ISOINDOLINE COMPOUNDS FOR USE IN THE TREATMENT OF CANCER

1. FIELD

[6001] Provided herein are isoindoline compounds, pharmaceutical compositions comprising
one or more of such compounds, and methods of their use for treating, preventing, or managing

various discases.

2. BACKGROUND

2.1 PATHOBIOLOGY OF CANCER AND OTHER DISEASES

[0002] Cancer is characterized primarily by an increase in the number of abnormal cclls
derived from a given normal tissue, invasion of adjacent tissues by these abnormal cells, or lymphatic
or blood-bome spread of malignant cclls to regional lymph nodes and 1o distant sites (mctastasis).
Clinical data and molecular biologic studies indicate that cancer is a multistep process that beging
with minor preneoplastic changes, which may under certain conditions progress to neoplasia. The
neoplastic lesion may evolve clonally and develop an increasing capacity for invasion, growth,
metastasis, and heterogeneity, especially under conditions in which the neoplastic cells escape the
host’s immune surveillance. Roitt ef al., Immunology 17.1-17.12 (3rd ed., Mosby, St. Louis, Mo.,
1993).

[06003] There arc an enormous varicty of cancers which are described in detail in the medical
literature. Examples include cancer of the lung, colon, rectum, prostate, breast, brain, and intestine.
The incidence of cancer continues to climb as the general population ages, as new cancers develop,
and as susceptible populations {e.g., people infected with AIDS or excessively exposed 1o sunlight}
grow. However, options for the treatment of cancer are limited. For example, in the case of blood
cancers (e.g., multiple mycloma), few reatment options are available, especially when conventional
chemotherapy fails and bone-marrow transplantation is not an option. A tremendous demand

therefore exists for new methods and compositions that can be used 0 treat patients with cancer.,

[G004] Many types of cancers are associated with new blood vessel formation, a process
known as angiogenesis. Scveral of the mechanisms involved in tumor-induced angiogenesis have
been elucidated. The most direct of these mechanisms is the secretion by the rumor cells of cytokines
with angiogenic properties. Examples of these cytokines include acidic and basic fibroblastic growth
factor (o, B-FGF), anglogenin, vascular endothelal growth factor (VEGF), and TNF-a. Alternatively,
tumor cells can release angiogenic peptides through the production of proteases and the subsequent
breakdown of the extraceHular matrix where some cytokines are stored (e.g., B-FGF). Angilogencsis

can also be induced indirectly through the recruitment of inflammatory cells (particularly



macrophages) and their subsequent release of angiogenic cytokines {e.g., TNF-a, f-FGF).

[0005] A variety of other discases and disorders are also associated with, or characterized by,
undesired angiogenesis. For ecxample, enhanced or unregulated angiogencsis has been implicated in a
number of diseases and medical conditions including, but not limited to, ocular ncovascular discases,
choroidal neovascular diseases, retina neovascular diseases, rubeosis (necovascularization of the
angle), viral diseases, genetic diseases, inflammatory diseases, allergic diseases, and autoimmune
discases. Examples of such diseases and conditions include, but are not limited to: diabetic
retinopathy, retinopathy of prematurity, corneal graft rejection, neovascular glancoma, retrolental

fibroplasia, arthritis, and proliferative vitreoretinopathy.

[0006] Accordingly, compounds that can control angiogenesis or inhibit the production of
certain cytokines, including TNF-o, may be useful in the treatment and prevention of various diseases

and conditions.
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METHODS OF TREATING CANCER

[0007] Current cancer therapy may involve surgery, chemotherapy, hormonal therapy and/or
raciation treatment to eradicate neoplastic cells in a patient (see, e.g., Stockdale, 1998, Medicine, vol.
3, Rubenstein and Federman, eds., Chapter 12, Section 1V), Recently, cancer therapy could also
involve biological therapy or immunotherapy. All of these approaches pose significant drawbacks for
the patient. Surgery, for example, may be contraindicated due to the health of a patient or may be
unaccepiable to the patieat. Additionally, surgery may not completely remove neoplastic tissue.
Radiation therapy is only effective when the neoplastic tissue exhibits a higher sensitivity to radiation
than normal tissue. Radiation therapy can also often elicit serious side effects. Hormonal therapy is
rarely given as a single agent. Although hormonal therapy can be effective, 1t is often used to prevent
or delay recurrence of cancer after other treatments have removed the majority of cancer celis.
Biological therapies and immunotherapies are limited in number and may produce side effects such as
rashes or swellings, flu-tike symptoms, including fever, chills and fatigue, digestive tract probiems, or

allergic reactions.

[06008&] With respect to chemotherapy, there is a variety of chemotherapeutic agents available
for treatment of cancer. A majority of cancer chemotherapeutics act by inhibiting DNA synthesis,
either directly or indirectly by inhibiting the biosynthesis of deoxyribonucicotide triphosphate
precursors, to prevent DNA replication and concomitant cell division. Gilman et ol., Goodman and

Gilman’s: The Pharmacological Basis of Therapeutics, Tenth Ed. (McGraw Hill, New York).

{0009] Despite availability of a varicty of chemotherapeutic agens, chemotherapy has many

drawbacks. Stockdale, Medicine, vol. 3, Rubenstein and Federman, eds., Chapter. 12, seet. 10, 1998,



Almost all chemotherapeutic agents are toxic, and chemotherapy causes significant and often
dangerous side effects including severe nausea, bone marrow depression, and immunosuppression.
Additionally, even with administration of combinations of chemotherapeutic agents, many tumor cells
are resistant or develop resistance to the chemotherapeutic agents. In fact, those cells resistant to the
particular chemotherapeutic agents used in the treatment protoco! often prove to be resistant to other
drugs, even if those agents act by different mechanism from those of the drugs used in the specific
treatment. This phenomenon is referred to as pleiotropic drug or multidrug resistance. Because of the
drug resistance, many cancers prove or become refractory to standard chemotherapeutic treatment
protocols.

[0010] Other diseases or conditions associated with, or characterized by, undesired
angiogenesis are also difficult to treat. However, some compounds such as protamine, heparin and
steroids have been proposed to be useful in the treatment of certain specific diseases. Taylor et al.,
Nature 297:307 (1982); Folkman et al., Science 221:719 (1983); and U.S. Pat. Nos. 5,001,116 and
4,994,443,

[0011] Still, there is a significant need for effective methods of treating, preventing, and
managing cancer and other diseases and conditions, particularly for diseases that are refractory to
standard treatments, such as surgery, radiation therapy, chemotherapy and hormonal therapy, while
reducing or avoiding the toxicities and/or side effects associated with the conventional therapies.

3. SUMMARY

{0011a] In a first aspect of the present disclosure, there is provided a compound of Formula 11

(1

N :.'
R“/ \ﬂ/

O

or a pharmaceutically acceptable salt, prodrug, or stereoisomer thereof, wherein:

X is CHz;

m is an integer of 0, 1, 2, or 3;

R‘is Cyj0 cycloalkyl, 5 to 10 membered heterocyclyl, 5 to 10 membered heteroaryl, or Cq.4 alkyl-
NR*'R*; wherein the cycloalkyl, heterocyclyl, and heteroaryl are each optionally substituted with one
or more halogen, Cy.4 alkyl, —CO—NR*R*, —COOR®, or Cq.4 alkyl-Cg.1 aryl, wherein the aryl
itself may be optionally substituted with one or more halogen; and

R*, R* R*®, R*and R* are each independently hydrogen or C,.¢alkyl.

[0011Db] In a second aspect of the present disclosure, there is provided a pharmaceutical
composition comprising the compound as described herein, and one or more pharmaceutically
acceptable excipients or carriers.

[6012] Provided herein are isoindoline compounds, and pharmaceutically acceptable salts,
solvates, prodrugs, or stereocisomers thereof.

[0013] Also provided herein are pharmaceutical compositions comprising a compound
provided herein, e.g., a compound of Formula [, including a single enantiomer, a mixture of



enantiomers, or a mixture of diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or
prodrug thereof; in combination with one or more pharmaceutically acceptable carriers.

[0014] Further provided herein are methods of treating, preventing, or managing various
diseases in a subject, which comprise administering to the subject a therapeutically effective amount
of a compound provided herein, e.g., a compound of Formula I, including a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers thereof, or a pharmaceutically acceptable salt,
solvate, or prodrug thereof.
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4, DETAILED DESCRIPTION

4.1 DEFINITIONS

[0015] To facilitate understanding of the disclosure set forth herein, a number of terms are

defined below,

[06G16] Generaily, the nomenclature used herein and the laboratory procedures in organic
chemistry, medicinal chemistry, and pharmacology described herein are those well known and
commonly employed in the art. Unless defined otherwise, all technical and scientific terms used
herein generally have the same meaning as commonly understood by one of ordinary skill in the art to

which this disclosure belongs.,

[6017] The term “subject” refers 10 an animal, including, but not limited to, a primate (e.g.,
human), cow, sheep, goat, horse, dog, cat, rabbit, rat, or mouse. The terms “subject” and “patient” are
used interchangeably hercin in reference, for example, to 8 mammalian subject, such as a human

subject,

[001%] The terms “treat,” “treating,” and “treatment” refer 1o the cradication or amelioration
of a disease or disorder. or of onc or more symptoms associated with the disease or disorder. In
gencral, treatment occurs after the onset of the disease or disorder. In certain embodiments, the terms
refer to minimizing the spread or worsening of the disease or disorder resulting from the
administration of one or more prophylactic or therapeutic agents to a subject with such a disease or

disorder.

[6019] The terms “prevent,” “preventing,” and “prevention” refer to the prevention of the
onset, recurrence or spread of a discase or disorder, or of one or more symptoms thereof, In general,

prevention oceurs prior to the onset of the disease or disorder.

e,

{0020} The terms “manage,” “managing,” and “management” refer to preventing or slowing
the progression, spread or worsening of a disease or disorder, or of one or more symptoms thercof.
Sometimes, the beneficial effects that a subject derives from a prophylactic or therapeutic agent do not

result in a cure of the disease or disorder.

[0021] The term “therapeutically effective amount™ are meant to include the amount of a
compound that, when administered, is sufficient to prevent development of, or alleviate to some
extent, one or more of the symptoms of the disorder, disease, or condition being treated. The term
“therapeutically effective amount™ also refers to the amount of a compound that is sufficient to clicit

the biological or medical response of a cell, fissue, system, animal, or human, which is being sought



by a researcher, veterinarian, medical doctor, or chinician.

(0022 The term “1Cso" refers an amount, concentration, or dosage of a compound thart is

required for 50% inhibition of a maximal response in an assay that measures such response.

(0023] The term “pharmaceutically acceptable carrier,” “pharmaccutically acceprable
excipient,” “physiologically acceptable carrier.” or “physiologically acceptable excipient” refers to a

pharmaceutically-acceptable material, composition, or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent, or encapsulating material. In one embodiment, cach component is
“pharmaceutically acceptable” in the sensc of being compatible with the other ingredients of a
pharmaceutical formulation, and suitable for use in contact with the tissue or organ of humans and
animals without excessive toxicity, irritation, allergic response, mymunogenicity, or other problems or
complications, commensurate with a reasonable benefit/risk ratio. See, Remington: The Science and
Practice of Pharmacy, 21st Edition, Lippincott Wilitams & Wilkins: Philadelphia, PA, 2005;
Handbook of Pharmaceutical Excipients, Sth Edition, Rowe et al., Eds., The Pharmaceutical Press and
the American Pharmaceutical Association: 2005; and Handbook of Pharmuaceutical Additives, 3rd
Edition, Ash and Ash Eds., Gower Publishing Company: 2007; Pharmaceutical Preformulation and
Formulation, Gibson Ed., CRC Press LLC: Boca Raton, FL, 2004,

[0024] The term “about™ or “approximately” means an acceptable error for a particular value
as determined by onc of ordinary skill in the art, which depends in part on how the value is measured
or determined. In certain embodiments, the term “about™ or “approximately™ means within 1, 2, 3, or
4 standard deviations. In certain embodiments, the term “about™ or “approximately” means within
50%, 20%, 153%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or (.05% of a given value or

range.

{00251 The terms “active ingredient” and “active substance™ refer to a compound, which is
administered, alone or in combination with one or more pharmaceutically acceptable excipients, toa
subject for treating, preventing, or ameliorating one or more symptoms of a condition, disorder, or
disease. As used herein, “active ingredient™ and “active substance” may be an optically active isomer

of a compound described herein.

[0026] The terms “drug,” “therapeutic agent,” and “chemotherapeutic agent” refer to a
compound, or a pharmaceutical composition thereof, which is administered to a subject for treating,

preventing, or ameliorating one or more symptoms of a condition. disorder, or discasc.

[0027] The ferm “alky{™ refers to a linear or branched saturated monovalent hydrocarbon
radical, wherem the alkyl may optionally be substituted with one or more substituents. The term

“alkyl” also encompasses both lincar and branched alkyl, unless otherwise specificd. In certain

L



embodiments, the alkyl is a lincar saturated monovalent hydrocarbon radical that has 1 t0 20 (C).5), 1
10 15{(Cii2), 110 12 (Cra), 1 1o 10 (Ciig), or 110 6 (Crg) carbon atoms, or branched saturated
monovalent hydrocarbon radical of 3 t0 20 (Cyag), 3 t0 15 (Cs.5), 3 10 12 {(Cayn), 310 10 (Cs0), o1 3
10 6 (Cy.5) carbon atoms. As used herein, linear C, ¢ and branched Cs 4 alkyl groups are also referred
as “lower alkyl.” Examples of alkyl groups include, but are not limited to, methyl, ethyl, propy!
(including ali isomeric forms), n-propyl, isopropyl, butyl (including all isomeric forms), n-butyl,
isobutyl, t-butyl, pentyl (inchuding all isomeric forms), and hexyl (including all isomeric forms). For
example, Cyg alky! refers to a linear saturated monovalent hydrocarbon radical of 1 to 6 carbon atoms

or & branched saturated monovalent hydrocarbon radical of 3 to 6 carbon atoms.

[0028] The term “alkeny!l™ refers 10 a linear or branched monovalent hydrocarbon radical,
which containg one or more, in one embodiment, one to five, carbon-carbon double bonds. The
alkeny! may be optionally substituted one or more substituents., The term “alkenyl™ also embraces
radicals having “¢is” and “trans” configurations, or alternatively, “E” and “Z” configurations, as
appreciated by those of ordinary skill in the art. As used herein, the term “alkeny!” encompasses both
linear and branched alkenyl, unless otherwise specified. For example, Ca. alkenyl refers to a linear
unsaturated monovalent hydrocarbon radical of 2 to 6 carbon atoms or a branched unsaturated
monovalent hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the alkenyl is a
lincar monovalent hydrocarbon radical of 2 t0 20 {Cang), 210 15 {Cos), 2 10 12 (Cayg), 2 10 10 (Capo),
or 2 to 6 {Cag) carbon atoms, or a branched monovalent hydrocarbon radical of 3 t0 20 (Caze), 3 to 15
{Ca1s), 310 12 (Caaiz), 3 to 10 (Case), or 3 1o 6 {Cp) carbon atoms. Examples of alkeny! groups

include, but are not limited to, ethenyl, propen-1-yl, propen-2-y1, allyl, butenyl, and 4-methylbutenyl.

[0029] The term “alkynyl™ refers to a lincar or branched monovalent hydrocarbon radical,
which contains one or more, in one embodiment, one 1o five, carbon-carbon triple bonds, The alkynyl
may be optionally substituted one or more substituents. The term “alkyny!™ also encompasses both
linear and branched alkynyl, unless otherwise specified. In certain embodiments, the alkynyl is a
linear monovalent hydrocarbon radical of 2 10 20 (Caag), 210 15 (Cas)y 2 10 12 {Cos), 216 10 (Copy).
or 2 10 6 {Cr) carbon atoms, oy a branched monovalent hydrocarbon radical of 3 10 20 (Ciap), 3 t0 18
(Cays) 310 12 (Can), 310 10 (Cag), or 3 10 6 (Cs) carbon atoms. Examples of alkynyl groups
include, but are not limited to, ethynyl (-C=CH) and propargyl (~CH,C=CH). For example, Cog
atkynyl refers to a lincar unsaturated monovalent hydrocarbon radical of 2 1o 6 carbon atoms or a

branched unsaturated monovalent hydrocarbon radical of 3 to 6 carbon atoms.

{0030} The term “cycloalkyl” refers 10 a cyclic saturated bridged and/or non-bridged
monovalent hydrocarbon radical, which may be optionally substituted onc or more substituents. In
certain embodiments, the eycloalkyl has from 3 to 20 (Csze), from 3 to 15 (Cy5), from 3 10 12 (Cia),

from 3 t0 10 {Cs.y0}, or from 3 10 7 (Cis) carbon atoms. Examples of cycloalkyl groups include. but



are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, decalinyl, and

adamantyl.

[6031] The term “aryl™ refers to a monocyclic aromatic group and/or multicyclic monovalent
aromatic group that contain at least one aromatic hydrocarbon ring. In certain embodiments, the aryl
has from 6 10 26 {Cq), from 6 10 15 (Cs.i5), or from 6 to 10 {Ceyo) ring atoms, Exampies of aryl
groups include, but are not Himited to, phenyl, naphthyl, flucrenyl, azulenyl, anthryl, phenanthryl,
pyrenyl, biphenyl, and terphenyl. Aryl also refers to bicyclic or tricyclic carbon rings, where one of
the rings is aromatic and the others of which may be saturated, partially unsaturated, or aromatic, for
example, dihydronaphthyl, indenyl, indanyl, or tetrahydronaphthyl (tetralinyl). In cenain

embodiments, aryl may also be optionally substituted with one or more substituents,

[0032] The term “aralkyl” or “aryl-alky!” refers to a monovalent alky! group substituted with
aryl. In certain embodiments, both alkyl and aryl may be optionally substituted with one or more

substituents,

{00633 The term “heteroaryl” refers to a monocyclic aromatic group and/or multicyclic
aromatic group that contain at lcast one aromatic ring, wherein at least one aromatic ring contains one
or more heteroatoms independently selected from O, S, and N. Each ring of a heteroaryl group can
contain one or two O atoms, one or two S atoms, and/or one to four N atoms, provided thaf the tfotal
number of heteroatoms in each ring is four or less and each ring contains at least one carbon atom.
The heteroaryl may be attached to the main structure at any heteroatom or carbon atom which results
in the creation of a stable compound. Tn certain embodiments, the heteroaryl has from S to 20, from §
to 15, or from 5 t¢ 10 ring atoms. Examples of monocyclic heteroaryl groups include, but are not
limited ta, pyrrolyl, pyrazolyl, pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazelyl, thiadiazolyl,
isothiazolyl, furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, and triazinyl.
Examples of bicyclic heteroary! groups include, but are not Hmited to, indolyl, benzothiazolyl,
benzoxazolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl, isequinolinyl, benzimidazolyl,
benzopyranyl, indolizinyl, benzofuranyl, iscbhenzofuranyl, chromonyl, coumarinyl, cinnolinyl,
quinoxalinyl, indazolyl, purinyl, pyrrolopyridinyl, furopyridinyl, thienopyridinyl, dihydroisoindelyl,
and tetrahvdroquinolinyl. Examples of tricyclic heteroaryl groups include, but are not limited to,
carbazolyl, benzindolyl, phenanthrollinyl, acridinyl, phenanthridinyl, and xanthenyl. In certain

embodiments, heteroaryl may also be optionally substituted with one or more substituents.

[0034] The term *heterocyelyl™ or “heterocyclic” refers to a monoceyclic non-aromatic ring
system and/or multicychc ring system that contains at least one non-aromatic ring, wherein one or
more of the non-aromatic ring atoms are heteroatoms independently selected from O, S, or N2 and the

remaining ring atoms arc carbon atoms. In certain embodiments, the heterocyelyl or heterocycelic



group has from 3 t0 20, from 3 to 15, from 3 to 10, from 3 to 8, from 4 to 7, or from § to 6 ring atoms.
In certain embodiments, the heterocyclyl is a monocycelic, bicyclic, tricyclic, or tetracyclic ring
system, which may includes a fused or bridged ring system, and in which the nitrogen or sulfur atoms
may be optionally oxidized, the nitrogen atoms may be optionally quatemized, and some rings may be
partially or fully saturated, or aromatic, The heterocyclyl may be attached to the main structure at any
heteroatom or carbon atom which results in the creation of a stable compound. Examples of such
heterocyclic radicals include, but are not limited to, acridinyl, azepinyl, benzimidazolyl, benzindolyi,
benzoisoxazolyl, benzisoxazinyl, benzodioxanyl, benzodioxolyl, benzofuranony!, benzofuranyl,
benzonaphthofuranyl, benzopyranonyl, benzopyranyl, benzotetrahydrofuranyl,
benzotetrahydrothienyl, benzothiadiazolyl, benzothiazolyl, benzothiophenyl, benzotriazolyl,
benzothiopyranyl, benzoxazinyl, benzoxazolyl, benzothiazolyl, B-carbolinyl, carbazolyl, chromanyl,
chromonyl, cimnolinyl, coumarinyl, decahydroisoquinolinyl, dibenzofuranyl, dihydrobenzisothiazinyl,
dihydrobenzisoxazinyl, dihydrofuryl, dihydropyranyl, dioxolanyl, dihydropyrazinyl, dihydropyridinyl,
dihydropyrazolyl, dihydropyrimidinyl, dihydropyrrolyl, dioxolanyl, 1.4-dithianyl, furanonyl, furanyl,
imidazolidinyl, imidazolinyl, imidazolyl, imidazopyridinyl, imidazothiazolyl, indazolyl, indolinyl,
indolizinyl, indolyl, isobenzotetrahydrofuranyl, isobenzotetrahydrothienyl, isobenzothienyl,
isochromanyl, isocoumarinyl, isoindolinyl, isoindolyl, soquinolinyl, isothiazolidinyl, isothiazolyl,
isoxazolidinyl, isoxazolyl, morpholinyl, naphthyridinyl. octahydroindolyl, octahydroisoindolyl,
oxadiazolyl, oxazolidinonyl, oxazolidinyl, oxazolopyridinyl, oxazolyl, oxiranyl, perimidinyl,
phenanthridinyl, phenathrolinyl, phenarsazinyl, phenazinyl, phenothiazinyl, phenoxazinyl,
phthalazinyl, piperazinyl, piperidinyl, 4-piperidonyl, pteridinyl, purinyl, pyrazinyl, pyrazolidinyl,
pyrazolyl, pyridazinyl, pyridinyl, pyridopyridinyl, pyrimidinyl, pyrrolidinyl. pyrrolinyl, pyrrolyl,
quinazolinvl, guinolinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuryl, tetrahydrofuranyl,
wetrahydroisoquinolinyl, tetrahydropyranyl, tetrahydrothienyl, tetrazolyl, thiadiazolepyrimidinyl,
thiadiazolyl, thiamorpholinyl, thiazolidinyl, thiazolyl, thienyl, triazinyl, triazolyl. and 1.3,5-trithianyl.

In certain embodiments, heterocyclic may alse be optionally substituted with one or more

substituents.

[0035] The term “halogen™, “halide™ or “halo™ refers to fluorine, chlorine, bromine, and/or
jodine.

[0036] The terms “optically active”™ and “enantiomerically active™ refer to a collection of

molecules, which has an cnantiomeric excess of no Iess than about 50%, no less than about 70%, no
less than about 80%, no less than about 90%, no less than about 91%, no less than about 92%, no less
than about 93%, no less than about 94%, no less than about 93%, no less than about 96%, no less than
about 97%, no less than about 98%, no less than about 99%, no less than abeut 99.5%, or no less than
about 99,8%.



[0037] In describing an optically active compound, the prefixes R and S are used 10 denote
the absoluie configuration of the molecule about its chiral center(s). The (+) and (-) are used to
denote the optical rotation of the compound, that is, the direction in which a plane of polarized tight is
rotated by the optically active compound. The (-) prefix indicates that the compound is levorotatory,
that is, the compound rotates the plane of polarized light to the left or counterclockwise. The (+)
prefix indicates that the compound is dextrorotatory, that is, the compound rotates the plane of
polarized light to the right or clockwise. However, the sign of optical rotation, (+) and {-), is not

related to the absolute configuration of the molecule, R and S.

{0038} The term “solvate” refers to 2 compound provided herein or a salt thereof, which
further includes a stoichiometric or non-stoichiometric amount of solvent bound by non-covalent

intermolecular forces. Where the solvent is water, the solvate is a hydrate.

4.2 COMPOUNDS

{0039] Provided herein are isoindoline compounds, pharmaceutical compositions comprising
one or more of such compounds, and methods of their use for treating, preventing, or managing

various discases.

[0040] In one embodiment, provided is a compound of Formula 1:
SENNE

or a pharmaceutically acceprable salt, solvate, prodrug, or stereoisomer thercof, whercin:

X 18 C(=0) or CHx:

Y is O, cyanamido (N—=N), or anmido (NH);

m is an integer 0f 0, 1, 2, or 3;

R’ is hydrogen or C, 4 alkyl;

R%is hydrogen, ~NOs, Ciao alkyl, Cos alkyl-(S 10 10 membered heteroaryly, Cos
allkyl-(3 to 6 membered heterocyelyl), Cog alky-OH, Co alkyl-NH., ~NHCO-C ¢ alkyl, -OR™, or -
(CH3-ZL)p.2~(5 to 10 membered heteroaryly, where each heteroaryl and heterocyclyl is eptionally
substituted with one or more Crg alkyl:

Ris hydrogen, halogen, ~NO,, Cg alkyl-(5 to 10 membered heteroaryl), Co alkyl-
(5 to 6 membered heterocyelyl), Cog alkyl-OH, Cos alkyl-NHs, ~-WHCO-C, ¢ alkyl, ~OR™, or ~(CHa-

ZYo.2~(5 to 10 membered hetervaryl), where each heteroary! and heterocyelyl is optionally substituted



with one or more C alkyl:

R* is Ceaparyl, 5 to 10 membered heteroaryl, 5 to 6 membered heterocyelyl, or —
CO(CHa)osR™, wherein the arvl, heteroaryl, and heteroeyelyl are cach optionally substituted with one
or more Cy ¢ alkyl;

R* is ~NH, or 5 to 6 membered heterocyelyl; and

Z 15 CHs, NH, or O;

with the proviso that when R’ is hydrogen, then R? is not hydrogen or C,.ip alkylk

with the proviso that when Y is O, then R’ is not halogen; and

with the proviso that when Y is O and R is halogen, then R* is Cog alkyl-(5-6

membered heterocyclyl).
[0041] In certain embodiments, X is CH,. In certain embodiments. X is C(=0).

(0042} In certain embodiments, Y is O. In certain embodiments, Y is cyanamido. In certain

embodiments, Y is amido.

[0043] In certain embodiments, Z is CH,. In certain embodiments, Z is NH. In certain

embodiments, Z is O.

[0044] In certain embodiments, m is 0. In certain embodiments, m is 1. In certain

embodiments, m is 2. In certain embodiments, m s 3.

[G045] In certain cmbodiments, R' is hydrogen. In certain embodiments, R' is Cy¢ alkyl,
optionally substituted with one, two, or three substituents § as described herein. In certain

embodiments, R' is methyl.

[0046] In certain embodiments, R is hydrogen. In certain embodiments, R? is halogen. In
certain embodiments, R” is nitro. In certain embodiments, R* is Cy.10 alkyl In certain embodiments,
R” is Co.s alkyl-(5 to 10 membered heteroaryl), where the heteroary] is optionally substimuted with one
or more Cy. alkyl. Tn certain embodiments, R” is Coy alkyl-(5 to 6 membered heterocyclyl), where
the heteroeyclyl is optionally substituted with one or more Cy alkyl. In certain embodiments, R” is
Coe alkyl-OH. In certain embodiments, R? is Cos alkyl-NH-. In certain embodiments, R is ~NHCO-
C,4 alkyl. In certain embodiments, R is ~OR™, wherein R* is as described herein. In certain
embodiments, R? is or ~(CHa-Y}e.a-(5 to 10 membered heteroaryl), where the heteroaryl is optionally
substituted with onc or more Cpe alkyl. In cortain embodiments, R” is hydrogen, amino, acetamido,
hydroxy, nitro, aminomethyl, hydroxymethyl, 2-methyl- 1H-imidazol-1-vl, 3-methyl-1,2,4-oxadiazol-
3-yl, 4-methylpiperazin- I-yhmethyl, 2-methyl-2A-pyrazol-3-yi, -methyl-1 H-pyrazol-3-vi, 2-
methylithiazol-4-vi, 4-methyl-4A-1,2 4-triazol-3-vi, morpholinomethyl, (pyridin-4-yhmethyl,

{pyridin-4-yloxyymethvl, pheoxy, pyridin-2-yloxy, piperidin-4-yloxy, 2-aminoacetoxy, or 2-piperazin-

10



I-ylacctoxy.

[0047) In certain embodiments, RY is hydrogen. In certain embodiments, R is nitro. In
certain embodiments, R” is Co.q alkyl-(5 to 10 membered heteroaryl), where the heteroaryl is
optionally substituted with one or more C,¢ alkyl. In certain embodiments, R*is Cos alkyl«(S w06
membered heterocyelyl), where the heterocyelyl is optionally substituted with one or more C_ alkyl.
In certain embodiments, R* is Co alkyl-OH. In certain embodiments, R’ is Cos alkyl-NH,. In cerain
embodiments, R* is -NHCO-Cy 4 alkyl. In certain embodiments, R is ~<OR™, wherein R is as
described herein. In certain embodiments, R is or ~(CH»Y)¢0-(5 to 10 membered heteroaryl), where
the hetercary! is optionally substituted with ane or more Cy ¢ alkyl. In certain embaodiments, R s
hydrogen, amino, acctamide, hydroxy, nitro, methyl, aminomethy!, hydroxymethyl, 2-methyl-14-
imidazol-1-yl, 3-methyl-1,2 4-0xadiazol-5-yl, 4-methylpiperazin-1-ylymethyl, 2-methy}-2H-pyrazol-
3-yl, 1-methyl-1 H-pyrazol-3-yi, 2-methylthiazol-4-yl, 4-methyl-44H-1.2 4-triazol-3-v1,
morpholinomethyl, (pyridin-4-ylmethyl, (pyridin-4-yloxyimethyl, pheoxy, pyridin-2-yloxy,

piperidin-4-yloxy, 2-aminoacetoxy, or 2-piperazin-1-ylacetoxy.

[0048] In one cmbodiment, the compound is:
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or a pharmaceutically accepiable salt, solvate, prodrug, and stereoisomer thereof.

[0049] In another embodiment, provided herein is a4 compound of Formula 1:
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or a pharmaceutically acceptable salt, solvate, prodrug, or stereoisomer thereof, wherein:

X is C(=0) or CHy;

m is an integer of 0, 1, 2, or 3;

R is Cayp cycloalkyl, 5 to 10 membered heterocycelyl, 5 to 10 membered heteroaryl,
or Coe alkyl-NRYR*; wherein the cycloalkyl, heterocyclyl, and heteroaryl are each optionally
substtuted with one or more halogen, C,4 alkyl, -CO-NR¥R*, -COOR¥, or Cy atkyl-Cq g aryl,
wherein the ary! itself may be optionally substituted with one or more halogen: and

R¥ R* R¥® R*™ and R* are cach independently hydrogen or C, ¢ alkyl.
[0050] In certain embodiments, X is CHsy. In certain embodiments, X is C(=0).

[06051] In certain embodiments, m is 0. In certain embodiments, m is 1. In certain

embodiments, m is 2. In certain cmbodiments, m is 3,

{0052} In certain embodiments, R* is Cs.io cycloalky!, optionally substituted with one or
more (Cy¢) alkyl or Co alkyl-Cq o aryl. In certain embodiments, R* is 5 to 6 membered heterocyclyl,
optionally substituted with one or more (C\4) alkyl or Cys alkyl-Ce o aryl. In certain embodiments,

R* is Cou alkyl-NRY'R™, wherein R*' and R* are each described herein.

[6053] In certain embodiments, R* is 3-(N, N-diethylamino)propyl, 4-acetamidophenyl, 3-(2-
aminoacetoxy ;-4-methylphenyl, 3-aminomethyl-4-methylphenyl, 2-aminomethyl-5-methylphenyl, 3-
aminophenyl, 3-amino-4-methylphenyl, 3-chloro-4-methylphenyl, 4-hydroxymethylphenyl, 3-
hydroxy-4-methylphenyl, 3-(2-methyl-1H-imidazol-1-yhiphenyl, 4-methyl-3-nitrophenyl, 3-(3-
methyl-1,2,4-oxadiazol-5-yhphenyl, 4-methyl-3-(2-piperazin-1-ylacetoxy)-phenyl, 3-((4-
methylpiperazin-1-yDmethyDphenyl, 3-(1-methyl-1H-pyrazol-3-vljphenyl, 3-(2-methyl-2H-pyrazol-
3-yl)phenyl, 3-(2-methylthiazol-4-yDphenyl, 4-(4-methyl-4/-1,2 4-triazol-3-yDphenyl, 3-
(morpholinomethylphenyl, 4-(morpholinomethyl)phenyl, 4-nitrophenyl, phenyl, 3-(piperidin-4-
vioxy)phenyl, 4-(pyridin-4-yhmethyiphenyi, 4-((pyridin-4-yloxy)methyDphenyl, 3-(pyridin-2-
vioxyiphenyl, 3-phenoxyphenyl, 4-rerr-butyleyclohexyl, cis-4-terr-butyleyclohexyl, truns-4-teri-
butyleyclohexyl, 4-methyleyclohexyl, cis-4-methyleyclohexyl, rans-4-methyleyclohexyl, 1-
benzylpiperidin-4-yl, 4-methyltetrahydro-2 H-pyran-4-yl, piperidin-4-yl. 4-phenylcyclohexyl, cis-4-

phenylcyciohexyl, or frans-4-phenyleyclohexyl.
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[0054] In one embodiment, the compound 1s:
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or a pharmaceutically acceptable salt, solvate, prodrug, or stereoisomer thercof.
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[0055] In yet another embodiment, provided hercin is a compound of Formula 111
R?
O 0 /“—“(3{
. Ry N

(13

or a pharmaceutically accepiable salt, solvate, prodrug, or stereoisomer thereof, wherein:
X is C(=0) or CHz;

m 18 an integer of 0, 1, 2, o1 3;



R* and R® are each independently: hydrogen, halo, Cy. alkyl, oxo, -NO-,
(i alkoxy, -Z-Crgalkyl, , Cop alkyl-(5 to 10 membered heteroary!), Cog alkyl-(5 to 6 membered
heterocyctyl), Co.s alkyl-OH, Co alkyl-NHa, -NHCO-C, alkyl, -OR*', or ~(CHa-Yan-(5 10 10
membered heteroaryl),
wherein Z is S or SO-;
wherein R is as defined above;
wherein each hetercaryl and heterocyelvl above is optionally substituted with one or more Cyg alkyl;
and
wherein the alkyl or alkoxy above may be optionally substituted with one or more: halogen; cyano;
nitro; amino; C,.¢ alkylidenedioxy: C, ¢ alkoxry, itself optionally substituted with one or more
halogens: or €y alkylthio, itself optionally substituted with one or more halogens,

R”is ~COR™ or ~PO(OR™}OR™);

R™ is Cy.i0 alkyl, Ce.io aryl, or § to 6 membered heterocyelyl: wherein the alkyl, aryl,
heterocyelyl may be optionally substituted with one or more amino, ¢ alkylamino, di(C;.
s alkyDamino, or ~<COOR™; and

R™, R™, and R™ are ach independently hydrogen or Cy.p alkyl.

[0056] In certain embodiments, X s CHa. In certain embodiments, X is C(=0).
[0057] In certain embodiments, m is 0. In certain embodiments, mis 1. In certain

embodiments, m is 2. In certain embodiments, mis 3.

{0058] In certain embodiments, R is hydrogen. In certain embodiments, R is halo. In

certain cmbodiments, R” is fluoro or chloro.

[0059] In certain embodiments, R® is hydrogen In certain embodiments, R® is halo. In

certain embodiments, R® is fluoro or chloro.

[0060] In certain eoibodiments, R is ~COR™, wherein R* is as described herein. In certain

embodiments, R7 is -P(}(OR4:'}}(OR4'”’), whercin R* and R* are each as described herein.

[0061] In one embodiment, the compound is:
y
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olvate, prodrug, ot stercoisomer thereof, whereir

In yet apother emboediment, provided hereln is a compound of Formula 1V
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(av)
or a pharmacecutically acceptable salt, solvate, prodrug, or stereoisomer thereof, wherein:
X i1s C(=0) or CHy;
nis an integer of 0 or It
R® is hydrogen or halo: and
R? is hydrogen, amino, or $ to 10 membered heteroaryl or heterocyelyl;

with the proviso that when m is 0, R” is not hydrogen.

[0063] In certain embodiments, X is CHa. In certain embodiments, X is C(=0).
[0064] In certain embodiments, n is 0. In certain embodiments, n is 1.
{0065] In certain embodiments, R® is hydrogen. In certain embodiments, R® is halo. In

certain embodiments, RY is fluoro or chloro.

[0066] In certain embodiments, R’ is hydrogen. In certain embodimens, R® is amino. In
certain embodiments, R® is 5 1o 10 membered heteroaryl, In certain embodiments, R” 15 5 10 10

membered heterocyelyll

[0067] In one embodiment, the compound is:
Y o Q o 0
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or a pharmaceutically acceptable salt, sofvate, prodrug, or stereoisomer thereof,
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[G668] In yet another embodiment, provided herein is a compound of Formula V:
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V)
or a pharmaccutically acceptable salt, solvate, prodrug, or stereoisomer thereof, wherein:
X is C(=0} or CHy;
m is an integer of 0, 1, 2, or 3;
R and R" are each independently hydrogen, halo, C ¢ alkyl, or Ce. 0 arvioxy,

wherein the alkyl and aryl are cach optionally substituted with one or more halo.
[0069] In certain embodiments, X is CHa. In certain embodiments, X is C(=0).

[0070] In certain embodiments, m is 0. In cerfain embodiments, mis 1. In cerfain

embodiments, m is 2. In certain cmbodiments, m is 3.

{0071} In certain embodiments, R'" is hydrogen. In certain embodiments, R' is halo. In
certain embodiments, R’ is fluoro or chloro. In certain embodiments, R'® is C)6 alkyl, optionally
substituted with one or more halo. In certain embodiments, R* is Cq o aryloxy, optionally substituted

with one or more halo.

. . . " - I«
{0072] In cortain embodiments, R'' is hydrogen. In certain cmbodiments, R is halo. In
certain embodiments, R' is fluoro or chloro. In certain embodiments, RM is Cig alkyl, optionally
substituted with one or more halo. In certain embodiments, R is Cq. 14 aryloxy, optionally substituted

with onc or more halo.

[0073] In one embodiment, the compound is:
O O
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or a pharmaceutically acceptable salt, solvate, prodrug, or stereoisomer thereof.



16074] In yet another embodiment, provided herein is a e:om.pound of Formula VI:

Ra?' /\,ﬁ’\){ﬁ/ \/(I-K .D:
R{i?/(/\)ﬂo)
(V1)
or a pharmaccutically acceptable salt, solvate, prodrug, or stereoisomer thereof, wherein:
X is CH» or C=0
m and n are cach independently 0 or 1
pis0, 1,2, 013
R™ is 5 fo 6 membered heterocyclyl, optionaily substituted with C, alkyl; and

R* is hydrogen or halogen.
[0075] In one embodiment, X is CHs. In another embodiment, X is C=0.

[0076] In one embodiment, m i3 0. In another embodiment, m is 1. In another embodiment,

nis 0. In another embodiment, nis 1.

(00771 In one embodiment, p is 0. In another crabodiment, pis 1. in another embodiment, p

is 2. In another embodiment, p is 3.

[0078] In one embodiment, RY is 5§ membered heterocycele. In another embodiment, the 5
membered heterocycle is substituted with Cy alkyl. In another embodiment, R¥' is 6 membered

heterocycele. In another embodiment, the 6 membered heterocycle 1s substituted with C, 4 alkyl

[0079] In one embodiment, R® is hydrogen. In another embodiment, R* is halogen.
(60807 In one cmbodiment, the compound is:
a\ !
m{f .
o oy

mm@ [Mm{f

+ *

21



O 0
Boss"
H i8]
N
oY T )
SN O
[ e}
N
o N

22



@ o G
\"C}Q \/Q( \/@fﬁz:fo 05&/@& fth;o

13



O 0 O T O OO

00 5 Q0 oS

v 5

or a pharmaccutically acceptable salt, solvate, prodrug, or siercoisomer thercof.

[0081] In yet another embodiment, provided herein is a compound of the following formula:

O Q

Boeveten V@ﬁ’ﬁﬁ{f
v©5 i Y@@Z{ S

e I |

Z.'.Tl

Gl

Q
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ZI

or a pharmaceutically acceptable salt, solvate, prodrug, or sterevisomer thereof.

[0082] The compounds provided herein are intended to encompass all possible
sterecisomers, unless a particular stercochemistry is specified. Where the compound provided herein
contains an alkeny! or alkenyiene group, the compound may exist as one or mixture of geometric
cis/trens (or Z/E) isomers. Where structural isomers are ;ntcmom ertible via 2 low energy barrier, the

compound may exist as a single tautomer or a mixture of tauwmcrs. This can take the form of proton

p21



tautomerism in the compound that contains, for example, an imino, ke, or oxime group; or so-called
valence tautomerism in the compound that contain an aromatic moiety. It follows that a single

compound may exhibit more than one type of isomerism.

