounds of Formula (Ia):

Br
0] OH
R2 N HN
O O Linker
0 o)
R* o R! NH HN
OH o OH
Me¢
oy OH

(Ia)

14.  The at least one compound according to any one of claims 1-6, wherein the at least

one compound is selected from the group consisting of compounds of Formula (Ib):
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munker

(Ib)

15.  The at least one compound according to claim 13, wherein the at least one

compound is selected from the group consisting of the following Formulae:
Br

munm
NH HN
" O@

and
E : ﬁ\ Lmker‘ : [
OH ~o /ﬁ/ NH HN

16.  The at least one compound according to claim 14, wherein the at least one

J G P

compound is selected from the group consisting of the following Formulae:
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b

Z

N H
munker
NH H
h O% N

and
HN
ﬁ\ Lmker‘ : E
o O/% v
17. The at Ieast one compound according to claim 1, wherein the at Ieast one

compound is selected from the group consisting of the following Formulae:

m@
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HN N HN

munker

N

HN

NH
" O% ]

/_\z:>

J
Ve

C

E | N//:L
mmm
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0 Linker
O

3;%%%

E NH HN

OH OH
and
}/C/NH Br
N HN
ﬁ\om Linker
O
Et NH HN
OH
OH OH
18.  The at least one compound according to claim 1, wherein the at least one

compound is selected from the group consisting of the following Formulae:

OmLirﬂ{cr [
o)
OH ™OH

Et NH HN
hY [

?5

OH

g

OHO
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Br

s

Z
z
au
z

__/

m Linker

OH ™~ou

and

Br

)

N HN
mmm j
NH HN
OH ™on k)

19.  The at least one compound according to any one of claims 1-18, wherein the linker

group is -C(=O)NH(CH>),NH-.

3>

20.  The at lcast one compound according to any one of claims 1-18, wherein the linker

group is -CHoNHCH>-.

21.  The at least one compound according to any one of claims 1-18, wherein the linker

group is -C(=O)NHCH:-.

22.  The at least one compound according to claim 1, wherein the at least one

compound is selected from the group consisting of the following Formulae:
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O O
OH OH
0 Br
0, OH
HN H
O 0 N\/\N
O H
O
OH “OH Et
O OH
Me
OH OH

O, Br
s H /_GAON
LTI 0
Et ©
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0 OH H?/ /_dr/\ m
H N  HN
0 o ~ [ j

O Q H
B O NH HN
OH ™11 o OH
Mg
OH OH ’
and
0 NH Br
o OH m
HN i N HN
0 RN
(8] O 0 H
Et NH HN
OH ~oH o OH
M¢
OH OH
23.  The at least one compound according to claim 1, wherein the at least one

compound is selected from the group consisting of the following Formulae:

Q, Br

O oH m
O g N HN

O 0 NN

O O H

Et ©
OH ~oH o OH
M¢

NH HN
o ©H ’
0 Br
O oH >/ m
HN i N HN
O O N~y
o) H
Et 0 NH HN
OH 011 O OH
Mg
oy OH
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Br

s)

o) OH m
HN i N HN

& 0 NN

O 0O 0 H

Et

OH >SoHy " NH HN
Me v

O O
oy OH
0 Br
o) o m
O i N HN
O}%Z§;7\\O/ S: X><j\V/A\N [: :]
O o H
Et NH HN
OH ~OH o ol
Me
oy OH ’
QO Br
o) OH m
HN § N HN
O O \/\N
O O 0 H
Et NH HN
OH ~on OH
Me
OH OH ’
and
8] NH

Br,

ot m
HN H N HN
O 0 N\/\N
d 0 o H
OH Et NH HN

M¢

24.  The at least one compound according to claim 1, wherein the at least one

compound is
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OH
HN H
0 o N ™y
O H
B O NH HN
OH ~oH o Ol
Me¢
OH OH
25.  The at least one compound according to claim 1, wherein the at least one
compound is
Br,
N  HN
Ot OH NH HN
OH OH

26. A composition comprising at least one compound of any one of claims 1-25 and at

least one additional pharmaceutically acceptable ingredient.

27. A composition for the treatment or prevention of a cancer in which the cancer cells
may leave the primary site, the composition comprising at least one compound of any one

of claims 1-25 and at lcast onc additional pharmaceutically acceptable ingredient.

28. A composition for the treatment or prevention of a cancer in which it is desired to
mobilize cancer cells from a site into the bloodstream and retain the cancer cells in the
bloodstream, the composition comprising at least one compound of any one of claims 1-25

and at least one additional pharmaceutically acceptable ingredient.

29. A composition for releasing cells into circulating blood and enhancing retention of
the cells in the blood, the composition comprising at least one compound of any one of

claims 1-25 and at least one additional pharmaceutically acceptable ingredient.
61
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30. A composition for the treatment or prevention of tumor metastasis, the
composition comprising at least one compound of any one of claims 1-25 and at least one

additional pharmaceutically acceptable ingredient.
31. A composition for the treatment or prevention of an inflammatory disease in which
the adhesion or migration of cells occurs in the disease, the composition comprising at

least one compound of any one of claims 1-25 and at least one additional pharmaceutically

acceptable ingredient.
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