WO 2010/053732PCT/US2009/062023 ISOINDOLINE COMPOUNDS FOR USE IN THE
TREATMENT OF CANCER 1. FIELD [0001]Provided herein are isoindoline compounds,
pharmaceutical compositions comprising one or more of such compounds, and methods of their use
for treating, BYQEMIPRFHr managing various diseases. 2. BACKGROUNDGTUBRIHIESBIELOGY OF
CANCER AND OTHER DISEASES [0002]Cancer is characterized primarily by an increase in the
number of abnoiBfANEENsiNE GHFRHNB YRR HSi NI THEUR ARG P adjabémRissues by these
abnormal cells, or lymphatic or blood-borne spread of malignant cells to regional lymph nodes and to
distant sites (metastasis). Clinical data and molecular biologic studies indicate that cancer is a
multistep procesBLR1d begins with minor preneoplastic changes, which may under certain conditions
progress to neoplasia. The neoplastic lesion may evolve clonally and develop an increasing capacity

for invasiqpe@rpwth, mﬁi@é&@&iaraﬂqrtret%@a%%t%p@apﬁctaﬂmt@aea%&titmmMitﬁthttge
neoplastic cells escaPet e host's immune su vejllance. Roitt et al. Immunolo 17.1-17.12 (3rd ed.,

Mosbhy, SEESHETG. §§TW§]$hélrlg 156 8 e“’%{o”rsr%%’aé""\?gt‘r%t B eI WK A%are described in
detail in theripredisedsiterature. 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 derAoxERAESIBUSCeptible populations (e.g., people infected with AIDS or excessively
exposed to sunlight) grow. However optrons for the treatment of cancer are limited. For example, in
the case of blood-tancBA LLACLENEE AT N S iEDptsHgare available, especially
when conventional chemotherapy fails and bone marrow transplantatlon is not an option. A
tremendol#fgmand tHerefoiie dxistsforhpwmistihp ds iarrdasoimpesitiohs tHabeamdbectised to treat

patients With-cance--[2004ManY e SR SanseI§ A6 asseciatad Wik new blaod vessakfermation, a
process known fgs anglogenesrs Several of the. mechanisms involved in tumor-induced angiogenesis

have beer dIRMHRIEE A ploat iEpan s i as R REARPRL R oSHERBLBIF U EHE R IMror cells of
cytokines Wit dngiogehivsrojpebidsgiExadnp|agiofiteg saytokines: Ingludecasiditaaimgibasic fibroblastic

growth facigr (Rrb3 fréafoh ANOIAGRIIN m@wa&t@@?@t@a@m REIREVEGEhandHNF-a.
Alternativel %/qgkumor cells can release n néf S)ég)ggtldes throué%h.thg roduction of proteases and the

subsequeltBrEakFBIh BPIRE &% 08 ﬂlar WhEFE-&mE BUtKkine 5% 8 e  g., fI-FGF).
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[0003] There are an snormous variefy of cancers which are described in detaii in the medical
Hterature, 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 to sunlight)
grow. However, options for the treatment of cancer are limited. For example, in the case of blood
cancers (e.g., multiple myeloma), few treatment 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 to treat patients with cancer.

[0004] Many types of cancers are associated with new blood vessel formation, a process
known as angiogenesis, Several of the mechanisms involved in tumor-induced angiogenesis have
been elucidated. The most direct of these mechanisms is the secretion by the tumor cells of cytokines
with angiogenic properties. Examples of these cytokines include acidic and basic fibroblastic growth
factor {,B-FGF), angiogenin, vascular endothelial growth factor (VEGF), and TNF-o. Alternatively,
tumor cells can release angiogenic peptides through the production of proteases and the subsequent
breakdown of the extracellular matrix where some cytokines are stored {e.g., f-FGF). Angiogenesis

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



[0005]A variety of other diseases and disorders are also associated with, or characterized by,
undesired angiogenesis. For example, enhanced or unregulated angiogenesis has been implicated in
a number of diseases and medical conditions including, but not limited to, ocular neovascular
diseases, chB/fAMAEEVAscular diseases, retina neovascular diseases, ribESSR A cularization
of the angle), viral diseases, genetic diseases, inflammatory diseases, allergic diseases, and
autoimmumecdigease sni ftainpiesptsuckadisdasgs@nd covlditesginthide, Btitake not limited to:
diabetic retinopathy, retinopathy of prematurity, corneal graft rejection, ncovascular glaucoma,

retrolental fisgoplasia, athrilis, anshprolifatalive vitasetinonathy. [MRQ6IAscardinglyereeagounds that

can control angiogenesis or inhibit the production of certain eytokines..inclyding TNF-a, may be useful
in the trea‘frr‘rggjsrgllf‘?‘anIc]flp{)tgec\rll(‘—%Sr’lst‘lonor(_)fftx\?"g1 E)Qggr%lagg%sgsmgﬁ %geﬁ?d%%ﬂ%@ﬁéfrkﬁénfﬂ%ﬂ%% ATING

CANCER00b7|C drrensescadcaqdiprd capdivaay/nsligive. Surpetdmepbinondridsyy seviohsrtierapy and/or
radiation yratenitestadicalianeopiasticrellsin apaientises @gwwSiogkdals, k928, Medicine, vol.

3, Rubenstein.and Federman, eds.. Chapt%r 12 § ction IV).,I C Q}Lgacanc rinerapy ould also
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the patienfisStrgeRyamevampielivias Belcontiimeissds aiemnoidnisng: st Pistient or may be
unacceptablad@therpatipai:Adgitnaallyy, surgearnsafeyinaiaompleielw gmoyed) eoplastr tissue.
Radiation ﬁq%r PSY&E%YQEMS?:IL%% Ive-when ‘;pl%&g[%l%ﬁﬂgtissue 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 effectiye, it is often used to prevent
o oy 1200 hdnce of AP dhel GENBPRAETERESHE EHTRBU this RS B8 CHE colle
Biologicaldrefapieskand imiminothérapies bredifnitedhintrambe rehprinayiprotiecewideceffects such as
rashes or gwellipgs,flu-like symptoms, including fever, chills and fatigue, digestive tract problems, or
allergic reactions. [0008]With respect to chemotherapy, there is a variety of chemotherapeutic agents
available for trea%yent f ls AP R cancgFemotherapeutics act by inhibiting DNA
synthesis, either 'wectl“%ﬁl"ﬁiﬁh'%‘m_ﬂw_‘w ndi Yy By INhibiting the biosynthesis of deoxyribonucleotide triphosphate
precursor revent DNA replication and concomitant cell divisjon. Gilman et al., Goodman and
Giman's: PHE Bharma HBEI AP B THE AL e St ARREG AP, RS
[0009]Despitetmvaitatnility ofcedierie ppgiiahe nebshe rapaati ¢sag etss chieirothera pyeiasmenty

drawbacks; giggkealendedicing, val. SnRubensigin.amnd) FRIQIMAR RIS tn&dRIRId 4R Sect. 10, 1998.
Almost all chemgthera e tic agents are toxic, an chmotheraE) causes sifg ificant 3”19 ften
g%l 1 1€ r\?\?d}é X C.
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[0008] 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,
cither directly or indirectly by inhibiting the biosynthesis of deoxyribonucleotide triphosphate

precursors, to prevent DNA replication and concomitant cell division. Gilman ef @/, Goodman and

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

[0009] Despite availability of a variety of chemotherapeutic agents, chemotherapy has many

drawbacks. Stockdale, Medicine, vol. 3, Rubenstein and Federman, eds., Chapter. 12, sect. 10, 1998.
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[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, ch mothergpy and horrnonal therapy, while reducing or
avoiding it%got%xéfilﬁé%ngngf 3? l}sti(fj_‘}é“’Ceﬂ"fgeaér st(g(slgodcr:’% eﬁ T HE CBRCeHHE R HEAIFE. 3. SUMMARY
[001 2] Préwideduh et st iselvtiadiratomponivss amiphaamaceutivalliracceptaitessalts, solvates,

prodrugsaadistaraoisemensthereeh-dQ0l3lAse piided heminarerhaynaceuticalcompgsitions
comprising 2 SAmPOHIC RIONACE NI &0 R g of F LR L nglucing & single
enantiomer. & mixture of Chantiomers, or a mixture of diastaredmars tharest drs %ﬁﬁe’i? ceutically
acceptabl#salrsdmariiespprisadsgitherepr tin esmbsirationonititons or moerphemmacéutically
acceptahle.eauienss isadpharmaseutically acaapiahlesathsoate redig pusteregisomer thereof,
wherein: X is C(-20).or.CH2: Y is 0, cyanamid (N--2N), or amido (NH); m is an integer of O, 1, 2, or 3;
R1is hy regggf’e%&()riaé}.sé) %ﬁﬂ%eﬂw . rbpcé‘ﬁf% Syﬁ‘r%areo ,)qlébﬁ?rﬂﬂ%m NS afis l(%etOdI 6 membered
heteroar{f 2005 &Ry B - B fAE RBE etbrrtardefenid)y o dkiHor IS aikyt-KeRNHCO-C1.6
alkyl, -ORZko&1d¢o 10 membered heteroaryl), where each heteroaryl and heterocyclyl is optionally
substituted with one or more C1.6 alkyl; 12.2 is hydrogen, halogen, -NO2, C0.6 alkyl-(5 to 10

member hws}eroarylb{gg-mm@zﬁ%mdﬁimgggp&f@@d\?ﬁ[%@x%k&@&%gf'bx!n%r“ea 00.2i alkyl-NH2,
-NHCO-C1.6 alkyl, -OR21, or -(CH2-2)0.2-(5 to 10 membered heteroaryl), where each heteroaryl and

hetero Cymﬁg%ﬁﬁ%ﬁ&w%éﬁ@tm@ HS#ith BREv gy 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); Follaman et al., Science 221:719 (1983); and U.S. Pat. Nos. 5,001,116 and
4,964,443,

[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 therapics.
3. SUMMARY

[0012] Provided herein are isoindoline compounds, and pharmaceutically acceptable salts

b

solvates, prodrugs, or stercoisomers thereof,

[0013] Also provided herein are pharmaceutical compositions comprising 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; in combination with one or more pharmaceutically acceptable carriers.



more C1.6 alkyl, R21 is C0.10 aryl, 5 to 10 membered heteroaryl, 5 to 6 membered
heterocyetyl, or - CO(CH2)0,R22, wherein the aryl, heteroaryl, and heterocyclyi are each optionally
substituted with one or more C1.6 alkyl; R22 is -NH2 or 5 to 6 membered heterocyclyL; and Z is CH2,
NH, or 0; with tH® Prdviso thit awhiereiREds Hyerogenytiren R&isonad hifdrogeia br C1.10 alkyl; with the
proviso that when R3 is halogen, then R2 is CO_6 alkyl-(5-6 mempered heterocyclyl). [0013b]in a
second aspect, there is provided a phairageutical co itigh compriging the compound as defined
above, and one or more pharma{:?euticall§ accgptab Ais-gF carrjers, [0014]Further provided
herein are methods of treating, pri tjiA,. oL hanag idus d es in a subject, which comprise
administering to the subject gthet pegticz;@}effective amount of a compound provided herein, e.g., a
compound of Formula I, including gle ehantiomer, a mixture of enantiomers, or a mixture of

diastereomers thereof, or a pharmaceutically acceptable salt, solvate, or prodrug thereof. WO
2(110/053732PCT/US2009/062023 4. DETAILED DESCRIPTION 4.1DEFINITIONS

or z pharmaceutically acceptable salt, solvate, prodrug, or sterecisomer thereof, wherem:

¥ is C(=0) or CHz;

Y is O, cyanamido (N-=N), or amido (NH}J;

m 15 an integer of 0, 1, 2, or 3;

R'is hydrogen or Cy¢ alkyl;

R? is hydrogen, —~NO,, Ci.6 alkyl, Co¢ alkyl-(5 to 10 membered heteroaryl), Co.e allkyl-(5
to 6 membered heterocyclyl), Cos alkyl-OH, Coy alkyl-NH,, -NHCO-C, 4 alkyl, ~OR*, or «(CHpZho~(5
to 10 membered heteroaryl), where each heteroary! and heterocyclyl is optionally substituted with one or
more Cy4 alkyi; '

R® is hydrogen, halogen, —NOs, Cos alkyl-(5 to 10 membered heteroaryl), Co alkyl-(5 to
6 membered hetefocyciyl), Cog alkyl-OH, Co alkyl-NHy, -NHCO-C\ alkyl, —OR*, or (CHz-Z)o.o+(5 to
10 membered heteroaryl), where each heteroary! and heterocyclyl is optionally substituted with one or
more Ty alkyl;

R* is Cyp aryl, 5 to 10 membered heteroaryl, 5 to 6 membered heterocyelyl, or—
CO(CHg)g_an, wherein the arvl, heteroaryl, and heterocyclyl are each optionaily substituted with one or
more C).¢ alkyl;

R¥ is =NH, or 5 to 6 membered heterocyclyl; and

715 CHy, NH, or O;

with the proviso that when R is hydrogen, then R? is not hydrogen or C,.y¢ alkyl;

with the proviso that when R’ is halogen, then R” is Cy alkyl-(5-6 membered

heterocyelyl).

[G0130] In a second aspect, there is provided a pharmaceutical composition comprising the

compound as defined above, and one or more pharmaceutically acceptable excipients or 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., 2 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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[0015]To facilitate understanding of the disclosure set forth herein, a number of terms are defined
below. [0016]Generally, the nomenclature used herein and the laboratory procedures in organic
chemistry,% s’ mistry, and pharmacology described herein are t GAE AR and
commonly employed in the art. Unless defined otherwise, all technical and scientific terms used herein
EAHES DEAONRFPAZGEMmonly understood by one of ordinary skill in the art to which
this disclosure belongs. [0017]The term "subject" refers to an animal, including, but not limited to, a
primate (e.g., humanpeeywighess goat, horse, dog, eat, rabbit, rat, or mouse. The terms "subject”
and "patient" are used interchangeably herein in reference, for example, to a mammalian subject, such

asa h“@ﬁ‘i‘ ubject. [QOLBITIE t%!&%m%ﬁﬁ?"of¥£%%2's%% and, I;B%%tﬂé?e%% fefer o the eradication or
amelioration of a disease or diSorder, or of-one or more symptoms associate with the disease or
disorderefinegbbrdesdt, 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
resultingolyos) the administadiaR-alaRa-0rRAIS PHRRIY GG utbaiaRauC.agents da-agubject with

suchagflsease or délscqrdlecrﬁil%%%%]Th tﬁrms (Hrevent,. ventin nd ention" refer to the

r : r
prevention of the onsat réturrante or Spread ot 8%8%5%50]?8%&%@r‘,’%r‘%ﬁéﬁ’ "0t thore symptoms
thereof ¢nigemdradimplexehitidheoce Uds lpricicfmth etbezatcobitectiised sedor digordernfO020d] The terms
"Mmanaggyr.iManadinthaANde MRAPAGSMEY: FEIShIQIPIEUERING BF SIRWING S PIREFESSIOR, RPread or
worsening, of a disease or djsorder, or of one or more symptoms thereof. Sometimes, the beneficial
effects THEER Qs guRvEL RS M 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[6 &7¢ompouridi¢hety Whbiead riniste redyisislfficiedin o tprewe hnded slop miamttof.gr, alleviate to
some ek OBR 0L ol RSy mRlemS Alh e AlsptdRn isaanener Ganeliion ajng iegled. The

e

term "therapeutically effective amount™ also refers to the amount of a compound that is sufficient to
elicit th&$5ibiBGTERBeThEER P8 FORKECE Rt e e 2Pttt o titiiah WHith is being
sought subject.

[0018] The terms “treat,” “treating,” and “treatment” refer to the eradication or amelioration
of a disease or disorder, or of one or more symptoms associated with the disease or disorder. In
general, 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.

[0019] 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 thercof. In general,

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

[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 thereof.
Sometimes, the beneficial effects that a subject derives from a prophylactic or therapeutic agent do not

result in 2 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 elicit

the biclogical or medical response of a cell, tissue, system, animal, or human, which is being sought



WO 2010/053732PCT/US2009/062023 by a researcher, veterinarian, medical doctor, or clinician.
[0022]The_term "1050" refers an amount, concentration, or dosage of a com ound that is required for
50% inhibftGh Bt 4 Masimal response in an assay that measures such res]f)% We term
pharmaceutlcally acceptable carrler " "pharmaceutlcally acceptable excipient,” "phyS|oIog|cally

material, composition, or vehicle, such as a liquid or solid filler, diluent, excipient, solvent, or

encapsiiaiing materigh,Jp.pne;embRAIMeNt,each CHNNARELY, IS cl?;@?%f ceulinally AgseRtable” in the
uti

sense of being compatible with the other ingredients of a pharmaceutical formulation, and suitable for
use in dGﬂ‘E&"ES\Xﬂ’fﬁ‘%%‘éﬂf@éi}@‘b?f&?rﬁé‘ﬁ’@ﬁhﬁ?ﬁaﬁf iy a?ﬁ?ﬁéi@wmaafwéggm%.cny, irritation,
allergic response, immunogenicity, or other problems or complications, commensurate with a
reasondbl& benefit/riskeation SeerRemingiyrucidpeaBeiender ArfdhRnacticeialP hampabie, 21st Edition,
L'PP'nC%&MﬂW@@@WﬁU@@nf Q@Qﬁ&@@lﬁeﬁ’ %P%yﬁ&@%@%a@é%ﬂ%@&%&%’a}%?'{%'Q”tS Sth

Edition, Rowe et al. hé Pharmaceutical Press and the American Pharmaceutical Association:

2005; ah%mah%ékwmﬁﬂehﬁ@eamﬁm SrdckidifoncAshedifiAshseit g WideBublishing
Compalymg{aﬁﬂs&#\faﬂtﬂweﬁmaiﬁﬁgfmﬂfeﬂhatlﬁnoaadn%@ﬂiﬁwaﬂ;laﬁnh(amcﬁdm CRC Press LLC: Boca

Raton, F 2004 %, Thet m"a qut” or' (ﬁrommat .means an acce Ea efror for a particular
arnracay 1C Cog ta 18 8¢ } e 0iher m
value as'determine y on |nary skillin the-art, W epends In pdrt on Thow the value is

measuré@@méwé?ﬁ#|fﬁ’§@uiﬁl%rﬁa#ﬁéﬁdrb3@dﬂh’éﬁt§1 ‘tﬁéaférfﬁ*hé%m“‘@ﬂfaﬁ%?ﬁh@tw #bans within 1,

2, 3, or ghstandakd.dematians. tnicrytain@mRogimentssihadenin i@l@g@ﬂib@ﬁ @nﬁn@%mt@lws"dmeans
within 50%, 20%, 5% 10%, 9%, 8%, 7%, 66{: %, 4 30/ 20/§ 05% 95% of a |ven value

or rang& TISETF At GLTmSItRGe ﬂﬁgre hof s rle kdalace em s 5 48 zpegﬁen@j' Which is
administeretk;etd Recoraaic Gisbhvation limthrccn@ %lﬁrmquWéHMm:éﬂui@wlyla@;@hta@ﬂé excipients, to a
subject far, iealing AALew %E&Em&aPEﬂBz‘%M%ﬁ?E&H& Ot R rg 2, @Héom%%gm pelisargder, or

disease. As used herein, "active mgredlent and "active substance” may be an og[?tlcallg active isomer
of a corlSGtMeErqEsBRYERIREHSR) 028 PR kot titie st “4HE " Ehdihotherapeutic
agent" redaiotg Astampasingdor Gophartdseticalepmpasititrihereot,wihiCh-igoadmintsiersd to a

subject}og,;[zru ng, C%‘?&?E%lk ﬁﬁ@glﬁr@tlggcgﬁgtgﬁ morg.gymptoms of a condition, disorder, or
i 91911 he term "a %‘

disease. [0027 refers to a linear or branched saturated monovalent hydrocarbon
radical, wherein the alkyl may optionally be substituted with one or more substituents. The term "alkyl"

also enéBMihsses bAtheIFEAT RAHTDPANHPERI MR I TISERS GrhasSERieh K atariént A Raglan value

as determined by one 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%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given value or

range.

[0025] 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, to a
subject for treating, preventing, or ameliorating one or more symptoms of a condition, disorder, or
discase. 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 discase.