[0083] The compounds provided herein may be enantiomerically pure, such as a single
cpantiomer or a single diastercomer, or be stereoisomeric mixtures, such as a mixture of enantiomers,
a racenic mixture, or a diastercometic mixture. As such, one of skill in the art will recognize that
administration of a compound in #ts (R) form is equivalent, for compounds that undergo epimerization
in vivo, to administration of the compound in its ($) form. Conventional techniques for the
preparation/isolation of individual enantiomers include synthesis from a suitable optically pure
precursor, asymmetric synthesis from achiral starting materials, or resolution of an enantiomeric
mixture, for example, chiral chromatography, recrystallization, resolution, diastereomeric salt

formation, or derivatization into diastereomeric adducts followed by separation.

[0084] When the compound provided herein contains an acidic or basic moiety, it may also
be provided as a pharmaceutically acceptable salt (See, Berge etal., J. Pharm. Sci. 1977, 66, 1-19; and
“Handbook of Pharmaceutical Salts, Properties, and Use,” Stahl and Wermuth, Ed.; Wiley-VCH and
VHCA, Zurich, 2002).

[0085] Suitable acids for use in the preparation of pharmaceutically acceptable salts include,
but are not hmited to, acetic acid, 2,2-dichjoroacetic acid, acylated amino acids, adipic acid. alginic
acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid,
borie acid, (+)-camphoric acid, camphorsulfonic acid, (+)-(15)-camphor- 1 O-sulfonic acid, capric acid,
caproic acid, caprylic acid, cinnamic acid, citric acid, eyclamic acid, cyclohexanesulfamic acid,
dodecylsulfuric acid, ethane- 1,2-disulfonic acid, ethaneselfonic acid, 2-hydroxy-ethanesulfonic acid,
formic acid, fumaric acid, galactaric acid, gentisic acid, ghacoheptonic acid, D-gluconic acid, D-
glucuronic acid, L-glutamic acid, g-oxogluaric acid, glycolic acid, hippuric acid, hydrobromic acid,
hydrochloric acid, hydrotodic acid, (+}-L-lactic acid, (=}-DL-lactic acid, lactobionic acid, lauric acid,
maleic acid, (-)-L-malic acid, malonic acid, (x)-DL-mandelic acid, methanesulfonic acid,
naphthalene-2-sulfonic acid, naphthalene-1,5-disulfonic acid, I-hydroxy-2-naphthoic acid. nicotinic
acid, nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, perchloric acid,
phosphoric acid, L-pyroglutamic acid, saccharic acid, salicylic acid, 4-amino-salicylic acid, sebacic
acid, stearic acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid, p-

toluenesulfonic acid, undecylenic acid, and valeric acid.

[0086] Suitable bases for usc in the preparation of pharmaceutically acceprable salts,
including, but not limited to, inorganic bases, such as magnesium hydroxide, calcium hydroxide,

potassium hydroxide, zine hydroxide, or sodium hydroxide; and organic bases, such as primary,

[
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secondary, tertiary, and quaternary, aliphatic and eromatic amines, including L-arginine, benethamine,
benzathine, choline, deanol, dicthanolamine, dicthylaming, dimethylamine, dipropylamine,
ditsopropylamine, 2-(diethylamino)-cthanol, cthanolamine. ethylamine, ethylenediamine,
isopropylamine, N-methyl-glucamine, hydrabamine,

I H-imidazole, L-lysine, morpholine, 4-(2-hydroxycthyl)-morpholine, methylamine. piperidine,
piperazine, propylamine, pyrrolidine, 1-(2-hydroxyethyl)-pyrrolidine, pyridine, quinuclidine,
quinoline, isoquinoling, secondary amines, triethanolamine, trimethylamine, tricthylamine, N-methy}-

D-glucamine, 2-amino-2-(hydroxymethyl)-1,3-propanediol, and tromethamine.

(0087} The compound provided herein may also be provided as a prodrug, which is a
functional derivative of the compound and is readily convertible into the parent compound in vivo.
Prodrugs are often useful because, in sonie situations, they may be easier to administer than the parent
compound. They may, for instance, be bicavailable by oral administration whereas the parent
compound is not. The prodrug may also have enhanced solubility in pharmaceutical compositions
over the parent compound. A prodrug may be converted into the parent drug by various mechanisms,
including enzymatic processes and metabolic hydrolysis. See Harper, Progress in Drug Research
1962, 4, 221-294; Morozowich et al. in “Design of Biopharmaceutical Properties through Prodrugs
and Analogs,” Roche Ed., APHA Acad, Pharm. Sci. 1977; “Bioreversible Carriers in Drug in Drug
Design, Theory and Application,” Roche Ed., APHA Acad. Pharm. Sci. 1987; “Design of Prodrugs,”
Bundgaard, Elsevier, 1985; Wang et al., Curr. Pharm. Design 1999, 5, 265-287; Pauletti et al., Adv,
Drug. Delivery Rev. 1997, 27, 235-256; Mizen ct al., Pharm. Biotech. 1998, 11, 345-365; Gaignault ¢t
al., Pract. Med. Chem. 1996, 671-696; Asghamncjad in “Transport Processes in Pharmaceutical
Systems,” Amidon et al., Ed., Marcell Dekker, 185-218, 2000; Balant et al., Eur. J. Drug Metab.
Pharmacokinet, 1988, 15, 143-53; Balimane and Sinko, Adv. Drug Delivery Rev. 1999, 39, 183-209,
Browne, Clin. Newropharmacol. 1997, 20, 1-12; Bundgaard, Arch. Pharm. Chem. 1979, 86, 1-39;
Bundgaard, Controlled Drug Delivery 1987, 17, 179-96; Bundgaard. Adv. Drug Delivery Rev. 1992,
8, 1-38: Fleisher et al., 4dv. Drug Delivery Rev. 1996, 19, 115-130; F!eiﬁhcr' et al., Methods Enzymaol,
1985, /12, 36G-381: Farquhar ct al., /. Pharm, Sci. 1983, 72, 324-325; Freeman et al...J. Chem. Soc.,
Chem. Commun, Y991, 875-877; Friis and Bundgaard, £uwr. J. Pharm. Sci. 1996, 4, 49-59; Gangwar ct
al., Des. Biopharm. Prop. Prodrugs Analogs, 1977, 469-421; Nathwani and Wood, Drugs 1993, 45,
866-94; Sinhababu and Thakker, Adv. Drug Delivery Rev. 1996, 19, 241-273; Stella et al., Drugs
1985, 29, 455-73; Tan et al,, 4dv. Drug Delivery Rev. 1999, 39, 117-151: Taylor. Adv. Drug Delivery
Rev. 1996, 19, 131-148: Valentino and Borchardt, Drug Discovery Today 1997, 2, 148-155; Wicbe
and Knaus, Adv. Drug Delivery Rev. 1999, 39, 63-80; and Waller et al., Br. J. Clin. Pharmac. 1989,
28, 497-507.
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4.3 METHODS OF TREATMENT. PREVENTION AND MANAGEMENT

[O0RE] In one embodiment, provided herein are methods of treating, preventing, and/or
managing various diseases or disorders using a compound provided herein, including a single
enantiomer, a mixture of enantiomers, or a mixture of diastereomers thereof, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof. Without being limited by a particular theory, compounds
provided herein can control angiogenesis or inhibit the production of certain cytokines including, but
not limited to, TNF-a, IL-1f, IL-12, IL-18, GM-CSF, and/or IL-6. Without being limited by a
particular theory, compounds provided herein can stimulate the production of certain other cytokines
including IL-10, and also act as a costimulatory signal for T cell activation, resulting in increased
production of cytokines such as, but not limited to, 1L-12 and/or IFN-y. 1n addition, compounds
provided herein can enhance the effects of NK cells and antibody-mediated cellular cytotoxicity
{(ADCCQC). Further, compounds provided hercin may be immunomodulatory and/or cytotoxic, and
thus, may be useful as chemotherapautic agents. Consequently, without being limited by a particular
theory, some or all of such characteristics possessed by the compounds provided hercin may render
them uscful in treating, managing, and/or preventing various diseases or disorders. In one

embodiment, the compounds provided herein are cytotoxic.

[0089] The discases or disorders treatable with the methods provided herein include, but are
not limited 10, cancer, disorders associated with angiogencsis, pain including Complex Regional Pain
Syndrome (“CRPS™}, Macular Degeneration (“MD™) and related syndromes, skin discases, pulmonary
disorders, asbestos-related disorders, parasitic diseases, immunodeficiency disorders, CNS disorders,
CNS injury, atherosclerosis and related disorders, dysfinctional sleep and related disorders,
hemoglobinopathy and related disorders (e.g., anemia), TNFa and other cytokines related disorders,

and other various diseases and disorders.

[0090] Examples of cancer and precancerous conditions include, but are not limited to, those
deseribed in U.S. patent nos. 6,281,230 and 5,635,517 to Muller et al., in various U.S. patent
publications to Zeldis, including Publ. Nos. 2004/0220144A1, published November 4, 2004
(Treatment of Myclodysplastic Syndrome): 2004/0029832A1, published February 12, 2004
{Treatment of Various Types of Cancer); and 2004/0087546, published May 6, 2004 (Treatment of
Mycloproliferative Discases). Examples also inchude those described in PCT/US04/14004, filed May

5, 2004, All of these references are incorporated herein in their entireties by reference.

[0091] Examples of cancer include, but are not limited to, cancers of the skin, such ag
melanoma; lymph node; breast; cervix: uterus; gastrointestinal tract; lung; ovary: prostate; colon;
rectum; mouth; brain; head and neck; throat; testes; thyroid: kidney: pancreas; bone: spleen; liver;

bladder; Jarynx: nasal passages; and AIDS-related cancers. The compounds provided here are useful
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for treating cancers of the blood and bone marrow, such as multiple myeloma and acute and chronic
leukemias, for example, lymphoblastic, myelogenous, lymphocytic, and myelocytic leukemias. The
compounds provided herein can be used for treating, proventing, or managing either primary or

mctastatic tumors.

[0092] Other examples of cancers include, but are not limited to, advanced malignancy,
amyloidosis, neuroblastoma, meningioma, hemangiopericytoma, multiple brain metastase,
ghioblastoma multiforms, glioblastoma, brain stem glioma, poor prognosis malignant brain tumor,
malignant glioma, recurrent malignant glivma, anaplastic astrocytoma, anaplastic oligodendroglioma,
neuroendocrine tuomor, rectal adenocarcinoma, Dukes C & D colorectal cancer, unresectable

colorectal carcinoma, metastatic hepatoceliular carcinoma, Kaposi's sarcoma, karotype acute
myeloblastic leukemia, chronic lymphocytic leukemia (CLL), Hodgkin’s lymphoma, non-Hodgkin's
lymphoma, cutancous T-Cell lymphoma, cutaneous B-Cell lymphoma, diffuse large B-Cell
lymphoma, low grade follicular lymphoma, metastatic melanoma (Jocalized mclanoma, inclading, but
not limited to, ocular melanoma), malignant mesothelioma, malignant pleural effusion mesothelioma
syndrome, peritoneal carcinoma, papiltlary serous carcinoma, gynecologic sarcoma, soft tissuc
sarcoma, scleroderma, cutancous vasculitis, Langerhans cell histiocytosis, leiomyosarcoma,
fibrodysplasia ossificans progressive. hormone refractory prostate cancer, resected high-risk soft
tissue sarcoma, unrescectable hepatocellular carcinoma, Waldenstrom™s macroglobulinemia,
smoldering myeloma, indolent myeloma, fallopian tube cancer, androgen independent prostate cancer,
androgen dependent stage IV non-metastatic prostate cancer, hormone-mnscnsitive prostate cancer,
chemotherapy-insensitive prostate cancer, papillary thyroid carcinoma, follicular thyroid carcinoma,
medullary thyroid carcinoma, and leiomyoma, In certain embodiments, the cancer is metastatic. In

certain embodiments, the cancer is refractory or resistance to chemotherapy or radiation.

[0693] in another embodiment, provided herein are methods of treating, preventing or
managing various forms of leukcmias such as chronic lymphocytic leukemia, chronic myelocytic
lcukemia, acute lymphoblastic leukemia, acute myelogenous leukemia and acute myeloblastic
leukemia, including leukemias that are relapsed, refractory or resistant, as disclosed in U.S. Publ. No.
2006/0030594, published February 9, 2006, which is incorporated in its entirety by reference. The
rerm “leukemia™ refers malignant neoplasms of the blood-forming tissues. The leukemia includes, but
is not limited to, chronic lymphocytic leukemia, chronie myclocytic leukemia, acute lymphoblastic
leukemia, acute myelogenous leukemia and acute myeloblastic leukemia. The leukemia can be
relapsed, refractory or resistant to conventional therapy, The term “relapsed” refers to a situation
where patients who have had a remission of leukemia after therapy have a return of leukemia cells in
the marrow and a decrease in normal blood cells. The term “refractory or resistant” refers o a

civcumstance where patients, even after intensive weatment, have residual leukemia cells in their
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marrow,

{0094] In yet another embodiment, provided herein are methods of treating, preventing or
managing various types of lymphomas, including Non-Hodgkin’s lymphoma (NHL). The term
“lymphoma” refers a heterogenous group of neoplasms arising in the reticuloendothelial and
lymphatic systems. “NHL” refers to malignant monoclonal proliferation of lymphoid cells in sites of
the immune system, including lymph nodes, bone marrow, spleen, liver and gastrointestinal fract.
Examples of NHL include, but are not limited to, mantle cell Ilymphoma, MCL, lymphocytic
lymphoma of intermediate differentiation, intermediate lymphocytic lymphoma, 1LL, diffuse poorly
differentiated lymphocytic lymphoma, PDL, centrocytic tymphoma, diffuse small-cleaved cell
lymphoma, DSCCL., follicular lymphoma, and any type of the mantle cell lymphomas that can be

scen under the microscope (nodular, diffuse, blastic and mentle zone lymphoma).

[0095] Examples of discases and disorders associated with, or characterized by, undesired
angiogenesis include, but are not limited to, inflammatory diseases, autoimmune discases, viral
discases, genetic discasces, allergic discases, bacterial discases, ocular neovascular diseases, choroidal
neovascular diseases, retina ncovascular discases, and rubeosis (neovascularization of the angle).
Specific examples of the diseases and disordery associated with, or characterized by, undesired
angiogenesis include, but are not limited 1o, endometriosis, Crohn’s discase, heart failure, advanced
heart failore, renal impairment, endotoxemia, toxic shock syndrome, osteoarthritis, retrovirus
replication, wasting, meningitis, siica-induced fibrosis, asbestos-induced fibrosis, veterinary disorder,
malignancy-associated hypercalcemia, stroke, circulatory shock, periodontitis, gingivitis, macrocytic

anemia, refractory anemia, and 5g-deletion syndrome,

[0096] Examples of pain include, but are not limited 10 those described in U.S. patent Publ.
No. 2005/0203142, published September 15, 2005, which is incorporated herein by reference.
Specific types of pain include, but are not limited fo, nociceptive pain, neuropathic pain, mixed pain

of nociceptive and neuropathic pain, visceral pain, migraine, headache, and post-operative pain.

{0097} Examplcs of nociceptive pain include, but are not limited to, pain associated with
chemical or thermal burns, cuts of the skin, contusions of the skin, osteoarthritis, rheumatoid arthritis,

tendonitis, and myofascial pain.

[0098] Examples of neuropathic pain mclude, but are not limited to, CRPS type 1, CRPS type
11, reflex sympathetic dystrophy (RSD), reflex neurovascular dystrophy, reflex dystrophy,
sympathetically maintained pain syndrome, causalgia, Sudeck atrophy of bone, algoneurodystrophy,
shoulder hand syndrome, post-traumatic dystrophy, trigeminal neuralgia, post herpetic neuralgia,

cancer refated pain, phantom limb pain, fibromyalgia, chronie fatiguc syndrome, spinal cord injury
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pain, central post-stroke pain, radiculopathy, diabetic neuropathy, post-stroke pain, loetic neuropathy,
and other painful neuropathic conditions such as those induced by drugs such as vincristine and
velcade, As used herein, the terms “complex regional pain syndrome,” “CRPS” and “CRPS and
related syndromes™ mean a chronic pain disorder characterized by one or more of the following: pain,
whether spontaneous or evoked, inclhuding allodynia (painful response to & stimulus that is not usually
painful) and hyperalgesia (exaggerated response to a stimulus that is usually only mildly painful);
pain that is disproportionate to the inciting cvent (e.g., years of severe pain after an ankle sprain);
regional pain that is not limited to a single peripheral nerve diswribution; and autonomic dysregulation
(e.g., edema, alteration in blood flow and hyperhidrosis) associated with trophic skin changes (hair

and nail growth abnormalities and cutaneous ulceration),

[6099] Examples of MD and related syndromes include, but are not limited to, those
described in U.S. patent Publ. No. 2004/0091455, published May 13, 2004, which is incorporated
herein by reference. Specific examples include, but are not limited to, atrophic (dry) MD, exudative
{wet) MD, age-related maculopathy (ARM), choroidal neovascularisation (CNVM), retinal pigment

epitheliom detachment (PED), and atrophy of retinal pigment epithelium (RPE),

{00100] Examples of skin discases include, but are not Hmited 1o, those described in U.S.
Publ. No. 2005/0214328A1, published September 29, 2005, which is incorporated hercin by
reference. Specific examples include, but are not limited to, keratoses and related symptoms, skin
diseases or disorders characterized with overgrowths of the epidermis, acne, and wrinkles. As used
herein, the ferm “keratosis” refers to any lesion on the epidermis marked by the presence of
circumsceribed overgrowths of the horny layer, including but not limited to actinic keratosis,
seborrheic keratosis, keratoacanthoma, keratosis follicularis (Darier disease), inverted follicular
keratosis, palmoplantar keratoderma (PPK, keratosis palmaris ot plantaris), keratosis pilaris, and
stucco keratosis. The term “actinic keratosis™ also refers to senile keratosis, keratosis senilis, verruca
senilis, plana senilis, solar keratosis, keratoderma or keratoma. The term “seborrheic keratosis™ also
refers to seborrheic wart, senile wart, or basal cell papilloma. Keratosis is characterized by one or
more of the following symptoms: rough appearing, scaly, erythematous papules, plaques, spicules or
nodules on exposed surfaces {e.g., face, hands, ears, neck , legs and thorax), excrescences of keratin
referred to as cutancous horns, hyperkeratosis, telangiectasias, elastosis, pigmented lentigines,
acanthosis, parakeratosis, dyskeratoses, papillomatosis, hyperpigmentation of the basal cells, cellular
atypia, mitotic figures, abnormal cell-cell adhesion, dense inflammatory infiltrates and small

prevalence of squamous cell carcinomas.

[GO1G1] Examples of skin diseases or disorders characterized with overgrowths of the
epidermis include, but are not limited to, any conditions, discases or disorders marked by the presence

of overgrowths of the epidermis. including but not Emited to, infections associated with papilloma
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virus, arsenical keratoses, sign of Leser-Trélat, warty dyskeratoma (WD), trichostasis spinulosa (TS),
erythrokeratodermia variabilis (EKV), ichthyosis fetalis (harfequin ichthyosis), knuackle pads,
cutaneous melanoacanthoma, porokeratosis, psoriasis, squamous cell carcinoma, confluent and
reticulated papillomatosis (CRP), acrochordons, cutaneous horn, cowden disease (multiple hamartoma
syndrome), dermatosis papulosa nigra (DPN), epidermal nevus syndrome (ENS), ichthyosis vulgaris,

molluscum contagiosum, prurige nodularis, and acanthosis migricans (AN},

[00102] Examples of pulmonary disorders include, but are not limited 1o, those described in
U.S. Publ. No. 2005/0239842A1, published October 27, 2005, which 1s incorporated herein by
reference. Specific examples include pulmonary hypertension and related disorders. Examples of
pulmonary hypertension and related disorders inclhude, but are not lamited to: primary pulmonary
hypertension (PPH); secondary pulmonary hypertension (SPH); familial PPH: sporadic PPH;
precapillary pulmonary hypertension: pulmonary arterial hypertension (PAH): pulmonary artery
hypertension; idiopathic pulmonary hypertension; thrombotic pulmonary arteriopathy (TPA);
plexogenic pulmonary arteriopathy; functional classes I'to IV pulmonary hypertension; and
pulmonary hypertension associated with, related to, or secondary to, left ventricular dysfunction,
mitral valvular disease, constrictive pericarditis, aortic stenosis, cardiomyopathy, mediastinal fibrosis,
anomalous pulmonary venous drainage, pulmonary venoocelusive disease, collagen vasular disease,
congenital heart disease, HIV virus infection, drugs and toxins such as fenfluramines, congenital heart
discase, pulmonary venous hypertension, chronic obstructive pulmonary discase, interstitial lung
disease, sleep-disordered breathing, alveolar hypoventilation disorder, chronic exposure (o high
altitude. nconatal lung discase, alveolar-capillary dysplasia, sickle cell disease, other coagulation
disorder, chronic thromboemboli, connective tissue disease, lupus including systemic and cutancous

lupus, schistosomiasts, sarcoidosis or pulmonary capillary hemangiomatosis.

[00103] Examples of asbestos-related disorders include, but not Hmited to, those described in
U.S. Publ. No. 2005/0100529, published May 12, 2005, which is incorporated herein by reference.
Specific examples include, but are not limited to, mesothelioma, asbestosis, malignant pleural
effusion, benign exudative effusion, pleural plaques, pleural calcification, diffuse pleural thickening,

rounded atelectasis, fibrotic masses, and lung cancer.

[00104] Examplcs of parasitic discases include, but are not Himited to, those described in U.S.
Publ. No. 2006/0154880, published July 13, 2006, which is incorporated hergin by reference.
Parasitic diseases include diseascs and disorders caused by human intracellular parasites such as, but
not limited to, P. falcifarivm, P. ovale, P. vivax, P. malariae, L. donovari, L. infantum, L. aethiopica,
L. major, L. tropica, L. mexicana, L. braziliensis, T. Gondii, B. microti, B. divergens, B, coli, C.
parvum, C. cavetunensis, E. histolvtica, I belli, S. mansonil, S. haematobium, Trypanosoma ssp.,

Toxoplasma ssp., and O. volvulus. Other diseases and disorders caused by non-human intracellular
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parasites such as, but not limited to, Babesia bovis, Babesia canis, Banesia Gibsoni, Besnoilia
darlingi, Cylauxzoon felis, Eimeria ssp., Hammondia ssp., and Theileria ssp., are also encompassed.
Specific examples include, but are not limited to, malaria, babesiosis, trypanosomiasis, feishmaniasis,
toxoplasmosis, meningoencephalitis, keratitis, amebiasis, giardiasis, cryptosporidiosis, isosporiasis,
cyelosporiasis, microsporidiosis, ascariasis, trichuriasis, ancylostomiasts, strongyloidiasis,
toxocariasis, trichinosis, lymphatic filariasis, onchocerciasis, filanasis, schistosomiasis, and dermatitis

caused by animal schistosomes,

[00105] Examples of immunodeficiency disorders inchude, buf are not limited to, those
described in U.S. Publ. No. 2006/0188475, published August 24, 2006, which is incorporated herein
by reference. Specific examples include, but not limited to, adenosine deaminase deficiency, antibody
deficiency with normal or elevated Igs, ataxia-tenlangiectasia, bare lymphocyte syndrome, common
variable immunodeficiency, Ig deficiency with hyper-IgM, Ig heavy chain deletions, IgA deficiency,
immunodeficiency with thymoma, reticular dysgenesis, Nezelof syndrome, selective IgG subclass
deficiency, transient hypogammaglobulinemia of infancy, Wistcott-Aldrich syndrome, X-linked

agammaglobulinemia, X-linked severe combined immunodeficiency.

[00106] Examples of CNS disorders include, but are not limited to, those described in U.S,
Publ. No, 2005/0143344A1, published June 30, 2005, which is incorporated herein by reference.
Specific examples include, but are not imited to, include, but are not limited to, Amyotrophic Lateral
Sclerosis, Alzheimer Disease, Parkinson Discase, Huntington’s Discase, Muliple Sclerosis other
neurcimmunological disorders such as Tourette Syndrome, delerium, or disturbances in consciousness
that eceur over a short period of time, and amnestic disorder, or discreet memory impatrments that

occur in the absence of other central nervous system impairments,

[00107] Examples of CNS injuries and relared syndromes include, but are not limited to, those
described in U.S. Publ. No. 2006/0122228, published June 8, 2006, which is incorporated herein by
reference. Specific examples include, but are not limited to, CNS injury/damage and related
syndromes, include, but are not limited to, primary brain injury, secondary brain injury, traumatic
brain injury, focal brain injury, diffuse axonal injury, head injury, concussion, post-concussion
syndrome, cerebral contusion and laceration, subdural hematoma, epidermal hematoma, post-
traumatic epilepsy, chronic vegetative state, compleie SCI, incomplete SCI, acute SC1, subacute SCI,
chronic SCI, central cord syndrome, Brown-Sequard syndrome, anterior cord syndrome, conus
medutlaris syndrome, cauda equina syndrome, neurogenic shock, spinal shock, alered level of
consciousness, headache, nausca, emesis, memory loss, dizziness, diplopia, blurred vision, emotional
lability, skeep disturbances, irritability, inability {o concentrate, nervousness, behavioral impairment,

cognitive deficit, and seizure.
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[00108] Other discase or disorders include, but not limited to, viral, genctic, allergic, and
autoirmmune discases. Specific examples inchude, but not limited to, HIV, hepatitis, adult respiratory
distress syndrome, bone resorption discases, chronic pulmonary inflammatory diseases, dermatits,
cystic fibrosis, septic shock, sepsis, endotoxic shock, hemodynamic shock, sepsis syndrome, post
ischemic reperfusion injury, meningitis, psoriasis, fibrotic discase, cachexia, graft versus host disease,
graft rejection, auto-immune discase, rheumatoid spondylitis, Crohn’s disease, nicerative colitis,
inflammatory-bowel discase, multiple sclerosis, systemic lupus erythrematosus, ENL in leprosy,

radiation damage, cancer, asthma, or hyperoxic alveolar injury.

[001G9] Examples of atherosclerosis and related conditions include, but are not limited to,
those disclosed in U.S. Publ. No. 2002/0054899, published May 9, 2002, which is incorporated herein
by reference. Specific examples include, but are not fimited to, all forms of conditions involving
atherosclerosis, including restenosis after vascular intervention such as angioplasty, stenting,
atherectomy and grafting. All forms of vascular intervention are contemplated by the disclosure,
including discases of the cardiovascular and renal system, such as, but not limited to, renal
angioplasty, percutancous coronary intervention (PCI), percutancous transluminal coronary
angioplasty (PTCA), carotid percutancous transluminal angioplasty (PTA), coronary by-pass grafting,
angioplasty with stent implantation, peripheral percutaneous transluminal intervention of the iliac,
femoral or poplitcal arterics, and surgical intervention using impregnated artificial grafts. The
following chart provides a listing of the major systemic arteries that may be in need of treatment, all

of which are contemplated by the disclosure:
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Artery Body Area Supplied
Axiilary Shoulder and axilla
Brachial Upper arm
Brachiocephalic Head, neck, and arm

Celiac

Comymon carotid
Common iliac
Coronary

Deep femoral
Digital

Dorsalis pedis
External carotid
External thac
Femoral

Gastric

Hepatic

Inferior mesenteric
Internal carotid
Internal iliac

Left gastric
Middle sacral
Ovarian
Palmar arch
Peroncal
Popliteal
Posterior tibial
Pulmonary
Radial

Renal

Splenic
Subclavian
Superior mesenteric
Testicular
Ulnar

Divides into left gastric, splenic, and hepatic arterics
Neck

Divides into external and internal iliac arteries
Heart

Thigh

Fingers

Foot

Neck and exterpal head regions

Femoral artery

Thigh

Stomach

Liver, galibladder, pancreas, and duodenum
Descending colon, rectum, and pelvic wall
Neek and internal head regions

Rectum, urinary bladder, external genitalia,
buttocks muscles, uterus and vagina
Esophagus and stomach

Sacrum

Ovarics

Hand

Calf

Knee

Calf

Lungs

Forearm

Kidney

Stomach, pancrcas, and spleen

Shouider

Pancreas, small intestine, ascending and transverse colon
Testes

Forearm

[00110]

Examples of dysfunctional sleep and related syndromes include, but are not limited
to, those disclosed in U.S. Publ. No. 2005/0222209A1, published October 6, 2005, which is
incorporated herein by reference. Specific examples include. but are not limited to, snoring, skeep
apnea, insonmia, narcolepsy, restless ieg syndrome, sieep terrors, sleep walking sleep cating, and
dysfunctional slcep associated with chronic neurological or inflammatory conditions. Chronic
neurological or inflammatory conditions, include, but are not limited to, Complex Regional Pain
Syndrome, chronic low back pain, musculoskeletal pain, arthritis, radiculopathy, pain associated with
cancer, fibromyalgia, chronie fatigue syndrome, visceral pain, bladder pain, chronic pancreatitis,

neuropathics (diabetic, post-herpetic, traumatic or inflammatory), and neurodegencrative disorders
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such as Parkinson’s Disease, Alzheimer’s Disease, amyotrophic lateral sclerosis, multiple sclerosis,
Huntington’s Disease, bradykinesia; muscle rigidity; parkinsonian tremor; parkinsonian gait; motion
freezing; depression; defective long-term memory, Rubinstein-Taybi syndrome (RTS); dementia;
postura] instability; hypokinetic disorders; synuclein disorders; multiple system atrophies;
striatonigral degencration; olivopontocerebellar atrophy; Shy-Drager syndrome; motor ncuron disease
with parkinsonian features; Lewy body dementia; Tau pathology disorders; progressive supranuclear
palsy; corticobasal degeneration: frontotemporal dementia; amyloid pathology disorders; mild
cognitive impairment; Alzheimer disease with parkinsonism; Wilson disease; Hallervorden-Spatz
disease; Chediak-Hagashi disease; SCA-3 spinocerebellar ataxia; X-linked dystonia parkinsonism;
prion disease; hyperkinetic disorders; chorea; ballismus; dystonia tremors; Amyotrophic Lateral

Sclerosis {ALSY; CNS trauma and myoclonus.

[60111] Examples of hemoglobinopathy and related disorders include, but are not limited to,
those described in U.S. Publ. No. 2005/0143420A 1, published June 30, 2005, which is incorporated
herein by reference. Specific examples include, but are not limited to, hemoglobinopathy, sickie cell

anemia, and any other disorders related to the differentiation of CD34+ cells.

(60112} Examples of TNFa and other cytokines related disorders include, but are not limited
to, those described in WO 98/03502 and WO 98/54170, both of which are incorporated hercin in their
entireties by reference. Specific examples include, but are not limited to: endotoxemia or toxic shock
syndrome; cachexia; adult respiratory distress syndrome; bone resorption diseases such as arthritis:
hypercalcemia; Graft versus Host Reaction; cerebral malaria; inflammation; tamor growth: chronic
pulmonary inflammatory discases: reperfusion injury; myocardial infarction; stroke; circulatory
shock: rheumatoid arthritis; Crohn’s disease; HIV infection and AIDS: other disorders such as
rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions, septic shock,
septis, endotoxic shock, graft versus host disease, wasting, Crohn's disease, ulcerative colitis, multiple
sclerosis, systemic fupus ervthromatosis, ENL in leprosy, HIV, AIDS, and opportunistic infections in
AIDS; cAMP related disorders such as septic shock, sepsis, endotoxic shock, hemodynamic shock
and sepsis syndrome, post ischemic reperfusion injury, malaria, mycobacterial infection, meningitis,
psoriasis, congestive heart failure, fibrotic discase, cachoxia, graft rejection, oncogenic or cancerous
conditions, asthma, autoimmune disease, radiation damages, and hyperoxic alveolar injury; viral

infections, such as those caused by the herpes viruses; viral conjunctivitis; or atopic dermatitis.

{00113] In certain embodiments, the use of compounds provided herein in various
immunological applications, in particular, as vaccine adjuvants, particularly anticancer vaccine
adjuvants, as disclosed in U.S. Publ. No. 200740048327, published March 1, 2007, which is
incorporated herein in its entirety by reference, is also encompassed. This aspect of the disclosure

also relates to the uses of compounds provided in combination with vaceines to freat or prevent cancer
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or infectious diseases, and other various uses of immunomodulatory compounds such as reduction or

descnsitization of allergic reactions.

{00114} Depending on the condition, disorder, or disease to be treated and the subject’s
condition, a compound provided herein may be administered by oral, parenteral (e.g., intramuscular,
intraperiloneal, intravenous, ICV, intracistemal injection or infusion, subcutaneous injection, or
implant), inhalation, nasal, vaginal, rectal, sublingual, and/or topical (e.g., transdermal or focal) routes
of administration, and may be formulated alone or together in suitable dosage unit with a
pharmaceutically acceptable vehicle, carrier, diluent, excipient, or a mixture thereof, appropriate for

each route of administration,

{00115} The dose may be in the form of one, two, three, four, five, six, or more sub-doses that
are administered at appropriate intervals per day. The dose or sub-doses can be administered in the
form of dosage units containing from about 0.1 to about 1,600 mg, from about 0.1 to about 508 mg, or
from 0.5 about {0 about 100 mg of active ingredient(s) per dosage unit, and if the condition of the

patient requires, the dose can, by way of alternative, be administered as a continuous infusion.

{00116} In certain embodiments, an appropriate dosage level is about 0.01 to about 100 mg
per kg patient body weight per day (mg/kg per day), about 0.01 1o about 50 mg/kg per day, about .01
to about 25 mg/kg per day, or about §.05 to about 10 mg/kg per day, which may be administered in
single or muliiple doses. A suitable dosage level may be about .01 to about 100 mg/kg per day,
about 0.05 to about 50 mg/kg per day, or about .1 to about 10 mg/ke per day. Within this range, the
dosage may be about 0.01 to about 0.1, about 0.} to about 1.0, about 1.0 to about 10, or about 10 to

about 50 mg/kg per day.

[00117] For oral administration, the pharmaceutical compositions can be provided in the form
of tablets containing 1.0 to 1,000 mg of the sctive ingredient, particularly about 1, about 5, about 10,
about 15, abouf 20, about 25, about 50, about 75, abour 100, about 150, about 208, about 250, about
300, about 400, about 500, about 600, about 750, about 800, about 900, and abour 1,000 mg of the
active ingredient for the symptomatic adjustment of the dosage to the patient to be treated. The
compositions may be adninistered on a regimen of 1 to 4 imes per day, including once, twice, three

times, and four times per day.

[0G118] It will be understood, however, that the specific dose level and frequency of dosage
for any particular patient muay be varied and will depend upon a variety of factors including the
activity of the specific compound employed, the metabolic stability and length of action of that
compound, the age, body weight, general health, sex, diet, mode and time of administration, rate of

cxeretion, drug combination, the severity of the particular condition, and the host undergoing therapy.
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4.4 SECOND ACTIVE AGENTS

{00119} The compounds provided hercin may also be combined or used in combination with
other therapeutic agents useful in treating, preventing, and/or managing various diseases or disorders
for which the compounds provided herein are useful. It is believed that certain combinations may
work synergistically in the treatment of particular types of diseases or disorders, and conditions and
symptoms associated with such diseases or disorders. A compound provided herein, inchading a
single enantiomer, a mixture of cnantiomers, or a mixture of diastercomers thereof, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, can also work 1o alleviate adverse

effects associated with certain second active agents, and vice versa.

[00120] As used herein, the term “in combination™ includes the use of more than one
therapeutic agents. However, the use of the term “in combination”™ does not restrict the order or route
in which therapeutic agents arc administered to a subject with a condition, disorder, or disorder. A
first therapeutic agent {e.g., a therapeutic agent such as a compound provided herein) can be
administered prior to (e.g., 5 min, 15 min, 30 min, 45 min, 1 hr, 2 hrs, 4 hrs, 6 hrs, 12 hrs, 24 hrs, 48
hrs, 72 brs, 96 hrs, 1 wk, 2 wks, 3 wks, 4 wks, 5 wks, 6 wks, 8 wks, or 12 wks before), concomitantly
with, or subsequent to {e.g., 5 min, 15 min, 30 min, 45 min, | hr, 2 brs, 4 hrs, 6 hrs, 12 hrs, 24 hrs, 48
hrs, 72 hrs, 96 hrs, 1 wk, 2 wks, 3 wks, 4 wks, 5 wks, 6 wks, 8 wks, or 12 wks after) the

administration of a second therapeutic agent to a subject to be treated.

[00121] The suitability of a particular route of administration employed for a particular active
agent will depend on the active agent itself (e.g., whether it can be administered orally without
decomposing prior to entering the blood stream) and the disease being treated. In certain
embodiments, the route of administration for compounds provided herein is oral. In certain
embodiments, the routes of administration for the second active agents or ingredients provided herein

are those as described in Physicians ' Desk Reference, 1755-1760 (56th ed., 2002).

[00122] In one embodiment, the second active agent is administered intravenously or
subcutancously and once or twice datly in an amoumt of from about | to about 1,000 mg, from about 5
to about 500 mg, from about 10 to about 350 mg, or from about 50 to about 200 mg. The specific
amount of the second active agent will depend on the specific agent used, the type of discase being
treated or managed, the severity and stage of disease, and the amount(s} of compounds provided

herein and any optional additiona] active agents concurrently adminisiered to the patient.

[00123] In certain embodiments, provided herein is a method of reducing, treating and/or
preventing adverse or undesired effects associated with conventional therapy including, but not

limited to, surgery, chemotherapy, radiation therapy, hormonal therapy, biological therapy and
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immunotherapy. Compounds provided herein and other active ingredients can be adntinistered to a
patient prior to, during, or after the occurrence of the adverse effect associated with conventional

therapy.

{00124] When a compound provided herein is used contemporancously with one or more
therapeutic agents, a pharmaccutical composition containing such other agents in addition to the
compound provided hercin may be utilized, but is not required. Accordingly, the pharmaccutical
compositions provided hercin include those that also contain onc or more other therapeutic agents, in

addition to a compound provided herein,

[00125] One or more seccond active ingredients or agents can be used in the methods and
compositions provided herein. Second active agents can be large molecules {e.g., proteins) or small

molecules (e.g., synthetic inorganic, organometaflic, or organic molecules).

[00126] Examples of large molecule active agents inchude, but are not limited to,
hematopoietic growth factors, cytokines, and monoclonal and polyclonal antibodies. Specific
examples of the active agents are anti-CD40 monoclonal antibodies (such as, for example, SGN-40,
Herceptin, rituximab); histone deacetlyase inhibitors {such as, for cxample, SAHA and LAQ §24):
heat-shock protein-94 inhibitors (such as, for example, 17-AAG); insulin-like growth factor-]
receptor kinase inhibitors; vascular endothelial growth factor receptor kinase inhibitors (such as, for
example, PTK787): insulin growth factor receptor inhibitors; lysophosphatidic acid acyltransrerase
inhibitors; TkB kinase inhibitors: p38MAPK inhibitors; EGFR inhibitors (such as, for example,
gefitinib and erlotinib HCLY, HER-2 antibodies {(such as, for example, rastuzumab ( Herceptin™) and
pertuzumab (Omnitarg™)); VEGFR antibodies (such as, for example, bevacizumab {(Avastin™));
VEGFR. inhibitors {such as, for example, fik-1 specific kinase inhibitors, SUS416 and
ptk787/2k222584): P13K inhibitors (such as, for example, wortmamin); C-Met inhibitors (such as,
for example, PHA-665752); monoclonal antibodies (such as, for example, ritximab {Rituxan@'),
tositumomab (Bexxar™), edrecolomab (Panorex™) and G250); and anti-TNF-u antibodics. Examples
of small molecule active agents include, but are not Jimited to, smail molecule anti-cancer agents and

antibiotics (e.g., clarithromycin,

[60127] Specific second active compounds that can be combined with compounds provided

herein vary depending on the specific indication to be freated, prevented or managed.

[00128] For instance, for the treatment, prevention or management of cancer, sccond active
agents include, but are not limited tor semaxanib; cyclosporin; etanercept; doxycycline; bortezomib;
acivicin aclarubicin; acodazole hydrochloride: acronine: adozelesin: aldesleukin; altreramine:

ambomycin; amctantrone acctate; amsacrine; anastrozole; anthramycin: asparaginasc; asperling
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azacitidine; azetepa; azotomycin; batimastat; benzodepa: bicalutamide; bisantrene hydrochloride;
bisnafide dimesylate; bizelesin; bleomycin sulfate; brequinar sodium; bropirimine; busalfan;
cactinomycin; calusterone; caracemide; carbetimer; carboplating carmustine; carubicin hydrochloride:
carzelesing cedefingol; celecoxib: chlorambucil; cirolemycin; cisplatin: cladribine; crisnatol mesylate;
cyclophosphamide; cytarabine; dacarbazine; dactinomycin; daunorobicin hydrochloride; decitabine;
dexormaplatin; dezaguanine; dezaguanine mesylate; diaziquone; docetaxcl; doxorubicin: doxorubicin
hydrochloride; droloxifene; droloxifene citrate; dromostanolone propionate; duazomycin; cdatrexate;
eflornithine hydrochloride: elsamitrucin; enloplatin; enpromate; epipropidine; epirubicin
hydrochioride; erbulozole; esorubicin hydrochloride; estramusting; estramustine phosphate sodium;
etanidazole; etoposide: ctoposide phosphate; etoprine; fadrozole hydrochloride; fazarabine:
fenretinide: floxuridine: fludarabine phosphate; fluorouracil; flurocitabine; fosquidone; fostriccin
sodium; gemcitabine; gemcitabine hydrochloride; hydroxyurea; idarubicin hydrochloride; ifosfamide;
iimofosine: iproplatin; irinotecan; irinotecan hydrochloride; lanreotide acetate; letrozole; jeuprofide
acetate; larozole hydrochloride; lometrexol sodium; lomustine; losoxantrone hydrochloride;
masoprocol: maytansine; mechlorethamine hydrochloride; megestrol acetate; melengestrol acetate;
melphalan; menogaril; mercaptopurine; methotrexate; methotrexate sodium; metoprine: meturedepa:
mitindomide; mitocarcin; mitocromin; mitogilling mitomalein; mitomycin; mitosper; mitotane;
mitoxantrone hydrochioride: mycophenolic acid; nocodazole: nogalamycin, ormaplatin: oxisuran;
paclitaxel; pegaspargase: peliomycin; pentamustine; peplomycin sulfate: perfosfamide: pipobroman:
piposulfan; piroxantrone hydrochloride; plicamycin; plomestane: porfimer sodium: porfiromycin:
prednimustine; procarbarzine hydrochloride; puromycin; puromycin hydrochioride: pyrazofuring
riboprine; safingol; safingol hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin:
spirogermanium hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur;
talisomycin; tecogalan sodium: taxotere; tegafur; teloxantrone hydrochloride: temoporfin; teniposide:
teroxirone; testolactone: thiamiprine: thioguanine; thiotepa; tiazofurin; tirapazamine; toremifenc
citrate; trestolone acetate; triciribine phosphate; trimetrexate; trimetrexate glucuronate; triptoreling
tubulozole hydrochloride; uracil mustard; uredepa; vapreotide: verteporfin; vinblastine sulfate;
vineristine sulfate; vindesine; vindesine sulfate: vinepidine sulfate; vinglyeinate sulfate; vinleurosine
suifate: vinoreibine tartrate; vinrosidine sulfate; vinzolidine sulfate: vorozole: zeniplating zinostating

and zorubicin hydrochloride.

[60129] Other second agents include, but are not limited to: 20-epi-1,25 dihydroxyvitamin
D3: 5-cthynyluracil; abiraterone; aclarubicin; acylfulvene: adecypenol: adozelesin: aldesieukin;
ALL-TK antagonists; altretamine: ambamustine; amidox; amifostine: aminolevulinic acid; amrubicin;
amsacrine; anagrelide: anastrozole; andrographolide; angiogenesis inhibitors: antagonist D; antagonist
G: antarelix; anti-dorsalizing morphogenetic protein-1: antiandrogen, prostatic carcinoma;

antiestrogen; antineoplaston; antisense oligonucieotides; aphidicolin glycinate: apoptosis gene
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modulators; apoptosis regulators; apurinic acid; ara-CDP-DL-PTBA; arginine deaminase; asulacrine:
atamestane; atrimustine; axinastatin 1; axinastatin 2; axinastatin 3; azasetron; azatoxin, azatyrosine;
baccatin 111 derivatives; balanol; batimustat; BCR/ABL antagonists; benzochlorins;
benzoylstaurosporine; beta lactam derivatives; beta-alethine; betaclamyein B; beralinic acid; bFGF
inhibitor; bicalutamide; bisantrene; bisaziridinylspermine; bisnafide: bistratene A; bizelesin; breflate;
bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin C: camptothecin derivatives;
capecitabine; carboxamide-amino-triazole; carboxyamidotriazole; CaRest M3; CARN 700; cartilage
dertved inhibitor; carzelesing casein kinase inhibitors (JCOS); castanospermine; cecropin B;
cetrorelix; chlorlns; chloroguinoxaline sulfonamide; cicaprost; cis-porphyrin; cladribine; clomifene
analogucs; clotrimazole: collismycin A; collismyein B; combretastatin A4; combretastatin analogue;
conagenin; crambescidin 816; crisnatol; cryptophycin §8; cryptophycin A derivatives; curacin A;
cyvclopentanthraquinones; cycloplatam; cypemyein: cytarabine ocfosfate; cytolytic factor; cytostating
dacliximab; decitabine; dehydrodidemmnin B: deslorelin; dexamcthasone; dexifosfamide; dexrazoxanc;
dexverapamil; diaziquone; didemnin B; didox; dicthyhnorspermine; dihydro-5-azacytidine;
dihydrotaxol; dioxamycin diphenyl spiromustine; docetaxel; docosanol; dolasetron: doxifluridine;
doxorubicin; drotoxifenc; dronabinol; duccarmycin SA: ebselen; ecomustine; edelfosine;
edrecolomab; eflornithing; elemene; emitefur; epirubicin; epristeride; estramustine analogue; estrogen
agonists; estrogen antagonists; etanidazole; ctoposide phosphate; exemestane; fadrozole; fazarabine;
fenretinide: filgrastim; finasteride; flavopindol; flezelastine: fluasterone; fludarabine:
fluorodaunorunicin hydrochloride; forfenimex; formestane; fostriecin; fotemustine; gadolinium
texaphyrin; gallium nifrate; galocitabine; ganirelix; gelatinase inhibitors; gemcitabine; glutathione
inhibitors; hepsulfam; heregulin: hexamethylene bisacetamide; hypericin: ibandronic acid; idarubicin;
idoxifene; idramantone; ilmofosine; ilomastat; imatinib (Gleevec™), imiquimod; immunostimulant
peptides; insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons: interfeukins:
iobenguane; iododoxorubicin; ipomeanol, 4-; iroplact; irsogladine; isobengazole: isohomohalicondrin
B: itasetron: jasplakinolide; kahalalide F; lamellarin-N triacetate; lanreotide; leinamycin; lenograstim;
lentinan sulfate; leptolstating letrozole; leukemia inhibiting factor: leukocyte alpha interferon:
leuprolide+estrogen+progesterone: feuproreling levamisole: liarozole; lincar polyamine analoguc;
lipophilic disaccharide peptide; lipophilic platinum compounds; Hssoclinamide 7; lobaplatin,
lombricine; lometrexol; lonidamine: losoxantrone; loxoribine; lurtotecan: lufetium fexaphyring
lysofylline; Iytic peptides; maitansine; mannostatin A marimastat; masoprocol: maspin: matrilysin
inhibitors: matrix metalloproteinase inhibitors; menogaril; merbarone; metercling methioninase;
metociopramide; MIF inhibitor; mifepristone; miltefosine: mirimostim; mitoguazone; mitolactol;
mitomycin analogues: mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone;
mofarotene; molgramostim; Erbitux, human chorionic gonadotrophin; monophosphory! lipid
A+myobacterium cell wall sk: mopidamol; mustard anticancer agent; mycaperoxide B: mycobacterial

cell wall extract; myriaporone; N-acetyldinaline; N-substituted benzamides; nafarchin: nagrestip:

46



naloxone-rpentazocing; napavin: naphterpin; nartograstim; nedaplatin; nemorubicin; neridronic acid:
nilutamide; nisamycin; pitric oxide modudators: nitroxide antioxidant; nitrullyn: oblimersen
(Genasense™): O6-benzylguanine: octreotide; okicenone: oligonucleotides; onapristone: ondansetron;
ondansetron: oracin; oral cytokine inducer; ormaplatin; osaterone; oxaliplating oxaunomycin;
paclitaxel; paclitaxel analogues: paclitaxel derivatives: palauamine; palmitoyirhizoxin; pamidronic
acid: panaxytriol; panomifene; parabactin; pazelliptine: pegaspargase: peldesine; pentosan polysulfate
sodium; pentostatin; pentrazole: perflubron; perfosfamide; perillyl alcohol; phenazinomycin;
phenylacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochloride: pirarubicin; piritrexim;
placetin A; placetin B; plasminogen activator inhibitor; platinum complex; platinum compounds;
platinum-triamine complex: porfimer sodium; porfiromycin; prednisonc; propyl bis-acridone;
prostaglandin J2; proteasome inhibitors; protein A-based immune modulator; protein kinase C
inhibitor; protein kinase C inhibitors, microalgal: protein tyrosine phosphatase inhibitors; purine
nucleoside phosphorylase inhibitors; purpuring; pyrazoloacridine; pyridoxylated hemoglobin
polyoxyethylene conjugate; raf antagonists; raltitrexed; ramosetron; ras farnesyl protein transferase
inhibitors; ras inhibitors; ras-GAP inhibitor; retelliptine demethylated; rhenium Re 186 etidronate;
rhizoxin; ribozymes; RII retinamide; rohitukine; romurtide; roquinimex; rubiginone B1; ruboxyl;
safingol; saintopin, SarCNU; sarcophytol A; sargramostim; Sdi 1 mimetics; semustine; senescence
derived inhibitor 1: sense oligonucleotides; signal transduction inhibitors: sizofiran; sobuzoxane;
sodium borocaptate; sodium phenylacetate; solverol; somatomedin binding protein; sonermin;
sparfosic acid; spicamycin D; spiromustine; splenopenting spongistatin 1; squalamine; stiptamide;
stromelysin inhibitors; sulfinosine; superactive vasoactive intestinal peptide antagonist; suradista;
suramin; swainsonine; tallimustine; tamoxifen methiodide; tauromustine; tazaroicne; tecogalan
sodium; tegafur; tellurapyryiium; telomerase inhibitors; temoporfin: teniposide; tetrachlorodecaoxide;
tetrazomine; thaliblastine; thiocoraline; thrombopoictin; thrombopoietin mimetic; thymalfasin;
thymopoietin receptor agonist; thymotrinan; thyroid stimulating hormone; tin ethy! etiopurpurin;
tirapazamine; titanocene bichlonide; topsentin; toremifene; translation inhibitors; fretinoin;
wiacetyluridine; triciribine; frimetrexate; wriptorelin; tropisetron; turosteride; tyrosine kinase
inhibitors; tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived growth inhibitory factor:
urokinase receptor antagonists; vapreotide; variolin B; velaresol: veramine; verdins; verteporfin;

vinorelbine; vinxaltine; vitaxin; vorozale; zanoterone; zeniplaun: zilascorb; and zinostatin stimalamer,

[06130} Specific second active agems include, but are not limited to, 2-methoxyestradiol,
telomestatin, inducers of apoptosis in mutiple myeloma cells (such as, for example, TRAIL), statins,
semaxanib, cyclosporin, etanercept, doxycycline, bortezomib, oblimersen ( Genascnseﬁ‘), remicade,
docetaxel, celecoxib, meiphalan, dexamethasone (Decadron™), steroids, gemeitabine, cisplatinum,
temozolomide, etoposide, cvelophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen,

topotecan, methotrexate, Arisa, taxol, taxotere, fluorouracil, leucovorin, irinotecan. xeloda, CPT-11,
P
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interferon alpha, pegylated interferon alpha (e.g., PEG INTRON-A), capecitabine, cisplatin, thiotepa,
fludarabine, carboplatin, liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, 1L-2,
GM-CSF, dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan, prednisone,
bisphosphonate. arsenic rioxide, vineristine, doxorubicin {;Doxil@}, paclitaxel. ganciclovir,

adriamycin, estramustine sodium phosphate (Emcyt™), sulindac, and etoposide.

[00131] Similarly, examples of specific second agents according to the indications to be
treated, prevented, or managed can be found in the following references, all of which are incorporated
herein in their entiveties: U.S, Pat. Nos. 6,281,230 and 5,635,517: U.S, Appl. Nos. 10/411,649,
10/483,213, 10/411,656, 10/693,794, 10/699,154, and 10/981,189; and U.S. Prov. Appl. Nos.
60/554,923, 60/565,172, 60/626,975, 60/630,599, 60/631,870, and 60/533,862.

[00132] Examples of second active agents that may be used for the treatment, prevention
and/or management of pain include, but are not limited to, conventional therapeutics used to freat or
prevent pain such as antidepressants, anticonvulsants, antihypertensives, anxiolytics, calcium channel
blockers, muscle relaxants, non-narcotic analgesics, opioid analgesics, anti-inflammatorics, cox-2
inhibitors, immunomodulatory agents, alpha-adrencrgic receptor agonists or antagonists,
immunosuppressive agents, corticosteroids, hyperbaric oxygen, ketamine, other ancsthetic agents,
NMDA antagonists, and other therapeutics found, for example, in the Physician s Desk Reference
2003. Speeific examples include, but are not limited to, salicylic acid acetate (Aspirin®), celecoxib
(Celebrex®™), Enbret®, ketamine, gabapentin (Neurontin™), phenytoin (Dilantin®), carbamazepine
(Tegretol™), oxcarbazepine (Trileptal™), valproic acid (Depakene™), morphine sulfate,
hydrontorphone, prednisone, griscofulvin, penthonium, alendronate, dyphenhydramide, guanethidine,
ketorolac (Acular®), thyrocalcitonin, dimethylsulfoxide (DMSOY, clonidine (Catapress”™), bretylium,
ketanserin, reserpine, droperidol, atropine, phentolamine, buptvacaine, lidocaine, acetaminophen,
nortriptyline (Pamelor™), amitriptyline (Elavil®), imipramine (Tofranil™), doxepin (Sinequan®™),
clamipramine (Anafranil®), fluoxetine (Prozac™), sertraline (Zolofi™), nefazodone (Serzone™),
venlafaxine (Effexor™), trazodone (Desyrel&:), bupropion {W ellbutrin®), mexiletine, nifedipine,
propranolol, tramadol, lamotrigine, ziconotide, ketamine, dextromethorphan, benzodiazepines,

baclofen, tizenidine and phenoxybenzaniine.

N

[00133] Examples of sccond active agents that may be used for the treatment, prevention
and/or management of MD and related syndromes mclude, but are not fimited to. a steroid, a fight
sensitizer, an integrin, an antioxidant, an interferon, a xanthine derivative, a growth hormone. a
neatrotrophic factor, a regulator of neovascularization, an anti-VEGF antibody, a prostaglandin, an
antibiotic, a phytocstrogen, an anti-inflammatory compound or an antiangiogenesis compound, or a
combination thereof. Specific examples include, but are not limited to, verteporfin, purlytin, an

angiostatic steroid, rhuFab, interferon-2a, pentoxifylline, tin etiopurpurin, motexafin lutetium,
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9-fluoro-11.21-dihydroxy-16, 17-1-methylethylidine-bis(oxy)pregna- 1 4-diene-3,20-dione,
latanoprost {see U.S. Patent No. 6,225,348), tetracyeline and its derivatives, rifamycin and its
derivatives, macrolides, metronidazole (U.S. Patent Nos. 6,218,369 and 6,015,803), genistein,
genistin, 67-0-Mal genistin, 6-0-Ac genistin, daidzein, daidzin, 6°-0-Mal daidzin, 6°-O-Ac daidzin,
glycitein, glyeitin, 6°-0-Mal glveitin, biochanin A, formononetin (U.S. Patent No. 6,001,368),
friamcinolone acetomide, dexamethasone (U.S. Paremt No. 5,770.589), thalidomide, ghutathione (U.S.
Patent No. 5,632,984), basic fibroblast growth factor (bFGF), transforming growth factor b (TGF-b),
brain-derived neurotrophic factor (BDNF), plasminogen activator factor type 2 (PAI-2), EYE10]
(Eyetech Pharmaceuticals), LY333531 (Eli Lilly), Miravant, and RETISERT implant (Bausch &

Lomb). All of the references cited above are incorporated herein in their entireties by reference.

{00134} Examples of second active agents that may be used for the treatment, prevention
and/or management of skin diseases include, but are not limited to, keratolytics, retinoids, a-hydroxy
acids, antibiotics, collagen, botulinum toxin, interferon, and immunomodulatory agents. Specific
examples include, but are not limited to, 3-fluorouracil, masoprocol, trichloroacetic acid, salicylic
acid, lactic acid, ammonium lactate, urea, tretinoin, isotretinoin, antibiotics, collagen, bowlinum
toxin, inferferon, corticosteroid, transretinoic acid and collagens such as human placental collagen,
animal placental collagen, Dermalogen, AlloDerm, Fascia, Cymetra, Autologen, Zyderm, Zyplast,

Resoplast, and Isolagen.

[00135] Examples of sccond active agents that may be used for the treatment, prevention
and/or management of pulmonary hepertension and related disorders include, but are not limited to,
anticoagulants, diurctics, cardiac glycosides, calctum channel blockers, vasodilators, prostacyclin
analogues, endothelin antagonists, phosphodiesterase inhibitors (e.g., PDE V inhibitors),
cndopeptidase inhibitors, lipid lowering agents, thromboxane inhibitors, and other therapeutics known
to reduce pulmonary artery pressure. Specific examples include, but are not limited to, warfarin
{'_{‘.Oumadin@), a diurctic, a cardiac glycoside, digoxin-oxygen, diltiazem, nifedipine, a vasodilator
such as prostacyclin (e.g., prostaglandin 12 (PGI2), epoprostenol (EPO, F loran®™}, treprostinil
{Remodulin®), nitric oxide (NO), bosentan (Tracleer™), amlodipine, epoprostenoi (Floran™),
treprostinil (Remodulin®™), prostacyclin, tadalafil {Cialis™), simvastatin (Zocor™), omapatrilat
(Vanlev®), irbesartan (Avapro™), pravastatin (Pravachol™}, digoxin, L-arginine, iloprost, betaprost,

and sildenafil (Viagra®).

[00136] Examples of second active agents that may be used for the wreatment, prevention
and/or management of asbestos-related disorders include, but are not limited to, anthracycline,
platinum, alkylating agent, oblimersen (Genasense™), cisplatinum, cyclophosphamide, temodar,
carboplatin, procarbazine, gliadel, ramoxifen, topotecan, methotrexate, taxotere, irinotecan,

capecitabine, cisplatin, thiotepa, fludarabine, carboplatin, liposomal daunorubicin, cytarabine,
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doxetaxol, pacilitaxel, vinblastine, IL-2. GM-CSF, dacarbazine, vinorelbine, zoledronic acid,
palmitronate, biaxin, busulphan, prednisone, bisphosphonate, arsenic trioxide, vincristine, doxorubicin
(Daxil™), paclitaxel, ganciclovir, adriamycin, bleomycin, hyaluronidase, mitomycin C, mepacrine,

thictepa, tetracycline and gemcitabine.

[00137] Examples of second active agents that may be used for the treatment, prevention
and/or management of parasitic diseases include, but are not limited to, chloroquine, quinine,
quinidine, pyrimethamine, sulfadiazine, doxycycline, clindamycin, mefloquine, halofantrine,
primaquine. hydroxychloroquine, proguanil, atovaguone, azithromyein, suramin, pentamidine,
melarsoprol, nifintimox. benznidazole, amphotericin B, pentavalent antimony compounds (e.g.,
sodium stiboglucuronate), interfercon gamma, itraconazole, a combination of dead promastigotes and
BCG, leucovorin, corticosteryids, sulfonamide, spiramycin, 1gG (serology), trimethoprin, and

sulfamethoxazole,

[00138] Examples of second active agents that may be used for the treatment, prevention
and/or management of immunodeficiency disorders include, but are not limited to: antibiotics
(therapeutic or prophylactic) such as, but not limited to, ampicillin, clarithromycin, tetracycline,
penicitlin, cephalosporins, streptomycin, kanamycin, and erythromycin; antivirals such as, but not
Himited 10, amamadine, rimantadine, acyclovir, and ribavirin, immunoglobulin; plasma: immunologic
enhancing drugs such as, but not limsted to. levami sole and isoprinosine; biologics such as, but not
limited to, gammaglobulin, transfer factor, interleuking, and interferons; hormones such as, but not
limited to, thymic: and other immunologic agents such as, but not limited o, B cell stimulators (e.g.,
BAFF/BlyS), cytokines (e.g., 1L-2, H.-4, and IL.-5), growth factors {e.g., TGF-a)}, antibodies {e.g.,
anti-CD40 and IgM), oligonucleotides containing unmethylated CpG motifs, and vaceines (e.g., viral

and tumor peptide vaceines).

[00139] Examples of second active agents that may be used for the treatment, prevention
and/or management of CNS disorders include, but are not limited to: a dopamine agonist or
antagonist, such as, but not limited to, Levodopa, L-DOPA, cocaine, a-methyl-tyrosine, reserpine,
tetrabenazine, benzotropine, pargyline, fenodolpam mesylate, cabergoline, pramipexole
dihydrochloride, ropinorole, amantadine hydrochloride, selegiline hydrochloride, carbidopa, pergolide
mesylate, Sinemet CR, and Symmectrel; a MAO inhibitor, such as, but not limited to, iproniazid,
clorgyline, phenelzine and isocarboxazid; a COMT inhibitor, such as, but not limited to, tolcapone
and entacapone: a cholinesterase inhibitor, such as, but not Himited to, physostigmine saliclate,
physostigmine sulfate, physostigmine bromide, meostigmine bromide, ncostigmine methylsulfate,
ambenonim chloride, edrophonium chloride, tacrine, pralidoxime chloride, obidoxime chloride,
wimedoxime bromide, diacetyl monoxim, endrophonium, pyridostigmine, and demecarium: an anti-

inflammatory agent, such as, but not limited to, naproxen sodium, diclofenac sodium, diclofenac
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potassium, celecoxib, sulindac, oxaprozin, diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen,
nabumetone, refecoxib, methotrexate, leflunomide, sulfasalazine, gold salts, Rho-D Immune
Globulin, mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab,
salicylic acid, acetylsalicylic acid, methy! salicylate, diflunisal, salsalate, olsalazine, sulfasalazine,
acetaminophen, indomethacin, sulindac, mefenamic acid, meclofenamate sodium, tolmetin, ketorolac,
dichlofenae, flurbinprofen, oxaprozin, piroxicam, meloxicam, ampiroxicam, droxicam, pivoxicam,
tenoxicam, phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine, apazone, zileuton,
aurothioglucose, gold sodium thiomalate, auranofin, methotrexate, colchicine, allopurinod,
probenecid, sulfinpyrazone and benzbromarone or betamethasone and other glucocorticotds; and an
antiemetic agent, such as, but not imited 10, metoclopromide, domperidone, prochlorperazine,
promethazine, chlorpromazine, trimethobenzamide, ondansetron, granisetron, hydroxyzine,
acerylleucine monocthanotamine, alizapride, azasetron, benzguinamide, bietanautine, bromopride,
buclizine, clebopride, cyclizine, dimenhydrinate, diphenidol, dolasetron, meclizine, methallatal,
metopimarine, nabilone, oxyperndyl, pipamazine, scopolamine, sulpiride, tetrabydrocamnabinel,

thicthyperazine, thioproperazine, fropisctron, and a mixture thercof,

[00140] Examples of sccond active agents that may be used for the treatment, prevention
and/or management of CNS injuries and related syndromes include, but are not limited to,
immunomodulatory agents, immunosuppressive agents, antihypertensives, anticonvulsants,
fibrinolytic agents, antiplatelet agents, antipsychotics, antidepressants, benzodiazepines, buspirone,
amamadine, and other known or conventional agents used in patients with ONS injury/damage and
related syndromes. Speeific examples include, but are not himited to: steroids (e.g., glucocorticoids,
such as, but not limited to, methylprednisolone, dexamcthasone and betamethasone); an anti-
inflammatory agent, including, but not limited to, naproxen sodium, diclofenac sodium, diclofenac
potassium, celecoxib, sulindac, oxaprozin, diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen,
nabumetone, refecoxib, methotrexate, leflunomide, sulfasalazine, gold salts, RHo-D Immune
Globulin, mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab,
salicylic acid, acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine,
acetaminophen, indomethacin, sulindac, mefenamic acid, meclofenamate sodium, tolmetin, ketorolac,
dichlofenac, flurbinprofen, oxaprozin, piroxicam, meloxicam, ampiroxicam, droxicam, pivoxicam,
tenoxicam, phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine, apazone, zileuton,
aurothioglucose, gold sodium thiomalate, auranofin, methotrexate, colchicine, allopurinol,
prabeneeid, sulfinpyrazone and benzbromarone: a cAMP analog including, but not limited 10, db-
CcAMP; an agent comprising a methylphenidate drug, which comprises I-threo-methylphenidate, d-
threo-methyiphenidate, di-threo-methylphenidate, [-erythro-methylphenidate, d-erythro-
methylphenidate, di-erythro-methyiphenidate, and a mixture thereof;, and a diuretic agent such as, but

not Himited to, mannitol, furosemide. glveerol, and urea.



[00141} Examples of second active agent that may be used for the treatment, prevention
and/or management of dysfimctional sleep and related syndromes include, but are not limited to, a
tricyclic antidepressant agent, a selective serotonin reuptake inhibitor, an antiepileptic agent
(gabapentin, pregabalin, carbamazepine, oxcarbazepine, levitiracetam, topiramate), an antiaryhthmic
agent, a sodium channel blocking agent, a selective inflammatory mediator inhibitor, an opioid agent,
a second immunomodulatory compound, a combination agent, and other known or conventional
agents used in sleep therapy. Specific examples inciude, but are not limited to, Neurontin, oxycontin,
morphine, topiramate, amitryptiline, nortryptiline, carbamazepine, Levodopa, L-DOPA, cocaine, a-
methyl-tyrosine, reserpine, tetrabenazine, benzotropine, pargyline, fenodolpam mesylate, cabergoline,
pramipexole dihydrochloride, ropinorole, amantadine hydrochioride, selegiline hydrochloride,
carbidopa, pergolide mesylate, Sinemet CR, Symmetrel, iproniazid, clorgyline, phenelzine,
isocarboxazid, tolcapone, entacapone, physostigmine saliclate, physostigmine sulfate, physostigmine
bromide, meostigmine bromide, neostigmine methylsulfate, ambenonim chioride, edrophonium
chloride, tacrine, pralidoxime chloride, obidoxime chloride, trimedoxime bromide, diacetyl monoxim,
endrophonium, pyridostigmine, demecarium, naproxen sodium, diclofenac sodiom, diclofenac
potassium, celecoxib, sulindac, oxaprozin, diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen,
nabumetone, refecoxib, methotrexate, leflunomide, sulfasalazine, gold salts, RHo-D Immune
Globulin, mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab,
salicylic acid, acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine,
acetaminophen, indomethacin, sulindac, mefenamic acid, meclofenamate sodium, tolmetin, ketorolac,
dichlofenac, flurbinprofen, oxaprozin, piroxicam, meloxicam, ampiroxicam, droxicam, pivoxicam,
tenoxicam, phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine, apazone, zileuton,
aurothioglucose, gold sodium thiomalate, auranofin, methotrexate, colchicine, allopurinol,
probenecid, sulfinpyrazone, benzbromarone, betamethasone and other ghicocorticoids,
metoclopromide, domperidone, prochlorperazine. promethazine, chlorpromazine, rimethobenzamide,
ondansetron, granisetron, hydroxyzine, acetylleucine monocthanclamine, alizapride, azasetron,
benzquinamide, bictanautine, bromopride, buclizine, clebopride, cyclizine, dimenhydrinate,
diphenidol, dolasetron, meclizine, methallatal, metopimazine, nabilone, oxyperdyl, pipamazine,
scopolamine, sulpiride, tetrahydrocannabinol, thiethylperazine, thioproperazine, tropisetron, and a

mixture thereof,

[00142] Examples of second active agents that may be used for the treatment, prevention
and/or management of hemoglobinopathy and related disorders include, but are not limited to:
interleukins, such as 1L.-2 (including recombinant IL-I (*rJL27) and caparypox IL-2), IL-10, IL-12,
and IL-18; interferons, such as interferon aifa-2a, interferon alfa-2b, interferon alfa-nl, interferon
alfa-n3, interferon beta-1 a, and interferon gamma-1 b; and G-CSF; hydroxyurea: butyrates or butyrate

derivatives; nitrous oxide; HEMOXIN™ (NTPRISANTY; cee United States Patent No. 5,800,8195;

46



Gardos channel antagonists such as clotrimazole and triary] methane derivatives: Deferoxamine:

protein C; and rransfusions of blood, or of a blood substitute such as Hemospan™ or Hemospan™ PS

(Sangart),
[00143] The dosages given will depend on absorption, inactivation and excretion rates of the

drug as well as other factors known 10 those of skill in the art. It is 10 be noted that dosage values will
also vary with the severity of the condition to be alleviated. 1t is to be further understood that for any
particular subject, specific dosage regimens and schedules should be adjusted over time according to
the individual need and the professional judgment of the person administering or supervising the

administration of the compositions.

(00144} The weight ratio of a compound provided herein to the second active ingredient
depends upon the effective dose of each ingredient. Generally, an effective dose of each will be used.
Thus, for example, when a compound provided herein is combined with a PPAR agonist the weight
ratio of the compound provided herein to the PPAR agonist will generally range from about 1000:1 to
about 1:1000 or about 200:1 to about 1:200. Combinations of a compound provided herein and other
active ingredients will generally also be within the aforementioned range, but in cach case, an

effective dose of cach active ingredient should be used.

4.5 CYCLING THERAPY

[00145] In certain embodiments, the prophylactic or therapeutic agents provided herein are
cyclically administered to a patient. Cycling therapy involves the administration of an active agent
for a period of time, followed by a rest for a period of time, and repeating this sequential
administration, Cycling therapy can reduce the deveiopment of resistance to one or more of the
therapies, avoid or reduce the side effects of one of the therapies, and/or improves the efficacy of the

freatment.,

100146} In certain embodiments, a compound provided herein is administered daily in a single
or divided dose in a four to six week cycle with a rest period of about a week or two weeks. The
disclosure further allows the frequency, number, and length of dosing cycles to be increased. In
certain embodiments, a compound provided hercin is administered for more cycles than are typical
when it is administered alone. 1o certain embodiments, a compound provided herein is administered
for a greater number of cycles that would typically cause dose-limiting toxicify in a patient to whom a

second active ingredient is not also being administered.

{00147} In onc embodiment, a compound provided herein is administered daily and
continuously for three or four weeks at a dose of from about 0.1 mg to about 500 mg per day,

foilowed by a break of one or two weeks. In other embodiments, the dose can be from about 1 mgto
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about 300 mg, from about 0.1 mg to about 150 mg, from about 1 mg 1o about 200 mg, from about 10
mg to about 100 mg, from about (.1 mg to about 5§ mg, from about 1 mg 10 about 50 mg, from about
10 mg to about 50 mg, from about 20 mg to ubout 30 mg, or from about I mg to about 20 mg,

followed by a break.

(001483 In ome embodiment, a compound provided herein and a second active mgredient are
administered orally, with administration of the compound provided herein occurring 30 to 60 minutes
prior to the second active ingredient, during a cycle of four to six weeks. In another cmbodiment, the
combination of a compound provided herein and a second active ingredient is administered by
intravenous infusion over about 90 minutes every ¢ycle. In certain embodiments, the number of
cycles during which the combinatorial treatment is administered to a patient is from about one to

about 24 cycles, from about two to about 16 cycles, or from about four to about three cycles.

4.6 PHARMACEUTICAL COMPOSITIONS AND DOSAGE FORMS
{00149] Pharmaceutical compositions can be used in the preparation of individoal, single unit

dosage forms. Pharmaccutical compositions and desage forms provided herein comprise a compound
provided hercin, or a pharmaceutically acceptable salt, solvate, stereoisomer, or prodrug thereof,
Pharmaceutical compositions and dosage forms provided herein can further comprise one or more

excipients.

[00150] Pharmaceutical compositions and dosage forms provided herein can also comprise
one or more additional active ingredients. Examples of optional second, or additional, active

ingredients are disclosed in Section 4.4, above.

{00151} Single unit dosage forms provided herein are suitable for oral, mucosal (e.g., nasal,
sublingual, vaginal, buccal, or rectal), parenteral (e.g., subcutancous, infravenous, bolus injection,
intramuscular, or intraarterial), fopical (e.g., eye drops or other ophthalmic preparations), transdermal
or transcutancous administration fo a patient. Examples of dosage forms include, but are not limited
fo: tablets; caplets: capsules, such as soft clastic gelatin capsules; cachets: woches; lozenges:
dispersions: suppositories; powders; acrosols (e.g., nasal sprays or inhalers}: gels; liquid dosage forms
suitable for oral or mucosal administration to a patient, including suspensions (e.g., aqucous or non-
aqueous liquid suspensions, oilk-in-water cmulsions, or a water-in-0il liquid emulsions), solutions, and
clixirs; hiquid dosage forms suitable for parenteral administration to a patient; eye drops or other
ophthalmic preparations suitable for topical administration: and sterile solids (e.g., erystalline or
amorphous solids) that can be reconstituted to provide liquid dosage forms suitable for parenteral

administration to a patient.
[60152] The composition, shape, and type of dosage forms provided herein will typically vary
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depending on their use. For example, a dosage form used in the acute treatment of a disease may
contain larger amounts of one or more of the active ingredients it comprises than a dosage form used
in the chronic freatment of the same diseasc. Similarly, a parenteral dosage form may contain smaller
amounts of one or more of the active ingredients it comprises than an oral dosage form used to treat
ihe same discase. These and other ways in which specific dosage forms encompassed by this
disclosure will vary from one another will be readily apparent to those skilled in the art. See, e.2.,

Remington's Pharmaceutical Sciences, 18th ed., Mack Publishing, Easton PA (1990},

{00153} In certain embodiments, the pharmaccutical compositions and dosage forms provided
hercin comprise one or more excipients. Suitable excipients are well known to those skilled in the art
of pharmacy, and non-limiting examples of suitable excipients are provided herein. Whether a
particular excipient is suirable for incorporation into a pharmaceutical composition or dosage form
depends on a variety of factors well known in the art including, but not limited to, the way in which
the dosage form will be administered to a patient. For example, oral dosage forms such as tablets may
contain excipients not suited for use in parenteral dosage forms. The suitability of a particular
excipient may also depend on the specific active ingredients in the dosage form. For example, the
decomposition of some active ingredients may be accelerated by some excipients such as lactose, or
when exposed to water. Active ingredients that comprise primary or secondary amines are
particularly susceptible to such accelerated decomposition. Consequently, this disclosure
encompasscs pharmaceutical compositions and dosage forms that contain little, if any, lactose other
mono- or di-saccharides. As used herein, the term “lactose-free™ means that the amount of lactose

present, if any, is insufficient lo substantially increase the degradation rate of an active ingredient.

[00154] Lactose-free compositions provided herein can comprise excipients that are well
known in the art and are listed, for exampie, in the U.S. Pharmacopeia (USP) 25-NF20 (2002). In
general, lactose-free compositions comprise active ingredients, a binder/filler, and a lubricant in
pharmaceutically compatible and pharmaceuticaily acceptable amounts. In certain embodiments,
lactose-free dosage forms provided herein comprise active ingredients, microcrystalline cellulose, pre-

gelatinized starch, and magnesium stearate.

[00155] This disclosure further encompasses anhydrous pharmaceutical compositions and
dosage forms comprising active ingredients. since water can facilitate the degradation of some
compounds. For example, the addition of water (e.g., 5%} is widely accepted in the pharmaceutical
arts as a means of simulating long-term storage in vrder to determine characteristics such as shelf-life
or the stability of formulations over time. See, e.g., Jens T. Carstensen, Drug Stability: Principles &
Practice, 2d. Ed., Marcel Dekker. NY, NY, 1995, pp. 379-80. In effect, water and heat accelerate the
decomposition of some compounds. Thus, the effect of water on & formulation can be of great

significance since moisture and/or humidity are commonly encountered during manufacture,
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handling, packaging, storage, shipment, and use of formulations.

[60156] Anhydrous pharmaceutical compositions and dosage forms provided herein can be
prepared using anhydrous or low moisture containing ingredients and low moisture or low humidity
conditions. In certain embodiments, pharmaceutical compositions and dosage forms that comprise
lactose and at least one active ingredient that comprises a primary or secondary amine arc anhydrous
if substantial contact with moisture and/or humidity during manuvfacturing, packaging, and/or storage

is expected.

[00157] An anhydrous pharmaceutical composition should be prepared and stored such that its
anhydrous nature is maintained. In certain embodiments, anhydrous compositions are packaged using
materials known fo prevent exposure to water such that they can be included in suitable formulary
kits. Examples of suitable packaging include, but are not limited to, hermetically sealed foils,

plastics, unit dose containers (e.g., vials), blister packs, and strip packs.

{00158] The disclosure further encompasses pharmaceutical compositions and dosage forms
that comprise one or more compounds that reduce the rate by which an active ingredient witl
decompose. Such compounds, which are referred t¢ herein as “stabilizers,” include, but are not
limited to, antioxidants such as ascorbic acid, pH buffers, or salt buffers. Like the amounts and types
of excipients, the amounts and specific types of active ingredients in a dosage form may differ
depending on factors such as, but not imited to, the route by which it is to be administered to patients,
In certain embodiments, dosage forms provided herein comprise & compound provided herein in an
amount of from about 0.10 to about 500 mg. In certain embodiments, the dosage forms provided
herein comprise a compound provided herein in an amount of about 0.1, 1,2, 5, 7.5, 10, 12.5, 15,

17.5, 20, 25, 50, 100, 150, 200, 250, 300, 350, 400, 430, or 500 mg.

[00159] In certain embodiments, the dosage forms comprise the second active ingredient in an
amount of 1 to about 1,000 mg, from about 5 to about 500 mg, from about 10 to about 350 mg, or
from about 5¢ to about 200 mg. Of course, the specific amount of the second active agent will depend
on the specific agent used, the type of diseases being treated or managed, and the amount(s) of a
compound provided herein and any optional additional active agents concurrently administered 1o the

patient.

4.6.1 ORAL BOSAGE FORMS

[0G160] Pharmaccutical compositions provided herein that arc suitable for oral administration
can be presented as discrete dosage forms, such as, but are not limited to, tablets (e.g., chewable
tablets), caplets, capsules, and liquids {e.g., flavored syrups). Such dosage forms contain

predeterntined amounts of active ingredients, and may be prepared by methods of pharmacy well
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known to those skilled in the art. See generally, Remington’s Pharmaceutical Sciences, 18th ed.,

Mack Publishing, Easton PA (1990).

[00161] In certain embodiments, oral dosage forms provided hercin are prepared by
combining the active ingredients in an intimate admixture with at least one excipient according to
conventional pharmaceutical compounding techniques. Excipients can take a wide varicty of forms
depending on the form of preparation desired for administration. For example, excipients suitable for
use in oral Hquid or acrosol dosage forms include, but are not limited to, water, glycols, oils, alcohols,
flavoring agents, preservatives, and coloring agents. Examples of excipients suitable for use in solid
oral dosage forms {e.g., powders, tablets, capsules, and caplets) include, but are not limited to,
starches, sugars, micro~crystalline cellulose, dituents, granulating agents, lubricants, binders, and
disintegrating agents. Because of their ease of administration, tablets and capsules represent the most
advantageous oral dosage unit forms, in which case solid excipients are employed. If desired, tablets
can be coated by standard aqueous or nonaqueous techniques. Such dosage forms can be prepared by
any of the methods of pharmacy. In general, pharmaceutical compositions and dosage forms are
preparcd by uniformly and intimately admixing the active ingredients with liquid carriers, fincly

divided solid carriers, or both, and then shaping the product into the desired presentation if necessary.

(00162} For example, a tablet ¢an be prepared by compression or molding. Compressed
tablets can be prepared by compressing in a suitable machine the active ingredients in a frec-flowing
form such as powder or granules, optionally mixed with an excipient. Molded tablets can be made by

molding in a suitable machine a mixture of the powdered compound moistened with an inert liquid

diluent.
(66163} Examples of excipicnts that can be used in oral dosage forms provided herein include,

but are not limited to, binders, fillers, disintegrams, and Jubricants. Binders suitable for use in
pharmaceutical compositions and dosage forms include, but are not limited 10, corn starch, potato
starch, or other starches, gelatin, natural and synthetic gums such as acacia, sodium alginate, alginic
acid, other alginates, powdered tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl
cellulose, cellulose acetate, carboxymethyl cellulose caleium, sodium carboxymethy! cellulose),
polyvinyl pyrrolidone, methyl cellulose, pre-gelatinized starch, hydroxypropyl methyl cellulose, {e.g.,

Nos. 2208, 2506, 2910), microcrystalline cellulose, and mixtures thereof,

[00164] Suitable forms of microcrystalline cellulose include, but are not limited o, the
materials sold as AVICEL-PH-101, AVICEL-PH-103 AVICEL RC-581, AVICEL-PH-103 (available
from FMC Corporation, American Viscose Division, Avicel Sales, Marcus Hook, PA), and mixtures
thereof. An specific binder is a mixture of microcrystalline cellulose and sodium carboxymethyl

cellulose sold as AVICEL RC-581. Suitable anhydrous or low moisture excipients or additives
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include AVICEL-PH-103™ and Starch 1500 LM.

[00165] Examples of fillers suitable for use in the pharmaceutical compositions and dosage
forms provided herein include, but are not fimited to, talc, calcium carbonate (e.g., granules or
powder), microcrystalline cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid,
sorbitol, starch, pre-gelatinized starch, and mixtures thercof. In certain embodiments, the binder or
filler in pharmaceutical compesitions provided herein is present in from about 50 10 about 99 weight

percent of the pharmaceutical composition or dosage form.

[00166] Disintegrants are used in the compositions provided herein to provide tablets that
disintegrate when exposed to an aqueous environment. Tablets that contain too much disintegrant
may disintegrate in storage, while those that contain too little may not disintegrate at a desired rate or
under the desired conditions. Thus, a sufficient amount of disintegrant that is neither too much nor
too little to detrimentally alter the release of the active ingredients should be used to form solid oral
dosage forms provided herein. The amount of disintegrant used varies based upon the type of
formulation, and is readily discernible to those of ordinary skill in the art. In certain embodiments,
pharmaceutical compositions provided herein comprise from about 0.3 to about 15 weight percent of

disintegrant, or from about 1 to about 5 weight percent of disintegrant.