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

“alkyl” also encompasses both linear and branched alkyl, imless otherwise specified. In certain
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WO 2010/053732PCT/US2009/062023 embodiments, the alkyl is a linear saturated monovalent
hydrocarbon radical that has 1 to 20 (C1_20), 1 to 15 (C145), Ito 12 (01-12%, 1 to 10 (C140), or Ito 6
(C14 carbgﬁ%%g}wg?g’ls%ranched saturated monovalent hydrocarbon radicaF SfE 1 6@&%3-20), 3to 15
(C3-10, 3to 12 (C3-12), 3to 10 (C3-10), or 3 to 6 (C34) carbon atoms. As used herein, linear C14 and
brancheth&ddaikyl ealips arelalso saiensthas Sioiver laliydcabxampies hhalkyll gs@opsingldde, but are
not limitgd §qcmeffvl, e, propyl (ingluding.allisereeric (sl RPLEBY eRLERY AUV (ncluding all

isomeric forms), n-butyl, isobutyl, t-butyl, pentyl (including all isomeric forms), and hexyl (including all
isomeri@ STy EsdEcarhpie 29 HiRypretés 10 4 ihBatsaturhite d2hbnrovalEnt hdrotaibon radical of
1 to 6 carban.gieasoaERREANGhedSRiiAtaEr ONQ¥AlaRbvrdiaCar ben! adigakef Sstor&sarbon atoms.
[0028]The. jerm "alkenyl” refers t linear or.branched mongvyalent hydrocarban radical, which
comaint o o, 1 AT L A e S e el E a5 Le lkenyt may
be optidiuiydagstiredisieres oreosbsmrernts bihé Geemdiatkedhigtnaigo misacdstyadicals having
"ciZ andsdhans 1 SaRfigalions. iAeMativaly. ofmanNfhd AecaTHOAHO NS @maRPIasiRfed By those of
ordinary skill in the art. As used herein, the term "alkenyl" encompasses both linear and branched
alkeny! SORTEEE Git@RIbE SPGAAGE SPBIRTHHIET 2 8 HIREMPFafBra ™ bl LRt Aeat
monovaleabthudhed setvonechdioalvefAttoy Grearbonralonis D8 & bramehedwnsaturated monovalent
hydrocarbon radical of 3 to 6 carbon atoms. In certain embodiments, the alkenyl is a linear monovalent

hydrocgipisyadical afig {9:204fafP) rdlQ 13 (éalo)oradhd Pk brnbonid {rdO o 13 @ba0r 2 to 6 (C24)

carbon atoms, or a branched monovalent hydrocarbon radical of 3 to 20 (C340), 3 to 15 (C3,15), 3 to
12 (C3-12IB 52655858, 07 BF- 3166 {84 CRBb MBS CEREMpEEor AR P dupEinclude, but are
not limitettetey] eﬁ}elwd)pﬁmmns{xwim@qbembaryhoailylhbbiﬂen;sl, andtémeﬁhﬁQUtemych}The term

"a'ky“y'i-éaﬁéﬁfs%@iﬁg"%%afaﬁé_ branehed MoRayRlen vdacampan: «ay %Fai'r"%‘;&%hu‘%%ﬁ‘&%f‘éso”e or more,

in one embodiment; one to five, carbon-€arbon triple bonds. “The alkynyl may be optidnally substituted
one or rBYECEiekbUBAS O eF s IRy AT <HIsO B hipeis s 5Hth By aftrprEse 8aikyny!,
unless ciherwisespesiiatelycaniain anrbedimenisedhe alkymybis, alinaremosepalentipydrocarbon
radical of 2 to 20 (C5 30), 210,15 (€2 15), 2 10 10(C240), or 210 6 (C54 carbon

unsatprated o orrta

, PUe124C2,12) 210 L0(C2AD) o1 2
atoms, or a branc erd%onovﬁ?é% y rocarbon ra%lc%?%r?lé 8%%)0(6 31?65? qg%%‘f@?_lS), 3to12
(C3,12)m3nevalgnidgirochtben Jatheal (E34) eartion aftonis IEsemiplestotiatopty Hrellipeyineude, but are
Ir)ot ”mitl@@zﬁ?m%%éﬁﬁ'%hﬁ%ﬁdﬁe@?ﬁﬁggdwB?ﬁ%%ﬁ@i%%@?ﬁ%ﬁ)(-(l%?ﬁ,@x?mpt@gﬁggat@lk%(%vg@ferts totaOI
inear unsatur monovalen rocarhon radical o carbon atoms_or a branched unsaturate
sl 1 S R B N B Ly o SR R R
saturatd@-bridgediandionndbie-beidged.mohevaléhs hydbocaribon fadicalcwwdiietamd\eioepsptionally

substituied 00, Qr.f90R ISHRSHTHEDIRNIA £ a’&n@mB pents. g, evelpalkviias iiabada, 20 (C340),
from 3 to 15 (C345), from 3 to 12 (C3-12), from 3 to 10 (C340), or from 3 to 7 (C34) carbon atoms.

Exampl 5 ycloalky| groups include, %)ut WO 2010/053732PCT/US$2009/062023 are not limited to,
cycmprf&f@?, (fyclobutélll? cgiergp%lhiw cyTIBRESG 1 I HEBRyd e R SRR (3531 The term
"aryl" re&ﬁélﬂsftooatmrmcymIincmco’mam?@egtmqmamqmmtmﬁi@cﬁﬂ)mmammleﬁnlamnmxi(ﬂgmlkprﬂdat contain
at leastg b%g’é{%&%m%&ﬁ@{@d}lé'%b@c%ﬁﬁ%&@Bb?ﬂ%&tsal%ﬁ 34;!&%55%%@&9 1#,(C6_20),

from 6 to 15 45), or from 6 to 10 (C640) ring atoms. Examples of aryl groups include, but are not
limited t'S8RERLITHSprtRy Iioralsyt, cbtimshyEPartnd, preraRFrrfyrany theihendis dnd teThenyl.
Aryl alstdeiersiovhiepaliciactrsychiaitarben «ngsong eiong ©f the rings iwaromadic@ad the others of

which may be. saturate rtially unsaturated, or aromatic, for. example, di t indenyl,
a1 o A T e o iy

substituted: witht® he(6p-motdoslibStituerits3 (0032 Fheateonptarslkramieryldikglyrgfamsto a
monovalgnialkek arous substititadwith atddn cadairrbodimentsonotiralkyland aryl may be

optionally substituted with one or more substifuents )
P aﬁmlyq rexl;ers to a lincar unsaturate monova{em hydrocarbon radical of 2 to 6 carbon atoms or a

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

[06030] The term “cycloalkyl” refers to a cyclic saturated bridged and/or non-bridged
monovalent hydrocarbon radical, which may be optienally substituted one or more substituents. In
certain embodiments, the cycloalkyl has from 3 to 20 (Cyop), from 3 to 15 (Cays), from 3 to 12 (Cspa),

from 3 to 10 (Cs.0), or from 3 to 7 (Cs.5) carbon atoms. Examples of cycloalkyl groups include, but

0



[0033]The term "heteroaryl” refers to a monocyclic aromatic group and/or multicyclic aromatic group
that contain at least one aromatic ring, wherein at least one aromatic ring contains one or more
heteroatoERaERERdENtly selected from 0, S, and N. Each ring of a heteF&aASEI8URREE contain one
or two 0 atoms, one or two S atoms, and/or one to four N atoms, provided that the total number of
heteroatomstiinsiaehojngeisfouyoriesband atihaingd, coritaingatieastpre Gaddan atem. The
heteroag){gmype attached to the main structure at any heteroatom or carbon atom which results in
the creation ofa stable compound. In certain embodiments, the heteroaryl has from 5 to 20, from 5 to
15, or from 5 to 10 ring atoms. Examples of monocyclic heteroaryl groups include, but are not limited
to, pyrrdRf3 ﬂﬁ/razolyl,%ﬁrfﬁ%lmw,}”iﬁ?g%&%%w& B SARABY STy HRGHZBRAC 8B IIazoly,
furanyl, dhieayt, oxasieackyty Hoyhspytazioyla fyhivoiciaylopytig arnykan enbezinykExrmgles of
bicyclic heter I s inglude, b ot limited 1o, indolyl, benzothiazolyl, benzoxazolyl,
benzotrﬁégn% ,gaaé)iér?(%lliﬁ(;/‘!‘[%‘fgfr% l){/%ic(f)r(t)(f's']logq ino ir?)lll,@f)slggé?nlotﬁgi%]}%gﬁl ié(l} aS'zo%i%{]H)ger?z%ﬁﬁ%nyl,
indolizirgiPupe HEbHit My Iais Rl era tanyicetironbiyl, Soorerairzulenhenfyyladismssgiiny, indazolyl,
purinyl, pysitopyliciny . furepyesinyh thiere pyediayh diydspiseirao bibandiielr amydraguiolinyl.
Examples af (t’ricyclic hteter%atﬁ/l group inlclléde, b§t are_noctllimite to, (:‘arbazﬂ?'lé/l,r benzindolyl,
phenanthFOiRyT; Achainy pAEHaRtIGIdiny! ARer kan ey AR SR BEHith RO RESaryl may
also be wptiviralfihsdisstphitad. Withroherdrmbre subbyidreapdt 0034 The herin Yaatérocyclyl” or
"heterogyalic R iRrS.I0 S M oNQaHClG RARAABAIEARGRYRIE AN QfMHIfigyclic ring system that

contains at least one non-aromatic ring, wherein one or more of the non-aromatic ring atoms are
heteroam&r?éndepe ent%y sgle?%t(e ,from 0I zéi ?;c Nf; and the remaining ring atoms are carbon atoms.
In certal embodiment HE haTRFILy BTy PEF RETEr &I B SO TGRS 3P 3 S BRPITPEB56 582023 group
has frorr3.tdn2@7thio rr® ddinkSoté bt Gatioy ] @) droph :Batob8 ofrdmallteubsufedmith tadoring@toms. In
certain gmhediments, the heterocyclyl is a monocyclic, 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
optionaﬂé gégdized, th? nitrog‘gin atoms may be optionally quatemized, and some rings may be partially
or fully $3drated, or ArSiifitic PP HelefSETRAN TP HE AL foRfREP sk strIddiat any
heteroatonraic garbp riatamiaizhic e resultsiinmthecoiegtidr ofreestablocompmitdidgxamglesof such
heterocycli fadkala IR, DULALE DALIENRAL® actiling. aesninyl. Aanzimidazalyl, bepzindoly!

benzoisoxazolyl, benzisoxazinyl, benzodioxanyl, benzodioxolyl, benzofuranonyf, ofuranyl,
benzonSPHtHBTRFSRYY BRSSPV RITEHT he AEEHY R prsnipdtat rajamsturaryeddnzbesaahydrothienyl,
benzothialiaz oliii-kenzathnzahl, (herz eshiophanyhdamg siizaivinbenzefhiapyianyl aanzoxazinyl,
benzox benzothiazol -carbolinyl. carbazolyl, chromanyl, chromonyl, cinnalinyl, coumarinyl,
decahy rgig{étaﬁllﬁ ﬁ)lrlllw é?b%ﬁ(gbeﬁ%f% ,IX |11§|1y(§c}1lruo'aﬁérrei}zéllis%1 %z?h%/%og}ﬁ%?gboé%a%%%%ﬁg%f,s%yd rofu?/yl,
dihydropyiryikatiodianb ditsyenepytabingridihyabepypraimyihditireepy ras siyh Silyddiytimidinyl,
dihydropy vk gligxelanyd rihdaditiamydadwanemubheany himigazolidind iiendazalinvd dmidazolyl,

imidazopyridinyl, imidazothiazplyl, indazolyl, indolinyl, indolizinyl, indolyl, jsobenzotetrahydrofuranyl,
sobona ARy TG IR SIS, S BRGSO Kemaoly
isoquindiityikzigsthiazolitiihjdnisotiidizahll;lisoxezblictinyinis exaizoihyinpypliatingl, mdphdkipsidiny |,
octahyoﬁ%g@éybm&%wﬁeea%mﬁ@y&mq19&53% QxArRlidineRYS, axRralidinvlaxazalopyridinyl,
oxazolyl, oxiranyl, perimidinyl, phenanthridinyl, phenathrolinyl, phenarsazinyl, phenazinyl,
phenotiEZBEPHe BT ,"pwalaﬁihfﬁ%%éawiwr}lﬂ?ﬁéﬁaﬁwrflwlgﬂMﬂHHmflﬁfémainy|, purinyl,
pyrazinyknpyrazalitimygbpyalz blylzfudaginybbpyridinyhy hytisopyridioylapyrimidinybiipyrrolidinyl,
pyrroliny].. , QU li inali ' inyl, guinuclidinyl, tetrahydrofuryl. tetrahydrofuranyl,
rray o B et
thiadiaZ8W tetriRiFo RSNy, thrasstien sy rsiebohptermadrognsZnsideiBeoiya nahbrmitgisogrithianyl. In
certain estaesdimesisidieialesyeliaimaynaisa-hesptisnaliysusitiedwith.ane ormeke substituents.
[0035]”%1%%%%9&1“a'f?ﬁe%“'} 'ihaélidel"s{())g"halo" %ﬂfersbt? _fltu rint , chlorine, bramine, and/or iodine.
[0036]T‘f1e terms t'Sdp |ca?f§/yaé%\)éﬂ and dnantionenca )9 adtive™fete e a Colietih of molecules,
which has an enantiomeric excess of no less than about 50%, no less than about 70%, no less than
about 8B¥BHo less tH%A Erolikdousypllicas tetmrardiat ofes e lesotyalicaiso @RS Hvdess than
about 93%sHed@ss thanaeuind4%: Aodassthansak eut Y Aolessihan 2Reut96%. he less than
about 97%, np less than ahout 98%, noél“?ss than about 99%, no Iﬁﬁss trﬁn ahout 99.5%, or no less

than abBaidd B8 R BT84 A BT RS S B SBS F63 FHIRC TSR RySaf SbtiediNactive

compoueizitheepredixes:ResndBoarsuse diteatamotabodiments, the heterocyelyl or heterocyclic



the absolute 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 light is rotated
by the optiWa(ﬁ);odgﬁ\?gé%mpound. The (-) prefix indicates that the compouﬁﬁﬁqwg?&?ﬁ , that is, the
compound rotates the plane of polarized light to the left or counterclockwise. The (+) prefix indicates
that thegzoun posifidnis3deRirdrotatory | thabis,3thel GofpobindSdtates the, plaferaf palatizedolight to the

ight or GiaEKFSHMEYE g AN shonuealistalon. (o end (1 anol elaied edhe sbsolute

configuration of the molecule, R and 038]The term "solvate” refers to a compound provided herein

or a salt¥rievedfbishiery flirkessiadisad e ddsichivmutiero PR AL etbidhibimetaecamiouHtbteBvent bound
by non-gayalessivtrineieauar dereas JMheradhe solvetbisnaieidhe s Maleds e hydrie bd.2
COMPQUNDS [0039]Praovided herein are isoindoline, compaqunds, pharmaceutical compositions
oot B Hr T O S SO el o S D e L o, o
managihgjvetions tistwsasonaiphambcautieatipboceitabld salmmoivatdprades gl vicBtereoisomer

thereof habRISH Xl GHTMIM L f1c Yud$ 1 BnieNPRABIN T Ze My 0L SIHRANE); i8is Rrinteger of O,
l,2,0r3;R.1Is hy(?; %en or C1.6 alkyl; R2 is hydrogen, -NO2, C1.10 alkyl, CO_6 alkyl-(5 to 10
membe? St HEPEPEAN AT 1 b brsBeran hRiarstyen ), ket MRpPESH beBa AN L,

-NHC Ot aikilpRORRZ], bonzofCtd2e@) ) Rx(Eoberity nemtveredhretduoamil), where each heteroaryl and

heterocyglyl,is,QRianASL BSHIHRL MR AN QL MAe1 G 156808 pheny1. betdSdpydrogen, halogen,
-NO2, C04 alkyl-(5 to 10 membered heteroaryl), C04 alkyl-(5 to 6 membered hetefocyclyl), CO_6

), C04 alkyl-(5 to 6 mi
alkyl-O ﬁ?l@@hlmzwuzﬂzwwldfwwelyéﬁ@9112,0814@1@»525-23@_02% fober phdnsBraenikteroaryl),
where eagimheleroanglianddeteroeyclyddsyaptionailyostiastitbéeth furanyt, dihydrobenzisothiazinyl,

dihydrobenzisoxazinyl, dihydrofuryl, dihydropyranyl, dioxolanyl, dihydropyrazinyl, dihydropyridinyl,
dihydropyrazolyl, dihydropyrimidinyl, dihydropyrrolyl, dioxolanyl, 1,4-dithianyl, furanonyl, furanyl,
imidazolidinyl, imidazolinyl, imidazolyl, imidazopyridinyl, imidazothiazolyl, indazolyl, indolinyl,
mdolizinyl, indolyl, isobenzotetrahydrofuranyl, isobenzotetrahydrothienyl, isobenzothienyl,
isochromanyl, isocoumarinyl, isoindolinyl, isoindolyl, isoquinolinyl, iscthiazolidinyl, 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,
quinazolinyl, quinolinyl, quinoxalinyl, quinuclidinyl, tetrahydrofiryl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydropyranyl, tetrahydrothienyl, tetrazolyl, thiadiazolopyrimidinyl,
thiadiazolyl, thiamorpholinyl, thiazolidinyl, thiazolyl, thienyl, triazinyl, triazolyl, and 1,3,5-trithianyl.

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

substituents,

[0035] The term “halogen”, “halide” or “hale” refers to fluorine, chlorine, bromine, and/or
iodine.

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

molecules, which has an enantiomeric excess of no less than about 50%, no less than about 70%, no
less than about 80%, no less than about 90%, no less than abowt 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 about 99.5%, or no less than
about 99.8%.



WO 2010/053732PCT/1552009/062023 with one or more C1.6 alkyl; R21is C6.10 aryl, 5to
10 membered heteroaryl, 5 to 6 membered heterocyclyl, or - CO(CF12)0_,R22, wherein the aryl,

heteroawl,“Xf?(j‘l?f(-ﬁ’{%%7 clyl are each optionally substituted with one or ma?g%'i%%WEWZ is -NH2 or
5 to 6 membered heterocyclyl; and Z is CH2, NH, or 0; with the proviso that when R1 is hydrogen, then
R2 is nqohydiogen omCdestatatodn withihie provisoripaimihen pleisxes thent Blidelhisietdbalegen; and
with the praviso that when Y is 0.and R3 is halogen, then R2 is C.04 alkyl-(5-6 membered
meteroo R R B e D B L T B0, ro0azin
certain épabisdlinepfisalyoist®n af dbeimsb din dnthe Yinedyanariigh aplasredive ersd ddimients, Y is
amido. [QRARIY Ry @iRemhedinetpodis Ch2.p.caktaimambadimentsndolndNEhcldcorain
embodiments, Z is 0. (%0044 In c%ﬁ%mi? em?o imen@, in iSt : i‘|n certain embodiments, i%{js l. In certain
emboditi&nts TR (S LEHAT SnBEaT R A S T M A A BB ENnt&RY is hydrogen.
In certaimedm boldinterits] R4 den@buBdalkybxtrorotatory, that is, the compound rotates the plane of

polarized light to the right or clockwise. However, the sign of optical rotation, (+) and (-}, is not

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

[003%] The term “solvate” refers to a 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 onc embodiment, provided is a compound of Formula I:

6

or a pharmaceutically acceptable salt, solvate, prodrug, or sterecisomer thereof, wherein:
X is C(=0) or CHy;

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

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

R' is hydrogen or Ci alkyl;

R? is hydrogen, ~NO,, Cy.10 alkyl, Cos alkyl-(5 to 10 membered heteroaryl), Co.
alkyl-(5 to 6 membered heterocyclyl), Cy alkyl-OH, Co. alkyl-NH,, -NHCO-C 4 alkyl, ~OR*, or —
(CHy-Z)2-(5 to 10 membered hetercaryl), where each heteroaryl and heterocyelyl is optionally
substituted with one or more Cys alkyl;

R? is hydrogen, halogen, ~NO,, Co alkyl-(5 to 10 membered heteroaryl), Cos alkyl-
(5 to 6 membered heterocyclyl), Co alkyl-OH, Co alkyl-NH,, -NHCO-C,_¢ alkyl, -OR*, or ~(CH,-

Z)o2~(5 to 10 membered heteroaryl), where each heteroaryl and heterocyclyl is optionally substituted



optionally substituted with one, two, or three substitucnts Q as described herein. In certain

embodiment 2R110 0ssrr,}?(,ezthyl [0046]In certain embodiments, R2 is hydrogen cer‘gtalr(l}embodlments
R2is haloav ertain embodiments, R2 is nitro. In certain embodlments 558 &91 8 %kyl In

certain embodlments, R2 is CO0.6 alkyl-(5 to 10 membered heteroaryl), where the heteroawl is
optionalytsubstitutedewith adkid; or more C1.6 alkyl. In certain embodiments, R2 is CO_6 allcyl-(5 to 6

membered heterocy ) uere- s e i RekEvde RGNS '%%&@%@H%@é%\ﬁ’ﬁ@:&@%&&mre C14 alkyl. In
certain embodiments, R2 is C0_b kyl-OH. In certain embodiments, R2 is C04 alkyl-NH2. In certain

embodifidiftEzRRis Kigeohy B@félR@iermﬂa’érf&ﬂ#l@m%ﬁéﬁemaﬁmweﬂlzfum%%w P18 as

describethetsin kilgertain embodiments, R2 is or -(CH2-Y)0_2-(5 to 10 membered heteroaryl), where
the heteroaryl is optlo[gally %{Qs(g t%%%é%é}@d% {1;185[% 1‘911?”(3" In certain embodiments, R2 is

hydrogen, amino, acetamldo hydroxy, nitro, aminome hy roxymethyl, 2-methyl-1H-imidazol-1-yl,
3-methy1-1,2 4- oxad%i%@gbll\mnﬁéfhylplperazm 1-yl)methyl, 2-methyl-2H-pyrazol-3-yl,

1-methyl-1H-pyrazol-3y, 8= sty ihiezakirylisdraeiw-Mdn R2idrsiagalsdad omorphalinomethyl,

(pyridin-4-yl)methyl, lox e gldln 2+ ridin-4-yloxy,
2-aminoacetoxy, or 2 (%Eﬁera (X’ %“ t{l%a}; '}géﬁ?&? gﬁl‘ﬂ%ﬁoﬁ%el -ylacetoxy. [0047]In certain
embodiments, R3 is hydrdmnom@éﬁmﬁlerﬁb@dﬂﬂeﬁ& 1Rl?disg¢ltrdlemibest§m einthddiments, R3 is C04

alkyl- (51;%;1,96;:@@%@55@96 teroaryl), where the heteroaryl is optionally substituted with one or more
C14 alkyl. In certain embo iments, R3 is C04 alkyl-(5 to 6 membered heterocyclyl) where the

heteroc optlon substlt dg{t\}l,é”th re Cl4 alk¥l In certajn e diments, R3is CO_6
iy oA Beriin oS R At A GRS A O RS fo NHCO C12
alkyl. In certain embodiments, R3 is -OR21, wherein R21 is as described herein. In certain
emboditRéfts, R3 is dr q@riR oM dEits ‘i@s@emm@mm@@rm; Witereatiagidetdiorpytis optionally

substitutes Witheareor meie C14 alkyl. In certain embodiments, R3 is hydrogen, amino, acetamido,
hydroxy, nitro, methyl, aminomethyl, hydroxymethyl 2-methyl-1 Himidazol-1-yl,

3-meth A- oxad| Z0l-5-) I 4-m Omethyl a oI3

1-meth béi—lzt’tl)yrazol yﬁrﬁ ?Pny ﬁg/%%pg mé’tﬁelfaiﬁc’i,%f% rlle}éb%és ﬁ mgnrﬁ omomethyl,
(pyridinemidyimethiyl, 4 iyfldin-4-yloxy)methyl, pheoxy pyridin-2-yloxy, piperidin-4-yloxy,
2-aminoacetoxy, or 2-piperazin- | -ylacetoxy. = NH2

[0044] In certain embodiments, m is (. In certain embodiments, mis 1. In certain

embodiments, m is 2. In certain embodiments, m 1s 3.