[00167} Disintegrants that can be used in pharmaceutical compositions and dosage forms
provided herein include, but are not limited fo, agar-agar, alginic acid, calcium carbonate,
microcrystalline cellulose, croscarmellose sodium, crospovidone, polacrilin potagsiom, sodium starch
glycolate, potato or tapioca starch, other starches, pre-gelatinized starch, other starches, clays, other

algins, other celiuloses, gums, and mixtures thereof.

[00168] Lubricants that can be used in pharmaccutical compositions and dosage forms
provided herein include, but are not [imited to, calcium stearate. magnesium stearate, mineral oil, light
mineral oil, glyeerin, sorbitol, mannitel, polyethylene glycol. other glycols, stearic acid, sodium lauryl
sulfate, talc, hydrogenated vegeable oil (e.g., peanut oil, cottonseed oil, sunflower oil, sesame oil,
olive oil, corn oil, and soybean oil), zinc stearate, cthyl oleate, ethyl laurcate, agar, and mixtures
thereof, Additional lubricants include, for example, a syloid silica gel (AEROSIL200, manufactured
by W.R, Grace Co. of Baltimore, MD), a coagulated acrosol of synthetic silica {marketed by Degussa
Co. of Plano, TX), CAB-0O-SIL {a pyrogenic silicon dioxide product sold by Cabot Co. of Boston,
MA), and mixtres thereof. 1f used at all, kubricants are typically used in an amount of less than about
I weight pereent of the pharmaceutical compositions or dosage forms into which they are

incorporaied.

[60169] A solid oral dosage form provided hercin comprises a compound provided hercin,
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anhydrous lactose, microcrystalline cellulose, polyvinylpyrrolidone, stearic acid, colloidal anhydrous

silica, and gelatin,
462 CONTROLLED RELEASE DOSAGE FORMS

[00170] Active ingredients provided herein can be administered by controlled release means
or by delivery devices that arc well known to those of ordinary skill in the art. Examples include, but
are not limited to, those described in U.S. Patent Nos.: 3,845,770; 3,916,899; 3,536.809; 3,598,123;
and 4,008,719, 5,674,533, 5,059,595, 5,591,767, 5,120,548, 5,073,543, 5,639,476, 5,354,556, and
3,733,566, each of which is incorporated herein by reference. Such dosage forms can be used to
provide slow or controlfed-release of one or more active ingredients using, for example,
hydropropylmethy! cellulose, other polymer matrices, gels, permeable membranes, osmotic gystems,
multilayer coatings, microparticles, liposomes, microspheres, or a combination thereof 1o provide the
desired release profile in varying proportions. Suitable controlled-release formulations known to
those of ordinary skill in the art, including those described herein, can be readily selected for use with
the active ingredients provided herein. The disclosure thus encompasses single unit dosage forms
suitable for oral administration such as, but not limited to, tablets, capsules, gelcaps, and caplets that

are adapted for controlled-release.

[00171] All controtled-release pharmaceutical products have a common goal of improving
drug therapy over that achieved by their non-controlled counterparts. Ideally, the use of an optimally
designed controlied-release preparation in medical rreatment is characterized by a minimum of drug
substance being employed to cure or control the condition in a minimum amount of time. Advantages
of controlled-release formulations include extended acuivity of the drug, reduced dosage frequency,
and increased paticnt compliance. In addition, controlled-release formulations can be used to affect
the time of onset of action or other characteristics, such as blood levels of the drug, and can thus affect

the oceurrence of side {e.g., adverse) effects.

[00172] Most controlled-release formulations are designed to initially release an amount of
drug (active ingredicnt) that promptly produces the desired therapeutic effect, and gradually and
continually relcase of other amounts of drug 1o maintain this level of therapeutic or prophylactic effect
over an extended period of time. In order to maintam this constant level of drug in the body, the drug
must be released from the dosage form at a rate that will replace the amount of drug being
metabolized and exercted from the body. Controlled-release of an active ingredient can be stimulated
by various conditions including, but not limited to, pH, temperature, enzymes, water, or other

physiological conditions or compounds,



4.6.3 PARENTERAL DOSAGE FORMS

[00173} Parenteral dosage forms can be administered to patients by various routes including,
but not imited to, subcutaneous, intravenous (including bolus imjection), intramuscular, and
intraarterial. Because their adnmnistration typically bypasses patients' natoral defenscs against
contaminants, parenteral dosage forms arc preferably sterile or capable of being sterilized prior to
administration to a patient. Examples of parenteral dosage forms include, but are not limited 1o,
solutions ready for injection, dry products ready to be dissolved or suspended in a pharmaceutically

acceptable vehicle for injection, suspensions ready for injection, and emulsions.

[00174] Suitable vehicles that can be used to provide parenteral dosage forms provided herein
arc well known to those skitled in the art. Examples include, but are not limited to: Water for
Injection USP; aqueous vehicles such as, but not Iimited to, Sodium Chioride Injection, Ringer's
Injection, Dextrose Injection, Dextrose and Sodium Chloride Injection, and Lactated Ringer’s
Injection; water-miscible vehicles such as, but not limited to, ethyl alcohol, polyethylene glycol, and
polypropylene glycol; and non-aqueous vehicles such as, but not limited to, corn oil, cottonseed oil,

peanut oil, sesame oil, ethyl oleate, isopropyl myristate, and benzy! benzoate.

[60175] Compounds that increase the solubility of one or more of the active ingredients
disclosed herein can also be incorporated into the parenteral dosage forms provided herein, For
example, cyclodextrin and its derivatives can be used to increase the solubility of an
immunomodulatory compound provided herein and its derivatives. See, e.g., U.S. Patent No.

5,134,127, which is incorporated herein by reference.

4.64 TOPICAL AND MUCOSAL DOSAGE FORMS

[00176] Topical and mucosal dosage forms provided herein inchude, but are not limited to,
sprays, acrosols, solutions, enmulsions, suspensions, eye drops or other ophthalmic preparations, or
other forms known to one of skill in the art. See, e.g., Remingion's Pharmacentical Sciences, 16th
and 18th eds., Mack Publishing, Easton PA (1980 & 1990); and Introduction to Pharmaceutical
Dosage Forms, 4th ed., Lea & Febiger, Philadelphia (1985). osage forms suitable for weating

mucosal tissues within the oral cavity can be formulared as mouthwashes or as oral gels.

[060177] Suitable excipients {e.g., carriers and diluents) and other materials that can be used to
provide topical and mucosal dosage forms encompassed by this disclosure are well known to those
skitled in the pharmaccutical arts, and depend on the particular tissue to which a given pharmaceutical
composition or dosage form will be applicd. With that fact in mind, typical excipients include, but are
not limited 1o, water, acetone, ethanol, ethylene glycol, propylene glycol, butane-1,3-diol, isopropyl

myristare, isopropyl palmitate, mineral oil, and mixtures thereof to form solutions, emulsions or gels,
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which are non-toxic and pharmaceutically acceptable. Moisturizers or humectants can also be added
to pharmaceutical compositions and dosage forms if desired. Examples of such additional ingredients
are well known in the art, See, e.g., Remington 's Pharmaceutical Sciences, 16th and 18th eds., Matk
Publishing, Easton PA (1980 & 1990).

[00178] The pH of a pharmaceutical composition or dosage form may also be adjusted to
improve delivery of one or more active ingredients. Similarly, the polarity of a solvent carrier, its
jonic strength, or tonicity can be adjusted to improve delivery. Compounds such as stearates can also
be added to pharmaceutical compositions or dosage forms to advantageously alfer the hydrophilicity
or lipophilicity of one or more active ingredients so as to improve delivery. In this regard, stearates
can serve as a lipid vehicle for the formulation, as an emulsifying agent or surfactant, and as a
delivery-enhancing or penetration-cnhancing agent. Different salts, hydrates or solvates of the active

ingredients can be used to further adjust the properties of the resulting composition.

4.7 KITS
[00179] The compounds provided herein can also be provided as an article of manufacture

using packaging matcrials well known to those of skill in the art. See, e.g., U.S. Pat. Nos. 5,323,907.
5.052,558: and 5,033.252. Examples of pharmaceutical packaging materials include. but are not
limited to, blister packs, bottles, tubes, inhalers, pumps, bags, vials, containers, syringes, and any
packaging material suitable for a selected formulation and infended mode of administration and

treatiment.

{00180] Provided herein also are kits which, when used by the medical practitioner, can
simplify the administration of appropriate amounts of active ingredients to a subject. In certain
embodiments, the kit provided herein includes a container and a dosage form of a compound provided
herein, including a single enantiomer, a mixturc of an enantiomeric pair, an individual diastercomer,
or a mixture of diastereomers thereof: or a pharmaccutically acceptable salt, solvate, or prodrug

thereof.

[001&1] In certain embodiments, the kit includes a container comprising a dosage form of the
compound provided herein, including a single enantiomer, a mixwre of an enantiomeric pair, an
individual diastercomer, or a mixture of diastcrcomers thercof; or a pharmaceutically acceprable salt,
solvate, or prodrug thereof, in a containrer comprising one or more other therapeutic agent(s) described
herein. Kits provided herein can further comprise additional active ingredients such as oblimersen
{Genasense™), melphalan, G-CSF, GM-CSF, EPO, topotccan, dacarbazine, irinotecan, taxotere, 1FN,
COX-2 inhibitor, pentoxifyHine, ciprofloxacia, dexamethasone, 112, ILE, 1L 18, Ara-C, vinorclbine,

isotretinoin, 13 cis-retinoic acid, or a pharmacologically active mutant or derivative thereof, or a
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combination thereof. Exampies of the additional active ingredients include, but are not imited to,

those disclosed herein,

[00182] Kits provided herein can further include devices that are used to administer the active
ingredients. Examples of such devices include, but are not limited to, syringes, needle-less imjectors
drip bags. patches, and inhalers. The kits provided herein can also include condoms for

administration of the active ingredients,

[00183] Kits provided herein can further include pharmaceutically acceptable vehicles that
can be used to administer one or more active ingredients. For example, if an active ingredient is
provided in a solid form that must be reconstituted for parenteral administration, the kit can comprise
a sealed container of a suitable vehicle in which the active ingredient can be dissolved to form a
particulate-free sterile solution that is suitable for parenteral administration. Examples of
pharmaccutically acceptable vehicles include, but are not limited to: aqueous vehicles, including, but
not limited to, Water for Injection USP, Sodium Chloride Injection, Ringer’s Injection, Dextrose
Injection, Dextrose and Sodium Chloride Injection, and Lactated Ringer’s Injection; water-miscible
vehicles, inchading, but not limited to, ethyl alcohol, polyethylene glycol, and polypropylene glyvcol;
and non-aqueous vehicles, including, but not Himited to, com oil, cottonseed vil, peanut oil, scsame

oil, ethyl oleate, isopropy! myristate, and benzyl benzoate.
[001841 The disclosure will be further understood by the following non-limiting examples.

5. EXAMPLES

5.1 :
vimethvll-3-(4-pyridin-4-vimethyl-phenvli-urea
O G
o7 ,\I\{ 1§ N 8]
{00185] To a suspension of 3-(5-aminomethyl- 1-oxo-1,3-dihydro-isoindol-2-yH-piperidime-

2,6-dione methanesulfonic acid salt (0.18 g, 0.5 mmol) in DMF (2 mL) was added CDI (81 mg, 0.5
mmol). The mixture was stirred at RT overnight. 4-Pyridin-4-yimethyl-phenyiamine (92 mg. 0.5
mmol} was added 1o the mixture and the mixture was stired at RT for 4 hrs. Then the temperature
was elevated to 40 °C and the mixture was stirred at this temperature for 8 hrs. The mixture was
cooled 16 RT, added water (5 mL), and stirred for 10 min. The suspension was filtered and the solid
was washed with water (20 mL), EtCAc¢ (20 mL), and CH:CN (20 mL) to give the product as an off-
white solid (100 mg, 41% yieldy: HPLC: Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, | ml/min, 240
nm, 5% gradient 100% in 5 min, CH;CN/G. 1% HiPO4, 4.69 min (94%): mp: 290-292 °C; 'H NMR



(DMSO-ds) 4 1.93 - 2.06 (m, 1H, CHH), 2.29 - 2.44 (m, 1H, CHH), 2.54 - 2.68 (m, 1H, CHH), 2.82 -
3.02 (m, 1H, CHH)}, 3.88 (s, 21, CH.), 4.24 - 4.54 (m, 4H, CH,, CH,), 5.10 (dd, J= 5.0, 13.7 Hz, 1H,
NCH), 6.70 (s, 1H, NH), 7.10 (d, J=8.3 Hz, 2H, Ar), 7.22 (d, J= 5.3 Hz, 2H, A1), 7.34 (d,J = 8.3
Hz, 2H, Ar}, 7.39 - 748 (m, 1H, Ar), 7.51 (s, 1H, A1), 7.69 (d, /= 7.7 Hz, 1H, Ar), 840 - 8.52 (m,
2H, Ar}, 8.59 (s, 1H, NH), 10.98 (s, 1H, NH); "C NMR (DMSO-d,) § 22.49, 31.20, 40.63, 42.76,
47.12,51.56, 118.03, 121.83, 122.91, 123.99, 126.86, 129.06, 130.27, 132.08, 138.75, 142.36, 144.87,
149,42 15522, 163.87, 167.93, 170.98, 172.85; LCMS MH" = 484; Anal. Calcd. for CoyHa N0, +
1.5 B,0: €, 63.52; H, 5.53: N, 13.72: S, 6.55; Found: C, 63.68; H, 5.24; N, 13.79,

5.2 1-{2-(2.6-Diexo-piperidin-3-vii-1-oxe-2 3-dibvdro-1 H-isoindol-5-
vimethvll-3-(4-hvdroxvmethyvl-phenvl-urea

3 Q,

R N O
.
HO. O

[00186] To a suspension of 3-(5-aminomethyl-1-0x0-1,3-dihydro-isoindol-2-y1)-

piperidine-2,6-dionc methanesulfonic acid salt (0.18 g, 0.5 mmol) in DMF (2 mL) was added
CD1 (81 mg, 0.5 mmol). The mixture was stirred at RT overnight. 4-Amino-benzy! alcohol
(62 mg, 0.5 mmol) was added to the mixture and the mixture was stirred at RT for 4 hrs.
Then the temperature was elevated to 40 °C and the mixture was stirred at this temperature
for 8 hrs. The mixture was cooled to RT, added water (5 mL) and stirred for 10 min. The
suspension was filtered and the solid was washed with water (20 mL), EtOAc¢ (20 mL), and
CH;CN (20 mL) to give a reddish solid (100 mg, 41% vield): The solid was purified on
ISCO stiica gel column using methanol and DCM as eluent to give the product as a white
solid (30 mg, 15% vield): HPLC: Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, 1 mL/min, 240
nm, 5% gradient 100% in 3 min, CH:CN/0.1% HiPOy, 4.99 min (97%); mp: 309-311 °C; 'H
NMR (DMSO-dy) 6 1.92 - 2.10 {m, IH, CHH), 2.20 - 2.47 (m, [H, CHH), 2.54 - 2.69 (m, 1H,
CHH), 2.80 - 3.07 (m, 1H, CHH), 4.19 - 4.54 (m, 6H, CH,, CH, CH;), 4.94 - 5.05 (m, 1H.
OH), 5.11 (dd, J= 5.1, 13.2 Hz, 1H, CHN). 6.70 (t, J = 6.0 Hz, 1H. NH), 7.16 (d, J = 8.7 Hz,
2H, Ar), 7.28 - 7.40 (m, 2H, Ar), 7.39 - 748 (m, 1H, Ar}, 7.52 (s, 1H, Ar), 7.69(d,J = 7.7
Hz, 1H, Ar), 8.57 (s, TH, NH), 10.98 (s, 1H, NH); "C NMR (DMSO-ds) § 22.49, 31.18,
42.77,47.12,51.56, 62.67, 117.49, 121.89, 122.93, 126.91, 127.05, 130.29, 135.22, 138.99,
142 38, 14488, 155.25, 167.95, 170.99, 172 85; LCMS MH™ = 423; Anal. Calcd. for
CyzH2oN4Os + 0.4 HyO: C, 61.50; H, 5.35; N, 13.04; Found: C, 61.21; H, 5.05; N, 12.80,



5.3 1-[2-(2.6-Dioxo-piperidin-3-vi)-1-0x0-2.3-dihvdro-1 H-isoindo}-5-
vimethvl]-3-|3-(2-methvi-ZH-pyrazei-3-vil-phenvij-urea

v
NN
e
O O
HN N ;
T
O
[00187] To a mixture of 5-(3-isocyanato-phenylj- l-methyl-1 H-pyrazole (0.22 g, 1.1 mmol)

and 3-(5-aminomethyl-1-0x0-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione methancsnlfonic acid
salt (0.40 g, 1.1 mmol} in acetonitrile (5 mL) was added TEA (0.31 mL, 2.2 mmol) at RT, and the
mixture was kept for 22 hrs, Water (25 mL) was added to the mixture and the mixture was stirred at
RT for 3 hrs. The suspension was filtered and the solid was washed with water (20 mL), EtOAc¢ (20
mL), and water {20 mL) to give a solid. The solid was purified with preparative HPLC to give the
product as a white solid (122 mg, 24% yicld): HPLC: Waters Symmetry Cig, § um, 3.9 x 150 mm, |
mL/min, 240 nm, 30/70 CHCN/0.1% HsPOy4, 3.34 min (99.8 %); mp: 260-262 °C: '"H NMR (DMSO-
dsy 8 1.88 - 2.10 (m, 1H, CHH}, 2.27 - 2,47 (m, 1H, CHH), 2.55 - 2.66 (m, 1H, CHH), 2.80 - 3.02 (m,
IH, CHH), 3.84 (s, 3H, CHa), 4.30 (d,./ = 17.6 Hz, 1H, CHH), 4.40 - 4.50 (m, 3H. CHH, CHy), 5.11
{dd, J=5.2,13.3 Hz, 1H, NCH), 6.35(d, /= 1.9 Hz, 1H, Ar}. 6.83 (t,J = 6.1 Hz, 1H, NH), 7.06 {dt,J
=1.4,7.6 Hz, 1H, Ar), 7.31 - 7.38 (m, 1H, Ar), 7.40 - 7.48 (m, 3H, Ar), 7.53 (&.J = 0.4 Hz, 1H, Ar),
7.63(t,J= 1.9 Hz, lH, Ar), 7.70 (d,J = 7.9 Hz, 15, Ar), 8.82 (s, 1H, NH}, 10.98 (br. s., 1H, NH): ¥C
NMR (DMSO-d;) 6 22,48, 31.19, 37.45,42.78, 4711, 51.55, 105.55, 117.62 (2 carbons by HMQC),
121.18, 121.87, 122.93, 126.87, 129.08, 130.29, 130.51, 137.86, 140.73, 142.38, 142.82, 144.76,
155.21, 167.94, 170.98, 172.84; LCMS MH" = 473; Anal. Caled. for CosHaaNgOus: C, 63.55; H, 5.12;
N, 17.79; Found: C, 63,36; H. 5.17; N, 17.72.

5.4 1-12-(2.6-Digxe-piperidin-3-vi-1-0x0-2.3-dihvdro-1 H-iscindol-5-
vimethvl{-3-{3-(2-methvl-imidazol-1-vl)-phenvil-urea: formic acid

O Q

N
o
GO

[00188] A mixture of 3-(5-aminomethyl-1-0x0- 1,3-dihydro-isoindol-2-y1)-piperidine-2,6-
dione methanesulfonic acid salt (0.40 g, 1.1 mmol) and CDI (0.19 g, 1.2 mmol) in DMF (5§ mL) was
stirred a1 RT for 18 hrs. To the mixture was added 3-(2-methyl-imidazol-1-yl)-phenylamine (.19 g,
1.1 mmof) at RT, and the mixture was stirred at 60 °C for 24 hrs, To the mixture was added water (25
ml.} and ether (20 mL). The mixture was stirred at RT for 2 hrs. The suspension was filtered and the
solid was washed with water (20 mL), cthyl acetate (20 mL), and water (20 mL) to give a solid. The

solid was purified with preparative HPLC to give the product as a white solid (100 mg, 20% yiecld):

th
*



HPLC: Waters Symmetry Cyg, 3 pm, 3.9 x 150 mm, | mL/min, 240 nm, 5% gradient 95% in 5 min,
CH3CN/0. 1% HiPOy, 4.48 min (96.8 %); mp: 218-220 °C; 'H NMR (DMSO-~d,) 4 1.89 - 2.12 (m, IH,
CHH), 2.25 - 2.29 (m, 3H, CH;), 2.30 - 2.46 (m, 1H, CHH), 2.54 - 2.68 (m, 1H, CHH}, 2.78 - 3.04
{m, 1H, CHH), 4.31 (d,.7=17.4 Hz, 1H, CHH), 438 - 4.53 (m, 3H, CHH, CH,), 5.11 (dd, J= 5.1,
13.2 Hz, 1H, NCH), 6.89 (d.J = 1.3 Hz, 1H, Ar), 6.92 - 7.05 (m, 2H, Ar, NH), 7.23 (4, /= 1.3 Hz,
1H, Ar), 7.32 - 7.40 (m, 2H, Ar), 7.41 - 7.49 (m, 1H, Ar), 7.52 (s, 1H, Ar), 7.57 - 7.65 (m, 1H, Ar),
7.69 (d,J=7.9 Hz, 1H, Ar), 8.18 (s, 1H, HCOOH), 9.03 (5, 1H, NH), 10.98 (s, IH, NH); "C NMR
(DMSO-dy) 6 13.60, 22.49, 31.20,42.77,47.12, 51.58, 114.22, 116.89, 117.61, 120.68, 121.88,
122,93, 126.89, 127.13, 129.63, 130.30, 137.90, 141.50, 142.38, 143.43, 144.69, 155.16, 163.44,
167.93, 170.98, 172.85; LCMS MH" = 473; Anal. Calcd. for CosH2aNgO4 + HCOOH + 1.5 H.O: C,
57.24; 1, 5.36; N, 15.40; Found: C, 57.43: H, 5.11; N, 15.57.

[60189] To 2 stirred suspension of 4-{4-methyl-4H-[1,2 4Jtriazol-3-v1)-phenylamine (0.31 g,
1.77 mmol) in DMF (10 mL) at 40 °C was added CDI (0.32 g, 1.94 mmol). The mixture was stirred
for 15 min, followed by addition of 3-(5-aminomethyl-1-ox0-1,3-dthydro-isoindol-2-y1)-piperidine-
2,6-dione methanesulfonic acid salt (0.65 g, 1.77 mmol). Heating was stopped after 1.5 hrs and the
mixture was stirred at RT overnight. Solvent was evaporated and the residue was purified by
preparative HPLC to give the product as a white solid (0.13 g, 15% yield): HPLC, Waters Symmetry
Cis, 5 um, 3.9 x 150 mm, 1 mi/min, 240 nm, 14/86 CH:CN/0.1% HaPO4, 4.70 min (93.9%): mp, 248-
250°C; '"H NMR (DMSO-d,) 6 1.93 - 2.06 (m, 1H, CHH), 2.29 - 2.46 (m, 1H, CHA), 2.55 - 2.70 (m,
tH, CHA), 2.82 - 3.02 (m. 1H, CHH), 3.72 (s, 3H, CHA), 4.24 - 4.55 (m, 4H, CH,, CH,}, 5.11 (dd, J =
4.9, 132 Hz 1H, NCH), 6.95 (1, J = 5.7 Hz, 1B, NH), 7.4} - 7.81 (m, TH, ArH), 8.51 (s, 1H, ArH),
9.02 (s, TH, NH), 10.99 (s, 1H, NH): "C NMR (DMSO-ds) 4 22.49, 31.20, 31.94, 42.79, 47.13, 51.58,
117,50, 119,49, 121.88, 122.94, 126.91, 128.80, 130.32, 141.84, 142.39, 144.72, 145.76, 153.08,
155,12, 167.95, 170.99. 172.85; LC/MS MH" = 474; Anal. Calcd. For CyHxN-Oy C, 60.88; H, 4.90;
N, 20,7}, Found: C, 58.28; H. 4.67: N, 19.4% (Note: This analysis was off, and both HPLC and 'H
NMR showed 6% impurity).



5.6

[06190] To a mixture of 4-(3-isocyanato-phenyl)-2-methyi-thiazole (0.25 g, 1.2 mmol) and 3-
(5-aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yl}-piperidine-2 6-dione methanesulfonic acid salt
(0.43 g. 1.2 mmol) in acetonitrile {§ mL) was added TEA (0.33 mL, 2.3 mmol) at RT, and the mixture
was kept for 3 hrs. Water (25 mL) was added to the mixture and the mixture was stirred at RT for 3
hrs. The suspension was filtered and the solid was washed with water (20 mL), ethyl acetate (20 mL).
and water (20 mL) to give a solid. The solid was purified with preparative HPLC to give the product
as a white solid {160 mg, 28% yieldy: HPLC: Waters Symmetry Cyg, 5 um, 3.9 x 150 mm, | mL/min,
240 nm, 30/70 CH;CN/O.1% H3POy, 5.93 min (99.4 %); mp: 252-254 °C; 'H NMR (DMSO-d,) 6 1.92
- 2.06 (m, 1H, CHH), 2.27 - 2.47 (m, 1H, CHH), 2.54 - 2.66 (m, [H, CHH}, 2.71 (s, 3H, CH;), 2.81 -
3.01 (m, 1H, CHH), 4.31 (d, /= 17.6 Hz, 1H, CHH), 4.38 - 4.53 (m, 3H, CHH, CH,}, 5.11 (dd, J =
5.1, 13.2 Hz, 1H, NCH), 6.74 (t,./ = 6.0 Hz, 1H. NH), 7.20 - 7.32 {m, 1H, Ar), 7.40 (ddd, J=1.1, 2.3,
8.1 Hz, IH, Ar), 7.46 (dq,J = 1.4, 7.6 Hz, 2H, Ar), 7.53 (5, 1H, Ar), 7.70 (4, J= 7.9 Hz, 1H, Ar), 7.81
(s, TH, Ar), 8.02 (t,.J= 1.9 Hz, 1H, Ar), 8.79 (s, 1H, NH), 10.98 (s, 1H, NH); *C NMR (DMSO-d) 6
18.91,22.51, 31.18, 42.79,47.12, 51.56, 113.55, 115.55, 117.28, 118.86, 121.86, 122.94, 126.89,
129.01, 130.29, 134.58, 140.82, 142.39, 144.90, 153.89, 155.21, 165.29, 167.95, 170.99, 172.85;
LCMS MH™ = 490: Anal. Caled, for CasHaN:Q4S: C, 61.34; H, 4.74; N, 14.31; S, 6.35; Found: C,
61.09; H, 4.60; N, 14.19: S, 6.49,

57  1-[2-(2.6-Diexo-piperidin-3-vi}-1-oxo-2.3-dikvdro-i H-isoindol-5-
vimethvil-3-{3~(1-methyi-1H-

[00191] To a stirred suspension of 3-(3-isocyanate-phenyl)-1-methyl-1 H-pyrazole { 0.25 g,
1.25 mmol) and 3-(S~aminomethyi-1-0x0-1,3-dihydro-isoindol-2-y-piperidine-2,6-dione
methanesulfonic acid sakt (0.46 g, 1.25 mmol) in acetonitrile (5 mL) at RT was added TEA (0.35 mL,
2.51 mmol). The mixture was stirred for 4 hws, followed by addition of IN HCI (10 mL), which was
stirred for 10 min. The mixture was purified by preparative HPLC to give the product as an off-white
solid (0.22 g, 38% yieldy: HPLC, Waters Symmetry Cig, § pm, 3.9 x 150 mm, 1 mU/min, 240 nm,
25{75 CH3CN/Q. 1% F5POy, 5.99 min (99.9%): mp, 232-234 °C: 'H NMR (DMS0-d,) 6 1.93 - 2.07
(m, 1H, CHH), 2.29 - 2.46 (m, 1H, CHH), 2.55 - 2.68 (m, 1H, CHH), 2.82 - 3.0] (m, 1H, CHH), 3.87
(s, 3H, CH3), 4.24 - 4.55 (m, 4H, CH,, CH,), 5.11 (dd, J= 5.0, 13.3 Hz, 1H, NCH), 6.57(d,J=2.3
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Hz, 1H, ArH), 6.73 (t,.J= 5.9 Hz, 1H.NH), 7.18 - 7.37 (m, 3H, ArH), 7.46 (d,./ = 7.9 Hz, IH, ArH),
7.53 (s, 1H, ArH), 7.65 - 7.77 (m, 2H, ArH), 7.89 (s, 1H, ArH), 8.71 (s, 1H, N/, 10.98 (s, 1H, NH);
B NMR (DMSO-d,) 6 22.51, 31.18, 38.60, 42.79, 47.13, 51.58, 102.33, 114.31, 116,77, 118.16,
121.86, 122.93, 126.89, 128.85, 130.29, 132.17, 133.85, 140.66, 142.39, 144,91, 150.03, 155.22,
167.95, 170.99, 172.85; LC/MS MH" = 473; Anal. Caled. For CasHaNGO, +0.5 H,0: C, 62.36; H,
5.23:N,17.45. Found: C, 62.066: H, 5.19; N, 17.28.

5.8 1-((2-(2.6-dioxepiperidin-3-vl)-1-oxuisoindelin-S-vDymethvl}-3-(3-
{morphelinomethvhiphenvljurea formate
3 O

HCOOH W H\/@\‘ _t")i o
NN ’
vk
0 O

[00192] Ta a stirred mixture of 3-(5-aminomethyl-1-oxo-1,3-dihy dro-isoindol-2-y1)-

piperidine-2.6-dionce hydrochloride (0.37 g, 1.00 mmeol) and 4-(3-isocyanatobenzyl}-morpholine (0.22
2. 1.00 mmol) in acetonitrile (10 mL) was added TEA (0.28 mL., 2.00 mmolj at RT under nitrogen.
Afier 2 hrs, additional 4-(3-1socyanatobenzyDimorpholine (0.22 g, 1.00 mmol) and TEA (0.28 mL,
2.00 mmol) were added. After 12 hrs, undesired solid was filtered and filtrate was concentrated, The
residuc was dissolved in acetonitrile and was purified by preparative HPLC (gradient: CH,CN + 0.1%
formic acid/HH,O + 0.1% formic acid: 10/90 for 5 min, to 100/0 in 10 min, 100/0 for 5 min). After
evaporation of the solvent, the residue was triturated in ether (20 mL) for 1 hr. The product was then
isolated by filtration and dried in vacuo to give the product as a beige solid (0.16 g, 30% yield):
HPLC: Waters Symmetry Cig, 5 um, 3.9 x 150 mm, | mL/min, 249 nm, gradient: CH;CN/0.1%
H:PO4: 10/90 1o 90/10 in 10 min, 90710 (5 min): 4.64 min (95.84%); mp: 198-200 °C; "H NMR.
(DMSO-dyy ¢ 1.83 - 2.12 (m, 1H, CHH), 2.21 - 2.47 (m, 5H, CHH. CH,, CHy), 2.54 - 2.69 (m, J =
11.6 Hz, 1H, CHH), 2.79 - 3.03 {m, I1H, CHH), 3.38 (s, 2H, CH:), 3.52 - 3.72 (m, 4H. CH,, CH-},
4.31 (d,.J=17.2 Hz, 1H, CHH), 4.37 - 4.55 (m, 3H, CHH, CH.), §.11 (dd, J= 5.1, 13.2 Hz, 1H, CH),
6.83 (d,J= 7.6 Mz, 1H, Ar), 6.99 (t,./=5.6 Hz, 1H, NH}, 7.15 (1, J = 7.7 Hz, 1H, Ar), 7.32(d, /=83
Hz, 1H, Ar}, 7.39 (s, 1H, Ar), 7.44 (d, J= 7.7 Hz, 18, Ar), 7.52 (s, 1H, Ar), 7.69 (d..J = 7.7 Hz, 1H,
A1), 8.29 (br. 5., 1H, HCOO), 8.90 (s, 1H, NH), 10.98 (br. 5., 1H, NH); '*C NMR (DMSO-d,) d 22.51,
31.20,42.73,47.12,51.56, 53.20, 62.69, 66.17, 116.42, 118.13, 121,72, 121.83, 122,90, 12686,
128.34, 130.25, 138.24, 140.48, 142.36, 144.99, 155.31, 164.30, 167.95, 170.98, 172.85; LCMS: MH"
= 492; Anal Caled. for CyHyNsO, +3 H-0: C, 54.82: H, 6.30: N, 11.84; Found: C, 55.12; H, 6.12;
N, 11.72.
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[00193] To a stirred mixture of 3-(§-aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yl)-
piperidine-2,6-dione hydrochloride (1.00 g, 2.70 mmol) and 4-methyl-3-nitrophenylisocyanate (0.48
ml., 2.70 mmol) in acetonitrile (20 mL} was added TEA (0.75 mL, 5.40 mmotl) at RT under nitrogen.
After 2 hrs, IN HCE (20 mL) was added and the solids were isolated by filtration and washed with
water (3 x 20 mL). The crude product was triturated in EtOAc (50 mL) for 12 hrs. The product was
" isolated by filtration and dried in vacuo to give the product as a yellow solid (0.74 g, 61% yield):
HPLC: Waters Symmetry Cis, 3 wm, 3.9 x 150 mm, 1 mL/min, 240 nm, gradient: CH-CN/0.1%
HiPO4 10790 to 90710 in 10 min, 90/10 (5 min): 7.94 min (96.79%); mp: 230-232 °C; 'HNMR
(DMSO-d,) 8 1.87 - 2.08 (m, 1H, CHH), 2.26 - 2.48 (m, 3H, CHH, CH}, 2.60 (d, J = 17.6 Hz, 1H,
CHH), 2.79 - 2.07 (m, 1H, CHH), 4.31 {(d, J = 17.4 Hz, 1H, CHH), 4.38 - 4.55 (m, 3H, CHH, CH,),
5.11(dd, J=5.0, 133 Hz, 1H, CH), 6.92 {1, /= 5.9 Hz, 1H, NH), 7.34 (4, /= 8.3 Hz, IH, Ar), 7.45
(d, J =79 Hz, 1H, A}, 7.49 - 7.60 (m, 2H, Ar), 7.70 (d, J= 7.7 Hz, 1H, Ar), 8.26 (d, /= 2.3 Hz, IH,
Ar), 9.07 (s. TH, NH). 10.99 (s, 1H, NH); "C NMR (DMSO-d,) 6 18.95, 22.49, 31.20, 42.82, 47.12,
51.56, 112.74, 12192, 122.45, 122,94, 124,71, 126,92, 130,33, 132.84, 139.46, 142.38, 144.59,
148.72, 155.02, 167.93, 170,98, 172.85; LCMS: MH" = 452; Anal. Caled. for CaaHyN:Og: C, 58.53;
H, 4.69: N, 15.51; Found: C, 58.23; H, 4.58; N, 15.34,

5.18

[00194] To a solution of 1-((2-(2.6-dioxopiperidin-3-yI)-1-oxoisoindolin-5-yymethyl)-3-(4-
methyl-3-nirophenyliurea (0.30 g, 0.66 mmeol) in DMF (50 mL) was added Pd-C (0,10 g, 10%
weight). The reaction mixture was hydrogenated with a Parr-shaker at 55 psi. Afier 16 b, the
mixture was filtered through a celite pad, which was washed with additional DMF (20 mL). The
filtrate was then evaporated and the residue was stired in water (100 mL) for 3 hrs. The solid was
filtered, washed with additional water (50 mL.), and dried. The crude green product was dissolved in
DMF (100 mL)}, decolorizing carbon was added, and the reaction mixture was stirred for 3 hrs. The
mixture was then filtered through a celite pad, which was washed with additional DMF (50 mL). The
filtratc was then evaporated and the residuc was stirred in water (100 mL) for 4 hrs. The solid was

filtered, washed with additional water {50 mL), and dricd in vacuo. The solid was triturated with
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ether for | hr and the product was isolated by filtration to give the product as a pale green solid (0.22
g, 79% yicld): HPLC: Waters Symmetry Cig, § pm, 3.9 x 150 mm, I mL/min, 240 nm, gradient:
CH3CN/L 1% HiPO4: 10790 to 90/10 in 10 min, 90/10 (S min): 4.50 min {96.74%): mp: 228-230 °C;
"H NMR (DMSQO-d,) 6 1.82 - 2.10 (m, 4H, CHH, CHy), 2.25 - 2.47 (m, 1H, CHH), 2.59 (d,./ = 18.3
Hz, 1H, CHHM), 2.77 - 3.02 {m, 1H, CHH), 4.30 (d, /= 17.6 Hz, 1H, CHH), 4.35 - 4.53 (m, 3H, CH,,
CHH), 4.93 (br. s., 2H, NH»), 5.11 (dd, /= 5.0, 12.9 Hz, 1H, CH), 6.51 (dd, J= 1.9, 7.9 Hz, 1H, Ar),
6.58 (t,./= 5.7 Hz, 1H, NH}, 6.75 (d, /= 8.5 Hz, 2H, Ar), 7.43 (d, /= 7.9 Hz, 1H, Ar), 7.50 (s, 1H,
A1), 7.69 (d, /= 7.7 Hz, 1H, Ar), 8.23 (s, IH, NH), 10.98 (s, 1H, NH); "C NMR (DMSO0-d,) 6 16.75,
22.49,31.20,42.74,47.10, 51.56, 104.16, 106.57, 114.59, 121.86, 122,90, 126.89, 129.79, 130.25,
138.75, 142.36, 145.06, 146.12, 155.22, 167.95, 170.98, 172.85: LCMS: MH" = 422, Anal. Calcd. for
CosHasNOa + 0.1 HiO + 0.5 EtO: C, 62.62: H, 6.17: N, 15.21; Found: C, 62.30; H, 5.89: N, 14.89.

(00195} TEA (0.20 g, 2,00 mmol) was added to 2 stirred mixture of 3-(5-aminomethyl-1-oxo-
1,3-dihvdro-isoindol-2-y1}-piperidine-2,6-dione methanesulfonate (0.37 g, 1.00 mmol} and 1-
isocyanato-3-phenoxy-benzene (0.212 g, 1.00 mmol} in acetonitrile (10 mL) under nitrogen at RT.
After 3 hrs, IN HCI (10 mL) was added, and the mixture was stirred for 10 min. The solids were
isolated by filtration, and washed with water (20 mL) and acctonitriie (10 mL}. The crude product
was dissolved in @ minimal amount of DMF and the product was precipitated by siow addition of
water (~30 mL). The solids were collected by filtration, washed with Et:O, and dried i vacuo for 18
hrs to give the product as a white solid (422 mg, 87%): HPLC: Waters Symmetry Cre, S pm, 3.9 x 150
mm, | ml/min, 240 nm, 35/65, CH.CN/0.1% HyPO., 3.76 min (99.3%): mp: 224-226 °C: 'H NMR
(DMSO-ds) 6 1.99 {5, 4H, CH, CHs), 2.29 - 2.46 (m, 1H, CH), 2.55 - 2.66 (m, 1H, CH), 2.80 - 3.0}
(m, 1H, CH}, 4.18 - 4.56 (m, 4H, CH,, CHa), 5.10 (dd, /=49, 13.2 Hz, 1H. CH), 6.71 (t,J = 5.9 Hz,
TH, NH), 7.23 - 7.36 (m, 1H, Ar), 7.36 - 7.48 (m, 2ZH, Ar), 7.51 (s, 1H, Ar), 7.69 {d, J = 7.7 Hz, 1H,
Ar), 8.55 (s, 1H, NH), 9.75 (s, 1H, NH), 10.67 - 11.27 (m, 1H, NH); °C NMR (DMSC-d,) § 22.49,
23.82,31.18,42.77,47.12,51.56, 118,12, 119.57, 121.85, 122.91, 126.88, 130.26, 133.18, 135.70,
142,36, 144.94, 155.29, 167.67, 167.95, 170.98, 172.85; LCMS: MH™ = 485; Anal. Caled. for
CasHuN O C, 66.93: H,4.99; N, 11.536. Found: C, 67.03: H, 4.72; N, 11.41.
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512 1-(-(2.6-Dioxepiperidin-3-vi}-1-oxoisoindelin-S-yimethvh-3-(4-
pitrophenvijurea

¢
ISh
N~ O

[00196] TEA (0.20 g, 2.0 mmol) was added to a stirred mixtare of 3-(5-aminomethyl-1-0x0-

e =~

1,3-dihydro-isoindol-2-yl)-piperidine-2,6-dione methanesuifonate (0.37 g, 1.0 mmol) and 1-
isocyanato-4-nitrobenzene (164 mg, 1.0 mmol) in acetonitrile (10 mL) under nitrogen. The mixture
stirred at RT for 3 hrs, during which time it remained s a suspension. A IN HCl solution (10 mL)
was added, and the mixture was stirred for 10 min. The solid was isolated by filtration and washed
with additional water (20 mL) and acetonitrile (10 mL). The solid was dissolved in minimal amount
of DMF and the product was precipitated by slow addition of water (~30 mL}. The solid was
coflected by filtration and washed with EO to remove most of the residual yellow color. The
remaining solid was dried in a vacuum oven overnight to provide the product as an off-white solid
{330 mg, 75%}: HPLC: Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, I mi/min, 240 nm, 36/70,
CH3CN/.1% HaPOy, 6.15 min (97.1%); mp: 272-274 °C; "H NMR (DMSO-d) 6 1.84 - 2.13 (m, 1H,
CHH), 2.24 - 2.44 (m, 1H, CHH), 2.55 - 2.66 (m, 1H, CHR), 2.77 - 3.02 (m, 1H, CHH), 4.16 - 4.55
(m, 4H, CH,, CHy), 5.11 (dd, J=4.7, 13.0 Hz, 1H, CH), 7.07 (¢, J = 5.6 Hz, 1H. NH), 7.37 - 7.83 (m,
$H, Ar), 8.15(d, J = 8.9 Hz, 2H, Ar), 9.48 (s, 1H, NH), 10.98 (s, 1H, NH); "C NMR (DMSO-d;) §
22.48,31.17,42.83,47.11, 51.57, 116.97, 121,94, 122.96, 125.09, 126.93, 130.38, 140,48, 142.41,
144.26, 147.04, 154.51, 167.51, 170.98, 172.85; LCMS: MH™ = 438; Anal. Caled. for CaiH;oNsOg+
0.5 H,0: C, 56.50; H, 4.52; N, 15.69; Found: (, 56.45: H, 4.31; N, I15.71,

5.13

/IL‘\ Q

[00197] Siep 11 Preparation of 1-(4-amino-phenyl)-3-[2-(2.6-dioxo-piperidin-3-yl)-1-0x0-2,3-
dihvdro-1 H-isoindol-S-yimethyl}-urea. To a stirred mixtare of 1-((2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-ylmethyl}-3-(4-nitropheny Dures (150 mg, 0.343 mmol) in EfOH (2 mLy was added
sodium dithionite (397 mg, 3.43 mmol) in water (2 mL). The resulting mixture was heated to 60 °C
for 20 min ar which time LC-MS indicated complete disappearance of nifro starting matertal. The
reaction mixware was combined with the crude product from a separate run and concentrated in vacuo.
The residue was dissolved in minimal DMF and chromatographed on a C-18 preparative HPLC

column equipped with mass triggered collection. The desired fractions were combined and
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concentrated in vacuo to provide -(4-amino-phenyl)-3-[2-(2,6-dioxo-piperidin-3-y1}- 1-0x0-2,3-
dihydro-1H-isoindol-5-ylmethyl}-urea as a pale yellow solid (90 mg, 40% combined average yield
from two scparate runs): mp: >400 °C; LCMS: MH"™ = 408,

[060198] Step 2: Preparation of N-{4-{3-[2-(2 6-dioxo-piperidin-3-yl}-1-ox0-2,3-dihydro-14-
1soindol-5-ylmethyl]-ureido} -phenylj-acetamide. 1-(4-Amino-phenyl)-3-{2-(2,6-dioxo-piperidin-3-
y1¥-1-0x0-2,3-dihydro- L H-isoindol-5-yImethy -urea (64 mg, 0.157 mmol) was stirred at room
temperature in acetic anhydride (5§ mL) for 2 hrs. The volatiles were removed in vacuo and the
residue was dissolved in minimal DMF and purified on a C-18 preparative HPLC column. The
desired fractions were combined and concentrated in vacuo t0 provide the product as a pale yellow
solid (37 mg, 52% yicld): HPLC: Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, I ml/min, 240 nm,
17/83, CH3CN/G.1% HiPO4, 5.19 min (97.4%); mp: 265-267 °C; "H NMR (DMSO-4,} § 1.99 (s, 4H,
CH,CHs), 2.29 - 2.46 (m, 1H, CH), 2.55 - 2.66 {m, 1H, CH), 2.80 - 3.01 {m, 1H, CH), 4.18 - 4.56 (m,
41, CH,, CHy), 5.10 (dd, J = 4.9, 132 Hz, 1H, CH), 6.7} (t, J= 5.9 Hz, 1H, NH}), 7.23 - 7.36 (m, 1H,
Ar), 7.36 - 7.48 (m, 2H, Ar), 7.51 (s, 1H, Ar), 7.69 (4, /= 7.7 Hz, 1H, Ar), 8.55 (s, I1H, NH), 9.75 (s,
IH, NH), 10.67 - 11.27 (m, 1H, NH); "C NMR (DMSO0-dy) 6 22.49, 23.82, 31.18, 42.77. 47.12,
51.56, 118.12, 119.57, 121.85, 122.91, 126.88, 130.26, 133.18, 135.70, 142.36, 144.94, 155.29,
167.67, 167.95, 170.98, 172.85; LCMS: MH™ = 450; Anal. Caled. for CyaHasN:Os+ 1.0 H.O: C,
39.09: H, 5.39: N, 14.98; Found: C, 58.75; H, 4.99; N, 14.59.

514 3-12-(2.6-Dioxo-piperidin-3-vi}-1-e¢xo-2.3-dihvdro-1 H-isoindo}-5-
vimethvll-1-methvl-1-phenvi-urea

[00199] To a suspension of 3-(S-aminomethyl- 1-oxo-1.3-dihydro-isoindol-2-y1)-piperidine-
2,6-dione methanesulfonic acid salt (0,18 g, 0.5 mmol) in CH;CN (10 mL) was added DIPEA (0.4
mL, 2.5 mmol} and N-methylphenyl carbamic chioride (178 mg, 1.05 mmol). The mixture was stirred
at RT overnight. The suspension was filtered and the solid was washed with water (20 mL), ethyl
acetate {20 mLY, and CHyCN (20 mL) to give the product as a white solid (200 mg, 47% yield):
HPLC; Waters Symmetry Cig, 5 um, 3.9 x 150 mum, | mL/min, 240 nm, 30/70 CH:CN/G.1% H;POs,
3.56 rmin (96 %); mp: 168-170 °C: "H NMR (DMSO-d,) 6 1.89 - 2.07 (m, 1H, CHH}, 2.30 - 2.47 (m,
IH, CHH}, 2.55 - 2.69 {m, I1H, CHH), 2.79 - 3.01 (m, 1H, CHH), 3.18 (s, 3H, CHy), 4.22 - 4.58 {m.
4H, CHa, CHy). 5,11 (dd. J= 5.0, 13.3 Hz, I1H, NCH), 6.68 {t.J= 5.9 Hz, 1H, NH), 7.16 - 7.35 {m.
3H, Ar), 7.36 - 7.44 (m, 3H, Ar), 7.46 (s, 1H, Ar), 7.66 (d,.J = 7.7 Hz, 1H, Ar), 10.98 (s, 1H, NH); ''C
NMR (DMSO-ds) 6 22.51, 31.21, 37.14, 43.76, 47.10, 51.55, 121.85, 122.71, 125,78, 126.54, 126.86,
129.23, 130.04, 142,19, 144.02, 145,41, 156.74, 168.02, 171.02, 172.86; LCMS MH" = 407, Anal.
Caled. for CoaHaaN, O, + 0.5 H20: €, 63.60: H, 5.58: N, 13.49; S, 6.55; Found: C, 63.61; H, 5.5 N,
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1-Biphenvi-4-vi-3-[2-(2.6~dioxo-piperidin-3-vij-1~ox0-2,3-dihvdro-1 H-
iseindol-S-vimethvl

[00200] To a suspension of 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-v1)-piperidine-
2,6-dione methanesulfonic acid salt (0.37 g, I mmol) in DMF (2 ml.) was added CDI (162 mg, 1
mmol). The mixture was stirred at RT overnight. 4-Phenylaniline (169 mg, 1 mmol) was added to
the mixtare and the mixturc was stirred at RT for 4 hrs. Then the temperature was elevated to 40 °C
and the mixture was stirred at this temperature for 8 hrs. The mixture was cooled to RT. The
suspension was filtered and the filirate was added CH;CN (5 mL) and the resulted suspension was
filtered. The collected solid was recrystalized from DMF to give the product as a white solid (30 mg,
15% vield): HPLC: Waters Symmetry Cyg, 5 gim, 3.9 x 150 mm, 1 mL/min, 240 nm, 50/50
CH3CN/0.1% HaPO4, 2.78 min (95 %); 'H NMR (DMSO-ds) 6 2.02 (br. 5., 1H, CHH), 2.28 - 2.47 (m,
IH, CHH), 2.60 {(d, J = 18.5 Hz, 1H, CHH), 2.82 - 3.04 (m, 18, CHH)}, 4.23 - 4.59 (m. 4H, CH,,
CHa), 5.11 (dd, J = 4.9, 13.2 Hz, IH, NCH}, 6.73 - 6.83 (m, {H, NH), 7.22 - 7.35 (m, 1H, Ar), 7.37 -
7.66 (mx, 10H, Ar}, 7.70 (d,J = 7.9 Hz, 1H, Ar), 8.75 (s, 1H, NH}, 10.98 (s, 1H, NH); "C NMR
(DMSO-dg) ¢ 22.51,31.20,42.80,47.13, 51.58, 118.09, 121.89, 122.94, 125.99, 126.64, 126.85,
128.82, 130.30, 132.86, 139.93, 142.40, 144.81, 155.18, 167.95, 170.99, 172.85: LCMS MH™ = 423,

516  1-{2-(2.6-Dioxe-piperidin-3-v-1-0x0-2.3-dihvdro-1 H-isoindol-5-
vimethvl]-3-13-(3-methvi-11.2.41oxadiazol-3-v)-phenvil-urea

O Q
N3 NH
-{/\1, Qﬁ{% N O
O

[00201] To a stirred suspension of 3-(3-methyl-[1,2,4}oxadiazol-S-yl)-phenylamine { 0.22 g,

1.09 mmol) and 3-(5-aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yh-piperidine-2.6-dione
methanesulfonic acid salt (0.40 g, 1.09 mmol) in acetonifrile (5 mL) at RT was added TEA (0.31 mL,
2.19 mmol}. The mixture was stirred for 3 hirs, followed by addition of IN HCI (10 mL}, which was
stirred for 10 min. The mixture was purified by preparative HPLC to give the product as a white solid
(0.10 g, 19% vield): HPLC, Waters Symmetry Cig, § m, 3.9 x 150 mm, 1 ml/min, 240 nm, 30/70
CH:CNA). 1% H1PO., 4.37 min (99.3%): mp, 242-244 °C; 'H NMR (DMSO-d,) 8 1.92 - 2.07 (m, 1H,
CHH), 2.30 - 2.46 (m, 4H, CH;, CHH), 2.55 - 2.67 (m, TH, CHH), 2.82 - 3.02 (m, 1H, CHH), 4.24 -
4.56 (m, 44, CH», CH=), 5.11 (dd, J= 5.1, 13.2 Hz, 1H, NCH), 6.91 (t. /= 5.8 Hz, 1H, NH), 7.39 -
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7.80 (m, 6H, ArH), 8.37 (s, TH, AtH), 9.05 (s, 1H, NH). 10.98 (s, 1H, NH); 'C NMR (DMSO-d) §
11.25,22.49,31.20,42.83,47.12, 51.58, 116.37, 120.24, 121.93, 121.96, 122.94, 123.77, 126.94,
129.90, 130.33, 141.41, 142.39, 144.68, 155.10, 167.61, 167.93, 170.99, 172.85, 174.86. LC/MS MH
= 475; Anal. Calcd. For CoHnNgO +0.4 H.0: C, 59.85; H, 4.77; N, 17.45; Found: C, 59.53; H, 4.68;
N, 17.30.

517  1~3-AminephenvD)-3-((2-(2,6-dioxgpiperidin-3-vi}-I-oxeoisoindolin-&-

yhmethvhurea
[ INe

[00202] Siep I To a stirred mixture of 3-(S-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-y1)-

poaan

piperidine-2.6-dione hydrochloride (0.74 g, 2.00 mmol) and 3-nitropheny isocyanate (0.33 g, 2.00
mmol) in acetonitrile (20 ml.) was added TEA {0.56 miL, 4.00 mmol) at RT under nitrogen. After 12
hrs, the solid was filtered and purified by preparative HPLC (gradient: CHy;CN /H,0: 15/85 for § min,
to 100/0 in 10 min, 100/0 for 5 min). Afier evaporation of the solvent, the residue was writurated in
ether (20 mL) for 1 hr. The product was then isolated by filtration and dried in vacuo to give 1-((2-
(2,6-dioxopiperidin-3-yi}-1-oxoisoindolin-5-ylymethyl}-3-(3-nitrophenyliurea as a yellow solid (0.34
2, 39% yield).

(00203} Step 2: To a solution of 1-((2-(2,6~dioxopiperidin-3-y1}-1-oxoisoindolin-5-
ylimethyl)-3-(3-nitrophenyliurea (0.33 g, 0.80 nymol) in DMF (80 mL) was added Pd-C (0.10 g,
<1{% weight). The reaction mixture was hydrogenated with a Parr-shaker at 55 psi. After 12 hrs, the
mixture was filtered through a celite pad, which was washed with additional DMF (50 mL). The
filtrate was then evaporated and the residue was stirred in water (150 mL) for 3 hrs. The solid was
filtered, washed with additional water (50 mL), and dried. The crude product was dissolved in DMF
{50 mL), decolorizing carbon was added, and the reaction mixture was stirred for 12 hrs. The mixture
was then filtered through a celite pad, which was washed with additional DMF (50 mL). The filtrate
was then evaporated and the residue was stirred in water (100 mL) for 3 hrs. The solid was filtered,
washed with additional water (50 mL) and dried in vacuo to give the product as a pale yellow solid
{0.24 g, 77% yield): HPLC: X-Terra RP 18, 3.9 X 150 mm, 5 pm, 1 mL/min, 240 nm: CHyCN/O. 1%
(HCO-)NH.: 15/85: 7.95 min (95.27%); mp: 233-235 °C: "H NMR (DMSO-d,) 6 1.78 - 2.08 (m, 1H,
CHH), 2.38 (gd, J= 4.5, 13.2 Hz, 1H, CHH), 2.59(d, /= 17.8 Hz, 1H, CHH), 2.79 - 3.06 (m, 1H,
CHH), 4.18 - 4.36 (m, 1H, CHH), 4.36 - 4.60 (m, 3H, CHH, CH.), 4.91 - 5.36 (m, 3H, NH», CH}, 6.15
(ddd, 7= 0.9, 2.1, 7.9 Hz, 1H, Ar), 6.48 - 6.38 (m, 1H, Ar}, 6.63 (t, J=6.0 Hz, 1H, NH. 6.76 (1, J =
2.0 Hz, 1H, Ar), 6.85(t,J=7.9Hz, 1H, Ar), 7.44 (d,J=T7.7Hz, 1H, An), 7.5} (s, 1H, Ar}, 7.69(d, J
=7.9 Hz, 1H, Ar). 8.32 (s, TH, NH), 10.98 (s, 1H, NH); "C NMR (DMSO-d,) § 22.51, 31.20, 42.73,
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47.12, 51.58, 103.78, 106.20, 107.79, 121.86, 122.91, 126.89, 128.89, 130.26, 140.92, 142.38, 144,99,
148.44, 155,16, 167.95, 170.99, 172.85; LCMS: MH" = 408; Anal. Caled. for C» Hy N:Ou: C, 61.91,
H, 5.20,N, 17.19; Found: C, 62.40, H, 5.67, N, 15.59.

518  1-]2-(2.6-Dioxe-piperidin-3-vi-1-0x0-2.3-dibvdro-1H-ispinde}-5-
yimethvii-3-[3-(pvridin-2-viexv)-phenvil-urea

1002041 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-dione
methanesulfonate (111 g, 3.0 mmol) and 1,1"-Carbonyldiimidazole (535 mg, 3.3 mmol) were
suspended in dry DMF (20 mLY and the mixture was stirred at vt for 24 h. While stirring, a portion of
the reaction mixtre (6.7 mL, ~1 mmol) was transferred 1 a vial containing 3-(Pyndin-2-yloxy}-
phenylamine (205 mg, 1.1 mmol), The resulting mixture was stirred at 1t overnight and the reaction
progress was momitored by LCMS. After 48 h, additional 3-(Pyridin-2-yloxy)-phenylamine (37 mg,
0.2 mmol) was transferred to the reaction mixture and stirring centinued for another 24 h. The
reaction mixture was acidificd with acidic acid and water, The volatiles were removed in vacuo and
the residue was dissolved in DMF and purified using C-18 preparatory HPLC to give 1-[2-(2,6-dioxo-
piperidin-3-yi}-1-ox0-2,3-dihydro- 1 H-isoindol-5-yimethyl]-3-[3-(pyridin-2-yloxy)-phenyl]-urca as a
white sohid (310 mg, 64% yield): HPLC:Waters Symmetry Cig, 5 um, 3.9 x 150 wmm, 1 mi/min, 240
nm, 30/70 CHaCN/0.1% HiPOs, 4.81 min (98.6%); mp: 298-300 °C: 'H NMR (DMSO-dy) & 1.84 -
2.06 (m, TH, CHH}, 2.19 - 2.44 (m, 1H, CHH), 2.54 - 2,68 (m, 1H, CHH), 2.79 - 3.05 (m, 1H, CHH),
4.08 - 4.60 (m, 4H, CH,, CH,), 5.10 (dd, /= 5.1, 13.2 Hz, 1H, CH}, 6.64 (dd, .J = 1.4, 8.0 Hz, 1H, Arj,
6.81{(t,J=159Hz, 1H, NH}, 6.99(d,./= 83 Hz, 1H, Ar), 7.07 - 7.18 (m, 2H, Ar), 7.24 {t, /= 8.1 Hz,
TH, Ar), 733 (1, J =21 Hz. TH, Ar), 743 (d. J= 7.7 Hz, TH, Ar), 7.50 (s, 1H. Ar), 7.68(d. /= 7.7
Hz, 1H, Ar}, 7.78 - 7.97 (m, 1H, Ar), 8.16 (dd, J = 1.5, 4.9 Hz, TH, Ar), 8.82 (s, 1H, NH), 10.97 (s,
[H, NHY: "C NMR (DMSO-dg) 8 22.49, 31.18,42.73, 47.12, 51.56, 110.23, 111.51, 113.54, 113.68,
118.99, 121.85, 122,93, 126.86, 129.56, 150.29, 140,10, 141.79, 142.39, 144.77, 147,52, 154.37,
155.09, 163.03, 167.93, 170.99, 172.85: LCMS: MH = 486; Anal Caled for Ca6HaN:Os+ 0.3 H:0: C,
63.61; H, 4.85;) N, 14.27. Found: C, 63.62; H., 4.62: N, 1418,
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5.19  1~{(2-(2.6-dioxopiperidin-3-vI)-1-oxoisoindolin-S-vymethvl)-3-(3-
{piperidin-4~vioxv)phenvijurea

[060265] Using the procedure as described in Section 3,135, the product is prepared from 3-
{piperidin-4-yloxy)janiline and 3-(5-aminomethyl-1-0x0-1.3-dihydro-isoindol-2-yl}-piperidine-2,6-

dione methanesulfonic acid salt.

526  1-((2-(2.6-diexopiperidin-3-vI}-1-oxaisoindolin-S-vDimethvi)-3-(3-hvdroxv-

4-methviphenvijurea

O O,

H H -{;—
HO MN._N. N o
O

[00206] Step 1. Using the procedure as described in Section 5.15, 1-(3-(tert-
butyldimethylsilyloxy)-4-methylphenyl)-3-((2-(2,6-dioxopiperidin-3-y1)- [ -oxoisoindolin-5~
yhmethylurea is prepared from 3-(rert-butyldimethylsilyloxy)-4-methylaniline and 3-(5-

aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-dione methanesulfonic acid salt.

[00207] Step 20 A mixture of 1-(3-(rerr-butyldimethylsilyloxy)-4-methylphenyl}-3-((2-(2,6-
dioxopiperidin-3-yl)- 1-oxoisoindolin-5-ylimethyhurea (0.54 ¢, 1.0 mmol) and cesium fluoride {0.15
¢, 1.0 mmol) in DMF (10 mL) is heated to 70 °C for 8 hrs. The mixiure is cooled and diluted with
water {10 mL). The solid precipitate is filiered, rinsed with water {10 mL), and dried under vacuum 1o

provide the product,

521 3-(3-((2-(2.6-Diexopiperidin-3-vi-1-axoisoindolin-S-viymethvlureide)-2-
methviphenvl 2-aminoacetate hvdrochloride

O QO

NH
H N 0]

H
N!ﬁm{o NT N
HCH 8] O

[00208] Step I Using the procedure as described in Section 5.15, 5-(3-((2-(2,6-

dioxopiperidin-3-yi)- 1-oxoisoindolin-S-ylymethyNureido}-2-methylpheny! 2-(fert-
butoxycarbonylaminojacetate i prepared from 5-amino-2-methylphenyl 2-{zerr-
butoxycarbonylaminojacetate and 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindel-2-yI)-piperidine-2,6-

dione methanesulfonic acid salt.
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1002091 Step 2: To a mixture of 5-(3-((2-(2,6-dioxopiperidin-3-yI}-1-oxoisoindolin-5-
yhmethyljureido}-2-methylphenyl 2-(ferr-butoxycarbonylaminoyacetate (0.58 g, 1.0 mmol) in DCM
{50 mL} is added 2M HCl in ether (1 mL), and the mixture is stirred for 24 hrs. The solid precipitate

is filtered, rinsed with DCM (10 mL), and dried under vacuum to provide the product.

522 5-(3~{(2-(2.6-Dioxopiperidin-3-vi}-1-oxoiscindelin-S-vlimethvijureido)-2-
methviphenvl 2+ erazin-1-vhacetate hvdrochloride

[00210) Step 1. Using the procedure as described in Section 5.15, fert-butyl 4-(2-(5-(3-((2-
{2,6-dioxopiperidin-3-yl}- 1-oxoisoindolin-5-ylimethylureido)-2-methylphenoxy}-2-
oxoethylipiperazine- 1 -carboxylate is prepared from terr-butyl 4-(2-(5-amino-2-methyiphenoxy)-2-
oxocthyl)piperazine- 1 -carboxylate and 3-(5-aminomethyl-1-0x0-1,3-dihydro-isoindol-2-yi)-

piperidine-2,6-dione methanesulfonic acid salt.

[00211] Step 2: To a mixture of fert-butyl 4-(2-(5-(3-((2-(2,6-dioxopiperidin-3-yI)- 1-
oxoisuindolin-5-yl)methyurcido)-2-methylphenoxy)-2-oxoethylpiperazine- 1 -carboxylate (0.65 g,
1.0 mmol) in methylene chioride (50 mL) is added 2M HCl in ether {1 mL), and the mixture will be
stirred for 24 hrs. The solid precipitate is filtered, rinsed with DCM (10 mL), and dried under vacuum

to provide the product.

§.23  1-(3-(Aminomethyl)-4-me
gxoiseindolin-S~viimethvhurea

(002121 Step 1. Using the procedure as described in Section 5.15, 1-(3-cyano-4-
methyiphenyt)-3-(£2-(2,6-dioxopiperidin- 3-y1)- 1-oxoisoindolin-5-yhmethylpurea is prepared from 5-
amino-2-methytbenzonitrile and 3-(S-aminomethy!-1-oxo-1,3-dihydro-isoindol-2-y)-piperidine-2,6-

dione metitanesalfonic acid salt.

[00213] Step 2: A mixture of 1-(3-cyvano-4-methylphenyl)-3-((2-(2.6-dioxopiperidin-3-y1)-1-
oxoisoindolin-5-ylymethy{jurea (0.54 g, 1.0 mmol), platinom oxide (0.1 g}, and 5-6M HCl in
isopropanol (2 mL) in acetic acid (15 mL) is hydrogenated under 50 psi hydrogen for 48 hrs. The
mixture is filicred through Celite, the filtrate is evaporated under vacuum, and the residue is purified

by preparative HPLC to provide the product.
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824 1-(2-(Aminomethvl)-3-methviphenvl)-3-((2-(2.6-diosepiperidin-3-vi
gxoiseindolin-S-viimethvliurea

g_H
Y
0
NH,
HCH

[00214] Step 1. Using the procedure as described in Section 5.15, 1-(2-cyano-5-

O O

methylphenyl)-3-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-ymethylyurea is prepared from 2-
amino-4-methylbenzonitrile and 3-(5-aminomethy!-1-o0x0-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-

dione methanesulfonic acid salt.

[00215]) Step 2: A mixwure of 1-(2-cyano-S-methylphenyl)-3-((2-(2,6-dioxopiperidin-3-yh)-1-
oxoisoindolin-5-yDimethylyurea (0.54 g, 1.0 mmol), platinum oxide (0.1 g}, and 5-6M HCl in
isopropanol (2 mL) in acctic acid (15 mL) is hydrogenated under 50 psi hydrogen for 48 hrs. The
mixture is filtered through Celite, the filtrate is evaporated under vacoum, and the residue is purified

by preparative HPLC to provide the product.

525 1-(2-(2.6-Dioxopiperidin-3-vi)-i-oxoisoindolin-S-vhmethvi)-3-(4-
(morphelinsmethvhiphenvhurea
O Q

o VQTJCEKO
N O

(00216} Using the procedure as described in Section §.15, the product is prepared from 4-

{morpholinomethyllaniline and 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-

dione methanesulfonic acid salt.

8.26  1-((2-(2.6-Dioxepiperidin-3-v}-1-oxoisoindolin-5-viimethvi-3-(3-({4-
methvipiperazin--vhimethvliphenvhurea

0 Q
0K
N .\H,:
/\k)/\@ 0

[00217] Using the procedure as described in Scetion 5.15, the produet is prepared from 3-((4-
methylpiperazin-1-yymethylaniline and 3-(5-aminomethy!-1-oxo-1,3-dihydro-isoindol-2-yi)-

piperidine-2.6-dione methanesulfonic acid salt,
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5.27  Isoindelin compounds

O
N NH
H H N
g oo b N O
A Y\,}O 0
NP !
[060218] The isvindolin compounds shown above are made using the procedurce as described in

Section 5.13.

528  1-2-(2 &Dxexo-nmendm-?-vi)-l-oxo-z 3-dihvdro-1H-isoindel-3-
i henvii-urea hvdrechloric acid sait

m ‘tg\%
H H N o}
NN
(T T
X Z O
Nos
HCH
[06219] Step I: Preparation of 4-[2-(4-nitro-phenyl)-vinyl]-pyridine

To a CH:CN solution of 1-iodo-4-nitrobenzence (498 mg, 2 mmotl) and 4-vinylpyridine (262 mg, 2.5
mmol) was added TEA (350 uL. 2.5 mmol) and Pd(OAc), ( 0.45 mg, 0.2 mmol). The mixture was
heated to 100°C for 48 hr in a capped Pyrex tube. It was then cooled to room temperature, quenched
with IN HCL {20 mL) and concentrated under reduced pressure. The mixture was filtered and the
solid was taken up in EtOAc (30 mL) and washed with IN NaOH (30 mL). The organic layer was
concentrated, dried over Na:SOy and concentrated to give 4-[2-(4-nitro-phenyl)-vinyl]-pyridine as

yellow solid (160 mg, 37%;.

(002207 Step 2: Preparation of 4-(2-pyridin-4-yl-cthyl)-phenylamine

To the EtOAc solution (30 mL) of 4-[2-(4-nitro-phenyl)-vinyl]-pyridine (160 mg, 0.71 mmol} was
added palladium on carbon (0.1 g, 50% wet). The suspension was hydrogenated at 50 psi of hydrogen
for 2 hours. The mixture was filtered over a celite pad. The filtrate was concentrate to give 4-(2-

pyridin-4-yi-ethy)-phenylamine as a yellow solid (140 mg, 100%).

[00221] Step 3: Preparation of 1-{2-(2,6-Dioxo-piperidin-3-y1)-1-0x0-2,3-dihydro-1H-
isoindol-5-ylmethyl]-3-{4-(2-pyridin-4-yi-ethyD-phenylj-urca hydrochloric acid salt

To a suspension of 3-(S-aminomethyl-1-oxo- 1,3-dihvdro-isoindol-2-yl)-piperidine-2.6-dione
methancsulfonic acid salt (0,37 ¢, 1 mmol) in DMF (2 mL) was added carbony! ditmidazole (162 mg,
1 mmol). The mixture was stirred at room temperature overnight. 4-Pyridin-4-yicthyl-phenylamine
(140 mg, 0.7 mmol) was added to the mixture and the mixture was stirred at 40 °C overnight then

K0°C for 1.5 hours. The mixture was cooled to room temperature, added water (5 mL) and stirred for
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10 min. The suspension was filtered and the filtrate was concentrated and purified on prep-HPLC.
The resulted solid after purification was stirred with IN HCL, filtered and the filtrate was concentrated
w0 givel-[2-(2.6-dioxo-piperidin-3-yl)- 1-ox0-2 3-dihydro- 1 H-isoindo}- 5-ylmethyl]-3-[4-(2-pyridin-4-
yi-ethyl)-phenyi]-urea hydrochloric acid salt as an off-white solid (30 mg, 8% yield). HPLC: Waters
Symmetry Cis, Spum, 3.9 x 150 mm, 1 mL/min, 240 nm, 5% grad 95% in § min, CH;CN/0.1% H;PO4.:
tx =4.70 min (92%); mp: > 400 °C; "H NMR (DMSO-dq) 8 1.89 - 2.06 (m, 1H, CHH), 2.37 (br. 5., 1H,
CHH), 2.55 - 2.67 {m, 1H, CHH), 2.82 - 3.01 (m, 3H, CH;, CHH), 3.12 (d, /= 7.7 Hz, 2H, CH>), 4.20
-4.53 (m, SH, CH,, CH,), 5.11(dd, J= 4.8, 13.3 Hz, I1H, NCH), 6.89 (br. 5., 1H, NH), 7.07(d, /= 8.3
Hz, 2H, Ar), 7.32 (4, J= 83 Hz, 2H, Ar), 7.44 (d, /= 7.9 Hz, TH, Ar), 7.51 (s, IH, Ar), 7.69 (d. J =
7.7 Hz, IH, Ar}, 7.83 {d,.J = 5.5 Hz, 2H, Ar), 8.71 - 878 {(m, 2H, Ar), 880 (s, 1H, NH), 10.98 (s, 1H,
NH). PC NMR (DMSO-dg) 8 22.44,31,13, 34.25, 36.52, 42.64, 47.05, 51.49, 117.59, 121.78, 122.84,
126.56, 126,78, 128.49, 130.19, 132.39, 138.59, 142.12, 142.28, 144.86, 155.24, 167.86, 170.91,
172.78: LCMS MH = 498: Anal Calcd for CogHaNsGe+ 1.55 HCL+ 0.75H,0 + (.15 CH:ON C,
56.78; H, 5.29; N, 11.64; Cl, 8.87. Found: C, 56.47; H, 5.15; N, 11.99; C1, 8.85.

5.2%  Iscindelin compounds

OO

R om0 {V}i
N | N—* O
Ny N N =
J
= O
(06222 These isoindolin compounds shown above are made using the procedure as described

in Section 5,15,

5.38 NU-{3-Chioro-4-methvi-phenvh)-N'-{2- (2.6-dioxo-piperidin-3-yi}-1-0%6-2
3-dihvdro-1H-iscindol-S-vimethyl]-N-cvang-guanidine

O 0 H
"\ N
r
/(/,/

N

(002231 Step I: Preparation of (3-chloro-4-methyl-phenyl)-carbamic acid phenyl ester.
2-chloro-4-amino toluenc (282 mg, 2 mmol) was dissolved in THF (10 mL). The mixture was added
sodiom hydride (128 mg, 3.2 mmol) and stirred at room temperature for 15 minates. Dipehnyl N-
cyano-carbonimidate (715 mg, 3.0 mmol) was added and the mixture was heated to reflux for 4 hours.
The reaction mixture was cooled to room temperature, quenched by saturated NHCI (10 mL), filtered
and the solid was dried in oven to give (3-chloro-4-methyl-phenyl)-carbamic acid pheny! ester as

solid (0.5 g, 87%).

[60224] Step 2: Preparation of N"-(3-Chloro-4-methyt-phenyl)-N'-[2- (2,6-dioxo-piperidin-3-
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yh-1-0x0-2, 3-dihydro-1H-isoindol-5-yimethyi}-N-cyano-guanidine

To a suspension of 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione
methanesulfonic acid salt (0.18 g, 0.5 mmol) in DMF (2 mL}, was added (3-chloro-4-methyl-phenyl)-
carbamic acid phenyl ester (143 mg, 0.5 mmol) and DIPEA (83 pL., 0.5 mmol). The mixture was
stirred at 1 00°C for 4 hours. The mixture was concentrated under reduced pressure 1o remove DMF,
purified on silica gel column cluted using methanol and methylene chloride 1o give N"-{3-Chloro-4-
methyl-phenyl)-N'-[2- (2,6-dioxo-piperidin-3-yl)- 1-0x0-2, 3-dihydro- 1H-isoindol-S-yimethyl]-N-
cyano-guanidine as a white solid (40 mg, 17% yield). HPLC: Waters Symmetry Ciz, Spm, 3.9 x 150
mm, I mL/min, 240 nm, 30/50, CH;CN/0.1% H3POu: tz =3.06 min (96.5%); mp: 325-327 oy
NMR (DMSO-dg) 8 1.93 - 2.09 (m, 1H, CHH}, 2.25 - 2.32 (m, 3H, CHs), 2.33 - 2.45 (m, IH, CHH),
2.55 -2.67 (m, 1H, CHH), 2.82 - 3.01 (m, 1H, CHH). 4.27 - 4.57 (m, 4H, CH,,CH,), 5.11 (dd, J = 5.1,
13.2 Hz, TR, NCH), 7.13 (dd, /= 2.3, 8.1 Hz, 1H, Ar), 7.32(d, /= 1.5 Hz, 2H, Ar), 743 (d,J = 7.7
Hz, TH, Ar), 7.51 (s, 1H, Ar), 7.71 (d, J = 7.7 Hz, 1H, Ar), 7.85 (s, I1H, NH}, 9.20 (s, 1H, NH}, 10.99
(. TH, NH). C NMR (DMSO-dg) 8 18.98, 22.49, 31.20, 44.70, 47.15, 51.58, 116.88, 121.98, 122.94,
124,33, 126.97, 130.52, 131.41, 132.08, 133,10, 136.46, 142.36, 142.97, 158.15, 167.86, 170.98,
172.86.; LC-MS: 465; Anal Caled for CyHa CINGO; + 0.6 HaO + 0.2 EtQAc: C, 57.94; H, 4.86: N,
17.03;Found: C, 57.66; H, 4.81: N, 17.10.

831 1-2-2.6-Dioxe-piperidin-3-vi}-1-oxe-2.3-dihvdro-1 H-iseindol-5-~
vimethvil-3-[4-(1H-imidazoel-2-v}-phenvli-urea
A 34

WoHo NGO
NN #
b

Na o

&/NH

[00225] A mixture of 3-{5-aminomethyl-1-0x0-1,3~-dihydro-isoindol-2-yl)-piperidine-2,6-

dione methanesulfonic acid salt (0.40 g, 1.1 mmol} and CD1 (0.19 g, 1.2 mmol) in DMF (5 mL) was
stirred at room temperature for 18 hours. To the mixture was added 4-(1H-imidazol-2-y1)-
phenylamine (0.17 g, 1.1 mmol} at room temperature, and the mixture was stirred at 60 ‘Cfor1d. To
the mixture was added water (25 mL} and ethyl acetate (20 mL). The mixture was stirred at room
semperature for 2 h. The suspension was filtered and the solid was washed with water (20 mL), ethyl
acetate (20 mL) and water (20 mL) to give a solid. The solid was purified with Prep HPLC 1o give 1-
[2-(2,6-divxo-piperidin-3-yI)-1-0x0-2,3-dihydro-1 H-isoindol-5-yImethyl]-3-[4-( 1 H-imidazol-2-y1)-
phenyl]-urea as a white solid (150 mg, 30% yieldy: HPLC: Waters Symmetry Cig, Sum, 3.9 x 150
mm, } mL/min, 240 nm, 5/95 grad 95/5 in 5 min CHCN/0. 1% HiPO., 4.41 min (95.9 %) mp: 190-
192°C; 'H NMR (DMSO-dg) 8 1.91 - 2.08 (m, 1H, CHH), 2.27 - 2.47 (m, 1H, CHH), 2.54 - 2.66 (m,
TH, CHH), 2.81 - 3.01 (m, 1H, CHH), 4.31 (d../ = 17.4 Hz, 1H, CHH), 4.38 ~4.52 (m, 3H, CHH,
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CH-), 5.11(dd, /= 5.0, 13.3 Hz, 1H, NCH}, 6.78 (1, ./ = 6.0 Hz, 1H, NH), 7.33 — 7.76 (m, 9H, Ar),
8.17 (s, 1H, HCOOH), 8.67 (s, 1H, NH), 10.99 (s, IH, NH); *C NMR (DMSO-de) & 22.41, 31.10,
42.69,47.02, 51.49, 114.17 (br), 117.80, 121.79, 122.84, 124.55, 126.81, 126.98, 130.19, 135.46,
138.55, 142.31, 144.83, 155,14, 163.19 (HCOOH), 167.88, 170.92, 172.77; LCMS MH = 459; Anal.
Caled for CrH-NgOa + 2 Ho0 + 0.7 HCOOH + 0.3 DMF: C, 56.04; H, 5.42; N, 16.08; Found: C,
55.84: H, 5.34; N, 16.11.

5.32  1-]3-(1H-Benzoimidazel-2-vi}-4-chloro-phenvii-3-{2-(2.6-dioxo-piperidin-
3-vi)-i-0x0-2.3-dihvdre-1H-isoindol-S-vimethvil-urea

OO
Seas
f - G

G

[00226] A mixturg of 3-(S-aminomethyl- I-oxo-1,3-dihydro-isoindo}-2-y1)-piperidine-2,6-
dione methanesulfonic acid salt (0.40 g, 1.1 mmol) and CDI (0.21 g, 1.3 mmol) in DMF (5 mL.) was
stirred at room temperature for 18h. To the mixture was added 3-(1H-benzoimidazol-2-y1}-4-chioro-
phenylamine (0.32 g, 1.3 mmol) at room temperature, and the mixture was stirred at 100 C for 18
hours. To the mixture wag added water (25 mL) and ether (20 mL). The mixture was stirred at room
temperatare for 2 h. The solvent was decanted. The solid was purified with Prep HPLC to give 1-{3-
(1H-benzoimidazol-2-yh-4-chloro-phenyl}-3-[2-(2.6-dioxo-piperidin-3-y1)- { -ox0-2,3-dihydro- 1 H-
isoindol-5-ylimethyl}-urea as a white solid (130 mg, 22% yield): HPLC: Waters Symmetry Cig, Sum,
3.9 x 150 mw, T mL/min, 240 nm, 20/80 CH;CN/A. 1% H;POy, 4.44 min (99.2 %): mp: 275-277 °C:
‘H NMR (DMSO-dg} § 1.9G - 2.10 (m, 1H, CHH), 2.23 - 2.46 (m, 1H, CHH), 2.54 - 2.68 (m, 1H,
CHH). 2.80 - 3.02 (m, 1H, CHH), 4.31 (d,J = 17.4 Hz, IH, CHH), 4.37 - 4.51 {m, 3H, CHH, CHs).
511 (dd, J= 3.0, 13.3 Hz, 1H, NCH), 6.89 (1, /=59 Hz, IH, NH), 7.23 (d, J= 4.5 Hz, 2H, Ar), 7.40
-7.76 (m, TH, Ar}, 807 {d,J = 2.5 Hz, 1H, An), 9.02 (s, 1H, NH), 10.98 (5, 1H, NH}, 12.64 (br. 5.,
IH, NH): "C NMR (DMS$O-dg) § 22.39, 31,10, 42,75, 47.02, 51.48, 111.62, 118.88, 120.11, 120.62,
121.55, 121.83, 122.56, 122.85, 126.85, 128.79, 130.23, 130.35, 134.56, 139.56, 142.29, 143.00,
144.58, 149.12, 154.96, 162,96, 167.86, 170.91, 172.76; LCMS MH = 543, 545. Anal. Caicd for
CogHuNgOLCl + 3 HoO: €, 56.33; H, 4.90; N, 14.08; Found: C, 56.73; H, 4.67: N, 14.09.