[0045] In certain embodiments, R' is hydrogen. In certain embodiments, R is C,_¢ alkyl,
optionally substituted with one, two, or three substituents Q 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 Cyig alkyl. In certain embodiments,
R?is Cos alkyl-(5 to 10 membered heteroaryl), where the heteroaryl is optionally substituted with one
or more Ci4 alkyl. In certain embodiments, R*is Cog alkyl-(5 to 6 membered heterocyelyl), where
the heterocyclyl is optionally substituted with one or more C, alkyl. In certain embodiments, R is
Cos alkyl-OH. In certain embodiments, R?is Cou alkyl-NH;. Incertain embodiments, R* is -~NHCO-
Cis alkyl, In certain embodiments, R” is ~OR”, wherein R is as described herein. In certain
embodiments, R* is or ~(CH,-Y)o.-(5 to 10 membered heteroaryl), where the heteroaryl is optionally
substituted with one or more Cy alkyl. In certain embodiments, R” is hydrogen, amino, acetamido,
hydroxy, nitro, aminomethyl, hydroxymethyl, 2-methyl-1H-imidazol-1-yl, 3-methyl-1,2,4-oxadiazol-
5-yl, 4-methylpiperazin-1-yDmethyl, 2-methy!-2H-pyrazol-3-yl, l-methyl-1H-pyrazol-3-yl, 2-
methylthiazol-4-vl, 4-methyl-4H-1,2,4-triazol-3-v1, morpholinomethyl, (pyridin-4-yDmethyl,
(pyridin-4-yloxy)methyl, pheoxy, pyridin-2-yloxy, piperidin-4-yloxy, 2-aminoacetoxy, or 2-piperazin-

10



WO 2010/053732PCT/US2009/062023  or a pharmaceutically acceptable salt, solvate, prodrug, and
Ste e01SOITle hereof. [0049]In another embodiment, provided herein is a congpound of Formula Il
WO 2010/8637%96874452009/062023 (1) or a pharmaceutically accep%ﬁ)Té SAURAR, prodrug,
or stereoisomer thereof, wherein: X is C(=0) or CH2; m is an integer of 0, 1, 2, or 3;

{-ylacetoxy.

[0047] In certain embodiments, R® is hydrogen. In certain embodiments, R is nitro. In
certain embodiments, R? is Co alkyl-(5 to 10 membered heteroaryl), where the heteroaryl is
optionally substituted with one or more Cyg atkyl. In certain embodiments, R is Cos alkyl-(5t0 6
membered heterocyclyl), where the heterocyclyl is optionally substitnted with one or more Cy ¢ alkyl
In certain embodiments, R® is Cy alkyl-OH. In certain embodiments, R?is Co 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 —(CHx-Y)oo-(5 to 10 membered heteroaryl), where
the heteroaryl is optionally substituted with one or more C,¢ alkyl. In certain embodiments, R* is
hydrogen, amino, acetanmdo, hydroxy, nitro, methyl, aminomethyl, hydroxymethyl, 2-methyl-1H-
imidazol-1-y1, 3-methyi-1,2,4-oxadiazol-5-yl, 4-methylpiperazin-1-yDymethyl, 2-methyl-2H-pyrazol-
3-yl, l-methyl-1H-pyrazol-3-y1, 2-methylthiazol-4-yl, 4-methyl-4H-1,2,4-triazol-3-vl,
morpholinomethyl, (pyridin-4-yDmethyl, (pyridin-4-yloxyymethyl, pheoxy, pyridin-2-yloxy,

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

[0048] In one embodiment, the compound is:

Q0
N 0 N O
z NN N, N
N3 bl b
S O HO O

* »
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R4 is C340 cycloalkyl, 5 to 10 membered heterocyclyl, 5 to 10 membered heteroaryl, or C04
alkyl-NR41R42: wherein the cycloalkyl, heterocyclyl, and heteroaryl are each optionally substituted
with one oA HERDGEn, C1_6 alkyl, -CO-NR4A2R44, -000R45, or CO4 aWTLi‘géﬁ%"g%therein the
aryl itself may be optionally substituted with one or more halogen; and R41, R42, R43, e, and R45 are

each independently hydrogen gr Ca ¢ a}gljlg{yl. [0050]In certain embodiments, XAs I-\l}% In certain
embodiments, X is C(&0)[0 nxee(taip-gmbodiments, mis 0. Ih %rt 9%?@15, mis 1. In
certain embodim , r?(i;is . I certaimembodiments, in izg{E%QS In"Certain embddiments, R4 is
C3_10 cycloalkyl, ptionally substituted with one or mor&{€1-"6) alkyl or CO_4 alkyl-C6_10 aryl. In
certain embo flts, R4 is 5 to 6 membered heterocyclyl, optionally substituted with one or more
(C1_6) alkyl o 4 alkyl-C640 awl. In certain embodiments, R4 is C04 alkyl-NR41R42, wherein R41
and R42 are each described herein. [0053]In certain embodiments, R4 is 3-(N,N-diethylamino)propyl,
4-acetamidophenyl, 3-(2- aminoacetaxy)-4-methylphenyl, 3-aminomethyl1-4:mgthylphenyl,
2-aminomethy1-5-methylghe i\%ﬁé@w%yl, 3-amino-4-methyiph SR O #4-methylphenyl,
4-hydroxymethyl Yhy3t -4-méthylphenyl, 3-(2- S - Myl)phenyl,
4-methyl-3-nit yl,B-(3- methy1-1,2,4-oxadiazol-5-yl)phényl ,
4-methyl-3-(2-,p¥|sgjarazin-l-yIacetoxy)-phenyI, 34(4- methy Ipiperazin- 1 -yl)methyl)phenyt, 3-( 1 -methyl-
1 H-pyrazol-3-yOpheny I, 3-(2-methy 1-2H-pyrazol3-yOphenyl, 3-(2-methylthiazol-4-yl)phenyl,
4(4-methy1-4H-1,2,4-triazo|-3-yepherylo3- (morpholinomethypphenyl, 4-(morp old'}nomethyl)phenyl,
4-nitrophenyl, phenyl, 3-(piperidirg4{yloxnphenyl, 4-(pyrdin-4-yl)methylp , P=NH
4-((pyridin-4-yloxy)methyb)phe - in=2X yloxy) phehyh3- " : %ﬁﬂylcyclohexyl,
cis-4-tert-butylc @Io |, hans-4-tertbutylcyclohexyl, 4-meth lohyexyl, cis-4-methylcyclohexyl,
trans-4-methylgyclohexyl, 1- benzylpiperidin-4-yl, ’
4-methyltef?l ydro-2H-pyran-4-yl,4-phenylcyclehexyl, cis-4- phenylcyclohexyl, or
trans-4-phenylcyclohexyl. or a pharmaceutically acceptable salt, solvate, prodmg, or stereocisomer

thereof. or a pharmaceutically accéptable salt, solvate, prodrug, or stereoisorfiefithereof, wherein: X is

. . A NH NH

C(=0) or CH2; m is antntege @0 -2, Op=3; H H N-Go

HoN No N NN
| g

®

2

0 Q
6y e 0 g
Ny N N © HO. NN N Q
§ PO
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WO 2010/053732PCT/US2009/062023 R5 and R6 are each independently: hydrogen, halo, C1..6
alkyl, oxo, -NO2, alkoxy, -Z-C1_6 alkyl" CO_6 alkyl-(5 to 10 membered heteroaryl), CO-6 alkyl-(5 to 6
membered He&HI&REH, CO36 alkyl-OH, CO_4 alkyl-NH2, -NHCO-C1,6 afiA/Ugr9% 062023
or-(CH2-Y)0_2-(5 to 10 membered heteroaryl), wherein Z is S or 502; wherein R21 is as defined
above; wherein each heteroaryl and heterocyclyl above is optionally substituted with one or more C1.6
alkyl; and wherein the alkyl or alkoxy apove may be optionally substituted with qne,or more: halogen;

cyano; nitro; amino; C1,6 @Mio* ?:“C()l-G alkoxy, itself optionw Yitone or more
halogens; or C1.6 thiov lo] substituted with on NQre ; I-COR71 Or
-PO(OR?Z)(OWRM is C140 alkyl, C6.10 a membered heterocyclyl; wherein
the alkyl, arylﬁ terocyclyl may be optionally substitu ith one or more amino, C1.6 alkylamino,

di(Ci_ 6 alkyl)amino, or -COOR74; and R72, R73, and R74 are ach independently hydrogén or CO
alkyl. [0056]In certain embodiments, X. is CH2. In certain embodiments, X is C((:)OE). [0057]In certain

embodiments, in is O. In certain diteqts, inis I. In certain NH
H H N—(* O H H N—{* O
NN Ny N
O Son:
N 0 e’ ¢
| !
o >

O O
N N N O
b
6]

H hig
[ e ©
No# 2 Nz 2
O 0 .
Nl * O HoM
N*I(N ci NYN N o
! 2
N

*

o 9 0 o
N Qﬁ N
H H
N_ N N o - N N ©
hig N
N o]

Q\:NH “ ’

/Q NHHCI D/ °

2

or a pharmaceutically acceptable salt, solvate, prodrug, and stercoisomer thereof.

[0049} In another embodiment, provided herein is a compound of Formula 11:

13



embodiments, m is 2. In certain embodiments, m is 3. [0058]In certain embodiments, R.5 is hydrogen.
In certain e bodirpgnts R5 is halo. In certain embodiments, R5 is fluoro or chloro. %)OSQAIn certain
embodime‘ﬁ’nté,2 Ps:"ﬁ%rogen. In certain embodiments, R6 is halo. In certain embodite: f’s, R6 is
fluoro or chloro. [0060]In certain embodiments, R7 is -COR41, wherein R41 is as described herein. In
certain embodiments, R7 is -PO(0R42))(0R43), whereiff R42, and R43 are each as described herein.

[0061]In one embodiment, the compound is: _ekg pbédrma IHIly acceptable salt, solvate, prodrug,
or stereoisomer thereof, wherein RS ang - efigze 2]In yet another embodiment,
provided herein is a compounqg@fzf—'ﬂrfrﬁﬁ N
m
O

{ID)

or a pharmaceutically acceptable salt, solvate, prodrug, or stercoisomer thereof, wherein:

X 18 C(=0) or CHy;

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

R*is Ca.q0 cyeloalkyl, 5 to 10 membered heterocyclyl, 5 to 10 membered heteroaryl,
or Coq alkyl-NR*R*; wherein the eycloalkyl, heteroeyelyl, and heteroaryl are each optionally
substituted with one or more halogen, C, alkyl, -CO-NR¥™R™, -.COOR®, or Co 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.
[0050] In certain embodiments, X is CH,. In certain embodiments, X is C(=0).

[0051] In certain embodiments, m is 0. In certain embodiments, mis 1. In certain

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

[0052] In certain embodiments, R is Cs.0 cycloalkyl, optionally substituted with one or
more (Cpg) alkyl or Cos alkyl-Ceio aryl. In certain embodiments, R* is 5 to 6 membered heterocyelyl,
optionally substituted with one or more {C,¢) alkyl or Cy, alkyl-Ceqg aryl. In certain embodiments,

R*is Cyy allkyl-NRYR*, wherein R* and R* are cach described herein.

[0053] In certain embodiments, R* is 3-(V, N-diethylamino)propyl, 4-acetamidophenyl, 3-(2-
aminoacetoxy)-4-methylphenyl, 3-aminomethyl-4-methylphenyl, 2-aminomethyl-5-methylphenyl, 3-
aminophenyl, 3-amine-4-methylphenyl, 3-chloro-4-methylphenyl, 4-hydroxymethylphenyl, 3-
hydroxy-4-methylphenyl, 3-(2-methyl-1H-imidazol-1-yl)phenyl, 4-methyl-3-nitrophenyl, 3-(3-
methyl-1,2 4-oxadiazol-5-yDphenyl, 4-methyl-3-(2-piperazin--ylacetoxy)-phenyl, 3-((4-
methylpiperazin-1-yl)methyDphenyl, 3-(1-methyl-1H-pyrazol-3-y)phenyl, 3-(2-methyl-2 H-pyrazol-
3-yl)phenyl, 3-(2-methylthiazol-4-yliphenyl, 4-(4-methyl-47-1,2,4-triazol-3-yDphenyl, 3-
(morpholinomethyl)phenyl, 4-(morpholinomethyl)phenyl, 4-nitrophenyl, phenyl, 3-(piperidin-4-
vloxy)phenyl, 4-(pyridin-4-ylymethylphenyl, 4-((pyridin-4-yloxy)methyl)phenyl, 3-(pyridin-2-
yloxy)phenyl, 3-phenoxyphenyl, 4-fert-butylcyclohexyl, cis-4-fert-butyleyclohexyl, trans-4-tert-
butylcyclohexyl, 4-methylcyclohexyl, cis-4-methyleyclohexyl, trans-4-methyleyclohexyl, 1-
benzylpiperidin-4-yl, 4-methyltetrahydro-2H-pyran-4-yi, piperidin-4-y1, 4-phenyleyclohexyl, cis-4-
phenylcyclohexyl, or frans-4-phenyleyelohexyl.
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or a pharmaceutically acceptable salt, solvate, prodrug, or sterecisomer thereof, wherein: X is Q=0) or
CH2; nis an integer of 0 or 1; R8 is hydrogen or halo; and R9 is hydrogen 0.0r51t0 10
memberetﬂ%ﬁg g "3t heterocyclyl; with the proviso that when mis 0, R% TfH%%W&P%&%n [0063]In
certain embodlments Xis CH2. In certain embodiments, X is C(=0). [0064]in certain embodiments, n is
0. In cejtdifdémbodiments, amis dinf@065H ncegrbainl &mbodiments, R8 is hydrogen. In certain

embodiments, R8 is halo. In certai@ %mbodiments R8 is fluoro or chloro. [00§6}n certain

embodiments, R9 is hydrgge el iémbodlments R9is amln@I I in odlments R9is5
to 10 membered Na? ai bodlments R9is UL h ocyclyl [0067]In
one embodi compoundis: O o}

3

g Q O O
R V@C {)‘
4]
O Q
¥ Foo! %\ff (vjrv@i‘(}
NS O ,

Mﬁjﬁ({f
SO o

0 0 H
/L/j/ \/Ej:lj {): szxﬁ\érmmN{)to

2

A

N
big
st AT

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

[0055] In yet another embodiment, provided herein is a compound of Formula I1I;

/R
0 O /-O
L
N * 0
rd
X

(1)
or a pharmaceutically acceptable salt, solvate, prodrug, or sterecisomer thereof, wherein:
X is C(=0) or CHy;

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



or a pharmaceutically acceptable salt, solvate, prodrug, or stereo so e thereof. [0068]In yet another
embodiment, provided herein is a compound of Formula V: WO 2010/053732PCT/US2009/062023
(V) ora ph‘gﬁr@&%ﬁggﬁy acceptable salt, solvate, prodrug, or stcreoisomgrcﬁ{g%g??’{?{/ #8rin: X is
C(=0) or CH2; inis an integer of O, I, 2, or 3; Rl and R11 are each independently hydrogen,
halo, C1_6 alkyl, or Gttendrifoxycanihaxiire tdendiky hpdrdzany hale @achiuptionallyGubstituted with one or

more halo, [§0R9)ID eertai eriodiments. Y d5, i SELAIR SIbOdImENLs, ity (0070l

certain embodiments, m is 0. In certain embodiments, m is I. In certain émbodiments, in is 2. In certain
embodiRTEReEy i is So16BY tiibl certecdmbbdimiBhts; Ry iggarBBenin certaibtembeatmEnt, Riis

halo. Inmembered heteroaryl),

wherein Z s § or 5Oy
wherein R* is as defined above;
wherein cach heteroaryl and heterocyelyl above is optionally substituted with one or more Cig alkyl;
and
wherein the alkyl or alkoxy above may be optionally substituied with one or more: halogen; cyano;
nitro; amine; Cy alkvlidenedioxy; Cis alkoxy, itself optionally substituted with one or more
halogens; or Cy alkylthio, itsclf optionally substituted with one or more halogens;

R’ is ~COR™ or -PO(OR™)(OR™);

R s Coio alkyl, Ceyp aryl, or 5 to 6 membered heterocycelyl; wherein the alkyl, aryl,
heterocyclyl may be optionally substituted with one or more amino, Ci.¢ alkylamino, di(C;.
s alkyl)amino, or wCOORM; and

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

[0056] In certain embodiments, X is CH,. In certain embodiments, X is C(=0).

[0057] In certain embodiments, m is 0. In certain embodiments, m is 1. In certain

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

[6058] In certain embodiments, R’ is hydrogen. In certain embodiments, R” is halo. In

certain embodiments, R” is fluero or chloro.

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

. . 6 -+
certain embodiments, R is fluore or chioro,

[0060] in certain embodiments, R7 is ~-COR™, wherein R*' is as described herein. In certain

embodiments, R7 is ~PO(OR™)}OR™), wherein R* and R* are each as described herein.

[0061] In one embodiment, the compound is:
o)
2 Q 0 NM

H H ! N N 0
AL o 6y
T S 0
RG
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certain embodiments, R1 is fluor or chloro. In certain embodiments, Rl is C1_6 alkyl, optionally

substituted with one or more halo. In certain embodiments, R1 is C6,10 a
with one oPH&E &8’ 3[%)O?Z]In certain embodiments, I1Z11 is hydrogen. In

B btbonts, R11 i

halo. In certain embodiments, RIl is ‘Moro or ehloro. In certain embodiments, R11 is C1_6 alkyl,

optionally substituted with one or more?

substituted with one or more halQg, W@ 1@]053732PCT/U82009/06202 &3
F3CNH E O o
5e] 5 e
R ‘ *n’ R ?}i’
, R®
Q /'""“O \J-~ Q
ﬂ:‘ 0 Q.
14 IO o
Rs , RS- \(f)r
RG
\ JOH 0,
O Q /"O OH 00
e o O
R @’ \(;)r
R6
s Rf)
0
Saode o s
H i H H WA
N N\@i(N 0 5 N N\/Q;QN{):O
5 R~
R6 , Rf)
0 :
0 Nf'-() 0 /-—O
TJ@C‘% Tm {f
5 0 0 -
RS Cl

/@Qﬂ‘f{f

Ci

HCI

. In certain embodiments, R11 is C640

/QW@EH}

2

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

R* and R® are as defined above.

[0062]

In yet another embodiment, provided herein is a compound of Formula IV:

17

loxy, optionally

CYHN,T.N
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F3CF3C or a pharmaceutically acceptable salt, solvate, prodrug, or stereoisorner thereof. WO
2010/053732PCT/US2009/062023 [0074]In yet another embodiment, provided herein is a compound
of FormulaWﬁ:z(ﬂé)G/?\"/zlfgr a pharmaceutically acceptable salt, solvate, prod’rﬁ&%?%%’%&‘?%émer
thereof, wherein: X is CH2 or C=0 m and n are each independently O or 1;

0O O
R NH, NH
N 'SP S W
TSN X
Rg_—"“‘]‘“"
-

(Iv)
or a pharmaceutically acceptable salt, solvate, prodrug, or stercoisomer thereof, wherein:
X is C(=0) or CH,;
nis an integer of 0 or 1;
R® is hydrogen or halo; and
R’ is hydrogen, amino, or 5 to 10 membered heteroaryl or heterocyelyl;

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

[0063] In certain embodiments, X is CH,. 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, R® is fluoro or chloro.

[0066] In certain embodiments, R’ is hydrogen. In certain embodiments, R is amino. In
certain embodiments, R” is 5 to 10 membered heteroaryl. In certain embodiments, R? is 5 to 10

membered heterocyclyl.

[0067] In one embodiment, the compound is:

N

O ; O s

1 00
NH, NH
0 O ka N 0
NH 1
] N 0 0 .
H,N
O b

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

[0068] In yet another embodiment, provided herein is a compound of Formula V;

i8



pis 0,1, 2, or3; R81is 5 to 6 membered heterocyclyl, optionally substituted with C1_6 alkyl; and 1282
is hydrogen, qr. [0075]In one embodiment, X is CH2. In another e 80 is, C=0.
[0076]In oﬁeSe i(}%’%g%}e‘?nt m is 0. In another embodiment, m is | in anotherem gyg)men??% is0.1In
another embodiment, n is I. [0077]In one embodiment, p is O. In another embodiment, pis I. In
another embodiment, p is 2. In another embodiment, p is 3?[06¥8]In one embodiment, le' is 5
membered heterocycle In another embodiment the ' -

grocyste={h an embodiment, the 6
[ ]In o] bodiment, 12 82 is hydrogen. In

(V)

or a pharmaceutically acceptable salt, solvate, prodrug, or stereoisomer thereof, wherein:
Xis 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 Cso aryloxy,

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

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

embodiments, m is 2. In certain embodiments, m 18 3.

{0071] Tn certain embodiments, R’ is hydrogen. In certain embodiments, R'® is halo. In
certain cmbodiments, R'® is fluore or chloro. In certain embodiments, R™ is C; 4 alkyl, optionally
substituted with one or more halo. In certain embodiments, R™ is Cq4 ;¢ aryloxy, optionally substituted

with one orf more halo.

[0072] In certain embodiments, R' is hydrogen. In certain embodiments, R is halo. In
certain embodiments, R*! is fluero or chlore. In certain embodiments, R' is C alkyl, optionally
substituted with one or more halo. In certain embodiments, R" is Cs.10 aryloxy, optionally substituted

with one or more halo.

[0073] In one embodiment, the compound is:

O 0 O Q
N O N G
Na ¥ MNaN
‘Y ¥
NH Ct NH

2 H

a0 0
N 0 N O
NaN Neor N
T T
NH NH

FyC

¥ Ll
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WO 2010/053732PCT/US2009/062023 or a pharmaceutically acceptable salt, solvate, prodrug, or
stere0|somer thereof 0081]In yet another embodiment,provided herein is a comgq%und of the following
formula: éeutlcally acceptable salt, solvate, prodrug, or steréSidOmePieess

O 0
oy JCSER
N—” O
Ne N N
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NH
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PRO

or a pharmaceuticaily acceptable salt, solvate, prodrug, or stereoisomer thereof,
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[0082]The compounds provided herein are intended to encompass all possible stereoisomers, unless

a particula{v%%qgfégmstry is specified. Where the compound provided h}?&?%&%%?j@f alkenyl or

alkenylene group, the compound may exist as one or mixture of geometric cis/trans (or Z/E) isomers.
Where structural isomers are interconvertible via a low energy barrier, the compound may exist as a
single t&UddAier or a Mixturewhtacttmtnsnt i ddedthiteithie fopmpofpdatOorvG: VI:
2010/053732PCTIUS2009/062023 tautomerism in the compguiad that contains, for example, an imino,
keto, or oxime group; or so-called valence tautomerispad co und that contain an aromatic
moiety. It follows that a single compgund,m XQibi &H‘é e of isomerism. [0083]The
compounds provided herein may be Ey@ﬁiﬁca y pure, such as a single enantiomer or a single
diastereomer, or be stereoisometicHopadties, stich as a mixture of enantiomers, a racemic mixture, or

a diastereomeric mixture. As §uch, one of skill in the art will recognize thrat administration of a
compound in its (R) form is equivalent, for compo(wigls that undergo epimerization in vivo, to

adminisyaln g1 1 oAU RS (SO AR OTaAL IEChiguES fol g preparation/solation of

individual enantiomers | synthesis a suitable optically pure précursor, asymmetric
synthestsifrofr 8ERIFEl starting materials, or resolution of an enantiomeric mixture, for example, chiral
chromaipgraphiy. cecrysiapbaaban; sesalution, diastereomeric salt formation, or derivatization into
diastereo.rsn&ric d(rjgjpts followed by separation. [0084]When the compound provided herein contains
an acidft'or bas cOmC)iety, it may also be provided as a pharmaceutically acceptable salt (See, Berge et
al., 1. PRErin3 Set momiereé haite:yvahd vpaemabp kst PhdmiticautidetSalts, Properties, and Use,” Stahl
and Wegnuth, grggéy\g}%ﬂy@ and VHCA, Zurich, 2002). [0085]Suitable acids for use in the
preparation ofV pharmaceutically acceptable salts include, but are not limited to, acetic acid,

2,2-dichl etic acid, acylated.aminq,acids, adipic acid, alginic acigd, ascqrbic acid, L-aspartic acid,
benzenl@qﬁ&ic acida,nboéiﬁfg?%og‘gi%ﬁ%-aé Eglrﬁfii?j]g]k?lélﬁtz% "}cmé%fg ,%8??0%&&? )-camphoric acid,
camphorsulfonic acid, (+)-(1S)-camphor-10-sulfonic acid, capric acid, caproic acid, camylic acid,
cinnami®@&tid, citric deiencyrkadioatien bytldhexehesutadineatit tdddoyiseilferbeitiment,
ethane-];2edigulfQpicasil gihancswipnic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, Dglucuronic acid, L-glutamic

acid, a- taric acid, glycqlic,acid, hippuric acid, hydrohromic aci ? drochloric acid, hydroiodic
i, (0 b et B R R B T S Ml B R0 (P HATE B,
malonidsasidn @ePhensariddiiecatipl isethanesulfonic acid, naphthalene-2-sulfonic acid,
naphthalene-1,5-disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, nitric acid, oleic acid, orotic
acid,ho@mgjgid, r}alnlﬂt&a%&q?@aﬁ@ﬁi,cﬁt;@l 6|9@<¥§J1_3B?E@%Eéiﬂ)cp&l%jﬂhm&ﬁf@?lﬁ%ﬂmﬁwaﬂ!HI@E)(;C aclifl, _
saccharic acid, salicylic acid, 4-amino-salicylic gcid, sebacic acid; stcaric_acid, succinic acid, sulfuric
et 1R PSR R A S e s BB CORSAIE R A AGRSTBHIE i, anc
valeric acidof00B6[8witeble halbedfunude hnthalpreparationy df phabstacedtiodl(.acdeptable salts,
including, but not limited to, inorganic bases, such as magnesium hydroxide, calcium hydroxide,
potassiyg fydroxidezing hyebaxistia: RS, RAIraEEiBNhBERRIGDARSES nlighmas primary, WO
2010/053732PCT/US2009/062023

[0080] In one embodiment, the compound is:

) { 3 ¢ <
mﬁm {):o fg@/\m“ \/@:j}:@)&;o

2

° ? Y ) Yo

2
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secondary, tertiary, and quaternary, aliphatic and aromatic amines, including L-arginine, benethamine,
benzathine chollne deanol, diethanolamine, diethylamine, dimethylamine, di lamine
dusopropyfgﬁiﬁ% %fd?&thylamlno) ethanol, ethanolamine, ethylamine, etﬁiﬁep @Zﬁ{ﬂg&(}zé
isopropylamine, N-methyl-glucamine, hydrabamine, 1H-imidazole, L-lysine, morpholine,
4-(2-hydroxyethyl)-morpholine, methylamine, piperidine, piperazine, propylamine, pyrrolidine,
1-(2-hydraxyathyl)-pyrrolidine, pyridiae squinuclidine, @Iine isoquinoline, segongdary amines,

H

tHethanolawaitts, trimethylami ethyl e N-methyiB-g ucamlne o
2-amino-2-(hyd Ynediof, and tromethantine ' 6m provided herein
may also be prov aspa prodrug, which i |s a functional derivative af the compound and is readily

convertible into the parent compound in vivo. Prodrugs are often useful because, in some ‘situations,
they may be easier to administer than the parent compound. They may, for mstance be bioavailable

by oral a stratlon whereas the pgr t compound is not. The prodrug may a £0'1 Yayg enhanced
solublllty rmaceutlc co ong’o r the pare compound. A pr : gtonverted into
the parent dru Ing en tl(:.{,,(nea(es and metabolic hydrolysis. See
Harper, Progres rug Research 1962 4, 221 294, drozowich et al. in "Design of ’

Blopharmacetﬂlcal Properties through Prodrugs and Analogs," Roche Ed., APHA Acad. Phartn. Sci.
1977; "Bioreversible Carriers in Drug in Drug Design, Theory and Appllcatlon Roche Ed., APHA
Acad. Pharm. Sci. 1987; "Design of Bto ugs, " Bundgaard, Elsevier, 1985; e a'\r Curr. Pharm.
Design 1999, 5, 265-287; Raul@ttrgt al—4dv . bBgug. Dellvery Rev. 1997 2 I5-25&; Mizen et al.,
Pharm. BTW 65, Gaignadlt et al., mﬁﬁﬁq 190€ 6 96, Asghamejad in
"Transport in Pharmaceutical Systems," Amie EQ Marcell Dekker, 185-218, 2000;
Balant et al., Eur. J. Drug Metal). Pharmacoki net. 1990, 15, 143-53; Balimane and Sink, Adv. Drug
Delivery Rev. 1999, 39, 183-209; Brofgvng Clin. Neuropharmacol. 1997, 20, 1-12; Bundgaard, Arch.
Pharm. Chem 1979, 86, 1-39; Bunde aar ntrolled Drug Delivery 1987, Bundgaard,

. et al., Adv. Dru 96,19, 115-130;
nzymot 1985 112 360-381; al.?J. Pharm. Sci. 1983, 72,
324-325; man‘et al., ©J. Chem. Soc., Chem. Commtin-1991, 875-877; Friis and Bundgaard, Eur. J
Pharm. Sci. 1996 4, 49-59; Gangwar et al., Des. Biophann. Prop. Prodrugs Analogs, 1977, 409-421,
ag<elivery Rev. 1996,

Nathwani and Wood, Drugs 1993, 450866-94; Sinhababu and Thakker, Adv. Dryg
19, 241-273; Stella etal., D%’m@{%}gs; Tan et al., Adv. Drug,Dejiver B e :
117-151; Taylor, 96, 19, 131- 14'(87:%@1(%5“ , Drug Discovery
Today 19 L\L:@Dnﬁllebe and Knaus, Adv. Drug v. 1999, 39, 63-80; and Waller et

al., Br. J. OCI| Pharmac. 1989, 28,497-507. WO 2010)’65%732PCT/U82009/062023 4.3 METHODS
OF TREATMENT, PREVENTION AND MANAGEMENT [0088]In one embodiment, provided herein
are methods of treating, preventing, and/or managing various diseases or dlsorders usmg a compound
provided herein, including a single.en nf g1, a mixture of enantiomers, or aMmixture.Q
dlastereomers thereof, or_ a jjha eytidall oceptabl salt, solyate orf*r : FW/ithout being
limited byfa artlcul)@/\g/R compounds provided h canio@a\gnglogeness or inhibit the
productlonko?]te?aln tokines including, but not limite to T NGE- -a, IL-1[3, 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 f- lgding IL-10, and also act as a cosfimulatprysignal for T cell
activation, resulting in mcrea,eed gduction'gf cytokines such as, but no |i = and/or IFN-7.
In addmdBYEpmp@ pdsprevidederein car’enhance tha€tfe y-mediated
cellular CW@XJGI{M (A 9. Further, compounds pro@rdejd here ay‘be immunomodulatgory and/or
cytotoxic, and thus, may be usethl as chemotherapeutic agents. Consequently, without being limited
by a particular theory, some or all of sych characteristics possessed by the compugds provided
herein may render them useful intgea ng ag|ng and/or preventlng variot se&egor disorders.
In one empodiment, the confhounds vi@g;ﬁ %0089 sgases rcdlsorders
treatabl ‘gﬂ‘ the ds rovided herein include, byt .
with angl enesi p ninc udlng Complex Regional Pain Syffdrome ("CRPS") Macular Degeneration
("MD") and related syndromes, skin diseases, pulmonary disorders, asbestos-related disorders,
parasitic diseases, immunodeficiency disorders, CNS disorders, CNS injury, atherosclerosis and
related disorders, dysfunctional sleep and related disorders, hemoglobinopathy and related disorders
(e.g., anemia), 1NFa 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 described
in U.S. patent nos. 6,281,230 and 5,635,517 to A%%Iler et al., in various U.S. patent publications to
Zeldis, including Publ. Nos. 2004/0220144A1, published November 4, 2004 (Treatment of
Myelodysplastic Syndrome); 2004/0029832A1, published February 12, 2004 (Treatment of Various

Types of Cancer); and 2004/0087546, published May 6, 2004 (Treatment of Myeloproliferative
Dicaacacecl Evamnlec alen inchiide thoce AdAeceribed in PCT/LIRENOA/1A00A filed Mav 5 2004 All of theace
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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; Ia}”{/ﬂﬁeﬁ%(gﬁ?ﬁassages; and AIDS-related cancers. The compoun%%%‘r’é%ﬁ’ﬂgaé%@% are useful
WO 2010/053732PCT/US2009/062023 for treating cancers of the blood and bone marrow, such as
multiple myeloma and acute and chronic leukemias, for example, lymphoblastic, myelogenous,
lymphocytie;*and myelocytic leukemias. The compoundslllprovided herein can be used for treating,
preventing,\or managing either primary or metastatic tymoys. [0092]Other examples of cancers
include, but Yre not limited to, advg@ncgd malignancy, idosis, neuroblastoma, meningioma,
hemangiopericy [ alg_myet e, glioblastgma multiforms gliogfastama,, brain stern
glioma, poor prog - - o ig gligma,
anaplastic astrocytorga, anaplastic oligodendroglioma, neursendgtrire t#nor; ocarcinoma,
Dukes C & D colorectal cancer, unresectable colorectal carcinoma, metastatic hepatocellylar
carcinoma, Kaposi's sarcoma, karotype acute myeloblastic leukemia, chronic lymphocytic leukemia
(CLL), Hodgkin's lymphoma, non-Hodgkin's lymphoma, gsitaneous T-Cell lymphoma, cutaneous B-Cell
Iymphoma,ﬁoﬁ%:se large B-Cell lymphoma, low grade fc@ci?:blar lymphoma, metastatic melanoma
(localized melanoma, including, by ngt limited to, ocularfnelanoma), malignapt mesothelioma,
malignant pletita i lio ndrome, perit i illapy-s@rous carcinoma,
gynecologic sg rcema, is/La &ns cell
histiocytosis, leiomydsarcoma, fibrodysplasia ossificans Cpﬁrogres ve, hormone refractory prostate
cancer, resected higﬁ)—risk soft tissue sarcoma, unrescectable hepatocellular carcinoma, ’
Waldenstrom's macroglobulinemia, smoldering myeloma, indolent myeloma, fallopian tube cancer,
androgen i ﬁépendent prostate cancer, androgen depgndent stage IV non-metastatic prostate cancer,
[ i itive prostate cancer pgpillary thyroid
carcinoma, follic ipama, and Jejigrpfoma.jin certain
embodiments, the ‘ e ¢ang r toryror resistance
to chemotherapy or radiation. [0093]In another embodiment, providéd herein are methods of treating,
preventing or managing various forms of leukémias such as chroniéjlymphocytic leukemia; chronic
myelocytic leukemia, acute lymphoblastic leukemia, acute myelogenous leukemia and acute
myeloblas /@Jkemia, including leukemias that are rellagged, refractory or resisa

e as disclosed in
U.S. Publ. 06/0030594, publishgd February 9, %OO , @ @ Lni\gseﬁggrety by
' ukemmam neop s-Of e HidbeforMinyg tissues. The leukemia

=

reference. The t
includes, butis n edito } oeytic leukemia, chronic myelocytic leukemia, acute

. Cl . . . . .
lymphoblastic leukemiajacute 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 h%d a remission of leukemia after therapy ha\c/)e a return of leukemia
cellsin the‘N row a decreasge._th ngemal blood cells, The term "refractQry of rey t" refers to a
circumstan@rgz/ﬁher tieﬁtﬁe@ﬁgive tre&{n;Nnt, @ reﬁi tQ celisdn their WO
2010/053732PCT/US2009/062023 marrow. [0094]In yetansther enfbodiment, provi herein are

methods of treating, pre\(fenting or managing various types of lympiomas, including Non-Hedgkin's
lymphoma (NHL). The term "lymphoma" refers a heterogenous group of neoplasms arising in the

reticuloendothelial and lymphatic systems. "NHL" refers to malignant monoclon oliferation of
lymphoid Zi";}hhe i syStéh, including lymph ngas, m%yggn, liver and
gastrointestindiNrasi-Exa L Wnctude, but argnot T cell lymphoma, MCL,
lymphocytic lymphoma éf intermediate differentiation, ihtermediate lyhmhocytic lymphoma, ILL, diffuse
poorly differentiated lymphocytic lymphoma, PDL, centrocytic lymphoma, diffuse small-cleaved cell

lymphoma, DSCCL, follicular lymphgmg, and any type of the mantle cell ymphomag that can be seen
under the microsc odtglzr@:%e, tic and mentle zong phoma)~{0095] ples of
diseases anehd; 8 th) cﬁaracter%e\d by, ireﬁ a @- sig ingtitle, but are

not limited 4o, Inflammatayy diseases, autoimmune di Ssa}es, viral digeases, genetic diseases, allergic
diseases, bacterial diseases, ocular neovascular disea es, choroidal neovascular diseases; retina
neovascular diseases, and rubeosis (neovascularization of the angle). Specific examples of the
diseases and disorders associated with, or characterized by, undesired angiogenesis include, but are
not limited to, endometriosis, Crohn's disease, heart failure, advanced heart failure, renal impairment,
endotoxemia, toxic shock syndrome, osteoarthritis, retrovims replication, wasting, meningitis,
silica-induced fibrosis, asbestos-induced fibrosis, veterinary disorder, malignancy-associated
hypercalcemia, stroke, circulatory shock, periodozr%titis, gingivitis, macrocytic anemia, refractory
anemia, and 5g-deletion syndrome.