833  Ne(3-Chloro-4-methvi-phenvh-N'-12-(2.6-dioxo-piperidin-3-vi}-1-0x0-2 .3~
dihvdro-1H-iseindol-S-vimethvil-guanidine Hvdrechloride

Q O
. N e]
N 3

)

{ it

P N
i

Cl

i
o



s
N 2 N NH in MeOH 'F‘j\n/“'”b
S

96%
Ci
Ci
H 3-(5-ammomaethyl-1-oxa-1 3-dihydraisomnadol-2-yiy SAe)
N NH piperidine-2.6-lione mathansulfonate NH
= DMF H H
Mel, MeOH ; ! \f N N N O
e » s Y
88% éi DIEA, microwave l\fiH
27% HC
Ci
(002271 Step I: 3-Chloro-4-methyl-phenyl}-thiourca

To a solution of 2-chloro-4-isothiocyanato- 1 -methyi-benzene (2 gm, 10.89 mmol) in dry acctonitrile
{10 mL) was added a solution of NH;y in MeOH (2 N, 6 mL) and the mixture was stirred at rt for 2 h.
Water was added to the reaction mixture causing the a precipitate to form, The reaction slurry was
concentrated in vacuo to ~1/4 the volume and the white solid was collected by filtration and dried in a
vacuum oven to give 2.1 gm (96% yield) of 3-chloro-4-methyl-phenyl)-thicurea as a white solid that

was used without further purification. LCMS: MH =201,
[00228] Step 2: 1-(3-Chloro-4-methyl-phenyh-2-methylsothiourca Hydroiodide

To a slarry of 3-chioro-4-methyl-phenyl)-thiourea (2.1 gm, 10.46 mmol) in MeOH (15 mL) was
added methyl iodide (2.5 mL, 40 mmol} and the mixture was stirred at rt for 4 h. The reaction mixture
was concentrated w dryness and to the residue, a small portion of dichloromethane was added and the
volatiles removed in vacuo. This process was repeated twice more o provide a tan foam which was
dried in a vacuum oven overnight fo give 3.5 gm (98% yield) of crude (2x). 1-(3-chlore-4-methyl-
phenyl)-2-methyl-isothicurea hydroiodide. This material was found to be highly hygroscopic and was

stored m a desiceator for further use, LCMS: MH = 215,

[00229] Step 3. N~(3-Chloro-4-methyl-pheny)-N'-[2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-

dihydro-1H-isoindol-5-yimethyl}-guanidine Hydrochloride

In a microwave vial fitted with a stir bar, 1-(3-chloro-4-methyl-phenyl)-2-methyl-isothiourea
hydroiodide (597 mg, 1.74 mmol), 3-(§-aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yl)-piperidine-
2,6-dione methancsulfonaie (560 mg, 1.52mmol), and DIEA (1.1 mL, 6.06 mmol) were combined
anhydrous DMF (5§ mL). The vial was sealed and irradiated in a microwave for 30 min at 120 °C, To
the reaction mixture was added an additional 100 mg of 3-(5-aminomethyl-1-oxo-1,3-dihydro-
isoindol-2-yi)-piperidine-2,6-dione methanesulfonate and the reaction was irradiated for 30 min at

120 °C. This process was repeated twice more to consume all of the 1-(3-chloro-4-methyl-phenyl)-2-
methyl-isothiourea hydroiodide starting material as it was found co-elute with the desired produoct on
LCMS. The reaction mixture was acidified with acetic acid and the volatiles were evaporated in vacuo.

The residue was dissolved in minimal DMF, filtered, and purified using C-18 preparatory HPLC. To



the combined fractions containing the desired product, 1 N HCI was added and the solvents removed
in vacuo. The obtained white solid was dissolved in minimal water and lyophilized to give 180 mg
(27% yield) of N-(3-chloro-4-methyl-pheny!)-N'-{2-(2.6-dioxo-piperidin-3-y1)- 1-0x0-2 3-dihydro- [ H-
isoindol-5-yimethyl]-guanidine hydrochioride; HPLC: Waters Symmetry Cig, § um, 3.9 x 150 mm, |
mi/min, 240 nm, 20/80 CH;CN/0.1% H3PO,, 3.73 min (97.4%); mp: 400 °C; 'H NMR (DM SO-dg) &
1.91 - 2.09 (m, 1H, CHH), 2.33 (s, 3H, CH3), 2.41 (dd, J= 4.3, 13.2 Hz, IH, CHH), 2.54 - 2.68 {(m,
1H, CHH), 2.80 - 3.05 {m, 1H, CHH}, 4.21 - 4.56 (m, 2H, CHa), 4.66 (d,J = 5.7 Hz, 2H, CH.), 5.13
(dd, J=4.9,13.2 Hz, 1H,CH), 7.14 (dd, J = 1.9, .1 Hz, 1H, Ar), 7.34 (d, /= 1.9 Hz, 1H, Ar), 7.42(d,
J=8.1Hz, IH, Ar), 7.51 (d,J = 7.9 Hz, 1H, Ar), 7.61 (s, I1H, Ar}, 7.76 (d, J = 7.7 Hz, IH, Ar), 7.98
{br. 5., 1H, NH), 8.62 (br. 5., 1H, NH), 10.16 (s, 1H, NH), 11.00 (s, 1H, NH); "C NMR (DMSO-d,) b
21.04, 24.19, 32.95, 46.33, 49.85, 54.03, 124.13, 12548, 125.79, 127.28, 129.17, 132.57, 134.20,
135.82, 135.95, 136.64, 143,17, 144.68, 156.84, 170.94, 173.00, 175.82; LCMS: MH = 440, 442;
Anal Caled for CooHosCLN;O; + 2.3 H-0 + LY HCI+ 0.2 HCOOH: C, 44.72; H, 5.05: N, 11.74; C,
23.19; Found: C, 44.55; H,4.71: N, 11.48; Cl, 22.92.

534  1-A(2-2.6-Dioxopiperidin-3-viy-1-oxoissindolin-S-viimethvl-3-(3-hvdroxv-
4-methviphenvi)urea

{06230} Step I: A mixture of 2-methyl-3-nitrophenol (3.0 ¢, 19.6 mmol) TBS-C1 (3.0 g, 19.6
mmol), and TEA (2.2 g, 21.6 mmol) in DMF (30 mL) stirred at ambient temperature for 16 h. The
mixture was evaporated under vacuum. The residoe was dissolved in ethyl acetate (100 mL) and
washed with water (3 x 100 mL) and evaporated under vacuum. The residue was chromatographed in
a hexanes-ethy] acetate gradient, providing 4.7 g of tert-butyldimethyl(2-methyl-5-
nitrophenoxyjsilane, in 91% yield; 'H NMR (DMSO-dq) § 0.27 (s, 6H}, 1.01 (s, 9H), 2.27 (s, 3H),
7.47(d,J= 8.5 Hz, 1H}, 7.52(d,.7= 2.3 Hz, IH}, 7.78 (dd, /= 2.3, 8.3 Hz, 1H).

[00231] Step 2. A mixture of the product from Step 1 {4.7 g, 17.6 mmol) and 10% P4-C (1.0
g, 50% wet} in ethyl acetate was hydrogenated under 50 psi hydrogen for 16 h. The mixture was then
fittered through Celite and the filirate was evaporated under vacuum, providing 3.9 g of -(tert-
butyldimethylsilyloxy)-4-methylaniline, in 94% yicld; "H NMR (DMSO-ds) 8 0.17 (5, 6H). 0.97 (s,
9H), 1.96 (s, 3H), 4.81 (s, 2H), 6.00 - 6.21 (m, 2H}, 6.74 (d,J = 7.9 Hz, 1H).

[00232] Step 3: A mixture of 3-(5-(aminomethyl)-1-oxoisoindolin-2-yDpiperidine-2,6-dione
methanesulfonate (.74 g, 2.0 mmol) and CDI (.32 g, 2.0 mmol) m DMF (30 mL) was stirred at

room temperature for 3 h. and then the product from Step 2 (0.47 g, 2.0 mmol) was added. The
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mixture was heated to 70 °C for 16 h. Then, the mixture was cooled to room temperature and
quenched with IN HCI (30 mL). The resulting mixture was evaporated under vacuum and the residue
was purified by preparative HPLC using an acetonitrile-water gradient, and providing 0.38 g of 1-{(2-
(2,6~dioxopiperidin-3-y1)-1-oxoisoindolin-5-ylymethy1)-3-(3-hydroxy-4-methylphenyburea as a white
solid, in 46% vield; HPLC: Waters Symmetry Ciy, S pm, 3.9 x 150 mm, | mi/min, 240 nm, 25/75
CH;CN/0.1% H3PQy, 4.80 min (100.00%); mp 273-275 °C; "H NMR (DMSO-ds) 8 2.02 (s, 4H), 2.27
- 2.47 (m, TH), 2.63 (m., 1H), 2.80 - 3.04 {(m, 1H), 4.17 - 4.59 {m, 4H), 5.11 {(dd, /= 4.7, 13.0 Hz,
1H), 6.47 - 6.72 (m, 2H), 6.86 (d, J = 7.9 Hz, 1H), 7.04 (s, 1H), 744 (d, /= 7.7 Hz, 1H), 7.51 (s, 1H},
7.69 (d, J=7.7 Hz, 1H), 8.39 (s, 1H), 9.13 (s, 1H), 10.98 (s, 1H); PC NMR (DMSO-dg) § 15.35,
22.49,31.20,42.74,47.12, 51.58, 104.76, 10845, 116.48, 121,86, 122.91, 126.91. 130.19, 130.26,
13882, 142.36, 144,96, 15518, 155.29, 167.95, 170.99, 172.85; LCMS MH = 423; Anal. Caled for
CoHaNOs: C, 62.55: H, 5.25; N, 13.26; Found: C, 62.27. H, 5.15; N, 13.18,

eridipn-3-vlj-1-gxeiscindelin-S-vlimethvi}-3-(4-hvdroxv-
3-methviphenvhurea

[00233] Step I: A mixture of 2-methyl-4-nitrophenol (3.0 ¢, 19.6 mmol), TBS-C1 (3.0 g, 19.6
mmol), and TEA (2.2 g, 21.6 mmol) in DMF (30 mL) stirred at ambient temperature for 16 b, The
mixture was partitioned between 10% agucous sodium bicarbonate solution (100 mL) and ethyt
acetate (100 mL}, and the aqueous layer was extracted with ethyl acetate (160 mL}. The combined
organic layers were washed with 10% aqueous sodium bicarbonate (3 x 100 mL) and warter (100 mL),
and evaporated under vacuum. The residue was chromatographed in hexancs-ethy! acetate gradient,
providing 3.9 g of tert-butyldimethyl(2-methyl-4-nitrophenoxy)silane, in 75% vield: '"H NMR
(DMSO-dg) & 1129 (s, 6H), 1.00 (s, 9H), 2.24 (s, 3H}, 7.03 (d, /= 8.9 Hz, [H}, 8.02 (dd,J= 2.8, 89
Hz, 1H), 8.12(d, /= 2.5 Hz, 1H).

[00234] Step 21 A mixture of the product from step 1 (3.9 g, 14.6 mmol) and 10% Pd-C (0.5
g, 50% wet) in cthyl acetate was hydrogenated under 50 psi hydrogen for 18 h. The mixture was
filtered through Celite and the filtrate was cvaporated, providing 3.2 g of 4-(1ert-

butyldimethylsilyloxy)-3-methylaniline, in 93% yicld.

[00235] Step 3: A mixture of 3-(5-(aminomethyl)- F-oxoisoindolin-2-yi)piperidine-2,6-dione
methanesulfonate (0.74 g, 2.0 mmol) and CDI (0.32 g, 2.0 mmol) in DMF (30 mL) was stirred at
room temperature for 3 h, and then the product from Step 2 (0.47 g, 2.0 mmol) was added. The

mixture was heated to 70 °C for 30 h. Then, the mixture was cooled 10 room wemperature and
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quenched with 1N HCH (30 mL), resuling in solid precipitate. This solid was purified by
chromotagraphy on a silica gel column, using a methylene chloride-methanol gradient, and providing
(.59 g of 1-{(4-(tert-butyldimethylsilyloxy)-3-methylphenyl}-3-((2-(2,6-dioxopiperidin-3-y1)- 1-
oxoisoindolin-5-ylymethyl)urca as an off-white solid, in 55% yield; 'H NMR (DMSO-dg) § 0.16 (s,
AH), 0.97 (s, 9H), 1.88 - 2.06 (m, 1H), 2.10 (s, 3H), 2.25 - 2.47 (m, 1H), 2.53 - 2.70 (m, 1H), 2.80 -
3.02 (m, 1H), 431 (d, /=174 Hz, TH), 436 - 452 (m, 3H), 5.11 (dd, /= 4.9, 13.2 Hz, 1H}, 6.51 -
6.74 (m, 2H), 7.08 (dd, J=2.5, 8.6 Hz, [H), 7.18 (d, /= 2.3 Hz, IH), 7.43{d../= 7.7 Hz, 1H), 7.50
(s, 1H}, 7.69 (d,.] = 7.7 Hz, 1H), 8.35 (s, 1H), 10.98 (5, IH}.

[00236] Step 41 To a sohation of the product from Step 3 (0.5 g, 0.9 mmol) in methylene
chderide (20 mL) was added 2N HCI in ether (2 mL). The mixture stirred for 16 h at ambient
iemperature. The precipitated product was isolted by filtration, and was rinsed with methylene
chloride (20 mL) and dried under vacuum, providing 0.4 g of 1-((2-(2,6-dioxopiperidin-3-yi}-1-
oxoiseimndelin-5-yDmethyl)-3-(4-hydroxy-3-methylphenyhurea as an off-white solid, in quantitaive
yiekd: HPLC:Waters Symmetry Cig, 5 um, 3.9 x 150 mm, 1 ml/min, 240 nm, 30/70 CH;CN/0.1%
H:POs, 1.88 min (96.94%); mp 210-212 °C; 'H NMR (DMSO-dg) 8 1.94 - 2.18 (m, 4H), 2.30 - 2.51
(m, 1H), 2.58 - 2.72 {(m, 1H), 2.87 - 3.06 (m, 1H), 4.25 - 4,56 (m, 4H), 5.15 (dd, /= 5.0, 13.3 Hz, 1H),
6.67(d,J=8.5Hz, 1H), 7.02(dd, J=2.5, 8.6 Hz, 11}, 7.12(d, /= 2.3 Hx, IH), 747 (d,J = 7.7 Hz,
1H), 7.54 (s, 1H), 7.73 (d, /= 7.7 Hz, TH), 8.32 (br. 5., 1H), 11.02 (s, 1H); "C NMR (DMSO-dg) 8
16.15,22.51,31.20,42.77,47.12,51.56, 11447, 117.11, 121.32, 121.83, 122,88, 123.61, 126.86,
130.22, 131.72, 142.35, 145.17, 150.10, 155.58, 170.99, 172.85; LCMS MH = 423; Anal. Caled for
CosHaoN4Os + 6.25 CHACl: C, 60.23; H, 5,110 N, 12.63; Found: C, 60.14; H, 543 N, 12.54.

5.36

(002371 To a stirred suspension of 4-rert-butyl-cyclohexylamine (0.20 g, 1.28 mmol) in DMF
{5 mL) at 40 °C was added CDI (0.23 g, 1.40 mmol). The mixture was stirred for 15 min, followed by
addition of 3-(5-aminomethyl-1-oxo-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione methanesulfonic
acid salt {0.47 g, 1.28 mmol). Heating was stopped after 1.5 hrs and the mixture was stirred at RT
overnight. Solvent was evaporated and the residuc was purified by preparative HPLC to give the
product as a white solid (0.676 g, 13% yield):

HPLC, Waters Symmetry Cig, 5 um, 3.9 x 150 mm., | mi/min, 240 nm, 35/65 CH;:ON/G.1% HsPO.,
13.37 min (44.7%, 14.68 min (54.3%); mp, 182-184 °C; "H NMR (DMSO-d,) 6 0.83 (s, 9H, CH:,
CHs, CH5), 0.90 - 1.21 {m, 4H, CH,, CH,), 1.30 - 1.58 (m, 2H, CHH, CHH), 1.61 - 1.78 {m. 2H,

79



CHH, CHH), 1.87 (br. s., I1H, CHH), 1.95 - 2.06 (m, [H, CHH), 2.28 - 2.47 (m, 1H, CHH), 2.63 (br.
s., 1H, CHH), 2.83 - 3.00 (m, 1H, CHH), 3.78 & 3.27 (2s, 1H, CH), 4.23 - 4.50 (m, 4H, CH>, CH-),
3.11{dd, J=35.0, 13.1 Hz, 1H, NCH), 5.79 - 6.12 (m, 1H, NH), 6.25 - 6.44 (m, 1H, NH), 7.38 (1, /=
6.8 Hz, 1H, ArH), 745 (d, J =~ 6.2 Hz, I1H, ArH), 7.67 (dd,.J = 4.1, 7.6 Hz, 1H, ArH), 10.99 (s, IH,
NHY; (Note: 'H NMR showed about 55% to 45% isomer ratio); “C NMR (DMSO-d,) 4 21.33, 22.49,
25.95,27.38,27.45, 31.02, 31.20, 32.06, 32,26, 33.76, 42.87, 43.43, 46.81, 47.10, 47.42, 48.69, 51.56,
121.76, 121.88, 122.83, 122,90, 126.81, 126.88, 130.11, 130,19, 142.29, 142,35, 145.36, 145.52,
157.35, 167.98, 170.99, 172.85. LC/MS MH"™ = 455; Anal. Calced. For CasH3gNO: +0.7 H:0: C,
64.27. H, 7.64;: N, 11.99: Found: C, 63.98; H, 7.98; N, 11.92.

537  1-12-(2.6-Dioxeo-piperidin-3-vh-1-0x0-2. 3-dihvdro-1 H-isoindgl-5-
vimethvil-I-(4-methvl-cvclohexvl)-urea

GO
No N N O
POR
O
{00238] To a stirred suspension of 4-methyl-cyclohexylamine (mixture of cis/trans isomers,

0.21 g, 1.86 mmol) in DMF (10 mL}) at 40 °C was added CDI {0.33 g, 2.04 mmol). The mixture was

stirred for 15 min, followed by addition of 3-(5-aminomethyl-1-oxo-1,3-dihydro-isoindol-2-y1)-
piperidine-2.6-dione methanesulfonic acid salt (0.69 g, 1.86 mmol}). Heating was stopped after 1.5 hrs
and the mixture was stirred at RT overnight. Solvent was evaporated and the residuc was purified by
preparative HPLC to give the product as a white solid (0.14 g, 18% yieldy: HPLC, Waters Symmetry
Cie, S um, 3.9 x 150 mm, ! mUnin, 240 nm, 25/75 CHON/G. 1% HiPO,, 11.33 min (59.1%), 12.41
min (39.7%; mp, 223-225 °C; "H NMR (DMSO-dy) 8 0.81 - 0.93 (m, 3H, CHy), 0.95 - 1.35 (m, 3H,
CHH, CHHA, CHA), 1.37 - 1.57 (m. 4H, CHH, CHA, CHH, CH}, 1.58 - 1.70 (m, 1H, CHHA), 1.73 -
1.88 (m, 1H, CHH), 1.92 - 2.07 {(m, 1H, CHH), 2.30 - 2.47 {m, 1H, CHH), 2.54 - 2.67 (mm, 1H, CHH),
7.83 - 3.00 (m, TH, CHA). 3.20-3.75 (m, 1 H, CH), 4.21 - 4.51 (m, 4H, CH,, CHY), 5.11 (dd, J = 5.0,
13.1 Hz, TH, NCH), 5.78 - 6.11 (m, 1H, NH), 6.24 - 6,40 (m, 1H, NH), 7.34 - 7.42 (m, 18, ArH), 7.42
- 7.50 (m, HH, ArH), 7.63 - 7.72 (m, 1H, ArA), 10.98 (s, IH, NAH}, (Note: " NMR showed about 60%
10 40% isomer ratio): C NMR (DMSO-dy) 6 21.47, 22.17,22.49,29.42, 29.77, 30.42, 31.20, 31.50,
33.28, 33,73, 42.86, 44.54, 4709, 48.37, 51.56, 121.78,122.87, 126.81, 130.16, 142.33, 145.44,
145,52, 157.33, 167.98, 170.99, 172.85: LC/MS MH™ = 413; Anal. Caled. For CouHaeN:O4 +0.4 H:0:
C, 63.23; H,6.90; N, 13.41; Found: C, 62.93: H, 6.92; N, 13.09.

538  1-(3-Diethvlamineo-prepvl)-3-[2-(2.6-dioxe-piperidin-3-vi)-1-0x0-2.3-
dihvdre-1H-isoindel-3-vimethvli-urea, formic acid salt

3 g
(/ H H E{‘ﬁ

HCOOH Q
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{00239] To the solution of para-nitrophenyl chloroformate (202 mg, | mmol) in CHyCN (3§
mL} was added dropwise at 0 °C a solution of N N-diethyl-propane-1,3-diamine (130 mg, I mmol)
and DIPEA (0.082 mL, 1 ammol) in CH;ON (5 mL). The mixture was stirred at 0 °C for 10 min. 3+5-
Aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-dione methanesulfonic acid salt (0.37
g, | mmol) was added, followed by additional DIPEA (0.082 ml., 1 mmol). The mixture was allowed
to warm to RT and stirred overnight at RT. The mixture was added IN HCI (15 mL) and filiered.
The resulted solid wag purified on preparative HPLC to give the product as an off-white solid (280
mg, 65% yield): HPLC: Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, 1 mL/min, 240 nm, 5% gradient
100% in 5 min, CH;CN/0.1% H3PO4, 4.46 min (97%): mp: 90-92 °C; "H NMR (DMSO-dy) 6 1.01 (1, J
= 7.1 Hz, 6H, CHy, CH,), 1.58 (quin, /= 7.1 Hz, 2H, CHy), 1.94 - 2.06 (m, 1H, CHH), 2.39(qd, J =
4.5,13.2 Hz, 1H, CHH), 2.55 - 2.73 (m, TH, CH,, CH,, CH,, CHH), 2.83 - 2.99 (m, 1H, CHH), 3.05
{d,J =153 Hz 2H, CH)), 4.15 - 4.56 (m, 4H, CH,, CH»), 5.10 (dd, /= 5.1, 13.4 Hz, 1H, NCH), 6.17
{br.s., 1H, NH), 6.60 (s, 1H, NH), 7.39(d, J= 7.7 Hz, 1H, Ar), 745 (s, 1H, Ar}), 7.67 (d, .J = 7.9 Hz,
IH, A1), 8.25 (br. s., 1H, HCOOH), 10.98 (br. 5., 1H, NH); "C NMR (DMSO-d,) 4 10.25, 22.49,
26.14,31.20,37.39,42.93, 46,11, 47.09, 51.56, 121.73, 122.81, 126.76, 130.13, 142.27, 145.54,
15818, 167.99, 171.01, 172.86; LCMS MH" = 430; Anal. Caled. for Cx3H35N:Og +2 HaO: C, 54.00;
H, 7.209: N, 13.69:; Found: C, 54.04; H, 6.92; N, 13.63,

[602407 To the solution of para-nitrophenyl chloroformate (202 mg, | mmol) in
CH:CN (5 mL) was added dropwise at 0 °C a solution of 4-methyl-tetrahydro-pyran-4-
ylamine (150 mg, I mmol) and DIPEA (0.082 mL, 1 mmol) in CH:ON (5 mLE). The mixture
was stirred at 0 °C for 10 min. 3-(5-Aminomethyl-1-oxo0-1,3-dihydro-isoindol-2-y1)-
piperidine-2,6-dione methanesulfonic acid salt (0.37 g, 1 mmol) was added, followed by
additional DIPEA (0.082 mL, 1 mmol). The mixture was allowed to warm to RT and stirred
overnight at RT. The mixture was added IN HCI (15 mL) and filtered. The resulted solid
was purified on preparative HPLC to give a solid. The solid was recrystalized from DMF (1
ml.) and water (1 mL} io give the product as a white solid (55 mg, 12% vield): HPLC:
Waters Symmetry Ciz. 5 pm, 3.9 x 150 mm, 1 mL/min, 240 nm, 5% gradient 100% in 5 min,
CHaCN/0.1% HiPOy, 5.02 min (98%); mp: 158-160 °C; 'H NMR (DMSO-ds) 6 1.29 (s, 3H,
CH3), 1.40 - 1.58 (m, 2H. CHH), 1.84 - 1.96 (m, 2H, CHH, CHH), 1.99 (s, 1H, CHH), 2.30 -
245 (m, 1H, CHH), 2.55 - 2.65 (m, 1H, CHH), 2.84 - 2.99 (m, 1H, CHH), 3.44 - 3.68 (m,
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4H, CHy, CHy), 4.22 - 4,58 (m, 4H, CH,, CHy), 4.95-5.29 (m, 1H, NCH), 5.85 (s, 1H, NH),
6.08 - 6.52 (m, 1H, NH), 7.33 - 7.42 (m, 1H, Ar), 7.45 (s, 1H, Ar), 7.68 (d, J = 7.6 Hz, 1H,
Ar), 10.98 (s, TH, NH); "C NMR (DMSO-d,) 6 22.48, 27.00, 31.20, 36.93, 42.58, 47.10,

48 85,51.56, 62.92,120.99, 121.67, 122 88, 126.69, 142.35, 14548, 157.22, 167.98, 171.01,
172.86; LCMS MH™ = 415; Anal. Caled. for Cy1HeNsOs+0.5 H,O: C, 59.56; H, 6.43; N,
13.23: Found: C, 59.34; H. 6.35; N, 13.21.

540  1-(1-Benzvl-piperidin-4-vi)-3-12-(2.6-dioxo-piperidin-3-vl}-1-0x0-2.3-
dihvdro-1H-iscindol-S-vimethvli-urea

0O
N O
NN
QLY
N O
[00241] To the solution of para-nitrapheny! chloroformate (202 mg, 1 mmel) in CH;CN (5

mLy was added dropwise at 0 °C a solution of 4-amino-benzy-piperidine (190 mg, I mmol) and
DIPEA (0.082 mL, I mmol) in CH:CN (5 mL). The mixture was stirred at 0 °C for 1§ min, 3-(5-
Aminomethyl-1-oxo-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione methanesulfonic acid salt (0.37
¢, 1 mmol) was added, followed by additional DIPEA (0.082 mL, 1 mmol). The mixture was allowed
to warm 0 RT and stirred overnight at RT, The mixture was added IN HCI (15 mL) and filtered.
The resulted solid was purified on preparative-HPLC to give a gluey solid. The solid was dissolved in
DMF (1 mL.) and saturated NaBHCO; solution was added dropwise until precipitation started
oceurring, It was sat still at RT for 30 min and solid was filtered to give the product as s white solid
(55 mg, 12% yietd): HPLC: Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, 1 mL/min, 240 nm, 5%
gradient 100% in 5 min, CH;CN/0.1% H5PO,, 4.64 min (99%):; mp: 208-210 °C: 'H NMR (DMSO-
dg) & 1.21 - 1.52 (m, 2H, CHH), 1.63 - 1.82 (m, 2H, CHH), 1.89 - 2.14 (m, 3H, CHH, CHH, CHH),
2.39 (d, J=13.6 Hz, TH, CHH), 2.35 - 2.65 {m, [H, CHH), 2.64 - 2.75 (m, 2H, CHH, CHH), 2.83 -
3.02 (m, 1H, CBH), 3.37 - 3.41 (m, 1H, CH), 3.43 (s, 2H, CH1), 4.21 - 4.50 (m, 3H, CH,, CH,), 5.10
{dd, /= 5.0, 133 Hz, 1H, NCH), 5.94 (d..J= 7.9 Hz, 1H,NH), 6.34 (t, J= 6.0 Hz, 1H,NH), 7.13 -
7.48 (m, 6H, Ar), 7.66 (d,J = 7.6 Hz, 1H, Ar), 10.97 (s, IH, NH); "C NMR (DMSO0-d,) 6 22.49,
31.20, 32.46,42.86, 46.43, 47.09, 51.55, 51.90, 62.19, 121.78, 122.84, 126.79, 128.10, 128.69,
130.13, 138.64, 142.29, 145.44, 157.32, 167.96, 170,99, 172.85; LCMS MH" = 490: Anal. Caled. for
T HagNgOx+0.5 HL0: €, 59.56; H, 6.43: N, 13.23; Found: C, 59.34; H, 6.35: N, 13.21.

541 1-[2-(2.6-Digxo-piperidin-3-vi)-1-0x6-2.3-dibhvdro-1H-isoindol-5-
vimethvll-3-piperidin~4-vi-urea hvdrochloride salt

(SR
ra NH
H >
SR
HN [¢]

HCH
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(00242} Step 1. A mixture of 3-(5-aminomethyl-1-0x0-1,3-dihydro-isoindol-2-yi}-piperidine-
2,6-dione methanesulforic acid salt (1.25 g, 3.39 mmol) and CDI (0.61 g, 3.73 mmol) in DMF (10
mL) was stirred at RT overnight. 4-Amino-piperidine-1-carboxylic acid reri-butyl ester (0.68 g, 3.39
mmol) was then added and the mixture was stirred overnight. The mixture was purified by
preparative HPLC 1o give 4-{3-[2-(2,6-dioxo-piperidin-3-yl)-1-0x0-2,3-dihydro- 1 H-isoindol-5-
ylmethyl]-ureido} -piperidine-1~-carboxylic acid tert-buty! ester as an off-white solid (0.46 g, 27%
yield). The product was used in the next step without further purification, HPLC, Waters Symmetry
Ci, 5 wm, 3.9 x 150 mim, 1 mi/min, 240 nm, 30/70 CH,CON/G.1% H3POs, 4.35 min (99.4%).

[00243] Step 2: A mixture of 4-{3-[2-(2,6-dioxo-piperidin-3-yi)-1-0x0-2,3-dihydro-1 H-
isoindol-5-ylmethyl]-urcido | -piperidine- 1 -carboxylic acid teri-butyl ester (0.45 g, 0.90 mmol) in 2 M
hydrochloride in diethyl ether (30 mL, 9.01 mmol) was stirred overnight. The white suspension was
filtered and washed with diethy! ether. The resulting white solid was stirred in acetonitrile (80 mL) at
50 °C overnight. The suspension was filtered, washed with acetonitrile, and vacuum dried to give the
product as a white solid (0.34 g, 86% yield): HPLC:Waters Xterra Cig, § pum, 3.9 x 150 mm, 1
mb/min, 240 nm, 5/95 CH,;CN/. 1% HCOONH, gradient to 95/5 in 5 min, kept 5 min, 3.10 min
(95.1%); mp, 340-342 °C; '"H NMR (DMSO-d;) § 1.46 - 1.65 (m, 2H, CHH, CHH), 1.85 - 2.05 {m,
3H, CHH, CHH, CHH), 2.30 - 2.47 (m, 1H, CHH), 2.55 - 2.67 (m, TH, CHH), 2.83 - 3.03 {(m, 3H,
CHH, CHH, CHAH), 3.15 - 3.27 (m, 2H, CHH, CHH), 3.39 - 3.77 {m, 1H, CH)}, 4.23 - 4.51 (m, 4H,
CH,, CHyY, 5.11 (dd, J = 4.9, 13.2 Hz, 1H, NCH), 6.40 - 6.57 {m, 2H, NH, NH), 7.39(d,J= 7.9 Hz,
1H, ArH}, 7.45 (s, 1H, ArH), 7.67 (d. J= 7.7 Hz, IH, AtH), 8.75 (br. s., 2H, CIA:N), 10.98 (s, 1H,
NAHY; PC NMR (DMSO-dy) d 22.49, 28.92, 31.20, 41.96, 42.82, 43.95, 47.09, 51.55, 121.76, 122.84,
126,76, 130.14, 142.29, 145.35, 157.32, 167,98, 171.01, 172.87; LC/MS MH" = 400; Anal. Calcd. For
CogHagNsO,Cl +1.7 Ha0: C, 51.49; H, 6.35; N, 15.01; Cl, 7.60; Found: C, 531.18; H, 6.15: N, 14.90:
CL 751

5.42  Isoindolin compounds

[00244] The isoindolin compounds shown above are using the procedure as described in

Section 5.15.
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[00245] To the solution of para-nitro-pheny! chloroformate (200 mg, 1 mmol) in CH:CN (5
ml.}, was added the CHsCN solution (5 mL) of 4-Amino-cyclohexanccarboxylic acid amide (210 mg,
I mmol) and DIPEA (6.3 mL, 2 mmol} dropwise at room temperature, The mixture was stirred at
room temperature for 10 min. 3-(S-Aminomethyl-1-ox0-1,3-dihydro-isoindol-2-y)-piperidine-2,6-
dione methanesulfonic acid salt (0.37 g, 1 mmol) was added followed by additional DIPEA (0.15 mL,
I mmol). The mixture was stirred overnight at ambient temperature. The mixture was then filtered.
The filtrate was purified on prep-HPLC to give 4-{3-[2-(2,6-dioxo-piperidin-3-yi)- 1-0x0-2,3-
dihydro-1H-isoindol-5-yimethyl}-ureido } ~cyclohexanecarboxylic acid amide as 2 white solid (130
mg, 30% yield). HPLC: Waters Symmetry Cyg, Sum, 3.9 x 150 mm, 1 mL/min, 240 nm, 5% grad
95% in S min, CH;CN/0.1% HaPOL,: tp =4.78 min (92%): mp: 195-197 °C; 'H NMR (DMSO-dg) 8
1.32 - 1.73 (m, 8H, CHH+CHH+CHH+CHH), 1.97 (br. S, 1H, CHH), 2.09 - 2.21 (m, 1H, CHH),
2.40(d, J =134 Hz, 1H, CHH), 2.62 (br. S., 1H, CHH), 2.80 - 3.03 (m, 1H, CHH), 3.70 (br. S., 1H,
CHH). 4.18 ~ 4,58 (m, 4H, CH, +CH-), 5.11 (dd, 1H, CHN), 6.15(d,J= 7.9 Hz, 1H, NH), 6.38 (t,.J =
5.9 Hz, 1H, NH), 6.67 (br. S., 1H, NH), 7.19 (br. S., 1H. NH), 7.38 (d, J = 7.7 Hz, 1H, Ar), 7.45 (s,
1H, Ar), 7.67 (4, J= 7.9 Hz, 1H, Ar), 10.98 (br. S., 1H, NH);"C NMR (DMSO-d,) § 0.03, 22.42,
24.06,24.19,29.73,41.73, 4279, 44.16, 47,03, 51,49, 121,68, 122.80, 126.71, 130.09, 142.26,
145,37, 157.28, 163.37, 167.89,170.92, 172.78, 176.83; LC-MS: 442; Anal Caled for CoHaN:Os
+0.5 HCOOH+ 1 HyO + 0.2 CHaCON: C, 56.05; H, 6.21; N, 14.84; Found: C, 55.70; H, 6.46; N, 14.78.

544  1-(6-Chlero-pvridin-3-vi}-3-{2-(2.6-dioxe-piperidin-3-vi}-1-0x0-2.3-
dihvdre-1H-isoindol-3-vimethvii-ureca

O G 4y
N
L o
LY
= o
t N

[00246] To a suspension of 3-(5-aminomethyl-1-oxo-1.3-dihydro-isoindol-2-y)-piperidine-

C

2,6-dione methancsulfonic acid salt (0.37 g, | mmol) in DMF (3 mL) was added carbonyl diimidazole
(162 mg, 1 mmol). The mixture was stirred at room temperature overnight. 5-Amino-2-chloro-
pyridine {128.5 mg, | mmol) was added to the mixture and the mixture was heated at 80 °C for 6
hours. The maxture was then concentrated under reduced pressure and the resulted mixre was

purified on silica gel column eluted with methylene ehloride and methanol o give 11-{6-chloro-
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pyridin-3-y1)-3-[2-(2,6-dioxo-piperidin-3-y1)- I-o0x0-2,3-dihydro- | H-isoindol-5-yimethyl]-urea as an
off-white solid (20 mg, 5% vield): HPLC: Waters Symmetry Cyg, S, 3.9 x 150 mm, 1 mL/min, 240
nm, 5% grad 95% in 5 min, CH;CN/0.1% HaPOy, tr = 5.43 min (97%); mp: 224-226 %C. 'THNMR
(DMSO-ds) & 1.89 - 2.09 (m, 1H, CHH), 2.29 - 2.44 (m, 1H, CHH), 2.54 - 2.66 (m, 1H, CHH), 2.83 -
3.04 (m, 1H, CHH), 4.20 - 4.57 (m, 4H, CH,,CH}, 5.11 {dd, /= 35.0, 13.3 Hr, JH, NCH), 6.99 (1,./ =
6.2 Hz, 1H, NH)Y, 7.37 (d,/=R8.5 Hz, 1H, Ar), 7.45(d,./= 7.7 Hz, 1H, Ar), 7.52 (s, 1H, Ar), 7.70{d, J
=7.7 Hz, 1H, Ar), 7.95 (dd, J = 2.8, 8.7 Hz, 1H, Ar), 8.42{d,J = 2.3 Hz, 1H, Ar), 9.03 (s, I1H, NH),
10.98 (s, IH, NH); C NMR (DMSOC-dg) 8 22.49, 31.18, 42.86, 47.12, 51.58, 121.91, 122.94, 123.89,
126.92, 128.37, 130.42, 136.75, 139.04, 142.39, 144.50, 154.97, 167.93, 171.01, 172.86, 215.61; LC-
MS: 428; Anal Caled for CaoHi1sNsOCl+0.1 H.OC, 55.91; H, 4.27; N,16.30; Cl, 8.25; Found: C,
5631 H, 4.51; N, 15.92; C1, 8.47.

5.45  1-14-(2.4-Difluorg-phenvl)-thiazol-2-vi}-3-{2-{2.6-dioxo-piperidin-3-vh-1-
oxe-2.3-dibvdre-1H-isoindol-5-vlmethvil-urea

O 0 H
SUBUSeS O
Oy
\ s O
100247] A mixture of 3-(S-aminomethyl-1-ox0-1,3-dihydro-isoindel-2-y1)-piperidine-2,6-

dione methanesulfonic acid salt (0.40 g, 1.1 mmol) and CDI(0.18 g, 1.1 mmol) in DMF (5 mL) was
stirred at room temperature for 18h. To the maxture was added 4-(2,4-diflugro-phenyl)-thiazel-2-
yiamine (0.23 g, 1.1 mmol) at room temperature, and the mixture was stired at 100 °C for 2 days. To
the mixture was added water (25 mL) and ethyl acetate (20 mL), The mixture was stirred at room
temperature for 2 h. The suspension was filtered and the solid was washed with water (20 mL), ethyl
acetate (20 mL.) and water (20 mL) to give a solid. The solid was purified with Prep HPLC 1o give 1-
[4-(2,4-diflaoro-phenyl)-thiazol-2-y1]-3-[2-(2 6-dioxo-piperidin-3-y1)- 1 -ox0-2 3-dihydro- IH-isoindol-
S-ylmethyl]-urea as a white solid (70 mg, 13% yield): HPLC: Waters Symmetry C18, S, 3.9 x 150
mm, | mL/min, 240 nm, 40/60 CH3CN/0.1% H3P04, 6.43 min (97.7 %); mp: 264-266 °C; 1H NMR
(DMSO-d6)  1.93-2.05 (m, 1H, CHH), 2.30 - 2.45 (m, 1H, CHH}, 2.55 - 2.68 (m, 1H, CHH}, 2.82
-3.00(m, TH, CHH), 4.32 (d, =174 Hz, 1H, CHH), 4.41 - 454 (m, 3H, CH2, CHH), 5,11 (dd, J =

H, Ar), 7.53 (s, 1H, Ar), 7.71 (d, ] = 7.9 Hz, 1H, Ar), 7.93 - 8.10 (m, 1H, Ar}, 10.85 (s, 1H, NH),
FO.98 (s, 1H, NH); 13C NMR (DMSO-d6y  22.48,31.18,42.94, 47 12, 51.87, 104.54 (1. JC-F = 264
Hz), 110.67 (d, JC-F = 14.3 Hz), 11181 (dd, IC-F = 3.3, 20.9 Hz), 11891 (dd, JC-F = 2.8, 11.6 Hz),
121.95, 123,03, 126.95, 130.29 {dd, JC-F = 4.4, 9.9 Hz), 130.49, 141.44, 142.45, 143.95, 154.02,
159.48 (dd, JC-F = 252.2, 12,1 Hz), 159.36, 161.24 {dd, JC-F = 2469, 13.2 Hz), 167,88, 170,98,
172.85: LCMS MH = 512 Anal, Caled for C24HIONSO4F2S: C. 56.36; H, 3.74: N, 13.69; Found: C,

&
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56.160H, 3.80: N, 14.07.

546  6-{3-[2-(2.6-Dioxo-piperidin-3-vi)-1-0x0-2.3-dihvdre-1 H-isoindel-5-
vimethvll-ureido}-3.4-dihvdro-1H-isoquinoline-2-carbexvlic acid tert-
butvi ester

jO el

>r0 *‘C@l N\f}rN ”{?}O
b

[G024%] 3-(5-aminomethyl- [ -ox0-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione
methanesulfonate (1.11 g, 3.0 mmol) and 1,1'-Carbonyldiimidazole (535 mg, 3.3 mmol} were
suspended in dry DMF (20 mL) and the mixture was stirred at 1t for 24 h. While stirring, a portion of
the reaction mixture (6.7 mL, ~1 mmol) was transferred to a vial containing tert-butyl 6-amine-3,4-
dihydroisoquinoline-2( 1 H)-carboxylate (273 mg, 1.1 mmol). The resulting mixture was stirred at 1t
overnight and the reaction progress was monitored by LCMS. After 48 h, additional tert-butyl -
amino-3,4-dihydroisoqumotine-2( 1 H)-carboxylate (50 mg, .2 mmol) was transferred to the reaction
mixture and stirring continued for another 24 h. The reaction mixture was acidificd with acidic acid
and water. The volatiles were removed in vacuo and the residue wag dissolved in DMF and purified
using C-18 preparatory HPLC to give 6-{3-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro- 1H-
isomdol-5-yimethylij-ureido}-3.4-dihydro- 1 H-isoquinoline-2-carboxylic acid tert-butyl ester as a
white solid (290 mg, 53% yicld): HPLC:Waters Symmetry Cig, § pm, 3.9 x 150 mm, 1 m/min, 240
nnt, 40/60 CH2CN/0.1% HaPOs, 5.02 min (96.5%); mp: 230-232 °C; "H NMR (DMSO-dg) & 1.42 (s,
9H, (CHs)s), 1.90 - 2,11 (m, 1H, CHH), 2.23 - 2.47 (m, 1K, CHH), 2.60 (d,./ = 17.9 Hz, 1H, CHH),
270 (t, J= 5.6 Fz, 2H, CHa1), 2.81 - 3.06 (m, 1H, CHH}, 3.51 (t,J= 5.7 Hz, 2H, CHa), 4.18 - 4.58 (m,
6H, CH,, CHo, CH, 5,11 (dd J=4.9, 13.2 Hz, 1H, CH), 6.72 (1, /= 5.9 Hz, 1H, NH), 7.00 (4, J =
8.3 Hz, 1H, An), 7.17(d, /= 8.1 Hz, 1H, Ayr), 7.27 (br. 5., 1H, Ar), 744 (4,7 = 7.9 Hz, 1H, Ar), 7.51
(s, tH, Ar), 7.69 (d.J = 7.9 Hz, TH, Ar), 8.56 (s, [H, NH), 10,98 (5, 1H, NH): *C NMR (DMSO-ds) 5
2246, 2807, 28.44, 31.16,41.51, 42,75, 45.04, 47.08, 51.55, 78.81, 116.01, 117.49, 121.87, 122.9(,
126,20, 126.36, 126.88, 130.25, 134.70, 138.56, 142.35, 144.86, 153.97, 155.21, 167.93, 170.96,
172.83: LCMS: MH = 548: Anal Caled for CosHasNeQe+ 1.1 H20: C, 61.39: H, 6.25: N, 12.34,
Found: C, 61.38: H, 6.11; N, 12.29,

5.47  Isoindelin compounds of Fermuia 1

-

/RI
JO AN S) /""'"'O
\ B R X
Rt: E T m
Z O

86



(11T

{00249 The isoindolin compounds of Formula 11 are made as shown in Scheme 1.
Scheme |
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[00250] To a solution of the S-aminomethylisoindolinone glutarimide 1 (1.134 mmol) in dry
DMF (10 mL) is added Cs.CO; (406 mg, 1.248 mmol). After 5§ minuies of stirring, an appropriate
chloromethoxycarbonyl reagent 2 (1.248 mmol) is added and the resulting mixture is stirred at 50 °C
overnight. The reaction mixture is neutralized with 0.5N HCI and then concentrated to dryness in
vacuo. The residue is purified by preparative HPLC, followed by the removal of protecting groups, if

necessary, under standard conditions fo yield a compound of Formula 111

5.48 ~chlorg-4-methvl-phenvl)-
'1l-1-0x0-1.3-dihvdre-issindel-2-v1i-2.6-dioxe-piperidin-1-
Q, E
o Q0
N
PPste!