[0096]Examples of pain include, but are not limited to those described in U.S. patent Pub!. No.
2005/0203142,%?ublished September 15, 2005, which is incorporated herein b¥ reference. Specific

types of p&’ﬁ) if E(&%%"Bat are not limited to, nociceptive pain, neuropathic %%ﬂ ied %};{ﬁ% of

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

thermal burns, cuts of the skin, contysi f the skin, gsteoparthrifis, rheumatoid

and myooﬁgl\“mt?n $98 @ Qathic@i%l(i@g;é{e im e to XeRPS type 1,
CRPS typel, reflex sympg icdystrophy (RSD), reflex neurdvascutar dystfophy, reflex dystrophy,
sympathetically maintainétl pain syndrome, causalgia, Sudeck atropHy of bone, algoneurodystrophy,
shoulder hand syndrome, post-traumatic dystrophy, trigeminal neuralgia, post herpetic neuralgia,

cancer related pain, phantom limb pagp, fibromyalgia, chronic fatigue syndrome, 8p aLHcord injury WO
2010/05 O9/E£;£§jg§n eft post-%;rgke pai iculo, Hiapetiemeuropathy,
post-str ain, d ~and other painful n %ﬁﬁmm ongitions€uch asthose induced by

drugs such as vincristine and velcade. As used herein, the terms "cofMplex regional pain syndrome,"
"CRPS" and "CRPS and related syndromes" mean a chronic pain disorder characterized by one or

more of the following: pain, whether sgogtaneous or evoked, including allodynia (painful response to a
e

stimulus, IS no lly pain h lgesia,fexagget espons ti that is
usually dalynnilgly ); hai ig'dispregpéttionate Qhe | 5 Xg./Years Of Severe pain
after an ankle sprgin); regional pain that is not limited to a single perigheral nerve distribution; and
autonomic dysregulation (e.g., edema, alteration’in blood flow and hyperhidrosis) associated with
trophic skin changes (hair and najl growth abnormalities and cutaneous ulceration). [0099]Examples of
MD ancPFélBbateyrdiviieachefotle St S ot iitedts THOSEHELEHBY in U.S. patent Publ. No.
2004/0091455, published May 13, 2004, which is incorporated herein by reference. Specific examples
include [0/ Hre not limnited tothirophistidey), MbDyidsdibative (wetinMbydgbhefalieod matutopathy (ARM),
choroidal neovascularisation (CNVM), retinal pigment epithelium detachment (PED), and atrophy of

retinal pigment epithelium (RPE)o [@0100]Examples of skin diseas\jes includepbuat are not limited to,
those described iff m 14328A1, publish ‘pﬁé]@iwhich is
incorporated here ' C¥. Spetific examples include; T0 ited to] keratoses and

related symptoms, skifi diseases or disorders characterized with 6vergrowths of the epidermis, acne,
and wrinkles. As used herein, the term "keratosis" refers to any lesion on the epidermis marked by the
presence of circumscribed overgrgwihs of the horny layergincluding but not limgedsto actinic keratosis,
sebonheic keratosis, kefato r‘r%;%r tosis follietlges.(Darier dise myver ollicular
keratosis, pa e m ,%eratosis palmatis efipl ralodis pifafis, and
stucco kerato’ggi?; rm "actinic keratosis" also refers to setile Keratosis, keratosis senilis, verruca
senilis, plan%\‘ senilis, solar keratosis, keratoderma or keratoma. The term "seborrheic keratosis" also
refers to sebon-heic wart, senile wart, or basal cell papilloma. Keratosis is characterized by one or

nodules on expgsed sutfages ., Age, Napds, ears, neck , legs and thorax),excrescgnces of keratin
referred to as cutsﬁ{ﬁor s, hyperkeratosis, telangie a5, ~Pprgme lentigines,
acanthosis, paraKeratosis, dyskeratoses, papillomatosis igmentation of tRe basal cells, cellular
atypia, mitotic figures, abnormal cell-cell adhesion, dense inflammatory infiltrates and small prevalence
of squamouscell carcinomas. [00101]Examples of skin diseases or disorders characterized with
overgrowthg-of the epidermis include, but are not limited to, any conditions, diseases or disorders
marked by the presence of overgrowths of the epidemns, including but not limited to, infections

associated with papilloma .
or a pharmaceutically acceptable salt, solvate, prodrug, or stereoisomer thereof.

[0082] The compounds provided herein are intended to encompass all possible
stereoisomers, unless a particular stereochemistry is specified. Where the compound provided herein
contains an alkenyl or alkenylene group, the compound may exist as one or mixture of geometric
cisftrans (or Z/E) isomers. Where structural isomers are interconvertible via a low energy barrier, the

compound may exist as a single tautomer or a mixture of tautomers. This can take the form of proton
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WO 2010/053732PCT/US2009/062023 virus, arsenical keratoses, sign of Leser-Trelat, warty
dyskerat YD)z righostasis spinulosa (TS), erythrokeratodermia varigtigstzédyhismithyosis fetalis
(harlequin ichthyosis), knuckle pads, cutaneous melanoacanthoma, porokeratosis, psoriasis,
squamous cell carcinoma, confluent and reticulated papillomatasis (CRP), acrochordons cutaneous
horn, coWaBATHREASE GRS A RRREIRY SAEPEmE) f”&lmg’%%ﬁ%’ papuloss nigra r(f?l':gﬁll)l?epidermal
nevus sypdiemedmNS) ishtbyosisouulphnis;ometiuscummecntagicsuih fplerigbatedinges, and
acanthosis nigricans (AN). [00102]Examples. of pulmanary disorders include, but are not limited to,
those d&st ?’CI)bL%eéIIIII’? %ula)’uréprf\l%d 8%%%2&§%‘§f§lgﬁ%gdblished October 27, 2005, which is incorporated
herein by reference. Specific examples include pulmonary hyper_terlsion and related disorders.
Exampl88%flpulmonahy epesradsisavitid reistei o Aerd Sstie Mot ard ot ihiitet to: primary
pulmonaryfvpertensiapi{ AR serendaes puinionanchypertensioh 4SPhxdandiialaPREhesporadic
PPH; precapillary. pulmonary hypertension; pul teri iQny( : nary artery
hyperte%%fb%}i?d%)gg{ﬁﬁ) rp%%%%%?y e%énrltxeltr%b%?t gr%{rr? éﬁ?ﬁsﬁ?{rﬁgﬁggﬁgﬂé rf%%g%ﬁéy({'l%); plexogenic
pulmonaiyiaiteriopatiy commpetiondl i demdsIvIpUmTBh &Y BYRSHERRSh VAR TIHBHEAN R pertension
associgfed, with Jelated 9 r5secondantoin aft e irsulasdyatunatieohmiitalivalvular disease,
constrictive pericarditis, aortic.stenosis, cardiom thy, mediastinal fibrosis,: us pulmonary
venouspé‘?&fiﬁé‘ﬁé/f%ﬁ’&r?éﬁ}d\%ﬁg @éﬁ%ﬁ%@%?sf%%%%%%ﬁ gegselsrl%?/oénsalsa?rﬂg?g%gité, co gaje%ital heart
diseaseyrktvsyiras/inbettionyrdhagis faerd 10xinbssucheasaferdisrahipeytien AGEIIRIHERA Gisease,
p“'mor‘%%’%’r%f‘ %}’%ﬂ}{ QeSO CHARIC.ARS G HVE RURANR dizaasasintersitialdung disease,
ere

sleep-disor reathing, alveolar hypoventilation disorder, chronic exposure to high altitude,
neonat&PHaEea;sE 48y 4 iARIE Bl WW&B&@Q‘,‘%@R@O@@& <SERY&"Bther coagulation disorder,
chronic thromboemboli, connective tissue disease, lupus including systemic and cutaneous lupus,
schisto§o0sisisis, sarcwistesis oppptmananyideplikacinentrngiorradisss b T0G XA 8lBr
asbests-elated disordars sl ulagkiuiedsio. thosedescripagin H51Mubbdio; ARG/0100529
published Mayi , 20 5, which is incorporated herein by reference. Specific exam {ggﬁncl{yde, but are
not Iimif&éﬁ%é?@ﬁé@éﬁ%@ﬂ@ﬁ‘iﬁ?%@b§%s?§?ﬁﬁ§ﬁéyﬁé?ﬁt%‘éuﬁ&?@ﬁf}gigvﬁflﬁg i 'eyﬂ?&%gve efflision, pleural
plaquesyplenrakgalcifigation, diffuse pleural thickening, rounded atelectasis, fibrotic masses, and lung
cancer. [00104]Examples of parasitic diseases include, but are not limited to, those described in U.S.

Publ. Ney RA0GI0L5450, QUBIRFE) 3. ARASADIGH i pearRRIRFLbErRIDID K efacaiee. Parasiic

diseases include diseases and disorders caused by human intracellular parasites such as, but not
limited fotprefagsifaristhtopacstiansid 2AvachorAararias d 2GRl AL ARtSrRURC E‘.’lgﬂle”t i8pica, L. major,
L. tropicRid. «pewicana, L-dapaiiliensissch-Gentin anictetizBe divkryensBddahz @ padvum, C.
cayetanensis, E. histolytica, |. belli, S. mansonii, S, matohi Mg - : plasma
o O BB e e e e
2010/05378RPCIT/ USRIBIOS 2008 pisrsiitediso epi sy NIftst d e e&R566i¢: Babesia canis,
BanesigGibsaniaBrsnaitiadacingisGytasezerndelissaiinatiassn-nhanynansiessspiantiTheileria
Ssp., are also e‘ncompassed. Specific ex?;]n%plgs.incllédel gg%ea)rfen?og(;'{m' (_eq&gdnri@%@ria@,babesiosis,
trypanodBia afdl SeHm G K R PRGBS a AT GO RCaPhA BT S e iasis, giardiasis,
cryptospavigiosis sisaspatiasisc oytlospevidsisimilogponliiosid, biseuriaatil thickokragis, acid,
ancylos{omias. UeNIMAINIANS ulRKeeAAsis. ighinosis:. Imehall filasinsis: anehoaaraiasis.
filariasis, schistosomiasis, and dermatitis caused by animal schistosome " [1001() |Examples of
immunodekisestdy didoradis arduronGest FTIHER S AL SERRFBEAMS TS, Publ. No.
2006/01g84irai-puhlishedidugusi-p4¢aR06, whishifshtcoipordteticherzimbyhefaenoscSpicific
examples inclide, butnot Imited \o: adenosinadeaminazedeicisnmadanindideicigncy with normal
or eleval&dIgs, a gxra-{enlangjiectasm, dare lymphocyte syndfome, common variable =
immunopleficlanisycid. deficiesieiFwritderchine 15 heaiy tnanadrnpnsligalisenideiikgric
immunogleficiengy with dhsmemadrelicwiaheisganesisINextlolsyndiameissledtiveidg® subclass
deficiency, transient hyp %g{rgm?%lobgl(ipe ia of infancy, Wistcott-Aldrich syndrome, X-linked
agammé@ﬁ%’ﬁ?ﬂ%%? HiKEG seve s combinie immunodeficiency. [00106]Examples of CNS
disorders include, but are not limited to, those described in U.S.

[0086] Suitable bases for use in the preparation of pharmaceutically acceptable salts,

including, but not limited to, inorganic bases, such as magnesium hydroxide, calcium hydroxide,

potassium hydroxide, zinc hydroxide, or sodium hydroxide; and organic bases, such as primary,
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Publ. No. 2005/0143344A1, published June 30, 2005, which is incorporated herein by reference.
Specific examples include, but are not limited to, include, but are not limited to, Amyotrophic Lateral
Sclerosis, R9 8?1%%?33%%5& Parkinson Disease, Huntington's Disease, %ﬁﬁé‘@%@&%@ other
neurohnmunological disorders such as Tourette Syndrome, delerium, or disturbances in
consciosssnessthatteocundventarsher tignod ofitimeyaan dreimncstimdigpldegiondisoragimismory

mpairmenta Al Oea e, RbReAGE ALALST SRRl RERALA SR RBRIISILS. [00107Examples

of CNS Iinjuries and related syndromes include, but are not limited to, those described in U.S. Publ.
No. 2008y bsipesiisHeditmne; el whs ke of Pokutder nehisyiseiatence. Specific
examplespagivEe,ibytese:mol-imied:ia, Kohbhining/damage and related syndromes, include, but are
not limited to, primary brain injury, secandary_.brain injury, traumatic brain injury., focal brain injury,
ituse 4o A B R ron and
laceratiofcsbrupatdmaemarelide hal-hedratorial postolidie ad s epsyctisnic vegetative
state, complale, Reduinoampieia 86l aAtE SGhasbhAGME B FRIRIC Sthytantaheokgigindrome,
Brown-Seoluard.s rfrome, anterior cori i}/q rome g{gn&us %ledulla'is syndrome, Ganda equina

e 3¢ Vel 'of

syndrome e W?‘g‘ﬁ%@k&g TRRYBRGER Lafreraee ONERfOHENEEs, headache, nausea,
emesis, memory loss, dizziness, diplopia, blurred vision, emotional lability, sleep disturbances,
irritabilityéGRability to dbacenmatad nenidedhes behalyidrabimpdidmentredyaitkivcléfieit, and seizure.

WO 20 1/05c43dRHH2ARUN6043 [9010RIQIherisease:Rt diedars.inplds hulinot limited to,

viral, genetic, allergic, and autoimmune diseases. Specific examples include, but not limited to, HIV,
hepatitid St S PTERaRy Yt reas Sy RATBInE BERE T BEY (Bb AR d8L SErpbIRE Mo RARPt
inflamnmmﬂdeﬁh%mmmsamﬁcﬁibx@&hpwmsmmm@s,vﬂwiqﬁmk, hemodynatnic
shock, SERSIS,RY AL e, PSR ENR G LSRRI GNP REOHRSIS i Rlic Hisease,

cachexia, graft versus host disease, graft rejection, auto-immune disease, rheumatoid spondylitis,
Crolm'sCyREeRsRATEIiE EPARPETED it T AR RS (BT dike e daratiIfple Beleri e mepRI g -lupus
erythremaiogsug EAthdicl pRiesysrad alien damage AN GRE BSiM &, 05-ByNeOXig Riveslar injury.

00109 m therosclergsis and related ditions include,,but are not limited,to, those
ocloa T o R A oD e B ST R R G ARSI 00
referenced Sipeleitic’ Sashigids A chiittAremotcinted BianRirhs SrubndinshsgmveIviag
atEerOSQ@ﬁgﬁ,isan ﬁiﬂ&ﬁfﬁﬁﬂ@éiﬂ?f@ﬁé Eal.wgiﬁmmwnﬁm .Skeh @@,?ﬁm?glﬁ&:]vl-&;ﬁ{gﬂ,ﬂg,
atherectomy an arfting. S of vascular_ intervention cont t the disclosure,
e, e L Rl i iy T B S R Eela o v
angiopldstg. peroutafen UStaronans idiervéntioe @RCHeperbinenkedd8trdhstdmminal Gerpnralyet
angioplapty(] GA% ernlid ARIGHARGN US SIARSMMIRaT ARGIGR!ARRL(RT A pratRRakYAY-pass grafting,

angioplasty with stent implantation, perlifheral percutaneous transluminal intervention of the iliac,

femoral BF 5BPite4 4P ficd:: Sfld Yarestar ks Ehtor v PRt ghalelantidiie diai: The following

chart previdesaiistmipod thé, o sysierme artetiskothial niaydoReitvargathoft IRt -aliof which are
contempjalad, by %9&%8#91%%%0\/."9@)9%9! 033/ Balfelid SHOPHANAO LI by P28l Atga Supplied
Axillaiy Shoulder and axifla

Bundgaard, Controlled Drug Delivery 1987, 17, 179-96; Bundgaard, Adv. Drug Delivery Rev. 1992,

8, 1-38; Fleisher et al., Adv. Drug Delivery Rev. 1996, 19, 115-130; Fleisher et al., Methods Enzymol.

1985, /72, 360-381; Farquhar et al., J. Pharm. Sci, 1983, 72, 324-325; Freeman et al., J. Chem. Soc.,

Chem. Commun. 1991, 875-877, Frils and Bundgaard, Eur. J. Pharm. Sci, 1996, 4, 49-59; Gangwar et

al., Des. Biopharm. Prop. Prodrugs Analogs, 1877, 409-421; 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., Adv. 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; Wiche

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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Brachial Upper arm Brachiocephalic Head, neck, and arm Celiac Divides into left gastric, splenic, and

hepatic arteries C?mr7non carotid Neck Common iliac Divides into externak?:%%isrﬁt(%r}oa(;lzi{l}izasc arteries
Coronary Wé%\??ﬂé’éf) f&moral Thigh Digital

4.3 METHODS OF TREATMENT, PREVENTION AND MANAGEMENT

10088) 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 thercof, 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-q, IL-18, TL-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, IL-12 and/or IFN-y. In addition, compounds
provided herein can enhance the effects of NK cells and antibody-mediated cellular cytotoxicity
(ADCC). Further, compounds provided herein may be immunomodulatory and/or cytotoxic, and
thus, may be useful as chemotherapeutic agents. Consequently, without being limited by a particular
theory, some or all of such characteristics possessed by the compounds provided herein may render
them useful in treating, managing, and/or preventing various discases or disorders. In one

embodiment, the compounds provided herein are cytotoxic.

[0089] The diseases or disorders treatable with the methods provided herein include, but are
not limited to, cancer, disorders associated with angiogenesis, pain including Complex Regional Pain
Syadrome (“CRPS™), Macular Degeneration (“MD”) and related syndromes, skin diseases, pulmonary
disorders, asbestos-related disorders, parasitic diseases, immunodeficiency disorders, CNS disorders,
CNS injury, atherosclerosis and related disorders, dysfunctional sleep and related disorders,
hemoglobinopathy and related disorders {e.g., anemia), TNFo 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
described 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 Myelodysplastic Syndrome); 2004/0029832A1, published February 12, 2004
(Treatment of Various Types of Cancer); and 2004/0087546, published May 6, 2004 (Treatment of
Myeloproliferative Diseases). Examples also include 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 as
melanoma; lymph node; breast; cervix; uterus; gastrointestinal tract; lung; ovary; prostate; colon;
recturn; mouth; brain; head and neck; throat; testes; thyroid; kidney; pancreas; bone; spleen; liver;

bladder; larynx; 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, preventing, or managing either primary or

metastatic tumors.

[0092] Other examples of cancers include, but are not limited to, advanced malignancy,
amyloidosis, neuroblastoma, meningioma, hemangiopericytoma, multiple brain metastase,
glioblastoma multiforms, glioblastoma, brain stem glioma, poor prognosis malignant brain tumor,
malignant glioma, recurrent malignant glioma, anaplastic astrocytoma, anaplastic oligodendroglioma,
neurcendocrine tumor, rectal adenocarcinoma, Dukes C & D colorectal cancer, unresectable
colorectal carcinoma, metastatic hepatocellular carcinoma, Kaposi’s sarcoma, karotype acute
myeloblastic leukemia, chronic lymphocytic leukemia (CLL), Hodgkin’s lymphoma, non-Hodgkin’s
Iymphoma, cutancous T-Cell lymphoma, cotaneons B-Cell lymphoma, diffuse large B-Cell
lymphoma, low grade follicular lymphoma, metastatic melanoma (localized melanoma, including, but
not limited to, ocular melanoma), malignant mesothelioma, malignant pleural effusion mesothelioma
syndrome, peritoneal carcin.orﬁa, papillary serous carcinoma, gynecologic sarcoma, soft tissue
sarcoma, scleroderma, cutaneous vasculitis, Langerhans cell histiocytosis, lciomyosarcoma,
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-insensitive 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.

[0093] In another embodiment, provided herein are methods of treating, preventing or
managing various forms of leukemias such as chronic lymphocytic leukemia, chronic myelocytic
Teukemia, acute lymphoblastic leukemia, acute myelogenous leukemia and acute myeloblastic
leukemia, including feukemias 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
term “leukemia” refers malignant neoplasms of the blood-forming tissues. The leukemia tncludes, but
is not limited to, chronic lymphocytic leukemia, chronic myelocytic leukemia, acute lymphoblastic
leukemia, acute myelogenous leukemia and acute myeloblastic leukemia. The leukemia canbe
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 to a

circumstance where patients, even after intensive treatment, have residual leukemia cells in their
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[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
Iymphatic 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 tract.
Examples of NHL include, but are not limited to, mantle cell lymphoma, MCL, lymphocytic
lymphoma of intermediate differentiation, intermediate lymphoeytic lymphoma, ILL, diffuse poorly
differentiated lymphocytic lymphoma, PDL, centrocytic lymphoma, diffuse small-cleaved cell
lymphoma, DSCCL, follicular lymphoma, and any type of the mantle cell lymphomas that can be

seen 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 Hmited to, inflammatory diseases, autoimmune diseases, viral
discases, genetic discases, allergic diseases, bacterial diseases, ocular neovascular diseases, choroidal
neovascular diseases, retina neovascular diseases, and rubeosis (neovascularization of the angle).
Specific examples of the discascs and disorders associated with, or characterized by, undesired
angiogenesis include, but are not limited to, endometriosis, Crohn’s disease, heart failure, advanced
beart failure, renal impairment, endotoxemia, toxic shock syndrome, osteoarthritis, retrovirus
replication, wasting, meningitis, silica-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 to those described in U.S. patent Publ.
No. 2005/0203142, published September 15, 2003, which is incorporated herein by reference.
Specific types of pain include, but are not limited to, nociceptive pain, neuropathic pain, mixed pain

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

[0097] Examples 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 include, but are not limited to, CRPS type I, 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 neuraigia, post herpetic neuralgia,

cancer related pain, phantom limb pain, fibromyalgia, chronic fatigue syndrome, spinal cord injury
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pain, central post-stroke pain, radiculopathy, diabetic neuropathy, post-stroke pain, luetic neuropathy,
and other painful neuropathic conditions such as those induced by drugs such as vineristine 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 spentaneous or evoked, including allodynia (painful response to a 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 event (e.g., years of severe pain after an ankle sprain);
regional pain that is not limited to a single peripheral nerve distribution; and autonemic dysregulation
(e.g., edema, alteration in blood flow and hyperhidrosis) associated with trophic skin changes (hair

and nail growth abnormalities and cutaneous ulceration).

{0099] 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 diseases include, but are not limited to, those described in U.S,
Publ. No. 2005/0214328A1, published Scptember 29, 2005, which is incorporated herein 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 term “keratosis” refers to any lesion on the epidermis marked by the presence of
circumscribed overgrowths of the horny layer, including but not limited to actinic keratosis,
seborrheic keratosis, keratoacanthoma, keratosis follicularis (Darier disease), inverted follicutar
keratosis, palmoplantar keratoderma (PPK, keratosis palmaris et 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 cutaneous 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.

[00101] 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 limited to, infections associated with papilloma
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[00110]Examples of dysfunctional sleep and related syndromes include, but are not limited to, those
disclosed W 3% BB 2No. 2005/0222209A1, published October 6, 2005,P &/Wigﬁzloso%oé&%%rated herein
by reference. Specific examples include, but are not limited to, snoring, sleep apnea, insomnia,
narcolcpsys, resitesd legeyadimef SleepTieinrsasieépiwalking Sldg)p teativpsandidysfariCiional sleep

associalRhil SIRRIS GHRIeQIEAL of RlanMaten canAlipR®:RIRNG Agurplopiaa! or inflammatory

conditlong, include, but are not limited to, Complex Regional Pain Syndrome, chronic low back pain,
musculesRarers TpRimoATRNE FeTlifBHatify PAIR HsSBRRYE SIS EERe®R: ittBHPANh, chronic
fatigue synpdrame.yiseetrbpaiorbiaddesRadonshianicpansreatitisenaiepathigs(dirbeiityma
post-herpetic, traymatic or inflammatory neyrodegenerative dis rS. el
2010/0§§‘7§3’5@#@§§%8§%% Ig%rgﬁ)%%qgf Ilneégﬁ?s% g%%sggg?omgEéeﬁbr%%rl(éy}\rﬁoesg’s‘giﬁarlﬁ?otrophic
lateral otéhosisy muiplessularosizo rdntivigtensaDisdage nigampkiddsia; muscle rigidity; parkinsonian
tremor; parkinsonian gait; motion freezing; depression; defective long-term memory, Rubinstein-Taybi
syndromgn (BT1S); dementipiposhirabinsiabiiivi-RyRokinetic disodeisisy aaein disetblars multiple
system atrophies; stri I eneration; olivopant ebellar.atrophy: Shy-Drager syndrome;
motor n O%Eﬁgg%s&é?&v%%%ﬁ%%s 1%%?5&8%%?%%@@%&%@%% c|:§1;'p¥faa§3 %éﬁgfgoﬁ disorders;
progressiftecsepraputiearpaldys tohibopdsabdedeneraton fshrdaah goeaide mieatwiemtloid
pathology disardets. mild:coanitivadmrrime i Mzheimer diseaseuith parkinspnissralyilson disease;
Hallervorden-Spatz disease; Chediak-Hagashi disease; SCA-3 s_pinocereb%ﬂﬁataxia; X-linked
dystoni®PaFEHEIhiERDp ?ﬁfﬁ‘lﬂﬁ%ﬁ@?ﬂ%&%ﬁ?&lﬁ%ﬁf&%;ftr’:’l}i‘b{?@f;%ﬁlﬁg ¢ t/Etonia tremors;
AmyotrephigilatealiSchare digtAkiS)CNSsaumararial hypoctosius. (O] hifixampy esaf
hemoglobingpathy. and related, disqr. &l '5} %%h QHB%%Q iﬁ%tr% o J‘HS’ serihed in U.S. Publ.
No. 200? eﬁf&%ﬁ%ﬁ({io Bfgﬁsﬁ%%%%}?e %%é 2%}(4)5 i/vhiclh istinq(%rporag%diheré%% 123 reft—??ence. Specific
examplelsHReRIHe BRI BREY BB ETIARRB B HEHY GBBFOAHY PetRR GE BsIER R aM any other

disordepzralated topthe QifermpiiatienaiCRBAH aells sfofidalkxamplesahENfafandiother cytokines
related disorders 'ncl&lde but are not limited.to thc%ge gescribed in WO %8/03592 ncf 0 98/54170,
1 I ) <

mitral valvolar diseade, consirictive pericarditis, ao 0518, cardiom athy, mediasting] fiDrosis,
both of WhICln are mcorporateasherelnifn eir enfire |esel51y referencey(@peglflc examples include, but

are not fimiteth e pelhnivtoxeriaus froRiesnsbRosprUYoMmeccdatrrdireed o hgspiratedy diseess

syndrorgg, Rang reseuiiadistases suehios, ariutisg weey salsemiairraliagr suscHost Reaction;
cerebral malaria; inflammation; tumor grovv%w; chrogi%qulmo ary infl mmatory ql%se??es; reperfu.sion
injury: ryBE IR R R P RE LI T S e e MESTO B T RS M HIV
infectionliandeAIRS;: ditheledid braehingudicaBrhepmattidientiistiserhdumatoidosporidyiigh, osteoarthritis
and other arshrific,condiiong.SepUs shack. iepissSpaaiovashosksdall valausheshligease, wasting,

Crohn's disease, ulcerative colitis, multiple sclerosis, systemic lupus erythromatosis, ENL in leprosy,

HIV, AR Gppbrilissthosbeicna e RIDESuadie e s HISHrier SIsifon - S EpHBSHdck, sepsis,
endotoxigysh ackistremosys amicishack antnsepsisyidydmespdshisctiemie reperfusion injury, malaria,
mycobacterial infection, meningitis, psoriasis, congestive heart failure, fibrotic disease, cachexia, graft

rejectiongefigagenic qr canceroHsLonditions, AN AURITRILRG diseass, fadialioa.damages, and
hyperoxic alveolar injury; viral infections, such as those caused by the herpes viruses; viral
conjunctiviti$ ik %é&oé@ﬂrﬁ%@s published May 12, 2005, which is incérporated 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] Examples of parasitic discases include, but are not limited to, those described in U.S.
Publ. No. 2006/0154880, published July 13, 2006, which is incorporated herein by reference.
Parasitic diseases include diseases and disorders caused by human intracellular parasites such as, but
not limited to, P. falcifarium, 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. cayetanensis, E. histolvtica, I. belli, S. mansonii, S. haematobium, Trypanosoma Ssp.,

Toxoplasma ssp., and O. volvulus. Other diseases and disorders caused by non-human intracellular
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[00113]In certain embodiments, the use of compounds provided herein in various immunological

applications, i ticular, as vaccine adjuvants, particularly anticancer vaggi ' as disclosed
BelAuis g

in U.S. Pu 048327, published March 1, 2007, which is incorporate rein in its entirety
by reference, is also encompassed. This aspect of the disclosure also relates to the uses of
compountssigrovicedt.ihut o bindtibrwitheyackinissRebreat oripievenvdanoar. Weeyoitia

2010/033732F €14 o200 %06 2023 orinfeqtinns Aisease snanflather VAlIQUS NS 8% Bhpassed.

immunomodulatory compounds such as reduction or desensitization of allergic rea tions. .
[001141P98PER G BITHH LEhARGHS BREGHEE bt BIRBHRE B e a1 é*ssf%f B 88fdition, a
compouachprewiced hen@igomaypbdidsininistor e dhyaekakipaienteraip(esporihtamissgulassis,
intraperligneal ARl Gk agRIRMALIeRion oL IsIR- SHRGUARRRNS Injection, o

implant), inhalation, nasal, vaginal, rectal, sublingual, and/or topical (e.g., ransdemml or local) routes
of admikiSeFatIaHS-rieh RNP HETBRRN fatesio Rachritgatie i @5 tatnb U S Srat dvigRatits
pharmagguicallyraceepiciblesmabicle, carrier, diluent, excipient, or a mixture thereof, appropriate for
each route of administration. [001151The dose may be in the form of one, two, three, four, five, six, or

more s s that ar 1K [QPki jl. Ie o he b-doses can be
admini;rtee?i%%i the fogrxn%@qg%é}lai%%ﬁﬁﬁ?g&ﬁ%ﬁﬁ?%%%%%%gb%%fpﬁ)ﬁfrigt%yggg} lfrt] %%éo%o%n"? from about 0.1

to aboufBebaIGN O Fdivbb BoaBoift td BHoutrrbishey drerstidé. it arbishdy pera MEfRIR and if the
conditiory eéthenpatigni-reeuites Homeinse samdymiay of, alianaiyeshemadrastisieied asigepntinuous
infusion, [o0118lin cerain embodiments. a0, appropriate dosags leyel s 200}, 001 o abaut 100 mg
per kg p i&iit'Ho i/%/\?é}i"‘élhat 8’&? ‘éye m@sfkg per day ,ga[’)outao. of%&mg? g’per (ﬁlay, about 0.01
to abouv@Birirgikgwaridsicmyalsoia 008 tovihdupardsigAeppren dhyinwiikilprmayg bdddirinistered in

single ofRiiRISERRESwAsHiiAbIR.dRSROG: BV AaY, Be AU, AR0 aheutd G mgkesper day, about
0.05 to about 50 mg/kg per day, or about 0.1 to gﬁ?ut 10 m%gggﬁ{ day. Within thl%ra ge, the dosage

may be 45615180125 SH P B M A8l E T8 AL P botieT 0t Ao ut P o atibii 10 to about 50
mg/kg perdayg[0ilihdkerdialkadreivisttatidmdahephaxrigteetical compositions can be provided in the
form of tablets containing 1.0 to 1,000 mg of the active ingredient, particularly about 1, about 5, about

10, abopighpeqbout 28, ARALE Z%: @D aKbRE-saRAkE BudheubAaliaPe Ul r0ia09H:30; @bout 250,
about 300, about 400, a bout 600, about 750, about 800, abqut 900, and about 1,000 mg of

bout 500, al
the activ@ihgrecidny Yo7 i Symipliitiatd WeidSulint SR Hosage s s SRR Ets B treated. The
compostpensiaraynipgcadriinistenead-omnalnegixhenioflidko HitimesopBmdayanstugingpbicesttmice, three

fimes, a04.IQULITER: RS BRLJOFLREN W BaUNAakRIRRd: BNEXer vl ibeaRsaliG gse level and
requency or dosage
q ngm‘oimmun?)logicai disorders such as Tourette Syndrome, delerium, or disturbances in consciousness

that occur over a short period of time, and amnestic disorder, or discreet memory impairments that

occur in the absence of other central nervous system impairments.

100107] Examples of CNS mjuries and related 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 inj'ury, head injury, concussion, post-concussion
syndrome, cerebral contesion and laceration, subdural hematoma, epidermal hematoma, post-
traumatic epilepsy, chronic vegetative state, complete SCI, incomplete SCJ, acute SCI, subacute SCI,
chronic SCI, central cord syndrome, Brown-Sequard syndrome, anterior cord syndrome, conus
medullaris syndrome, cauda equina syndrome, neurogenic shock, spinal shock, altered level of
consciousness, headache, nausea, emesis, memory loss, dizziness, diplopia, blurred vision, emotional
lability, sleep disturbances, irritability, inability to concentrate, nervousness, behavioral impairment,

cognitive deficit, and seizure.
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for any particular patient may 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, bodngiéﬂtﬂ,@é‘ﬁézral health, sex, diet, mode and time of administratigﬁ??%§%08?/8§(%}2é3tion, drug
combination, the severity of the particular condition, and the host undergoing therapy. WO
2010/0587827 CT/US2082062023 dsdECOND AGTHY ErAGEN, {0l htecompaiinds provided
herein may. also.be;combined oF used. in.combination Wil Qe herapsLie.A0RNIR.YSefuljn treating,
preventing, and/or managmb various diseases or disorders ?or which the compounds provided herein
are usefifit'tsisBdieved mareerdisncbvbimatiBRE PR Siergisteaissastheltamtitient of
particulay dypes:6figlispaseriek, disrrderdoand canditicnsantisispicnsassosiatadayitiisuch diseases
or disorders. A compound provided het_reiné inglud' %s@&lg enanlt_i%rger g&n;_gtg%%sgthesgasgtiomers, or
a mixture Of diastereomers ’fhr%’riélgﬁm "R ’6%Oair1rr?és(§eu ica y acséeéﬁ?éltﬁe §§¥? soR/a‘fe, or proarUQ thereof,
can alsgraforkiddiaticvittenanver di wfe chevmsssod apetdyitis cervhinssbesord Wetivevagehts, and vice
versa. [991Arg&hﬁﬁyumm%yge,thﬁ1&§ﬁ%aia-&@g@aatimag&§IH?%&B%@@, eAmar e shag, one

therapeutic agents. However, the use of the term "in combination” does not restrict the order or route
in whicHHE SD SUMRSE ERTE & R TR ISR f* Y &UHj&BEWith 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 (€009 min, T miple30frtheratBlanisis dndreRtads;ohdinons ihekidt2bhrsruphiig)ivg tirs, 72 Ms, 96
hrs, 1wk, & WkSos iS4 VekB1 RS0 s ssdh ksl 2Ks, befarelnencataliantiesitier
subsequent to (e.g., 5 min, 15 min, 30 min, 45 min, 1 hr, 2 hrs,l4 hrs, 6 hrs, 12 hrs, 24 hrs, 48 his, 72
hrs, 96 PSR RRICe WRRSifis FRanicoiRs g,y iR B koo 1o maalsrefiians J8tiiération of a
seco_nt_:l ztmef@qa&uﬁma@emﬂ@gast&nj_sm d&ebegmeﬂrc{ﬂia_ﬂﬂddfm 8l H@Hﬁ&i@,atpﬁiﬁ@qlar route of
adminisfration Sl e%fIPnEa&ﬁ‘%ﬁ;‘%&%@%&h‘%@%‘%&%’%ﬁ%Pe%‘o%t% Ne.86 Yﬁe%%%[&%'ﬁ%e” (e.g.,

whether it can be adniinisteted orally without decomposing prior to entering the blood stream) and the

diseasesdidperdisteds H tertaidienisslehigabiysetsushashimisetdisirdop-dsmbounds provided
herein igQrahidi,CoEtBiIRLEROAIMRMNSHhe Jauiesol agdministcationdanihmsacendgctive agents or
ingredients provid ein are those as descriped in Physicians Desk Reference, 1755:1760 (56th
e 20035 NS e B R THe SO AR Tt 1 e Rha S0y or
subcutamatusiytanihones ortaniermibginhere bppsuinoi simdbonel inealsoieno60 Hies. from about 5

to about300.Mg »Ham ARAUL L0 41 3Rt BRI MGiBh i abautoRto.AlRu 208nanT he specific
amount of the second active agent will depend on the srgecifiﬁggent used, tlaegﬁ)e of disease being
G S ia

treated BV ATERAGEY RHY'SSVA/RY NagRIst HidsRi? AR BREESS BY0ANs provided
herein andvhil optiomamaticitidiyahadtiveagents concurrently administered 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 administered to a
patient prior to, durin 3or after the occurrence of the adverse effect associated with /conventional
therapy. [O‘B?Zim’ﬁ?g% A compound provided herein is used contemporang Ejslllgzv(\’/?ﬁ'nog%oez%r more
therapeutic agents, a pharmaceutical composition containing such other agents in addition to the
compound provided herein may be utilized, but is not required. Accordingly, the pharmaceutical
compositipns providggerein incltge those that also copiginQae (i, Figre other therapeutic agents, in
addition tg-a £gpeUNd provided herek, JoFdZal0RgPr more second active ingredients or, agents can
be used in themgihods and compositiopg-peemided herein. Second active agents can be large
molecules (epgacRtetpHA%): or small molgerless(®,@ndtathetic inorganic, organometallic, or prganic
molecules). [08ik26]Examples of large hialésutlecdetivesagepiteinic|ucehdpatiaseaes limited to,
hematopaieticognowthafattbrs, cytokineSg@nd monoclonal and polyclonal antibodies. Specific examples
of the active @gemes diecanti-CD40 moRbdisaaitantisodien{suemakiliftsraezapple, SGN-40, Herceptin,
rituximab); hist&Hédeacetlyase inhibitét&{such as, for example, SAHA and LAQ 824); heat-shock
protein-90 inRBRAFEPEch as, for e arﬁBfé?_I?-AAG); insulin-like growth factor-1 receptor kinase
inhibitors; vagé‘ﬂf#r enc(ligthelial growth Eé‘igt‘f}rs receptor kinase inhibitors (such as, for example,
. TRdlis pegls “Qot L. .y . . oy -
PTK787);lin jJ[QT ngrlé’va\é hdié?ctor receptay, é@}gl lors: I¥sqrhesphatidie acid acyltransrerase inhibitors; 1kB
kinase inH ibi%ﬁggm K inhibita(r)s;ggg@ g}@%itors (such as, for example, gefitinib and erlotinib
HCL); HER-Zantiapdies (such as, for exaimple, trastuzumab (Herceptin ) and pertuzumab
(Omnitard Tn)sMEGFR antibodies {(susimg:hfor example, bevacizumab (AvastinTm)); VEGFR
inhibitors [sugbpasg for example, flkql specifieXibaddemnhabitets, mithddaand ptk787/zk222584); P13K
inhibitors [suiifegis; fasexatple, woiUldarning GMetdntuibitard (sivahvad, for example, PHA-665752);
monoclonial drtivetiiewiduch as, for exaerpladrintixirmdisagRicaian (r)), tositumomab (Bexxar(r)),
edrecolomalPALIER(r)) and 0250); &sefenti- TNFREENtibddrsdeExanipleg1df smatmiidredule active
agents in¢lude, but are not limited tp, SHAIFR SIS HISHU8 AREErEfents and antibiotics (e/g.,
clarithro yci@ftgﬁmappeciﬁc secongsgﬁh%@% SBUHRGR that can be combined with compounds
. Vit C S8C . acium,. . . .
provided ersl\rfi;m%1 depending on theo%egggflc indication to be treated, prevented or managed.
[00128]Far instance,.for the treatment pravention or management of cancer, second active agents
include, but are poflimited to: semaxapify; cyclosporin; ctanercept; doxycycline; bortezomib; acivicin;
aclarubicip; aggdazple hydrochloride; agt@nine; adozelesin; aldeslcukin; altretamine; ambgmycin;
ametantrgneragetateiiamsacrine; anastrogole; anthrarnycin; asparaginase; asperlin; WO
2010/053732R@bAa$2009/062023 lazaeitigine; azetepa; azotomycin; batimastat; benzodepa,
bicalutamjdeRbigAntrene hydrochloride;dsignafide dimesylate; bizelesin; bleomycin sulfate; brequinar
sodium; b odﬁfmﬁfi_ne; busulfan; cactinofriféit¥ calusterone; caracemide; carbetimer; carboplatin;
carmustin; G&iEifcin hydrochloride; cafYBRSIPBEERTIRHIBRIESR coxib; chlorambucil; cirolemycin;
cisplatin; :Ia@ﬂt’ﬁﬁ’é}a@risnatol mesylate; Cytiophosphamide; cytarabine: dacarbazine; dactipomycin;
daunorub cirg@iﬂ%‘bﬁ%ﬁtg&%ecitainef exormaplatin: dezaguanine, dezaguanine mesylate;
diaziquong;

d. CSLCS
Y

§ axel; doxorubicin; d%%'gﬂm'cin hydrochloride; droloxifene; droloxifene citrate;
dromostanolone propionate; duazomycin; edatrexate; eflornithine hydrochloride; elsamitrucin;
enloplatin chloride;
estramusting; e ; te; etoprine;
fadrozole hydrochloride; fazarabine; fenretinide; floxuridine; fludarabine phosphate; fluorouracil;
flurocitabine; fosquidone; fostriecin sodium; gemcitabine; gemcitabine hydrochloride; hydroxyurea;
idarubidjachydijochlorigeinitnsfamidehilonofasitepipro plating dinbtecarindine;doandiydroaktaride;
lanreotide aeetale; liprales IBAlge aRalales iarazple idiashlavide: Jogmelgxplsodium lomusine,
losoxantrone hydsroc loride; masoprocol; maytansine; mec lorethamine ydroc ﬁorlde; megestrol
acetate ifp@Elsnyeshiorndetaér shedpRaraH casreaT i e re Bt apurth BMitetHo fsta® Siffithotrexate
sodium;ameiopinanmetierpRadniindemidersitocREgIREOSEOMIRIKRLQEHIamitoralcin;
mitomyrgn; mitosper; mitotane; mitoxantrone hydrochloride: mycophenolic acid; nocodazole;
nogala &?ﬁ}%ﬁ’m%ﬁ“é?n%%%& ne pé‘clfi axel” p]é)go mﬁ“a?gl]élnsea;1 p%‘ﬁé’ ycc(:)ilﬁ;lﬁoeiﬁtamﬂos}ﬁﬁe; peplomycin
sulfate; perfdsgaalideinfipobromyarrpiposu fahdsirosantron dthitdideorivésxpheginmgtREiplomestane;
porfimexsodiin; BRSHIOMYER HNMUING - RIAGAERAZINERY HACHIHSS; PHFRYSKCPUEAMYCIN
hydrochloride; pyrazofurin; riboprine; safingol; safingol hydrochloride; semustine; simtrazene;
sparfos5t8EhditiEHaIBGHigRIR 5o SetTiaR i ATa BRI S pHBr RISt e 8 TF e itin;
streptonigiinpstrieptozbeiit, suiphenutictalisamycr;iideogatanysoditinep taketerestiegdfiordtedoxantrone
hydrochloride; temoporfin; teniposide; teroxirone; testolactone; thiamiprine; thioguanine; thiotepa;
tiazofurin; tirapazamine; toremifene citrate; trestoggne acetate; triciribine phosphate; trimetrexate;
trimetrexate glucuronate; triptorelin; tubulozole hydrochloride; uracil mustard; uredepa; vapreotide;
verteporfin; vinblastine sulfate; vincristine sulfate; vindesine; vindesine sulfate; vinepidine sulfate;

vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate;
vornznle: zaninlatin: zinactarin: and 7ariithicin hyvvdrochloride