NN %
o'
O

i
{00251} To a solution of 1-(3-chloro-4-methyl-phenyi)-3-[2-(2,6-dioxo-piperidin-3-yi)-1-oxo0-

87



2,3-dthydro-1 H-isoindol-3-ylmethyli-urea (500 mg, 1.134 mmol) in dry DMF (10 mL) was added
Cs,CO; 1406 mg, 1.248 mmol). After 5 min of stirring, chloromethyl pivalate (188 mg, 1.248 mmol)
was added and the resulting mixture was stirred at 50 °C overnight. The reaction mixture was
neutralized with 0.5N HCI and then concentrated to dryness in vacuo. The residue was dissolved in
acetonitrile and water was added slowly resulting in a precipitate to form. The solid was collected by
filtration and dissolved in DMF for purification on a C-18 preparative HPLC column (50750
CH;CN/water). Fractions containing the desired product were combined, concentrated in vacuo to
remove most of the CHiCON, and then Iyophilized to provide the product as a white solid (81 mg, 13%
yieldHPLC: Waters Symmetry Crs, 5 pm, 3.9 x 150 mm, 1 mL/min, 240 mm, 55/45 CH;CN/0.1%
HiPOs, 4.58 min (57.2 %); mp: 155-157 °C; '"H NMR (DMSO-dy) 3 0.95 - 1.23 (m, 9H, "Bu), 1.96 -
2,15 (m, 1H, CH), 2.23 (s, 3H, CHs}, 2.31 - 2.47 {m, 1H, CH), 2.83 (d, /= 16.6 Hz, 1H, CH), 3.00 -
3.22 (m, 1H, CH), 4.17 - 4.60 (m, 4H, CH,, CHy), 5.30(dd, J = 5.0, 13.3 Hz, 1H, CH), 547 - 5.83 (mm,
2H, CHa\), 6,79 (t, /= 5.9 Hz, 1H, CH;NH), 7.02 - 7.28 {m, 2H, Ar), 7.36 - 7.60 (m, 2H, Ar), 7.60 -
7.86 (m, 2H, Ar), 8.74 (s, 1H, NH); "C NMR (DMSO-d,) 6 18.73, 21.56, 26.62, 31.21, 38.21, 42.79,
47.04, 52.01, 63.39, 116,45, 117.66, 121,95, 123.01, 126.98, 127.42, 130.11, 131.00, 132.99, 139.58,
142.36, 144.87, 155.07, 167.96, 170.13, 171.23, 176.51; LCMS: MH" = 555, 557; Anal. Calced. for
CoaH3CINGOg + 0.2 HaO: €, 60.20; H, 5.67; N, 10.03; Cl, 6.35; Found: C, 60.20; H, 5.74: N, 9.94; C},
6.39,

549  (3-(5-((3-(3-Chloro-4-mcthviphenvhurcideymethvi)-1-oxoiseindolin-2-v1)-
2.9-dioxopiperidin-1-viymethvl pineridine-4-carboxviate hvdrechloride
s

Q
N
o 0 Vam®
= N
1 o
to]

[00252] To I-tert-butyl 4-(3-(5-((3-¢3-chloro-4-methylphenylurcido)methyl- 1

4
HGl

K

oxoisoindolin-2-y1)-2 6-dioxopiperidin- [ -ylimethyl piperidine- 1 4 -dicarboxylate (300 mg, .44 mmol,
obtained as described in previous example) was added 2 N HCUin Et,0 (15 mL). The shurry was
vigorously stirred for 2 h at rt. The solid was filtered. washed with copious Et,0, and dried in a
vacuum oven overnight to give (3-(5-((3-(3-chloro-4-methylphenyhureidomethyl)- T-oxoisoindolin-
2-y13-2,6~dioxopiperidin- I-ylymethy] piperidine-4-carboxylate Hydrochloride as a white solid (285
mg, 105% yield): HPLC:Waters Symmetry Cis, 5 pm, 3.9 x 150 mm, | mi/min, 240 nm, 30/70
CH3CN/0.1% H3POs, 3.26 min (98.2%); mp: 234-236 °C: "H NMR (DMSO-de) & 1.62 - 1.81 (m, 2H,
CHH, CHH}, 1.87 - 2.01 {m, 2H, CHH, CHH), 2.02 - 2.16 (m, 1H, CHH), 2.16 - 2.29 (m, 3H, CH.),
2.32 -2.47 (m, 14, CHH), 2.539 - 2,76 (m, 1H, CHH), 2.77 - 2.99 (m, 3H, CHH, CHH, CHHj, 3.00 -
3.28 (m, 3H, CHH, CHH, CHH}, 4.15 - 4.66 (m, 4H, CH,, CH:), 5.26 (dd, /= 4.9, 13.2 Hz, 1H, CH),
5.55 - 5.80 (m, 2H, CH:0), 7.02 (1, J= 5.9 Hz, 1H, NH}, 7.09 - 7.29 {m, 2H, Ar), 7.45(d, J= 7.9 Hz,
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IH, Ar), 7.53 (s, [H, Ar), 7.62 - 7.82 (m, 2H, A1), 8.41 - 8.96 (m, 2H, NH, NH), 9.09 (s, 1H. NH); *C
NMR (DMSO-dg) 3 18.73, 21.46, 24.3], 31.24, 37.30, 42.00, 42.73, 47.20, 52.09, 63.40, 116.31,
117.50, 121.91, 122,99, 126.97, 127.27, 130.09, 130.99, 132.96, 139.69, 142.38, 144.94, 155.21,
167.96, 170.19, 171.29, 172.20; LCMS: MH = 542, 584: Anal Caled for CogHuClLN:Og+ 1.6 Ha0 +
0.6 HCl + 0.2 6O + 0.4 'BuCl: C, 53.35: H, 6.05; N, 9.91; C1, 13.04. Found: C, 53.13; H, 6.06: N,
9.70; Cl, 13.25.

5.58
oxo:somdo}m-z-vi)-z 6—&mxonmendm-}-wi}mclhvl mxmndmo»l 4
dicarboxvlate
o) o
NITVeaSS,
= N
() QYH\)\/H\/NGO A
[
@]
[00253] Step 1. 1-tert-Butyl 4-chloromethy! piperidine- 1 4-dicarboxylate

O

c” o
NBoc

To a mixture of 1-(tert-butoxycarbonylpiperidine-4-carboxylic acid (3 g, 13.1 mmol) in
dichioromethane (40 mL) and water (50 mL)was added NaHCO; (4.4 g, 52.3 mmol) and
fetrabutylammonium hydrogen sulfate (444 mg, 1.3 mmol). After stirring the mixture in an ice bath at
0 °C for ~10 min, chloromethy! chlorosulfate (2.59 g, 15.7 mmol) in 10 mL of dichloromethanc was
added dropwise. The reaction mixture was allowed to warm up to rt and stirred vigorously overnight,
The mixture was transferred to a separatory funnel with dichloromethane and water (200 mL, cach).
The organic layer was washed with additional water and brine, dried {Na:SO.}, and concentrated in
vacuo to give |-tert-butyl 4-chloromethyl piperidine- L 4-dicarboxylate as a clear 01l (3.5 g, 96%
yicld). This material was used without further purification. 'H NMR (DMSO-dg) 8 1.26 - 1.48 (m,
11H, CHH, CHH, tertBu}, 1.83 (dd,.J= 3.0, 13.2 Hz, 2H, CHH, CHH}, 2.58 - 2.75 (m, 1H, CH), 2.74
- 2.99 (m, 2H, CHH, CHH}, 3.61 - 4.02 (m, 2H, CHH, CHH), 5.87 (s, 2H, CH-0); "C NMR (DMSO-
dey 827.16,27.98, 39.58, 42.35, 69.41, 78.67, 153.75, 172.25, LCMS: MH = 278.

[06254] Step 2. 1-tert-Butyl 4-iodomethy! piperidine-1,4-dicarboxylate
O‘

o
NBoc

To a solution of Nal (1.6 g, 11.09 mmol) in dry acetonitrife (8§ mL} was added dropwise 1-tert-butyl 4-
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chloromethy! piperidine-1,4-dicarboxylate (2.8 g, 10.08 mmol) in 2 mL of acetonitrile. The mixture
turned dark orange and was stirred at rt in the dark for 24 h. The reaction mixture was filtered to
remove NaCl and the filtrate was concentrated in vacuo. The remaining residue was partitioned
between DCM and 5% aq NaHSO; solution. The organic layer was washed with water and brine,
dried (Na,SQ,), and concenirated in vacuo o give 1-tert-butyl 4-iodomethyl piperidine- 1,4~
dicarboxylate as a pale yellow oif (3.5 g, 94%). Atternpts to characterize by NMR in DMSO-dg
resulted in rapid decomposition. The material was stored in the dark af -20 °C to minimize

decomposition before further use. LOCMS: MH = 370.

[60255] Step 3: 1-tert-Butyl 4-(3-(5-({3-(3-chloro-4-methylphenylureido)methy - 1-
oxoisoindolin-2-y1)-2,6-dioxopiperidin-1 -y imethyl piperidine-1,4-dicarboxylate
o o
N~
o0 0 o
7 N %
A
No N\ Ay
oy

G

[-(3-Chloro-4-methyl-phenyi-3-12-(2,6-dioxo-piperidin-3-yI}- 1 -oxo-2 3-dihydro- 1 H-isoindol-5-
yimethyl]-urca (400 mg, 6.907 mmol) and NaH (43.5 mg, 1.82 mmol) were stirred in dry DMF (15
mL} for ~ 10 min. To the mixture was added 1-tert-butyl 4-iodomethyl piperidine-1.4-dicarboxylate
{402 mg, 1.09 mmol) and the reaction stirred in the dark at 1t for 2 h. The reaction was quenched with
acetic acid {5 mL) and concentrated in vacuo. The residuc was partitioned in water and EtOAc (100
mL, cach). The separated organic layer was washed with additional water and brine, dried (Na,SOy),
and concentrated in vacuo to give 1.4 gm of a yellowish solid which was dissolved in DMF for
purification on a C-18 prep HPLC column. Fractions containing the desired product were combined,
concentrated in vacuo to remove most of the CH;CN, and then Iyophitized to provide i-teri-butyi 4-
(3-(5-((3-(3-chloro-4-methylphenylureido)methy)- I-oxoisoindolin-2-y1)-2,6-dioxopiperidin- I -
yhmethyl piperidine-1,4-dicarboxylate as a white solid (380 mg, 49% of theoretical vield from two
separate runs that were combined before prep HPLC). HPLC:Waters Symmetry Cig, 5 um, 3.9 x 150
mm, | mi/min, 240 nm, 55/45 CH3CN/0.1% H3PO,, 5.82 min (99.4%); mp: 157-159 °C; '"H NMR
{DMSO-dgy & 1.23 - 1.51 {m, 11H, {CH;}),, CHH, CHH), 1.68 - 1.84 (m. 2H, CHH, CHH), 1.97 - 2.13
(m, 1H, CHH), 2.15 - 2.31 (m, 4H, CH;, CH), 2.32 - 2.46 {m, IH, CHH), 2.68 - 2.94 (m, 3H, CHH,
CHH, CHH), 2.98 - 3.21 {m, 1H, CHH}, 3.69 - 3.89 (m. 2H, CHH, CHH)}, 4.20 - 4.57 (m, 4H, CH-,
CH), 5.27 (dd, J = 5.0, 13.3 Hz, 1H, CH), 5.33 - 5.73 (m, 2H, CH,0), 6.8} (1,J = 5.9 Hz, {H, NH},
7.06 - 7.24 (m, 2H, Ar}, 7.45 (d, J=7.9 Hz, 1H, Ar), 7.53 (s, IH, NH}, 7.67 {d, /= 1.9 Hz, 1H, Ar),
7.71 (d, J = 7.7 Hz, 1H, Ar), 8.76 (s, 1H, NH); ’C NMR (DMSO-de) 5 18.66, 21.39, 27.38, 27.97,
31.16,42.72,47.08,51.98,63.15, 78.60, 116.37, 117.60, 121.88, 122,93, 126,91, 127.34, 130.06,
130.94, 132.91. 139.52, 142.32, 144.82, 153.74, 155.01, 167.90, 170.11, 17118, 172.97 (two °C
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signals arising from the piperidine ring are not observed due to overlap with DMSO-dg); LCMS: MH
= 682, 684: Anal Caled for CaHlgCINOg+ 1.0 H-0: C, 58.32; H, 6.05; N, 10.00; Cl, 5.06. Found: C,
58.41:H,5.93: N, 996; Cl, 5.22.

8551  N-[2-(2,6-Diexe-piperidin-3-vh-1-ox0-2.3-dihvdre-1H-isoindol-5-
vimethvli-4-imidazol-1-vl-benzamide

L) 0 Q
i
O

[00256] A mixture of 4-imidazol-1-yl-benzoic acid (0.21 g, 1.1 mmol) and CDI (0.19 g, 1.2

mmol) in DMF (14 mL) was stirred at 40 °C for 2 hrs. To the suspension was added 3-(5-
aminomethyl-1-ox0-1,3-dihydro-isoindol-2-yl)-piperidine- 2,6-dione methanesulfonic acid satt (0.40
g, 1.1 mmol) and the mixture was stirred at 40 °C for 20 hrs, Water (20 mL) was added to the
reaction mixture and the mixture was stirred at RT for 30 min. The suspension was filtered and the
solid was washed with water (20 mL), ethyt acetate (20 mL), and water (20 mL) to give the product as
a white solid {340 mg, 71% yield): HPLC: Waters Xterra Cig, § wm, 3.9 x 150 mym, 1 ml/min, 240
nm, 5% gradient 95% in § min, CH:CN/O. 1% NH.O0CH, 3.92 min (99.0 %); mp: 268-270°C; 'H
NMR (DMSO-dy) 9 1.90 - 2.08 (m, 1H, CHH), 2.24 - 2.47 (m, 1H, CHH), 2.54 - 2.67 (m, 1H, CHH),
2.82-3.02 {m, 1H, CHH)}, 4.31 (d,J=17.4 Hz, 1H, CHH), 4.45(d,J= 174 Hz, 1H, CHH), 4.62(d,J
=57 Hz. 2H, CHy), 5.11 {dd, J= 5.1, 13,2 Hz, 1H, NCH), 7.14 (s, 1H. Ar), 749 (d, /= 7.9 Hz, 1H,
Ar), 7.36 (s, 1H, Ar), 7.71 (&, 7= 7.7 Hz, 1H, Ar), 7.77 - 7.91 {m, 3H, Ar), 8.05(d, /= 8.7 Hz, 2H,
Ar), 839 (s, 1H, Ar), 9.24 (t,J = 5.9 Hz, 1H, NH), 10.98 (br. 5., 1H, NH); “C NMR (DMS0-d,) 6
22.49,31.20,42.79,47.13, 51.58, 117.78, 119.59, 122,10, 122.97, 127.08, 129.02, 130.20, 130.39,
132.07, 135.60, 138.99, 142.40, 143.83, 165.25, 167.92, 170.99, 172.86; LCMS: MH" = 444; Anal.
Caled. for CosHyNsOy + 1.5 HaO: C, 61.27; H, 5145 N, 14.89; Found: C, 61.03. H, 4.93; N, 14.75.

[00257] A mixture of 4-morpholin-4-yi-benzoic acid (0.22 ¢, 1.1 mmoly and CDI (0,19 ¢, 1.2
mmol} in DMF (4 mL) was stirred at 40 °C for 2 hrs. To the suspension was added 3-(5-
ammomethyl-1-oxo-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione methanesulfonic acid salt (0.40
g, 1.1 mmol), and the mixture was stirred at 46 °C for 2 hrs. Water (20 ml.) was added to the reaction
mixture and the mixtare was stirred at RT for 30 min. The suspension was filtered and the solid was

washed with water (20 ml.), ethyl acetate (20 mL), and water (20 mL)} to give the product as a white
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solid (370 mg, 74% yield): HPLC: Waters Xterra Cyg, 5 pum, 3.9 x 150 mm, | mL/min, 240 nm, 5%
gradient 95% in 5 min, CH;CON/0.1% NH4OOCH, 1.10 min {96.5 %); mp: 275-277 °C; 'H NMR
(DMSO-d,) d 2.00 (d,J = 5.1 Hz, 1H, CHH), 2.38 (m, 1H, CHH), 2.54 - 2.66 (m, IH, CHH), 2.81 -

Hz, 1H, CHH), 4.44 (d, J = 17.6 Hz, 1H, CHH), 456 (d, /= 5.9 Hz, 2H, CH;), 5.10 (dd. /= 5.1, 132
Hz, 1H,NCH), 6.98 (d,J = 9.} Hz, 2H, Ar}, 7.45(d, J= 7.9 Hz, 1H, Ar), 7.51 (s, 1H, Ar), 7.68 (d,./ =
7.9 Hz, 1H, Ar), 7.81 {d, J= 8.9 Hz, 2H, Ar), 8.88 (s, 1H, NH), 10.98 (s, 1H, NH);

PO NMR (DMSO-dy) 6 22.46, 31.15, 42.54, 47.07,47.33, 51.53, 65.86, 113.40, 121.96, 122.86,
123.72, 126.99, 128.50, 130.24, 142.31, 144.38, 152.95, 165.87, 167.91, 170.96, 172.83: LCMS: MH~
= 463; Anal. Caled. for CasHaeNsOs + 0.6 H20: C, 63.44; H, 5.79; N, 11.84; Found: C, 63.19; H, 5.42;
N, 12.09.

553  2-Amino-2-(4-chlorophenvl}-N-((2-(2.6-dioxopiperidin-3-vyD-1-
oxoisgindelin-S-vhimethvlacetamide hvdrochloride

Cl
(OIS
Yrsses
HaNT Y '
HCI O
[00258] Step 1. To a stirred solution of N-Boc-(4’-chlorophenyl) glyveie (1.16 g, 4.10 mmoly

in DMF (20 mL) was added CDI (.69 g, 4.30 mmol). The reaction mixwure was heated 1o 46°C for 2
hrs. 3-(5-Aminomethyl-1-0x0-1,3-dihydro-iscindol-2-y1)-piperidine-2 ,6-dione hydrochioride (1.50 g,
4.10 mmol) was then added. After 3.5 hrs at 40 °C, water (70 mL) was added. Solid precipitated was
isolated by filtration, washed with water {3 x 20 mL), and dried in vacuo 10 afford fert-butyl 1-(4-
chlorophenyl)-2-((2-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindolin-5-yhmethy lamino)-2-
oxocthylcarbamate as a white solid (1.77 g, 80% vyield}). The crude product was used in the next step

without further purification.

{00259] Step 21 To a stirred solution of terr-butyl 1-(4-chlorophenyl)-2-((2-(2,6-
dioxopiperidin-3-yi)- 1-oxoisoindolin-5-ylymethylamino)-2-oxoethylcarbamate (0.84 g, 1.50 mmol) in
EtOAc (35 mL) was added a solution of diluted HCI (2N in ether, 30 mL}. After 3 days, solid was
isolated by filtration, washed with ether (3 X 10 mL), and dried in vacuo. The solid was then
dissolved in water {160 mL) and exiracted with EtOAc (2 x 50 mL). The aqueous phase was
concentrated and the residue was triturated with ether for [ hr. The product was isolated by filtration
and dried in vacuo to give the product as a white solid (0.65 g, 88% vield): HPLC: Waters Symmetry
Cia 5 pm, 3.9 x 150 mm, 1 mL/min, 240 nm, gradient: CHiCON/0.1% HiPO4: 10/90 t0 90/10 in 10
min, $0/10 (5 min): 4.91 min (98.00%); mp: 255-257 °C; '"H NMR (DMSO-dy) 6 1.93 - 2.09 (m, 1H,
CHH), 2.39 (qd, J= 4.4, 13.1 Hz, 1H, CHH), 2.54 - 2.69 (m, 1H, CHH), 2.82 - 3.03 (m, I1H, CHH),



424 (d,.J= 174 Hz, IH, CHH), 4.30 - 4.54 (m, 3H, CH,, CHH}, 5.02 - 5.19 (m, 2H, CH, CH), 7.22 -
741 (m, 2H, Ar), 7.47 - 7.71 (m, 5H, Ar), 9.35 (1, J = 5.9 Hz, 1H, NH), 10.99 (s, 1H, NH); “C NMR
{DMSO-d;) 6 22.48, 31.20, 42.26, 47.03, 51.59, 54.80, 121.89, 121.96, 122.85, 126.97, 128.80,
129.81, 130.49, 133.02, 133.99, 142.27, 142,70, 167.22, 167.82, 170,98, 172.85: LCMS: MH" =
441/443; Anal. Calced. for CapHaoNOCla + 0.6 H,0: C, 54.13; H, 4.79; N, 11.48; Found: C, 53.89; H,
4.82; N, 11.60.

554  2-Amine-5-chlore-N-{2-(2.6-dioxc-piperidin-3-vl)-1-0x0-2.3-dihvdro-14-
~benzamide

isgindol-S-vimethvl

{00260 DIPEA (1.46 mL, 8.12 mmol) was added 1o a stirred mixture of 3-(5-aminomethyl-1-
oxo-1,3-dihydro-isoindol-2-yl)-piperidine-2 6-dione methanesulfonate (1.0 g, 2.71 mmol}j and 5-
chloro-isatoic anhydride 3 (0.535 g, 2.71 mmol) in acetonitrile {10 mL) under nitrogen. The reaction
mixture was refluxed for 14 hrs, at which time LCMS indicated the reaction was complete, Water
was added to the slurry and the solid was collected by filtration, washed with additional water, and
dried in vacuo to provide the product as a whie solid (860 mg, 74% yield): HPLC: Waters Symmetry
Cig, 5 um, 3.9 x 150 mm, I mL/min, 240 nm, 30/70 CH;CN/G. 1% H3POs, 6.30 min (98.7 %) mp:
242-244°C: "H NMR (DMSO-dy) 6 1.79 - 2.16 (m, 1H, CHH}, 2.2 - 2.46 (m, 1H, CHH), 2.60 (d, J=
16.6 Hz, 1H, CHH), 2.74 - 3.08 (m, 1H, CHH), 4.08 - 4.69 (m, 4H, CH,, CH.}. 5.11 (dd.J=4.9, 132
Hz, 1H, CH), 6.60 (5, 2H, NH,), 6.73 (d, /= 87 Hz, TH, Ar). 7.18 (dd, /=24, 8§ Hz, 1H, Ar), 7.46
(d,.J=7.9Hz 1H, Ar), 7.33 (s, 1H, Ar), 7.59 - 7.76 (m, 2H, Ar}, 9.01 (1, J= 5.8 Hz, 1H, NH), 10.98
{s, IH, NH): "C NMR (DMSO-dg) 6 22.51, 31.20, 42.44, 47.12, 51.56, 114.81, 117.71, 118.12,
122.07, 122,91, 127.07, 127.33, 130.35, 131.60, 142.38, 143.92, 148.78, 167.67, 167.92, 170.98,
172.85; LCMS: MH™ =427, 429; Anal. Caled. for CoHisCINGG:+ 0.2 HO: C, 38.73: H,4.32: N,
13.05; Found: C, 58.68: H, 4.26: N, 12.80.

5.55  Iscindelin compounds
G Q

NH
Py

R

[00261] The isoindolin compounds shown above are made as shown in Scheme 2.

Scheme 2
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[60262] Step 1: DIPEA (2.0 mmol, 2 eq.) is added fo a stirred mixture of 3-(S-aminomethyl-

1-ox0-1,3-dihydro-isoindol-2-y1}-piperidine-2,6-dione methanesulfonate 3 (0.26 g, 1.0 mme!) and an
appropriate nitrophenylisothiocyanate 4 (1.1 mmol) in acetonitrile (10 mL) under nitrogen. The
mixture is stirred at RT for 12 hrs. IN HCl solution (10 mL) is added and the solid formed is filtered,
washed with additional water, and dried fo provide substitated 1-((2-(2,6-dioxopiperidin-3-yI)-1-

oxoisoindolin-5-ymethyl)-3-(2-nitrophenylthiourca &,

[006263] Step 2: To a stirred mixture this intermediate 5 (1.0 mmol) in EtOH (10 mL) is added
a solution of sodium dithionite (1.74 g, 10 mmol) in water (10 mL). The mixture is heated to 60 °C
for 1 hr. The reaction mixture is concentrated to dryness 1o yield compound 6, which is used directly

in the next step without further purification.

[00264] Step 3. Compound 6 is suspended in DMF and EDCI (0.19 g, 1.0 mimol) is added.
The mixture is stirred overnight and the reaction mixture is quenched by addition of aceric acid (2

mL). The crude product is purified using preparative HPLC to provide a compound 7.

5.56 Isecindoline Compounds

[00265] According 1o the procedures provided in Sections 5.34-5.35, 1-((2-(2,6-
dioxopiperidin-3-yl)- 1-oxoisoindolin-5-ylmethy )-3-(2-hydroxy-4.5-dimethylphenyljurea are

prepared starting from 4,5-dimethyl-2-nitrophenol.

[00266] General Procedure A: A mixture of the appropriate carboxylic acid starting material
(2.0 mmoly and CDI (0.32 g, 2.0 mmol} in DMF (30 mL} is stitred for 2 hours at 40°C, and then 3-(3-
(aminomethyl)-1-oxoisoindolin-2-yhipiperidine-2,6-dione methanesulfonate (0.74 g, 2.0 mmol) is

added, and stirring proceeds for 24 hours, The mixture is evaporated under vacuum and the residue is

purified by preparative HPLC.
[00267] Using the General Procedure 4, the following compounds are prepared:
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N-((2~(2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-yhmethy1)-2-(3-
(morphoiinomethyl)phenyDacetamide;

STy
mNﬁ@

N-{(2-(2.,6-dioxopiperidin-3-yi)-1-oxoisoindolin-3-ylymethyl}-2-(3-((4-methylpiperazin-1-
yl)methyDphenylacetamide;

me

N-((2-(2,6-dioxopiperidin-3-yi)- -oxoisoindolin-5-yhmethyl}-2-(4-methyi-3-
{ morphoiinomcfhyl)pheny Dacetamide;

mm{f

2-(4-chloro-3-(morpholinomethy Hphenyl}-N-{{2-(2,6-dioxopiperidin-3-y1)- I -oxoisoindolin-5-
yhmethylyaceramide;

g o ]

N-{(2-(2,6-dioxopiperidin-3-yl}- I-oxoisoindolin-S-yhmethyl)-2-( 3-(2-
morpholinocthyliphenylacetamide;

N-((2-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindolin-S-ylmethy)-2-{(4-methyi-3-(2-
mmphoiinoethyi}})henvl“)aceiamide'

gmvc’ﬁ}&f

2-(4-chloro-3-(2-morpholinoethyipheny!)-N-((2-(2,6-dioxopiperidin-3-yI)- 1-oxoisoindolin-5-
yhmethylacetamide;
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men\/@ﬁ%o

N-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yiimethy)-2-(4-
{morpholinomethyijphenyliacetamide;
o Q

‘0 mVQfWQ}

N-((2-{2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-S-ylimethyl)-2-(4-((4-methylpiperazin- 1 -
yhmethyphenyhacetamide;

-~ mn,@ii@

N-{(2-{2.6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-yhmethyl)-2-(3-methyl-4-
{morpholinomethyliphenyljacetamide;

s ,@f T

k,N

chloro-4-(morpholinomethy DphenyD-N-({2-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindolin-5-
yhmethyBaceramide;

ot

a o}

t\.)
1»

(3~

i
[y
o/
N-{{2-(2,6-dioxopiperidin-3-yi)-1-oxoisoindolin-5-yhmethy1)-2-(4-(2-
morpholinoethyljphenylacetamide;

N-({2-(2,6-dioxopiperidin-3-y1)- -oxoisomdohin-5-yDmethy)-2-(3-methyl-4-(2~
morpholinoethyphenylacetamide;

N wM%f

2-(3-chloro-4-(2-morpholinoethyl)phenyi}-N-((2-(2.6-dioxopiperidin-3-yI)- I -oxoisoindolin-§-
ylmethyhaceramide;
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N-{(2-(2,6-dioxopiperidin-3-y1)-1-oxoisomdolin-5-yhmethyl)-2-(4-(2-

morphelinoethoxy)phenyljacetamide:
o 9

Qoo

N-{(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yhmethyD)-2-(3-methyl-4-(2-
morpholinoethoxy)phenyljacetamide;

ALY Postes

2-(3-chloro-4-(2-morpholinocthoxy)phenyl)-N-((2-(2,6-dioxopiperidin- 3-yl)- 1 -oxoisoindolin-5-
yhmethylacetamide;

ot S

o /

N-{((2-(2,6-dioxopiperidin-3-y[}- 1 -oxoisoindolin-3-yhimethyl}-2-(3-(2-
morpholinoethoxy)phenyljacetamide;

o BT

?\‘-{‘(2-(2,6-(11<)xop1p<:r1(‘hn~w -yI}- 1-oxoisoindohin-5-ylimethy}-2-(4-methyl-3-(2-
morpholinoethoxy jphenylacetamide;

o S

© Ci

2-{4-chloro-3-2-morpholinocthoxy)phenyl)-N-((2-(2,6-dioxopiperidin-3-yl}- T -oxoisomdolin-5-
ylymethylacetamide;

o]

N-((2-(2.,6-dioxopiperidin-3-v1)-1-oxoisoindolin-5-yDmethyD)-4-(morpholinomethylibenzamide;
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N-({2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-3-ylymethyl)-4-((4-methylpiperazin-1 -
yhmethyDbenzamide;
o

(J .
NH
o
N-{(2~(2,6-dioxopipenidin-3-yl)-1-oxoisoindolin-S-yhimethyl)-3-methy -4~

{morpholinomethyl)benzamide;
o]

(J )

3-chloro-N-((2-(2,6-dioxopiperidin-3-yI}- 1-oxoisoindolin-5-ylmethyl)-4-
{morpholinomethylbenzamide;

@
ot

N-{{(2-(2,6-dioxopiperidin-3-y1)- 1 -oxoiscindolin-3-yDimethy)-4~-{ 2-morpholinoethyl)benzamide;

o™

\/NL/\ o
s O
/\/\C')r

N-((2-(2.,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-yhimethyl)-3-methy1-4-(2-
morpholinoethybenzamide;

B
(@
o O
NH
X O
i
o]

3-chloro-N-((2-(2,6-dioxopiperidin-3-yI}-T-oxoisoindolin-5-y Dmethyi}-4-(2-
morpholinoethyl)benzamide;
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N-((2-(2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-ylymethyl}-3-(morpholinomethylbenzamide;

N-{{2-(2,6-dioxopiperidin-3-yl)-1 -oxoisoindolin-5-ylymethyl}-3-((4-methylpiperazin-1-
ylymethyl)benzamide:;

N-({2-(2 6-dioxopiperidin-3-yi)-1-oxotsoindolin-5-yymethyl)-4-methyl-3-
{morpholinomethyl)benzamide;

4-chloro-N-((2-(2,6-dioxopiperidin-3-y1)- 1-oxoisoindolin-5-yl)methy D)-3-
(morpholinomethylybenzamide;

5 0
NH
O -
N
oS 0
N-{{2~(2,6-dioxopiperidin-3-yl})- 1-oxoisoindolin-5-ymethy1}-3-(2-morpholinoethybenzamide;
/\/[f ]
P \ H
o’ 0

N-({2-(2,6~dioxopiperidin-3-yl)-1-oxoisoindolin-5-yhmethyl)-4-methyl-3-(2-
morpholinoethylbenzamide;

4-chloro-N-((2-(2 6-dioxopiperidin-3-yI)- I-oxoiscindolin-5-ylymethy)-3-(2-
morpholinoethylbenzamide;

N-({2-(2,6-dioxopiperidin-3-yi)- L-oxeisoindolin- 5-yDmethyl}-4-(2-morpbolinoethoxy)benzamide:
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N-((2-(2,6-dioxopiperidin-3-y1}-1-oxoisoindolin-5-ylmethyl}-3-methyl-4-(2-
morpholinoethoxybenzamide;

SpeoWirites

3-chioro-N-((2-(2 6-dioxopiperidin-3-yI)- I-oxoisoindolin-5-yimethyl)-4-(2-
morpholimocthoxy)benzamide;

o Q
S H
Q SO
N~ o N Z
o
N-{(2-(2,6-dioxopiperidin-3-ylj- 1-oxoisoindolin-5-yhmethyl}-3-(2-morpholinocthox y)benzamide:
Q
. FosSe:
1@ ; 0
N\/A\OI:E\”/
o

N-((2-(2,6-dioxopiperidin-3~y[}-1-oxoisoindolin-S-yhmethyl)-4-methyl-3-(2-
morpholinocthoxy)benzamide: and

O Q0
/H Cl BN NH
i/ N l °
N\’/\O N P
O

4-chloro-N-{(2-(2,6-dioxopiperidin-3-yl}- 1 -oxoisoindolin-S-ylymethyi)-3-(2-
morpholinoethoxy ybenzamide.

[00268] 2-Amino-5-chlore-N-[2-(2,6-dioxo-piperidin-3-y1)- 1-0x0-2,3-dihydro- | H-isoindol-5-
yimethyi]-benzamide (250 mg, 0.586 mmol) was suspended in trimethy! orthoformate (3 mL) and the
mixture was heated to 85 °C overnight. Formic acid (100 L) was added to the reaction and the
mixture was heated for 1 hr, Water was added to the reaction resulting in a white precipitate. The
solid was filtered, washed with additional water, and dried in a vacuum oven to provide the product as
a white solid (140 mg. 55% yield): HPLC: Waters Symmetry Cig, 5 um, 3.9 x 150 mm, | mL/min,
240 nm, 30/70 CH3CN/0. 1% H;PO4, 7.20 min (97.9 %); mp: 308-310 °C; 'H NMR (DMSO0-d,) d 1.90
-2.08 (m, 1H, CHH), 2.37 {(qd, /= 4.3, 13.2 Hz, 1H, CHH), 2.59 (d, /= 17.6 Hz, 1H, CHH), 2.78 -
3.03 {m, TH, CHH), 4.23 - 4.35 (m, 1H, NCHH), 4.38 - 451 (m, 1H, NCHH), 516 {dd, /= 5.0, 13.1
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Hz, 1H, NCH), 5.33 (s, 2H, NCHz), 7.52 (d,.J = 7.7 Hz, 1H, Ar}, 7.59 (s, 1H, Ar), 7.67 - 7.80 (m, 2H,
Ar), 7.88 (dd,J= 2.5, 8.7 Hz, 1H, Ar}, 8.09 (d, J= 2.3 Hz, 1H, Ar), 8.66 (s, 1H, NCHN}, 10.98 (s,
1H, CONH); "C NMR (DMSO-dy) 6 22.45,31.17,47.13, 49.20, 51.59, 122.68, 122.91, 123.23,
125.11, 127.56, 129.59, 131.14, 131.50, 134.59, 140.45, 142.59, 146.68, 148.47, 159.20, 167.63,
170.92, 172.82: LCMS: MH" = 437, 439; Anal. Calcd. for C22H,,CINO,+ 0.4 H.0: €, 59.51; H,
4,04; N, 12.62; 798, Cl; Found: C, 59.29; H, 3.66: N, 12.39; 7.82, CL

5.58  é-Chioro-3-[2-(2,6-diexo-piperidin-3-v1)-1-0x0-2.3~dihvdro-1H-iseindel-5-
vimethvill-17-quinazeline-2 4-dione

H 0 Q
N 8]
O

[00269] To a slurry of 2-amino-5-chloro-N-[2-(2,6-dioxo-piperidin-3-y1}-1-ox0-2.3-dihydro-

1 H-1soindol-5-ylmethyl]-benzamide (250 mg, 0.586 mmol) in acetonitrile (5 mL) was added DIPEA
(0.204 mL, 1.171 mmol}, followed by phosgene (0.62 mL, 1.171 mmol). The reaction mixture was
warmed up 1o 60 °C. Afier 4 hrs, additional phosgene was added (0.31 mL) and stirring was
continued for | hr, at which time LC-MS indicated reaction completion. The reaction shurry was
quenched with dilute HCI, and the white solid was collected by filtration and washed with additional
water and copious Et;O. The cake was dried in a vacuum oven to afford the product as a white solid
(185 mg, 84% yield): HPLC: Waters Symmetry Cig, § pm, 3.9 x 150 mm, | mL/min, 240 nm, 30/70
CH3CN/0.1% HiPOs, 7.97 min (97.6 %); mp: 358-360 °C; 'H NMR (DMSO-dg) 6 1.88 - 2.07 {m, 1H,
CHH), 2.24 - 2.45 (m, 1H, CHH), 2.53 - 2.68 (m, 1H, CHH), 2.79 - 3.01 (m, 1H, CHH}), 4.17 - 4.36
(m, 1H, CHH), 4.36 - 4.54 (m, 1H, CHH}, 5.09 (dd, /= 4.9, 13.2 Hz, 1H, CH), 5.19 (s, 2H, PhCH,),
7.24(d,J=8.7T Hz, 1H, Ar), 747 (d, J=T7.9 Hz, 1H, Ar), 7.54 (s, 1H, Ar), 7.68 (d,J= 7.7 Hz, 1H,
Ar), 7.74 (dd, J= 2.4, 8.8 Hz, 1H, Ar), 7.89(d, J = 2.3 Hz, IH, Ar), 1098 {s, 1H, NH}, 11.72 (s, 1H,
NH}; "C NMR (DMSO-dy) 6 22.46, 31.18, 43.50, 47.12, 51.58, 115.11, 117.49, 122.29, 122.96,
126.37, 126.54, 127.29, 130.65, 135.04, 138.38, 141.17, 142.39, 149.90, 161.08, 167.79, 170.94,
172.83. LCMS: MH = 433, 455; Anal. Caled. for CooHpCINLGGs + 0.3 HO: C, 57.66; H, 3.87; N,
12.23; Cl, 7.74; Found: C, 57.60: H, 3.90: N, 11.97. Cl, 7.72.

559 [2-(2.6-Dioxe-piperidip-3-vl)-1-oxe-2.3-dihvdro-1 H-iseindol-5-vimethvl] -
carbamic acid 4-chloro-3-methvl-phenvl ester

o 0 y
L
t N 0
o N
(JT
N
[00270] To the solution of para-nitro-pheny! chloroformate (1000 mg, 0.5 mmol) in CH;CN

{5 mL), was added the CH,CN solution (3 mL) of 4-chloro-m-cresol {71.3 mg, 0.5 mmol) and DIPEA
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(0.24 mL, 1.5 mmol) dropwise at room temperature. The mixture was stirred at room femperature for
10 min, 3-(5-Aminomethyi-1-oxo0-1,3-dihydro-isomdol-2-y1}-piperidine-2,6-dione methanesulfonic
acid salt (0.37 g, 1 mmol) was added followed by additional DIPEA (0.24 mL, 1.5 mmol). The
mixtare was stirred overnight at ambient temperature. The mixture was then filtered. The resulted
solid was purified on silica gel colhumn cluted using methano! and methylene chloride to give [2-(2,6-
dioxo-piperidin-3-yl)-1-o0x0-2,3-dihydro- 1 H-isotndol-5-yimethyl]-carbamic acid 4-chloro-3-methyl-
phenyl ester as a white solid (30 mg, 14% vyield). HPLC: Waiers Symmetry Cig, Sum, 3.9 x 150 mm,
1 mL/min, 240 nm, 50/50, CH3ON/0.1% HsPOL,: tg =3.0 min (97%); mp 225-227 °C; 'H NMR
(DMSQO-de) § 1.91 - 2.08 (m, 1H, CHH), 2.32 (5, 3H, CH;), 2.40 (dd, J=4.3, 12.8 Hz, IH, CHH),
2.63 (br.s., 12, CHH), 2.83 - 3.02 (m, 14, CHH), 422 - 4.56 (m, 4H, CH,, CH,}, 5.12 (dd. J = 5.1,
13.2 Hz, 1H, NCH), 7.01 {dd, J=2.3,8.7 Hz, 1H, An), 7.17(d, J=2.3 Hz, 1H, A1), 7.40 (4, J = &7
Hz, 1H, Ar), 7.46 (d,J= 7.4 Hz, TH, Ar), 7.55 (s, 1H, A1), 7.72(d, J = 7.9 Hz, 1H, Ar), 8.47 (1, ./ =
6.0 Hz, 1H, NH), 10.99 (s, 1H, NH). "C NMR (DMSO-dg) & 19.52, 22.49, 31.20, 44.04, 47.15, 51.59,
121.03, 122.04, 123.04, 124.43, 127.01, 129.33, 130.58, 136.54, 142,45, 143.35, 145.35, 149.62,
154.43, 167.87, 170.99, 172.86; LLC-MS: 442; Anal Caled for CHyCINSGg C, §9.801 H, 4.56; N,
9.51; Found: C, 59.74;: H, 4.45; N, 9.58.