[00129]Other second agents include, but are not limited to: 20-epi-1,25 dihydroxyvitamin D3;
5-ethynylu%iF0?QH%t%rzone; aclarubicin; acylfulvene; adecypenol; adozelel%:i;fﬁggﬁglﬁ '9:,; ALL-TK
antagonists; altretamine; ambamustine; amidox; amifostine; aminolevulinic acid; amrubicin; amsacrine;
anagrelide; anastrozole; andrographolide; angiogenesis inhibitors; antagonist D; antagonist G;
antarelisachrit-Brkntoaind rrarphdlbriatie protemcl1aartidioenalnodsriic Bartmbiraraittiestrogen;
ggtig ?gnéa%tg@g@?tiﬁs@%g ?&ggga;&%@%gigl&ewl' ' QMM@;H&@%@Q@@E@ﬂ%&ﬂﬁk@%ﬂ%oﬁm}
10/053732PCT/U modulators; apoptosis.regulators; apuripic acid; .
v COBTB A AR L R ST A B A AT e 1
axinastatisn2zlarivddistim@obirase tonrdrratoxin azdiyrobinenbipbatintiindéryhtives; balanol;
bat'ma%t@%?!ﬁi@%@ﬁ%?@lﬁl@&ﬁ%?@%@ﬂ@% ! ;@%-%%@W}H&é%@oﬁ%% dedyatives;
beta-alethine; etacfam cin B; betulinic acid; bFGF inhibitor; bicalutamide; bisantrene;
bisaziridTHy BFE BT FeREd- B fats e KO B d RS o e a s oB T8 MRS DB BENE Blthionine
sulfoxinpiaigy; caltipotial icalphostin €)cariotkietincantvativies] papaciialdingiiers; mild
Ca AN atele FaheeaIIRgalen ARSI, GARN.ToRicadiaae derved inibior
carzelesir, casein kinase inhibitors (1C 2; cabtanos ermine; cecropin B; cetrorelix; g_hlonns;
chloroqdiffexeilfedekbliari disereaprosy oﬁ@hwmﬁhl: HradtriBniakedotyitere RepEsEES: clotrimazole;
collismygiarAs calis RyeiRiRc AphieiastatinAd: Gamky elasiatin-analoguey aapagaeningrambescidin
816; crignatol; c in 8; cryptophycin A derivatives; curacin A; cyclopentanthraquinones;
cycIopla?t‘g]?eﬁ?scli/é%f;ngg’g%gcgf]g}g %r% lc?gféloc(si?gfg'; cytolytic factor; cytostatin; dacliximab; decitabine;
dehydrodidemnin B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil;
diaziqud®e! ditiemninERearaitise i dienegnbismeivined winpdrdssrdya il Winydatargpdibxamycin;
diphenyhspiramusting: decetaxendogosancd;tlasaixnphdoxifieriding) doxn ichsglexifene;
dronabiHoI;,dE)cf))cafmé/cin A, ebselen; ecomustine; edelfo jne;(?dr%coloq}%b; eflgrnithine; e]llemene;
emitefu ,eéeb’i'r (< Sf)eﬁs Bride’ &strahitisting g’na’[o‘iglf‘]éi?teéI r%%etﬁ’aﬁgiﬁ%f’ TS For esﬁcar?t%l%onists;
etanidazoie) & toposidetivh dsphdte ; relrehestanbitacrior vl pf4ZFabireds fenretinide; filgrastim;
finasteride; flavopiridol; flezelastine; fluasterone; fludarabine; fluorodaunorunicin hydrochloride;
forfenimey; fonmestangafostiecinniotenustine, aadelinium dexapnyin gallivm: pitrateliAalQcitabine;

ganirelix; gelatinase, inhibitors; itabine; hione inhibitors; hepsulfam; heregulin; . .
A b e e R R S N
iimofosineirdom bstafpienetinfpa@ie eveoelssimiduimbd; amnoet [ mostintul ant peptidissrrinsidishdie growth
factor-I recaptor. iInRiRALRIRHRLAR880NRIS, RIGIRNS.RRUGHKINSHIRRIGHANE Hiadgdoxorubicin;

ipomeanol, 4-; iroplack irsogladine; isobengazole; isohomohalicondrin B; itasetron; jasplaf(inolide;
kahalalie Fetsita i iTseetiont Reidaehem Ayt MEnB g R AR BUiee e ptolstatin;
letrozolgnlsukemiafinhibiting daetee; jeckolyienaliphg; interderds; idupriokd ertd@stragett@rogesterone;

'e“pror%ﬂﬂézl?}{%@% é‘eﬁ“} éi%?ﬁé’;'@i:&Q??ﬁi%%%?ﬁi%%‘?m OPHE Jﬂ?@@;héltﬁ%?%ﬁ%?ﬁg@@g& peptide; lipophilic

platinum compoun soclinamide 7; lobaplatin; ricine; lometrexol; lonidamine; losoxantrone;

loxoribifkeuneisie eshEtistaktmaexhprpditiiysefHE jredodid edriiarardfitesHratacheatin A;
marimagiatis eAGAPXRCOLbIMasHin Malilys mdahibersnmatixmetalioproieinase ihikitergiprenogaril;
merbarone; meterelin; methioninase, metaclopramide; inhikitor; mifepristone;. miltefosine;
oSt R ST Ry L AATSUL Ly AL R SER T KA ot
factor-sapefin; Al sdsttbdieo i arstenecpiiolgrernostiry; Exdsitonic Burplabahetioaitigdvaliotrophin;
monophpgRboryliRid.Atinyakasarimcetwall sk meridamel ussiand aticanc el AgRR:,
mycaperoxide B; mycobacterial cell wall extract, myriaporone; N-acetyldinaline; N-substituted
benzaniBESKargPat i AGrESHH A 954 R8T S5B e 561082058 57 A16 RO BE P8 tazocine;
ngpavinganﬂpfmﬁacphnhmarﬁpgﬂa@me ri:edwlaﬁkﬁa@mﬁmm@hsimxdéﬁwhmnic detahanilvjam idmlnisamy(_:in;
nitric oxjde maaulatary: RiNexide fpYaRIdaR: VNN, PRIMEISER (RenARERRak AgRenzylguanine;
octreotide; okicenone; oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral cytokine
inducer; ormaplatin; osaterone; oxaliplatin; oxaunomycin; paclitaxel'lfr)ac,litaxel analogues; paclitaxel
derivati88! bAlauamiffes paiRBIHBER M5 aRaAFSARPSLS paAlaI6Te BARSHtEhe: parabactin;
pazelliptingipaggspaigisespsldesinaecpentosacpelyguliata, sadivmiriyenthsiatiny pentrozole;

perflubrop, perlostamiie: periid alegnal, henaginamy Gl RS MGk Als phogphalase inhibitors,
p|C|ban|ﬁ f)lIocafplneshyéroc]ﬁlorlde; pirarubicin; piritrexim; placetin A; placetin B; plasminogen activator
inhibitormgpagiTaied Eerep B ittt CBRFaGhds 2smtnsameisuhindiesmpres! pediplorEsdium;
porfiromygin: edpigeRsssRIRYRisRC HaRNRdRresiaiaRdinwid Reiessamednkipitots: pralain
A-based immune modulator; protein kinase C inhibitor; protein kinase C inhibitors, microalgal; protein
tyrosine phosphatase inhibitors; purine nucleosidg phosphorylase inhibitors; purpurins;
pyrazoloacridine; pridoxylated 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; RIl retinamide; rohitukine; romurtide;
roainnimey: rithicoinone R I riibovvl: eafinAanl: ecaintonin: <arCNIL 1 earcaonbhvtol A ecararamoctim: <di 1



treated, prevented, or managed can be found in the following references, all of which are incorporated
herein in their entireties; U.S. Pat. Nos. 6,281,230 and 5,635,517; U.S. Api%,ﬁ%%gx%&%ﬁma
10/483,218 894Y1385%, 10/693,794, 10/699,154, and 10/981,189; and U.S. Prov. AppT- Nos.
60/554,923, 60/565,172, 60/626,975, 60/630,599, 60/631,870, and 60/533,862. [00132]Examples of
second@dtifeetagentsdkat maytbe usedifostheftisatmentdpléventiornpandlosaienagésriant of pain
incl_udedpsté;lgggaql%lgp;ﬁ%q ggq,&gﬁggsn_tional therapeutics yseo_l to treat or prevent pain such as
antidepressants, anticonvulsants, antihypertensives, anxiolytics, calcium channel blockers, muscle
relaxants, non-narcotic analgesics, opiojd.analgesics, anti-inflammatories, cox-2 inhihitors,
hnmuneAtddd tory ag BT BEIREDS FAEREIYe PEEESTor AGSRES BF Sﬁ%%?gé’ﬁigé@? T’ijﬁﬁbtnsosu ppressive
agents,coadidastecoidsoinipechakid oxygens Ketaring siottiebaneb theticagdats, NivibDAsantagonists, and
other therapeutics found, for example, in;the. Bhysician' s ReskRelaanse aA03-Shgcific examples

include, but are not limited to, salicylic acid acetate (Aspirins), celecoxib (Celebrexs), Enbrel(r),
ketaminBDiaba BN N BETBntHEE) s A STR ESTAh RSP T dRisaha e JRIE(erRgeb T2 B XEY B azepine
(Trileptals)dvaipeeicoacitd Depakenas)amorphiner scdfaie, ihydranodphepenprednisone, griseofulvin,
enthoniurn, alendronate henhydramide, guanethidine. ketorolac ulars), thyrocalgitonin,
ety A e A e A R S
atropineaghente kiradrEnipugivacaine, lidocaine, acetaminophen, nortiptyline (Pamelors), arnitriptyline
(Elavils), imipramine (Tofranils), doxepin (Sinequans), clomipramine (Anafranils), fluoxetine (Prozacs),
sertraline(Zpiofts), nafazadeneeiEaneskwventatxine tieffexisiiazedenatbasydeis) tpropion

(Wellbuttinsg mexiletine nifedig@ne gropranodol,tﬁ\m dol, lamatrigine %icocrgotid? ketamine,
are,adhi nster% af 2‘18%1‘0)1’1 e mteryals per day,. Lhe.dose dr sub-gos scahbea Ministér g&@g
dextrome‘f\horp an, benzodiazepines, baclofen; tizanidine and phenoxy enzamlne.T |JExamples

of secofidactiviesagemisthantmayetfeounsdg o thie steatrheil, meelerntibawund/ or thariagémertrof MD and
related gyRESOMES.INGatlee PuF AL PRLHID RS A SIBERId s A NGt SERSIEER L AR IMIEFRe an
antioxidant, an interferon, a xanthine derivative, a growth hormone, a neutrotrophic, factor, a regulator
of neovEELUEITaAth f@ﬁi%ﬁﬁtﬁ"\lfé@l’ﬂ%‘fi%g }ng‘b%[g-‘[g R4 A AHBe S BAYESRstrogen, an
anti-inflammatory compound or an antiangiogenesis compound, or a combination thereof. Specific
exampléglihbflde, butrarertaioteivhitdichtoisvertaporfiriatoddstis, lavednghostdiie! Seerbidt FAtFED,

interferon:2a. pentoxitling £in StieRuinLAR Lm0l ﬁyadyéqﬂqm o ot Harab,
201010837 35PCTIUS2008/ 063023 DTBIO L oL hyGrony-16. . e <& per e abou

-16, . . .
17-1-mERPREN TGRS IREISRY) BraGnd- 1 4-teheus  maisnes dtanBpIdshiads eSSt No.
6,225,348} ldetracyiitel@nd itssdeshiativeserltanhycin mrdits tetivatives, Ifaowliges; daetronidazole
(U.S. Pajer Nos S 2036905, 410 B0 AFNISISIBaASDIHIA 50 M5! 9RIBH RS ygenistin

daidzein, daidzin, 6'-0-Mal daidzin, 6’ daidzin, %ymteln, glycitin, 6-0-Mal glycitin, biochanin A,
fonnonclietas rscrREh b e2bet, 36810 WaPricinaRsHE! deabsriitid, 'y aketih Etri<hnet (U 8. patent No.
5,770,582 uithalicoraigde, @lutathione (U.S. Patent No. 5,632,984), basic fibroblast growth factor
(bFGF), transforming growth factor b (TOP-b), brain-derived neurotrophic factor (BDNF), plasminogen
activatoy faetay type 2(PAL2), EYE 101 (Gyeleoh Phampcatticals) L Y383531(El ill)eMyavant,
and REW@%—%EI' implz?angtT r‘éugciz ¥ Ii_aolr%%) Aﬁ oft 8eregrenéés cilte(f abovegarelinccl)rporated herein in

their entifétidetisprefviandd TobIdUIERRISasisr Sugetenheavi dadntborat-iaribe Hswl for the
treatmemiofreyentigmangdiar naeege sl abaf skinsiseagestnel use, Butae nablievtedtukeratolytics,
retinoids, a-hydroxy acids, antibiotics. colla batuli xin, interferon immunamodulatory
agents.@ge%lﬁgtg%ﬁ%?gtsi?%% él,t &Q’ﬁ#@%ﬁgﬁml 8%%%515% |(l).l%r%blr§’f£&$, a%%é?p@%ﬂggﬁ Ec Noroacetic
acid, saticyticingidlitacfic Seidyraptrmehiatidaoiane ol ifealomrstinoihe isoiretiindin tapfibiotiss, collagen,
botulinugy fexif JAterE 0N £RRICRRIE Y rLaRsrelinaic Acicand eollaganssushashunanplacental
collagen, animal placental collagen, DermaTogen, AlloDerm, Fascia, Cymetra, Autologen, Zyderm,
Zyplast, BESARLSHIEEEEN. [00135]Examples of second active agents that may be used for the
treatment, prevention and/or management of pulmonary hepertension and related disorders include,
but are Htlifited to, lantidbaguientsodibretécsy,chitiiacs plydosides]ceal srthirehranaed bloskers,
vasodilaigrs, prostagyclin:analagues.cofathelin ayadenists-Rhespiiodiestarasrinhiitors (e.g., PDE

V inhibitors), endopeptidase inhibitors, lipid lowering agents, thromboxane inhibitors, and other
therapefiita ka5ibR Yorrdin resnpebaRP e e prektobe sepitmP L laspriasien™ut are not
limited tepnayaifadinkGaerbadlie)cialaigeetial Acehidiac, glycasidesdigaxinfxdygeiirditazemehifedipine, a
vasodialol eh @8 AGRAE {8 G BiRIRelENdAE LRI ERABREIRAPL{ERuf BiAg), reprostni
(Remoduﬁlnnltrlc oxfde (NO), basentan (Traclee?), amlodipine, epoprostenol (Floran%, treprostinil
(Remodulie), prostacyclin, tadalafil (Cialis ), simvastatin (Zocoe), omapatrilat (Vanlev(r)), irbesartan
(Avapro ), pravastatin (Pravachor), digoxin, L-arg;eine, iloprost, betaprost, and sildenafil (Viagra(r)).
[00136]Examples of second active agents that may be used for the treatment, prevention and/or
management of asbestos-related disorders include, but are not limited to, anthracycline, platinum,

alkylating agent, oblimersen (Genasense), cisplatinum, cyclophosphamide, temodar, carboplatin,
nrocarbazine nliadel tamovifen tonntecan methontrevate tavntere innotecan canecitabine cienlatin



WO 2010/053732PCT/US2009/062023 doxetaxol, pacilitaxel, vinblastine, IL-2, GM-CSF, dacarbazine,
vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan, prednisone, bi arsenic
trioxide, vgr?céiggﬁé?%g%rubicin (Doxil ), paclitaxel, ganciclovir, adriamycirﬁ%geﬂogr%@g&?%%mronidase,
mitomycin C, mepacrine, thiotepa, tetracycline and gemcitabine. [00137]Examples of second active
agents that maytbe uSESENBhEGIdNAOENIS/ ention and/or management of parasitic diseases

. include, but are not limited to, chloroquine, quinine, quinidine, pyrimethamine, sulfadiazine,
doxycyelinei glindamygine ipaiiosiip RRlPFRRHHNSa P AE WinesRyEE XyE IR oG R dgmanil,
atovaquone, azjthromycin,rsur%%]in, pentgmidine,, melarsoprol, nifurtimox, i&)@nznida(ziole_aamphotericin
B, pent3UaTe At ARTHHG RS RS S CLNYE A LS U SRS TP AR AR IRt TEIESH §amima. firaconazole,
a combinatibiviofldeatproniastgciekhanth BE Gelelichvobiliczottitdsetaids)sbifehermidey spiramycin,
19G (sepQlagy)sdrimetharting. andsulfarpsiie xaze les 0A3RIERmRlesQf secondiastivaagents that

may be used for the treatment, prevention and/or management of immunodeficiency disorders include,
but are HOtIMEH Y ARt HEFARSS ST PTBpHY RdtRy St rex KB st e ampicillin,
clar_it_hr@mgkéiBndeﬂimg&cﬂnﬂgmiﬁiHimnﬁaplaal@sp@n‘!msnstrﬁq_ﬁmmyohwk#mmﬁ;ajm an(_:i erythromycin; _
antivirals, sueh) & i oL imited.o amaniadingnimaniadiog Aelavit, A ghaiammunoglobuiin

plasma; immunologic enhancing i

fugs stich as, but not lirmited to, levami sole and isoprinosine;
biologicefiseisHaecipigt Mot R 15 A ARSI H 4S8 Factor, interleukins, and interferons;
hormones such as, but not limited to, thymic; and other immunologic agents such as, but not limited to,
B cell sjimuziprs (e.0ns BAKRBHShoytakineso(gbthatibn? idbhdicand tkeD) igoowtafaators (e.g., TGF-a),
antibodigs (e.q.. anti-CDA40 and IgM), oligonucleatides containing un : ifs, and
vaccine{sﬁ?é‘( pgf ,i{ﬁ r%leggd It%) rﬁ%‘ﬁfe%‘fi e Sggg%%s% og%ﬁé%“é%%n [ﬁoe% g%i}%%ﬁ %&%@T%%Brﬁ% that may
be usedrfomihk treaprsintssrs/aatomiaiTtise tartabisth siberengiens Srgaterine s dtutare not
limitedhtx?@m&mm%@miﬂ Qﬁk%mmei%eﬂ%l%, M}ﬂﬁiﬂlﬂ}ﬂi@di&}@d lq%\éﬁlig(éﬁﬂb&--DlopA, cocaine,
a-methyl-tyrosine, reserpine, tetrabenazine, benzatropine, ing, fenodo ] /late,
cabergdfiTE IR BESHIR (ﬁ'i?fyg roth I(()Erail@én,’ rgo(%inn“é’rf") el,}[i)lél1 r’rﬁi a}r%zﬁcﬁ%% ﬁ%rg c(:?ﬁ fo r%?g Sér,gfse%ﬁir% g
hydrocHiotid2 hoadsitiopa wieigokdé missylate, SinknervoR ahe Sy mistlaifoacMea:imkilbithr, such as,
but not |imited ta.dproniagid slorgylings phenelzine Andiisesarbaxazidia3RME iphibitar; sych as, but