2686  1-11-(3.4-Dichiore-phenvhi-ethvll-3-[2-(2.6-dioxe-piperidin-3-vii-1-ox0-
2.3-dihvdro-1H-isoindol-S-vimethvii-urea

Gl 0 Q

HooH N
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{00271] A stirred mixture of 3-(5-aminomethyl-1-oxo0-1,3-dihydro-iseindol-2-y1)-piperidine-
2.6-dione methane sulfonate (0.37 g, 1.00 mmol} and CDI{0.18 g, 1.10 mmol) in N N-
dimethylformamide (10 mL} was heated to 40 'C under nitrogen overnight. 1-(3,4-Dichloro-phenyl)-
cthylamine (0.19 g, 1.00 mmol} was then added and the mixture was heated at 40 C overnight. Water
{60 mL) was added, solid precipitated, was filtered, washed with water (30 mL) and was purified by
preparative HPLC (gradient: CHsCN/H-O: 10/590 for § min, to 100/0 in 10 min, 100/0 for 5 min).
Solvent was evaporated and the residue was triturated in ether (20 mL) for I h. The product was then
isolated by filtration and dried in vacuo 1o give 1-[1-(3,4-Dichloro-pheny H-ethyl]-3-[2-(2.6-dioxo-
piperidin-3-yl}-1-0x0-2,3-dihydro- 1H-isoindol-5-yImethyl]-urea as a white solid (0.084 g, 17% yield):
HPLC: Waters Symmetry Cig, Sum, 3.9 x 150 mm. I mL/min, 240 nm, gradient: CH:ON/L] %
H:PO4: 1090 10 90/10 in 10 min, 90/10 (5 min): 8.57 min (96.68%); mp: 200-202 "C; "H NMR
(DMSQO-dg) & 1.32 (d, J= 7.0 Hz, 3H, CH,), 1.88 - 2.13 (m, 1H, CHH), 2.28 - 2.47 (m, IH, CHH),
2.55-2.70 (m, 1H, CHH), 2.79 - 3.04 (m, 1H, CHH), 4.18 - 4.55 (m, 4H, CH., CH.}, 4.74 {quin, J =
7.0 Hz, 1H, CH), 5.11 (dd, J= 4.9, 13.2 Hz, 1H, CH), 6.51 (5, 1H, NH), 6.66 (d../ = 7.9 Hz, 1H, NH),
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7.20 - 7.46 (m, 3H, Ar), 7.48 - 7.62 (m, 2H, Ar), 7.65 (d,J= 7.7 Hz, 1H, Ar), 10.99 (s, 1H, NHY; *C
NMR (DMSO-dy) 6 22.51, 22.80, 31.20, 42.86, 47.07,48.18, 51.55, 121.61, 122.81, 126.28, 126.70,
127.78, 128.79, 130.14, 130.38, 130.77, 142.26, 145.29, 147.41, 157.20, 167.95, 170.98, 172.85;
LCMS: MH = 489, 491: Anal Caled for CosHuN,O4ClL + 0.9 HyO: C, 54.64, H, 4,75, N, 11.08;
Found: C, 34.27, H, 4.66, N, 10.98.

5.61  1-(3-Chlero-4-(2-(2-methexvethoxviethexyiphenvh-3-({2-(2.6-
dioxopiperidin-3-vh-1-oxoisoindolin-5~vDmethvDurea

[00272] 3~(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-dione
methanesutfonate (1.11 g, 3.0 mmol) and 1,1*-Carbonyldiimidazole (535 mg, 3.3 mmol) were
suspended in dry DMF (20 mL) and the mixture was stirred at rt for 24 h. While stirring, a portion of
the reaction mixture (6.7 mL, ~1 mmol) was transferred 1o a vial containing 3-chloro-4-(2-(2-
methoxyethoxy Jethoxyjaniline hydrochloride (310 mg, 1.1 mmol). The resulting mixture was stirred
af rt overnight and the rcaction progress was monitored by LCMS, After 48 h, additional 3-chloro-4-
(2-(2-methoxyethoxy ethoxy)aniline hydrochloride (56 mg, 0.2 mmol) was transferred to the reaction
mixture and stirring continued for another 24 h. The reaction mixture was acidified with 1 N HCl and
water was added with stirring until a precipitate formed. The solid was collected by filtration, suction
dried, then dissolved in DMF and purified using C-18 preparatory HPLC to give 1-(3-choro-4-(2-(2-
methoxyethoxy)ethoxy)phenyl)-3-((2-(2 6-dioxopiperidin-3-yI}- T-oxoisoindolin-5-ylymethyljurea as a
white solid (390 mg, 72% yield): HPLC:Waters Symmetry Ciy, 5 pm, 3.9 x 150 mm, | ml/min, 240
nm, 30/70 CH;CN/0.1% H3PO;, 5.40 min (99.8%); mp: 188-190 °C; '"H NMR (DMSO-dg) 8 1.92 -
210 (m, 18, CHH), 2.29 - 2.47 (m, 1H, CHH), 2.60 (dd, /= 2.2, 154 Hz, 1H, CHH), 2.82 - 3.01 (m,
IH, CHH}, 3.25 (s, 3H, CH;), 3.46 (dd, J = 3.7, 5.6 Hz, 2H, CH-), 3.61 (dd, J = 3.8, 5.7 Hz, 2H, CH,),
3.73(d, /=47 Hz, 2H, CHy), 4.09 (1, /= 4.9 Hz, 2H, CH,), 4.24 - 4.55 (m, 4H, CH,, CH-), 5.11 (dd,
J=5.1,13.2Hz 1H, CH), 6.77 (t,J = 5.9 Hz, IH, NH), 7.04 (d,./=9.1 Hz, 1H, Ar), 7.19{dd, J =
2.5,9.0Hz, 1H, Ar), 7.38 - 7.49 (m, 1H, Ar), 7.51 (s, 1H, Arx), 7.64 (d, J = 2.6 Hz, 1H, Ar), 7.69 (d,J
= 7.7 Hz, 1H, Ar), 8.65 (s, TH, NH), 10.98 (s, 1H, NH); "C NMR (DMSO-dg) § 22.51, 31.20, 42.80,
47.12, 51.56, 58.05, 68.80, 68.85, 69.84, 71.29, 114.66, 117.58, 11949, 121.24, 121.88, 12291,
126.89, 130.29, 134.53, 142.38, 144.84, 148.40, 155.25, 167.95, 171.01, 172.86; LCMS: MH = 545,
547 Anal Caled for CiHoCINGO, + 0.4 H.O: C, 56.55. H, 5.44; N, 10.15. Found: C, 536.64; H, 5.34:
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N, 10.15.
5.62  Assays
£.62.1 TNFq Inhibition Assay in PMBC

100273] Peripheral blood mononuclear cells (PBMC) from normal donors are obtained by
Ficoll Hypaque (Pharmacia, Piscataway, N1, USA) density centrifugation. Cells are cultured in RPM]
1640 (Life Technologies, Grand Island, NY, USA) supplemented with 10% AB+ human serum
{Gemini Bio-products, Woodland, CA, USA}, 2 mM L-glutamine, 100 U/ml penicillin, and 100

ug/mL streptomycin (Life Technologies).

(002741 PBMC (2 x 10° cells) are plated in 96-well flat-bottom Costar tissue culture plates
{Corning, NY, USA) in triplicate. Cells are stimulated with LPS (from Salmonella abortus cqui,
Sigma catno. L-1887, St.Louis, MO, USA) at I ng/ml final in the absence or presence of
compounds. Compounds provided herein are dissolved in DMSO (Sigma) and further dilutions are
done in culture medium mmediately before use. The final DMSO concentration in all assays can be
about 0.25%. Compounds are added to cells 1 hr before LPS stimulation. Cells are then incubated for
18-20 hrs at 37 °C in 5% CO», and supernatants are then collected, diluted with culture medium and
assayed for TNFa levels by ELISA (Endogen, Boston, MA, USA). ICgs are calculated using non-
linear regression, sigmoidal dose-regponse, constraining the top 10 100% and bottom to 0%, allowing

variable slope (GraphPad Prism v3.02).
5.62.2 1L-2 and MIP-30 Production by T Cells

[00275] PBMC are depleted of adherent monocytes by placing 1 x 10 PBMC in 10 mL
complete medium (RPMI 1640 supplemented with 10% heat-inactivated fetal bovine serum, 2 mM L-
glutamine, 106 U/mL penicillin, and 100 pg/mL streptomycin} per 1€ em tissue culture dish, in 37 °C,
5% CO» incubator for 30-60 min. The dish is rinsed with medium to remove all non-adherent PBMC.
T cells are purified by negative selection using the following antibody (Pharmingen} and Dynabead
(Dynal) mixture for every | x 10° non-adherent PBMC: 0.3 mL Sheep anti-mouse 1gG beads, 15 pL
anti-CD16, 15 ul anti-CD33, 15 ul anti-CD36, 0.23 ml anti-CD19 beads, 6.23 mL anti-HLA class
11 beads, and 56 pL anti-CD14 beads. The cells and bead/antibody mixture is rotated end-over-end
for 30-60 min at 4 °C. Purified T cells are removed from beads using 2 Dynal magnet. Typical yield

is about 50% T cells, 87-95% CD3 by flow cytometry.

{00276] Tissue culture 96-well flat-bottom plates are coated with anti-CD3 antibody OKT3 at
5 pg/mL in PBS, 100 uL per well, incubated at 37 °C for 3-6 hrs, then washed four times with

complete medium 100 pl/well just before T cells are added. Compounds are diluted to 20 times of
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final in a round bottom tissue cuiture 96-well plate. Final concentrations are about 10 uM to about
0.00064 uM. A 10 mM stock of compounds provided herein is diluted 1:50 in complete for the first
20x dilation of 200 uM in 2% DMSO and serially diluted 1:5 into 2% DMSO. Each compound is
added at 10 pL per 200 ul culture, to give a final DMSO concentration of 0.1%. Cultures are
incubated at 37 °C, 3% CO-, for 2-3 days, and supernatants analyzed for IL-2 and MIP-3a by ELISA
(R&D Systems). IL-2 and MIP-3« levels are normalized to the amount produoced in the presence of
an amount of a compound provided herein, and ECs8 are calculated using non-lincar regression,
sigmoidal dose-response, constraining the top to 100% and bottom to 0%, allowing variable slope
{GraphPad Prism v3.02).

5.62.3 Celil Proliferation Assay

[00277] Cell lines Nematwa, MUTZ-5, and UT-7 are obtained from the Deutsche Sammiung
von Mikroorganismen und Zellkulturen GmbH (Braunschwelg, Germany). The cell line KG-1 15
obtained from the American Type Culture Collection (Manassas, VA, USA). Cell proliferation as

indicated by "H-thymidine incorporation is measured in all cell lines as follows.

[00278] Cells are plated in 96-well plates at 6,000 cells per well in media. The cells are pre-
treated with compounds at about 100, 10, 1, 0.1, 0.01, 0.001, 0.0001 and 0 pM in a final concentration
of about 0.25% DMSQO in triplicate at 37 °C in a humidified incubator at 5% CO; for 72 hrs. One
microcurie of 3E§!'~€hymidinc: {Amersham) is then added to each well, and cells are incubated again at
37 °C in a humidified imcubator at 5% CO. for & hrs. The cells are harvested onto UniFilter GF/C
filter plates (Perkin Elmer) using a cell harvester (Tomtec), and the plates arc allowed to dry
overnight, Microscim 20 (Packard) (25 uL/well) is added, and plates are analyzed in TopCount NXT
(Packard). Each well is counted for one min. Percent inhibition of cell proliferation is calculated by
averaging all wiplicates and normalizing to the DMSO control (0 % inhibition). Each compound is
tested in each cell line in three separate experiments. Final 1Cses are calculated using non-lincar
regression, sigmoidal dose-response, constraining the top to 100% and bottom to (%, allowing

variable slope. (GraphPad Prism v3.02).
5.62.4 Immunoprecipitation and Immunoblot

[60279] Namalwa cells are treated with DMSO or an amount of a compound provided herein
for 1 hr, then stimulated with 10 U/mL of Epo (R&D Systems) for 30 min. Cell lysates are prepared
and either immunoprecipitated with Epo receptor Ab or separated immediately by SDS-PAGE.
Immunoblots are probed with Akt, phospo-Akt (Serd73 or Thr30R), phospho-Gabl (Y627), Gabl,
IRS2, actin, and IRF-1 Abs and analyzed on a Storm 866 Imager using ImageQuant software

{(Molecular Dynamics).
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5.62.5 Cell Cycie Analysis

[00280] Cells are treated with DMSO or an amount of a compound provided herein overnight,
Propidium iodide staining for cell cycle is performed using CycleTEST PLUS (Becton Dickinson)
according to manufacturer’s protocol. Following staining, cells are analyzed by a FACSCalibur flow

cytometer using ModFit LT software (Becton Dickingson).
5.62.6 Apoptosis Analysis

[00281] Cells are treated with DMSGO or an amount of a compound provided herein at various
tirme points, then washed with annexin-V wash buffer (BD Biosciences). Cells are incubated with
annexin-V binding protein and propidium iodide (BD Biosciences) for 10 min. Samples are analyzed

using flow cytometry.
5.62.7 Luciferase Assay

[00282] Namalwa cells are transfected with 4 ug of AP I-luciferase (Stratagene) per 1 x 10°
cells and 3 b Lipofectamine 2,000 (Invitrogen) reagent according to manufacturer’s instructions.
Six hours post-transfection, cells are treated with DMSO or an amount of a compound provided
herein, Luciferase activity is assayed using luciferase lysis buffer and substrate (Promega) and

measurcd using a luminometer (Turner Designs).

5.62.8 Anti-Preliferation Assays
[00283] Day 1: The cells are sceded to 96-well plate with S0ul/well in 10%FBS RPMI (w/
Glutamine, w/o pen-strip) for overnight. The following cells are used:

Colorectal cancer ccll: Colo 205 3200cells/well; positive control irinotecan

Pancreatic cancer cell: BXPC-3 1200cells/well; positive control gemcitabine

Prostate cancer cell: PC3 1200cells/well: positive control docetaxel

Breast cancer cell: MDA-MB-231 2400cells/well: positive control paclitaxel
[00284] Day 2: The compounds are serially diluted from 0.06001 pm~10 um (or
0.000001~1 uM) with 50 ul/well (of 2x) and added to the plates in duplicate with relative positive
control. The plates were then incubated at 37°C for 72 hours.
{00285] Day 3: The results are detected by CellTiter Glo method. 100 ul /well of Cell Titer
Glo reagent is added 1o the plates and incubated for 10 minutes at room temperature, and then
analyzed on the Top Count reader. The ICsq of each compound is typically based on the result of two

or more individually experiments.
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563 TNFe Inhibition

[00286] The properties of certain compounds provided herein in ibhibiting TNFo were
assessed using procedures substantially stmilar to those described in Section 6.62.1 above. Tested
compounds included: 1-{2~(2,6-dioxo-piperidin-3-yl}-1-ox0-2,3-dihydro-1 H-isoindol-5-yimethyl]-3-
(4-pyridin-4-ylmethyl-phenyD-urea; 1-[2-(2,6-dioxo-piperidin-3-y{)-1-0x0-2,3-dihydro- | H-isoindol-
S-ylmethyl]-3-(4-hydroxymethyt-phenyl)-urea; 1-[2-(2,8-dioxo-piperidin-3-y1}-1-0x0-2,3-dihydro-

I H-isoindol-5-yimethyl]-3-[3-(2-methyl-2H-pyrazol-3-yl}-phenyl}-urea; 1-{2-(2,6-dioxo-piperidin-3-
yl}-1-ox0-2 3-dihydro-1 H-isoindol-S-yimethyl]-3-[3-(2-methyl-imidazol- -yD)-phenyl]-urea; 1-]2-
(2,6-dioxo-piperidin-3-yi}-1-ox0-2 3-dihydro- 1 A-isoindol-5-yimethy1}- 3-[4-(4-methyl-4 H-
{1,2,4tnazol-3-yD-phenylj-urca; 1-[2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-dihydro- 1 H-isoindol-5-
yimethyl}-3-[3-(2-methyl-thiazol-4-y1}-phenyii-urea; 1-[2-(2,6~dioxo-piperidin-3-yl)-1-0x0-2,3-
dihydro-1H-isoindol-5-yimethyl]-3-[3-(1-methy |- | H-pyrazol-3-y1)-phenyl]-urea; 1-({2-(2.6-
dioxopiperidin-3-yij-1-oxoisoindolin-3-yhmethyl}-3-(3~-(morpholinomethyliphenyburca; 1-((2-(2,6-
dioxopiperidin-3-yi}- 1-oxoisoindolin-5-yDmethyl)-3-(4-methy |- 3-nitrophenylurea; 1-(3-amino-4-
methylphenyl)-3-((2-(2,6-dioxopiperidin-3-y1}-1 -oxoisoindolin-5-yDmethyHurea; 1-{2-(2,6-dioxo-
piperidin-3-yl)-1-0x0-2,3-dihydro- 1 H-isoindol-5-ylmethyt]-3-(3-phenoxy-phenyl)-urea; 1-((2-(2,6-
dioxopiperidin-3-yl)- 1-oxoisoindolin-5-yDmethy1}-3-(4-nitrophenylurca; N-(4- {3-[2-(2,6-dioxo-
piperidin-3-yh)-1-ox0-2,3-dihydro- 1 H-isoindol-5-yImethyl]-ureido} -phenyl)-acctamide; 1-((2-(2.6-
dioxopiperidin-3-y1)- 1-oxoisoindolin-5-yhmethy1)-3-(3-hydroxy-4-methy Iphenyburea; 1-[3-(1H-
benzoimidazol-2-yi}-4-chloro-phenyl}-3-[2-(2,6-dioxo-piperidin-3-vi)- 1 -ox0-2,3-dihydro- 1 H-
isoindol-5-yimethyl]-urea; 1-(4-tert-butyl-cyciohexyt)-3-[2-(2,6-dioxo-piperidin-3-yi)- I-oxo-2,3-
dihydro-1 H-isomdol-5-yimethyl]-urea: 1-{2-(2,6-dioxo-piperidin-3-yI)-I-ox0-2,3-dihydro- 1 -
isoindol-5-yimethy[}-3-(4-methyl-cyclohexyl)-urea: 1-(6-chloro-pyridin-3-y1)-3-[2-(2.6-dioxo-
piperidin-3-yl)-1-0x0-2,3-dihydro-1H-isoindol-5-ylmethyl]-urea; 1-[4-(2,4-difluoro-phenyl}-thiazol-
2-y13-3-[2-(2,6-dioxo-piperidin-3-y1)-1-oxo0-2,3-dihydro- 1 H-isoindol-3-yImethyl]-urea; and 2,2-
dimethyl-propionic acid 3-{5-[3-(3-chloro-4-methyl-phenyli-ureidomethyl}-1-oxo-1,3-dihydro-
isoindol-2-y1} -2 6-dioxo-piperidin- I -ylmethy! ester. The 1Csq values for all of the tested compounds

were determined to be in the range of about 0.2 to 300 nM.

5.64  Anfiproliferation — Namalwa

[00287] The antiprolifcration of certain compounds provided herein werc assessed using
Namalwa cells by following procedures substantially similar to those described in Section 5.62.3
above, The tested compounds included: 1-[2-(2,6-dioxo-piperidin-3-yI)- 1-ox0-2,3-dihydro- 1 H-
isoindol-5-ylmethyl]-3-(4-pyridin-4-yimethyl-phenyl}-urea; 1-[2-(2,6-dioxo-piperidin-3-yl}-1-0x0-
2.3-dihydro- 1 H-isoindol-5-ylmethyl}-3-{4-hydroxymethyl-phenyl}-urea; 1-{2-(2,6-dioxo-piperidin-3-
v 1-ox0-2 3-dihydro- 1 H-1soindol-5-ylmethyl}-3-[3-(2-methy - 2H-pyrazol-3-vi)-pheny!}-urca; 1-[2-
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(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro-1 H-isoindol-5-yimethyl]-3-[3-(2-methy-imidazol- 1 -yD)-
phenyl]-urea; 1-[2-(2 6-dioxo-piperidin-3-y[}- I-ox0-2,3~dihydro- 1 H-isoindol-5-yImethyl]-3-[3-(2-
methyl-thiazol-4-yh-phenyl]-urea; 1-[2-(2.6-dioxo-piperidin-3-yI)-1-0x0-2,3-dihydro- 1 H-isoindol-5-
yimethyl]-3-[3-(I-methyl- 1 H-pyrazol-3-y1)-phenyl]-urea; 1-{(2-(2,6-dioxopiperidin-3-yi)-1-
oxoisoindolin-5-ylymethyl}-3-(3-(morpholinomethyl)phenyljurea; 1-((2-(2,6-dioxopiperidin-3-y1)-1-
oxoisoindolin-5-yDmethyl}-3-(4-methyl-3-nitrophenyljurea; 1-(3-aminc-4-methyIphenyl)-3-((2-(2,6-
dioxopiperidin-3-y1)-1-oxaisoindolin-5-yvhmethyDurea; 1-[2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-
dihydro-1H-isoindol-5-yimethyl}-3-(3-phenoxy-phenyl)-urea; 1-((2-(2,6-dioxopiperidin-3-yI)-1-
oxoisoindolin-5-ylymethyl)-3-(4-nitrophenyHurea; 1-[2-(2,6-dioxo-piperidin-3-yl)-1-0x0-2,3-dihydro-
| H-isoindol-5-yimethyl}-3-[3-(3-methyl-{ 1,2 4Joxadiazol-5-y)-phenyl}-urea; [-(4-tert-butyl-
cyclohexyl)-3-[2-(2,6-dioxo-piperidin-3-yl)-1-0x0-2 3-dihydro- 1 H-isoindol-5-yimethy!}-urca; 1-[2-
(2,6-dioxo-piperidin-3-yi)-1-ox0-2,3-dihydro- 1 H-isoindol-5-yimethyl}-3-(4-methyl-cyclohexyl)-urea;
and 2,2-dimethyl-propionic acid 3- {5-[3-(3-chloro-4-methyl-phenyl)-ureidomethyl]-1-0x0-1,3-
dihydro-isoindol-2-y1}-2,6-dioxo-piperidin- 1 -yimethyl ester. The ICs values for all of the tested

compounds were determined to be in the range of about 0,02 10 40 nM,

5.65 Antipreliferation - PC3

[00288] The antiproliferation of certain compounds provided herein were assessed using PC3
cells by following procedures substantially similar to those described in Section 5.62.8 above. The
tested compounds included: 1-[2-(2,6-dioxo-piperidin-3-y1)- 1-ox0-2,3-dihydro- L H-iscindol-5-
yimethyl]-3-(4-pyridin-4-yimethyl-phenyl)-urea; 1-[2-(2.6-dioxo-piperidin-3-yl}-1-0x0-2.3-dthydro-

1 H-isoindol-5-ylmethyl]-3-[3-(2-methyl-2H-pyrazol-3-ylj-phenvil-urea; 1-{2-(2,6-dioxo-piperidin-3-
yh-1-0%x0-2,3-dihydro-1 H-isoimdol-5-yimethyl}-3-[3-(2-methyl-thiazol-4-yl)-phenyl]-urca; 1-[2-(2,6-
dioxo-piperidin-3-y1)-1-ox0-2 3-dihydro- 1 H-isoindol-5-ylmethyl]-3-[3-( L -methyl- | H-pyrazol-3-y -
phenylil-urea; 1-((2-(2,6-dioxopiperidin-3-y1)- 1-oxoisoindolin-5-yDmethy)-3-(3-
{murpholinomethyDphenylurea: 1-{(2-(2,6-dioropiperidin-3-yl}-1-oxoisoindolin-3-yymethyD-3-(4-
methyl-3-mitrophenyliurea; 1-(3-amino-4-methylphenyl)-3-((2-{2 6-dioxopiperidin-3-y1})- 1-
oxoisoindolin-3-yhmethylurea; 1-{2-(2,6-dioxo-piperidin-3-yI)-1-ox0-2,3-dihydro- 1 A-isoindol-5-
vimethyl]-3-(3-phenoxy-phenyl-urca; 1-((2-(2,6-dioxopiperidin-3-yl)-I-oxoisomndolin-3-yDmethyl)-
3-(4-nitrophenyijurea: 1-((2-(2,6-dioxopiperidin-3-yl}- 1-oxoisoindolin-5-yhmethy}-3-(3-hydroxy-4-
methylphenyljurea; 1-[3-(1H-benzoimidazol-2-y1}-4-chloro-phenyl}-3-[2-(2,6-dioxe-piperidin-3-yi}-
1-0x%0-2,3-dihydro-1H-1soindol-5-yimethyl}-urea; 1-(4-tert-butyl-cyclohexyl)-3-[2-(2.6-dioxo-
piperidin-3-yl)-1-ox0-2,3-dihydro-1H-isoindol-5-ylmethyll-urea; 1-[2-(2,6-dioxo-piperidin-3-yi)-1-
0x%0-2,3-dihydro- 1 A-1soindol-5-yImethyl]-3-(4-methyl-cyclohexyly-urea; 1-(6-chloro-pyridin-3-y1)-3-
[2+2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro- | H-isoindol-5-yimethyl}-urca; 1-[4-(2.4-difluoro-
phenyl)-thiazol-2-y1]-3-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro- | H-isoindol-5-yimethyl]-

urea; 2,2-dimethyl-propionic acid 3-{5-[3-(3-chloro-4-methyl-phenyl)-ureidomethyl}-1-oxo-1,3-
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dihydro-isoindol-2-y1}-2 6-dioxo-piperidin-1-ylmethyl ester; and 1-[1-(3,4-dichloro-phenyl)-cthyl}-3-
[2-(2,6-dioxo-piperidin-3-yi)-1-0x0-2,3-dihydro- 1 H-1soindol-5-ylmethyil-urca. The 1Cs values for

all of the tested compounds were determined to be in the range of about 0.001 to 0.74 uM.

3.66  Antiproliferation - BxPC3

[00289] The antiproliferation of certain compounds provided herein were assessed using
BxPC3 cells by following procedures substantially similar to those described in Section 5.62.8 above.
The tested compounds included: 1-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro- 1 H-isoindol-5-
yimethyl]-3-(4-pyridin-4-ylmethyl-phenyl)-urea; 1-[2-{2,6-dioxo-piperidin-3-yl)- I-ox0-2,3-dthydro-
1 H-isoindol-5-yimethyl]-3-{3-(2-methy - 2H-pyrazol-3-yI}-phenyll-urea; 1-[2-(2,6-dioxo-piperidin-3-
yi}-1-ox0-2,3-dihvdro- 1 H-isoindol-5-ylmethyl]-3-[3-(2-methyl-thiazol-4-y1)-phenyil-urea; 1-[2-(2,6-
dioxo-piperidin-3-yh-1-0x0-2,3-dihydro- 1 H-isoindol-5-yimethy!]-3-[3-( [ -methy}- I H-pyrazol-3-yi)-
phenyl]-urea; 1-((2-(2,6-dioxopiperidin-3-yl}- 1-oxoisoindolin-5-ymethyl)-3-(3-
{morpholinomethyliphenylurea; 1-((2-(2,6-dioxopiperidin-3-yh- I-oxoisoindolin-5-yymethyl)-3-(4-
methyl-3-nitrophenylurea; 1-(3-amino-4-methylphenyl)-3-((2-(2,6-dioxopiperidin-3-yi}-1-
oxoisoindolin-3-yhmethyDurea; 1-[2-(2,6-dioxo-piperidin-3-y1)- 1-0x0-2,3-dihydro- 1 H-isoindol-5-
yimethyl]-3-(3-phenoxy-phenyl)-urea; 1-((2-(2,6-dioxepiperidin-3-yi}-I-oxoisoindolin-5-yhmethyl)-
3-{4-nitrophenyijurea; 1-((2-(2.6-dioxopiperidin-3-y1j-1-oxoisoindolin-5-ylimethy!)-3-(3-hydroxy-4-
methylphenylurea; 1-[3-(1H-benzoimidazol-2-yl}-4-chloro-phenyi}-3-[2-(2,6-dioxo-piperidin-3-y1)-
1-ox0-2,3-dihydro- 1 H-isoindol-5-yimethyll-urea; 1-(4-tert-butyl-cyclohexyl)-3-{2-(2,6-dioxo-
piperidin-3-yl)-1-0x0-2,3-dihydro- 1 H-isoindol-5-yimethyll-urea; 1-{2-(2.6-dioxo-piperidin-3-yI)-1-
ox0-2,3-dihydro-1H-isoindol-5-yimethyl]-3-(4-methyl-cyclohexyl)-urea; 1-[4-(2 4-difluoro-phenyl)-
thiazol-2-y11-3-12-(2,6-dioxo-piperidin-3-y- 1 -ox0-2 3-dihydro- 1 H-isoindol-5-yImethyli-urea; 2,2-
dimethyl-propionic acid 3-{5-{3-(3-chloro-4-methyl-phenyl}-ureidomethyl}-1-oxo-1,3-dihydro-
isoindol-2-y1} -2 6-dioxo-piperidin-1-vimethyl ester; and 1-[1-(3,4-dichloro-phenyl)-ethyl]-3-[2-(2.6-
dioxo-piperidin-3-yi)-1-ox0-2,3-dihydro- 1H-isoindol-S-yimethyl}-urca. The ICy; values for all of the

tested compounds were determined to be in the range of about (.01 to 0.94 uM.

567  Aatiproliferation - MDAMB32]

[00250] The antiproliferation of certain compounds provided herein were assessed using
MDAMB321 celis by following procedures substantially similar to those described in Section 5.62.8
above. The tested compounds included: 1-{2-(2,6-dioxo-piperidin-3-y1)- I-ox0-2,3-dihydro- 1 H-
isoindol-5-yimethyi}-3-(4-pyridin-4-yimethyl-phenyl)-urea; 1-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-
2,3-dihydro-1 H-isoindol-5-yimethyl]-3-[3-(2-methyl-2H-pyrazol-3-y1)-phenyl}-urca; 1-[2-(2.6-dioxo-
piperidin-3-yl)-1-ox0-2,3-dihydro- | H-isoindol-S-ylmethyl]-3-[3-(2-methyl-thiazol-4-y}-phenyl}-
urca; 1-{2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2 3-dihydro- 1 H-isoindol-5-yImethyl]-3-{3-( I -methyl-1H-

pyrazol-3-yl)-phenyll-urea: 1-((2-(2.6-dioxopiperidin-3-yl)- I-oxoisoindolin-5-yhmethyl)-3-(3-
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(morpholinomethyl)phenyhurea; 1-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yhHmethyl)-3-(4-
methyl-3-nitrophenylurea; 1-(3-amino-4-methy Iphenyl)-3-((2-(2,6-dioxopiperidin-3-yl)- I -
oxoisoindolin-3-ylmethylurea; 1-[2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-dihydre-1 H-isoindol-5-
yimethyll-3+(3-phenoxy-phenyl)-urea; 1-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)-
3-(4-nitrophenyhurea; 1-[2-(2,6-Dioxo-piperidin-3-yl)-1-ox0-2,3-dihydro- 1 H-isoindol-5-ylmethyl}-3-
[3-(3-methyl-{1,2,4Joxadiazol-5-yl)-phenyi}-urea; 1-{(2-(2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-
ylmethyl)-3+(3-hydroxy-4-methylphenylurea; 1-[3-(1H-benzoimidazol-2-yl)-4-chloro-phenyl}-3-{2-
(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-dihydro-1H-isoindol-5-yimethyl}-urca; 1-(4-tert-butyl-
cyclohexy)-3-[2-(2,6-dioxo-piperidin-3-y1)- 1-ox0-2 3-dihydro-1 H-isoindol-5-yimethyi}-urea; 1-[2-
(2,6~dioxo-piperidin-3-yl)-1-0x0-2,3-dihydro- 1 H-iscindol-5-yimethyl]-3-(4-methyl-cyclohexyl)-urca;
1-(6-chloro-pyridin-3-y1)-3-{2-(2,6-dioxo-piperidin-3-y1}- 1 -0x0-2,3-dihydro- 1 H-isoindol-5-yhmethyl]-
urea; 1-[4-(2,4-difluoro-phenyl)-thiazol-2-y11-3-[2-(2,6-dioxo-piperidin-3-y1}- 1 -ox06-2,3-dihydro- 1 H-
isoindol-5-yimethyl]-urea; 2,2-dimethyl-propionic acid 3-{5-[3-(3-chloro-4-methyi-phenyl)-
uretdomethyl}-1-oxo0-1,3-dihydro-isoindol-2-yl}-2,6-dioxo-piperidin- 1 -ylmethyl ester; and 1-{1-(3.4-
dichloro-phenyl)-ethyl]-3-{2-(2,6-dioxo-piperidin-3-y1)- I-ox0-2,3-dihydro- 1 H-isoindol-5-ylmethyl]-
urea. The ICs values for all of the tested compounds were determined to be in the range of about 0.4
to 380 nM.

5.68  Antipreliferation ~ Colo285

[00291] The antiproliferation of certain compounds provided herein were assessed using
Colo205 cells by following procedures substantially similar to those described in Section 5.62.8
above. The tested compounds included: 1-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro- 1 H-
isoindol-3-yimethyl]-3-(4-pyridin-4-yimethyl-phenylj-urea; 1-[2-(2,6-dioxo-piperidin-3-yi}-1-oxo-
2.3-dihydro- 1H-isoindol-5-yimethyl}-3-[3-(2-methyl-2H-pyrazol-3-y ) -phenyl}-urea; 1-[2-(2,6-dioxo-
piperidin-3-y1)-1-ox0-2,3-dihydro- | H-isoindol-3-ylmethyl]-3-[3-(2-methyl-thiazol-4-v1)-phenyl]-
urea; 1-[2-(2,6-dioxo-piperidin-3-yl)-1-ox0-2,3-dihydro-1 H-isoindol-5-yimethyl}-3-[3-(1-methyl-1H-
pyrazol-3-ylj-phenyl-urea; 1-((2-(2.6-dioxopiperidin-3-v1}- I -oxoisoindolin-5-yimethyl)-3-(3~
(morpholinomethyl)phenyturea; 1-((2-(2,6-dioxopiperidin-3-vi)-1-oxoisoindolin-5-yhmethyl)-3-(4-
methyl-3-nitrophenvlurea; 1-(3-amino-4-methyiphenyl)-3-((2-(2,6-dioxopiperidin-3-yi)-I-
oxoisoindolin-5-ymethyurea; 1-[2-(2 6-dioxo-piperidin-3-yi)-1-ox0-2,3-dihydro- | H-isoindol-5-
yimethyll-3-(3-phenoxy-phenyly-urea; 1-((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-3-yDmethyl)-
3-(4-nitrophenyliurca; 1-[2-(2.6-Dioxo-piperidin-3-yi)-1-ox0-2,3-dihydro- ] H-isoindol-S-yimethyl]-3-
£3-(3-methyl-{ 1,2 4Joxadiazol-5-y1}-phenyll-urea; 1-((2-(2.6-dioxopiperidin-3-yi)- 1-oxoisoindolin-5-
yhimethyly-3-(3-hydroxy-4-methyphenylurea; 1-[3-(1H-benzoimidazol-2-yl)-4-chloro-phenyl]-3-[2-
(2,6-dioxo-piperidin-3-yl)-1-0x0-2,3-dihydro-1 H-isoindol-5-ylmethyl]-urea; 1-(4-terr-butyl-
cyclohexyl)-3-[2-(2,6~dioxo-piperidin-3-y)-1-0x0-2,3-dihydro-1 H-isoindol-5-yimethyl]-urea; 1-[2-

(2,6-dioxo-piperidin-3-yi}-1-ox0-2,3-dihydro-1 H-isoindol-3-yhmethyl]-3-(4-methyl-cyclobexyl)-urea;
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I-(6-chloro-pyridin-3-y1}-3-{2-(2,6-dioxo-piperidin-3-yi)-1-ox0-2,3-dthydro- L H-isoindol-5-yImethyl]-
urea; 1-[4-(2 4-difluoro-phenyl)-thiazol-2-y1]-3-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro-1H-
isoindol-5-ylmethyi]-urea; 2,2-dimethyl-propionic acid 3-{5-{3-(3-chloro-4-methyl-phenyl)-
ureidomethyl]-1-oxo-1,3-dihydro-tsoindol-2-yi}-2,6-dioxo-piperidin- 1 -ylmethyl ester; and 1-[1-(3,4-
dichloro-phenyl)-cthyl3-3-{2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro- 1 H-isoindol-5-yImethyl]-
urea. The 1Cs values for all of the tested compounds were determined to be in the range of about
0.15 10 130 aM.

{00292} The examples set forth above are provided to give those of ordinary skill in the art
with a complete disclosure and description of how to make and use the claimed embodiments, and are
not intended to limit the scope of what is disclosed herein. Modifications that are obvious to persons
of skill in the art are intended to be within the scope of the following claims. All publications,
patents, and patent applications cited in this specification are incorporated herein by reference in their
entireties as if cach such publication, patent or patent application were specifically and individually

indicated to be incorporated herein by reference.
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What is claimed is:

1. A compound of Formula II:
{ID)

B &

R,/"'\Ir

0
or a pharmaceutically acceptable salt, prodrug, or stereoisomer thereof, wherein:

X is CHy;

m is an integer of 0, 1, 2, or 3;

R*is Capo cycloalkyl, 5 to 10 membered heterocyclyl, 5 to 10 membered heteroaryl, or Cy.
salkyl-NR*'R*; wherein the cycloalkyl, heterocyclyl, and heteroaryl are each optionally
substituted with one or more halogen, C,.¢alkyl, —CO—NR"R*, —COOR®, or Cy., alkyl-
Ce.10aryl, wherein the aryl itself may be optionally substituted with one or more halogen; and
R*, R® R® R*and R* are each independently hydrogen or Cy¢ alkyl.

2. The compound of claim 1, wherein R* is 3-(N,N-diethylamino)propyl, 4-tert-
butylcyclohexyl, cis-4-tert-butylcyclohexyl, trans-4-tert-butyleyclohexyl, 4-methylcyclohexyl, cis-4-
methylcyclohexyl, trans-4-methylcyclohexyl, I-benzylpiperidin-4-yl, 4-methyltetrahydro-2H-pyran-

4-yl, piperidin-4-yl, 4-phenylcyclohexyl, cis-4-phenylcyclohexyl, or trans-4-phenylcyclohexyl.

3. The compound of claim 1, which is:

0o 0
NI
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O,
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4]
I
Mx,

,_L}:Q,

XGY N
O

or a pharmaceutically acceptable salt, prodrug, or stereoisomer thereof.

4. A pharmaceutical composition comprising the compound of claim 1, and one or more
pharmaceutically acceptable excipients or carriers.

5. The pharmaceutical composition of claim 4, further comprising a second therapeutic
agent.

6. The pharmaceutical composition of claim 4, wherein the composition is formulated
for single dose administration,

7. The pharmaceutical composition of claim 4, wherein the composition is formulated as

oral, parenteral, or intravenous dosage form.

8. The pharmaceutical composition of claim 7, wherein the oral dosage form is a tablet
or capsule.

9. The compound of claim 1, wherein X is CH,.

10. The compound of claim 1, wherein m is 1.

11. The compound of claim 1, wherein R*is Cs.jo cycloalkyl, optionally substituted with

one or more (C,.) alkyl or Co4 alkyl-Cg.y aryl.

12. The compound of claim 1, wherein R*is 5 to 6 membered heterocyclyl, optionally
substituted with one or more (C,.4) alkyl or Cyalkyl-Cq g aryl.

13.  The compound of claim 1, wherein R*is Co.4alkyl-NR*R*, wherein R* and R* are

each independently hydrogen or C,. alkyl.

115



10

ISOINDOLINE COMPOUNDS FOR USE IN THE TREATMENT OF CANCER
Abstract

Provided herein are isoindoline compounds such as those of formula (1), pharmaceutical
compositions comprising one or more of such compounds, and methods of their use for treating,
preventing, or managing various diseases. Formula (1}

o 0
NH
R ¥y N’{)“) w
Nea NN e
Ay N
&

No Suitable Figure

R3
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