not limited to, tolcapone and entacapone; a cholinesterase inhibitor, such as, but not limited to,
physosﬂ?@?nmé‘@aﬁé)l}gt‘se 1 By <oty e 4iisiee Bl Sostiy ik oroHigks ﬁ%@s‘ﬁ@,mine bromide,
neostigamintxetiyisififaiecambenapnitin chioride,sebikeptedritatctiioride, tacrine, pralidoxime chloride,
obidoxime chloride, trimedoxime bromide, diacetyl monoxim, endrophonium, pyridostigmine, and

demecagigins gn ant-wflammale yoagzsmic%%%% bunehimited tannARIeD Sediun, diglefenac
sodium, diclofénac WO 2010/053732PCT/US2009/062023 potassium, celecoxib, sulindac, oxaprozin,

diflunisdEStotidideDFrbmdcariip apriie ks prateticni sihe tshm ot bdttrexate,
Ieflunprﬂk_;ie;@atﬁag@lﬁ@im@;—:@e_xl_ﬂgﬂiéﬂ;l&iﬂgfﬁakmmuhtﬁ;@i_@hﬂﬁ_hpﬂnmm&tedyia_mmfetiI, cyclosporine,
azathioprig, acil sy hesiiximaR. daalziuaR,salicxlicasid sasivialevieag, methy salicylate,
diflunisal, salsalate, olsalazine, sulfasalazine, acé)tamln phen, indomethacin, sulindac, mefenamic
acid, meelbfdhnsniatéheselitemofanBiifaketors|HE, SfeRbIeEE M prefehe bk aira s strdkicam,

meloXiCaiaseRY axicarsd S PRicamy PIYRXICRH: tenoXicam 7phemyiidtazans, oxyphenbutazone,
antipyrine, aminopyrine, apazone, zileuton, aurothioglucose, gold sodium thiomalate, auranofin,

methotrexate, colchicine, allopurinol, probenecid, sulfinpyrazone and benzbromarone or
betameﬁq%a?ég% and (}%h(éﬁ}egﬁlﬂ%géi(l)%%bl{ s;seacfﬁ1 dgﬁ%ﬁt%%\%%lsc%%gﬁ%?%ﬁéastg (fjtsr&o??limited to,
metoclopfesiiheceidinme teene, thiee idspa i imeouptonfstmaive, \chldprb¥A Mg firRethBBénzamide,
ondanselran.5aniselrehm R¥gEP XY 2NBoaCEyisHGINaIMaBeatbanLlsminalizaprige,RZasetron,
benzquinamide, hietanautine, bfromo&r’gj , bu ”Ziﬂrf’ clebfo(Pride,[ csyﬁli%ine, dimephydrinate, diphenidol,
dolasetBh T RIS HANSEI T p%?ﬁ%“ 18, HatifShe, Bxyparmaylc pipamazine. scopolamine,
sulpirideretatcbbryadnoeanindisirokrthietihdpeeadidiegttiopbibe razimet S o isetgonndngr ey iigture thereof.
[00140]Examples.f seeand.AstivaAdens hatmayheaeddaniteLeatmepiprevention and/or
management of CNS injuries and related syndromes include, but are not limited to, immunomodulatory
agents, jmmunosuppressive agents, anfinypertensives, anticonvylsants, fibrinolytic agents, antiplatelet
2gents, LiHRSyehotiodd A SPRSSE pERYEHOB ST BOUSHA é‘f%?ﬁ’gnt% i Pbtner known or
conventipnahdige nts wsed im@patiehtsivithaGNSin] wryldamagtcandretme thdyddmme soSpecific
exampleg inclyde, butarg, 0ot Hoied %ﬁ%&ﬁ%ﬁg%@mrgl&s:a@%&gg?,l_%légea ARritaat limited to,
methylprednisolone; dexamethasone and betamethasone); an antl-inflammatory agent, including, but
not limited to, naproxen sodium, diclofenac sodium, diclofenac potassium, celecoxib, sulindac,
oxaprozin, diflunisal, etodolac, meloxicam, ibupro{{gn, ketoprofen, nabumetone, refecoxib,
methotrexate, leflunomide, sulfasalazinc, gold salts, RHo-D Immune Globulin, mycophenylate mofctil,
cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab, salicylic acid, acetylsalicylic acid,

methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine, acetaminophen, indomethacin,
critlindaer mefenamic acid meeclofenamate ecoditim tolmetin ketorolae dichlofenae fhiirbinnrofan



WO 2010/053732PCT/US2009/062023 [00141]Examples of second active agent that may be used for
the treatment, prevention and/or management of dysfunctional sleep and related syndromes include,
but are nof"m]ﬁg&/ ?5,3?%ricyclic antidepressant agent, a selective serotonif$& &HBRor, an
antiepileptic agent (gabapentin, pregabalin, carbamazepine, oxcarbazepine, levitiracetam, topiramate),
an antiaryhthmieagentapodidapehahddhiockidgtagenta seleditue infidmadatioiyterddiaior inhibitor,
an opiolfl ARk SCaRG YINOIMACHIBIAN SPRPONR.2 OMRIAIRN 98T And;Her known or
conventional agents used’in sleep therapy. épecmc examples include, %ut are not1|m|ted to,
Neurontfs8%ycontin, morphine, topiramate, amitryptiline, nortyptiline, carbamazepine, Levodopa,
L-DOPA, cocaine, amethyl-tyrosine, reserpine, tetrabenazine, benzotropine, pargyline, fenodolpam
mesylat@ocabgrgolinay pramipexsole difydaeehiatnlds pinomiepamasniatingthydeachiorde, selegilinc
hydrochjoride, éetbidopa. peraplide mesyiale Sinemet eR. Symmeliel, roniagid, eloraviine,
phenelzine, ISocarboxazl , tolcapone, entgcapone, physdstigmine saliclate, physostigmine sulfate,
physostgrinensrtided hrsosmem rablsmdidat hewstimiise Mmethjlsgtatteahpeastibathloride,
edrophQpitpeilasigeiacingeRaldaxmacihloride, QRifadme chirkdafinedaxingremide, diacetyl
monoxinbdetndr? honium, Ej:%@idogtipfmine, demecarium, naproxen sodium, diclofenac sodium,
diclofen4¢ 1p‘(gfla i, celecBXib sufifdat, oxaprozin, diflunisal, etodolac, meloxicam, ibuprofen,
ketoprofen, nabumetone, refecoxib, methonexate, leflunomide, sulfasalazinc, gold salts, RHo-D
Immund @leblin, myCephemplsternataiiveyeieporiner eecithivrhinastddrslimmuehbdsitidimab,
daclizumahy salisdic-asitdacridsalicylic acid psthyhsaliqylalendiiunisal .salsmlals, Rlaalazine,
sulfasalazinc, acetaminophen, indomethacin, ssl%{ndac, mefenamic acid, meclofenamate sodium,
tolmetif REMBISIAE Sdi A AR B EP i SREPSAIS g%r%rz‘?f:ﬁdﬁf?d%ég‘rﬁ},c eloxicam, ampiroxicarn,
droxicam, pivoxicam, tenoxicam, phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine,
apazon&)@iietiton, aukstniolpiucDstzeguitsddighvtrsmialmdyda bahofimolatitedrexate, colchicine,

allopurinoh RERBRRCEIdwBHTIRBK 276 Dendlremaiane REtBMathasans ARd. ogpern glucocorticoids,
metoclopromide, domperidone, prochlozgéarazine, promethazine, chlorpromazine, trimethobenzamide,

ondansEE GrAhiBeHENC RS - GRAVRSDRHRHhEIbades iehin domsamit e Gy etron,
benzquinamigde, bivtamakit hedmodaaptides budtizine (sclébomidexayplizinsHaimenbythgidde, diphenidol,
dolasetion, meligior;Mpthaliatel MRIPRIMAZING, AaDILNG G yReMd.RiRamazing. scopolamine,

sulpiride, tetrahydrocannabinol, thiethylperazine, thioproperazine, tropisetron, and a mixture thereof.
[00142]EkErTpaasF shdbiisartnaldgadtebahial srayth&creatrsenteh&irsaiidritopravehtiodand/or
managemafilefiremeplabianp gttty and e lriegdisordersdncisgreduiate an liitedderiaterlieukins,

such sl (Chng LecamBInAN, i

. FL2 AN copROL 2010 i 12, a0 1118
interferons, such as interferon alta a, Interferon alfa-2b, interferon alta-n 1, interteron alfa-n3,

interferarfbinh-msl ailvdnindHd M BB rArmliadicritrch G SPr pydiry tirstz o) dtesoiibigrdte
ggrig%iyﬁeﬁhﬂﬁﬁgylﬁﬁsﬁéﬁ%g;@g@ggﬁéﬁ @%B&ﬁl&“(mlh/as?ﬁﬁ &&Eﬁi&,%%ﬁ%@&&lﬁégmkl}é@slﬁﬁﬁg,819); WO
1 U arqgos.channel antagonists suc clotrimazole and triary
methanaé;%éﬁgéqi{lf g?ﬁésf%?%ﬁ%tr%ﬂlh%’fagiﬂgf’e?}mﬁg;Sgﬁ%ﬁ?akﬁ% esf’??ﬁ I@fso%%%fi r’8f a blood substitute such
as HempspainaiRas HMembEpanithe® SySangartyxfogi 3{Tlmwdozagedigvie vidirdepenason
absorptign.actatien apesoxsreiontaies alilidiug.as wallas Ahr! fReamdnawripthose of skill in

the art. It is to be noted that dosage values will glso vary with the severity of the condition to be
alleviat RO T A FHETEALRBBR S Aty bARICLAP SHE oR patitevis AgE Palimens and
schedule&sshiuid | besaditisie sbome iitné: degarding tintiel odivid aloheat antldhe professiodal

judgme . rso inistering or supervising the administration of the compositions.

[00144]_Q|_ @%v%%ﬁ%t%% a @?ﬁé&)und 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
exampl€OWHdh a conipstifa JSFewtRsE Yisiamr vt imiean htaab e B gomnsiis Neviiadratio of the
compounsg:proxidechharrindottiefRRARnAganist witkgearmilyrange dfemmapatit 1000:1 to about
1:1000 or about 200:1 to about 1:200. Combinations of a compound provided herein and other active
ingredi il generally. evithin.the afor i ti C < ), effective dose
of eachqlggli\%ljingrediilr!\%ls %%% g% {Eégréq%%%@%%@?gé%@gngﬁ% Iﬁl?bge%t%%g %égr%%godiments,
the profEyTacht BrtHaase naciayEAtS provisEbn eyelpsRra e yEmsHIRy adoriniativedb thtersyathent. Cycling
therapydsvilve scihesiciministrabinhodamastive Reemdards prEadefcimeifolieuesliby a rest for a
period of time, andfenealing s, sequential adminiotation, Cycling iherany.can redce the
developmening¥ reSiStance 16 one of more of the t erapies, avoid of Teduce the S18e effects of one of
the therapies, and/or improves the efficacy of the treatment.
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[00146]In certain embodiments, a compound provided herein is administered daily in a single or
divided dose in a four tg six week cycle with a rest period of about a week or two weeks. The

disclosure YfHREPATb(KS the frequency, number, and length of dosing cycipég%J %?é’%@?&g?:d In certain

embodiments, a compound provided herein is administered for more cycles than are typical when it is
administergddaleneciepesitaimemibddiments; hesompoubdairavidid hersienshadmihisteled for a greater

number,of cysles thatwould dypically cause. dese-imitiRg. 1 Qsisih.inARatient £9.uagm a second active

ingredient is not also being administered. [00147]In one embodiment, a compound provided herein is
administee AV TP SEMERLIGERIG TSI HRERs GP B R INEIRE T £ 4 SR G SR BB T hHigfto about
500 mgcpetday; fellafved ytlacbxenkinbandeliiweokesks; kspiier. embodicnenisathendosacan be
from about | WO 2010/053732PCT/1J$2009/062023 about 300 mg, fream abayt.0.1 mg to about
150 mo spte, i e e A A N TR A 0 g o
about 5E°mgN b HemErmE I UBBINBE MRy irsatlabiauen® dnertoredbdurst wit, dropivkiBout 20 mg to
about 30, me:HsfrRNIBRANELNag ot RN G o fplawer Rypropraak: IRRI4SIDse.embediment, a
compou%%. r?vid%d her in.}?r]dlar second acgéFtlngredjenytare administered %rallly, with administration
of the cb b%h"ﬁ“c? BrSUAGRE Sr &l BLEiHing S8 T B GTHRIRNIESS PRIBIPES1RE S¥ESHA Rctive ingredient,
during airofelofifouertebzolvesksibiniahpihehbmboditrentstihe cormbintatiophofpatoregbumnd provided

herein apda.secondActie dgredient s RAMINSIEdRY NTAVEROUSIHLSION QYL about 90 minutes
every cycle. In certain embodiments, the number of cycles during which the combinatorial treatment is
administarENg< rateiding furrrabee biebrcabbto oLy et st e T4 e cycles, or
from abmalﬁnfmugémca?hbmctty@@:izymiheshyfth&_‘)c_PaH%M&@E@ﬁ@ﬁﬂaﬁ@bﬂﬂ@&bﬂ@kﬂ&ﬁﬁ&aﬂ@&AGE _
FORMS o Al paImase GG mARSUBNs AR R HRCH IR hauaRAcAian lndlyjdygl single unt
dosage forms. Pharmaceutical compositions and dosage forms provided herein comprise a compound
providedcHateiktsr e dipshleidiiclimedetd peshe sinussRrates sryedis smerctipitedrug thereof.
Phaunageuigal tompesitians:R0k desageniaasinyige chbaiait! aan:tul thaeqeepliseQre or more
excipientsI HO 150]Phar aceutical compositions and dqﬁgge f%rmgh%o\llrii%%d herein can also comprise

meiphalan:. pienogart:. mercaptopprine,; mathotrexate eXate SO i PIANG ., MECTUTCAECHA;
one or Mote additionar Active Ingredients. xampﬁes’o optiohal’second, or édlcilcﬁongl], active

ingredienténdraniisclossarim Settiondiy pibeidn[eoxsSinglsiomitdo saysformesgrovided herein are

suitable,far.QkdohR %%ﬁféh(@rﬂe; ﬁ@%@bhcmoiic acid; nocodazole; nogalamycin; ormaplatin; oxisuran;
paclitaxel; pegaspargase; peliomycin; pentamustine; peplomycin sulfate; perfosfamide; pipobroman;
piposulfan; piroxantrone hydrochloride; plicamycin; plomestane; porfimer sodium; porfiromycin,
prednimustine; procarbazine hydrochloride; puromyein; puremycin hydrochlornide; pyrazoforing
riboprine; safingol; safingol hydrochloride; semustine; simtrazene; sparfosate sodium, sparsomycin;
spirogermanium hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur;
taiisomycin; tecogalan sodium; taxotere; tegafur; teloxantrone hydrochloride; temoporfin; teniposide;
teroxirone; testolactone; thiamiprine; thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene
citrate; trestolone acetate; triciribine phosphate; trimetrexate; trimetrexate glucuronate; triptorelin;
tubulozole hydrochloride; uracil mustard; uredepa; vapreotide; verteporfin; vinblastine sulfate;
vineristine sulfate; vindesine; vindesine suifate; vinepidine sulfate; vinglycinate sulfate; vinleurosine
sulfate; vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate; vorozole; zeniplatin; zinostatin;

and zorubicin hydrochloride.

[00129] Other second agents include, but are not limited to: 20-epi-1,25 dihydroxyvitamin
D3; 5-ethynyluracil; abiraterone; aclarubicin; aéyifulvene; adecypenol; adozelesin; aldesieulin;
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;

anfiestrogen; antineoplaston; antisense oligonucleotides; aphidicolin glycinate; apoptosis gene
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sublingual, vaginal, buccal, or rectal), parenteral (e.g., subcutaneous, intravenous, bolus injection,
|ntramusc%Qg{ﬂyagrég%tgnal),. topical (e.g., eye drops or other ophthalmlcpet]‘ge gﬁbg&%%zgans.dgnnal
or transcutaneous administration to a patient. Examples of dosage forms include, but are not limited
to: tablets; caplets; capsules, such as soft elastic gelatin capsules; cachets; troches; lozenges;
dispersiond)sappasidriéstogolvdersraniselsl(erg CRBSAL SPrBds Beimnalsesyingetsasidiitdosage
forms spitable for oralarimusasalAdMinistialiam © ARatianh INCIReh SUSRASIANSB:the:20UEOUS OF
non-aqueous liguid suspensions, oil-in-water ei&nzjlsions, or a water-in-ojl liquid emulsions), solutions,

and eliAPECHEUA SRISAGReRo RHE i SRR R St S R TR B ACES S Batient; eye drops or other
ophthalmicpreparatioriscstitabtetfor dopieal edininisteation tandisterile Bobds!@axpsidry$ialine or
amorphays salide) ihakran Rersep0Yitedin Rrovide. igniddrsags.dormz. wialia forRaenteral

administration to a patient. [00152]The composition, shape, and type of dosage fonns provided herein
will typiBEIRTBIF: ey ana/bipae eHRISTBSRIB RS ehhmiifd o FrtRer TRen ESai4itiple, a
dosagedpuritusiac nrtheatdtetreainanblof adisgastimay-ckn@iReangsr anrunts of.aiiecer more of
the actiye ngreaients eomeriees (han,a dosage formased . ihe chiaicdegimapt of the same
disease.egivmllary, a?pareh eré’l’aosage%rm may’ contain’émaller amounts of one or more of the active
ingredienteitiboripeides chiarcanmralte sadefondr udemtostraatnprelyaine aisiie ciPRaga%nd other
ways inwhichspasifinserags fammsie RcemMpasred by this:cisclasure, wilhvanistraneansganother will be
readily apparent to those skilled in the art. See, e.g., Remington 's Pharmaceutical Sciences, 18th ed.,
Mack PEFH’IT‘@HWQ,%&Q’[%W%&%& é’ﬁ‘fnf@%iﬁﬂiﬁi%lé]ﬁgi B SETER s Cthe PR EmAcSUtical compositions
and dosageformshprguitdedsheyeimtemprigeppeocyhoreiexcipiefts. Stitalbldaexeigisattare well
known %&h%&ﬁ%@%ﬂﬁh@; ALl ARarMAeY @daMdiiting. Sampleseksuiiablesucipigats are

provided herein. Whether a particular excipient is suitable for incorporation intg a pharmaceutical
‘composiEerBPabSalie et dplsads dduidiy brrarrreendns iR AR 4 cluding, but not
limited @ih{aesaeyy; itisvhigfrihelgosagefosmuwilleh dcactmirlistered:ita; alpatienh; Horiéxadiple, oral

dosage JQUmS eman BRI Rk seaEXERENR L Qued IRL.URR. D atepleral dosage forms.
The sui aéﬁlty of & particular’excipient may also depehd on the specific active ingredients in the
dosage $8ri larbe R Aprpilbingi e geeBmpBLHivh Gisbitie setiveriAgrednsinrsrHessecaIErstad by some

excipients skeh-asdastasag o enaipase ditpwatarhAshive; ingiedianis tiai-corprisebprémary or

second?r amines. are Part' ularll)ll usce tib(I]e t(?lsu h.acc Ierf;thed d@f:cdm asition. Consequently, this
. enretiide; %as 1m; pmasteride: ﬁavcﬁ;m ol: Tlezelastine; Muasierone; iU arﬁﬁmf', - )
disclosure encompasses pharmaceutical'compositions and dosage ‘forms that’contain little, if any,

lactose Btherdaropronisindivdaedtheritie forksigsaditraresineh & tereainl detosestse L dnanthat the amount
of 'a0t0$&£1[{1%§§{3 A ARysisdasuiiiciemite suhstaotiaiiincraassithe, dearadstiontaienafan active
ingredient. [00154]Lactose-free compositions provided herein can qur,t])pri e exci%el%%%at are well
nown TR BT SR PRSI TP BRSO B BB (G A5 Nt b0B2). 1n
generaljdacitose-fieenenmpositiochsivoipriseag dtive g @dionts). anbindendi lermancsénfubritant in
pharm aﬂf&@%ﬁ%ﬂlﬁé&l@#&@ﬂ%eizs@rm%%tﬂ%&x&%@p&g@!&%gg%&%{g&%@g%@é@&@@l@ents,

lactose-free dosage foinis provided herein comprise active ingredients, microcrystalline cellulose,
pre-geldfPrzsaataids dar ThisEn 4Ktk Arate P [ S S SOlREg R Hardeoamslivpaddes
anhydrasisphasngegidical cenpositinnsranchdosags fosnaeomptisiae, achiveirigrédiemisisince water

can faciliale ihe dearadation,of seme campatnds: bor amPple. e addijanlwater (¢.0., 8%) s
widely accepatle in the pharinaceutical arts as a means of simu ating‘long-term storage in order to

determifreshidacteriains woekrasoshidiuliferdithievstabilty breoisuliseneebversmialsas; e.g., Jens T.
Carstenggihniudsiahiling REMEPIgs kiRt dalisRn2thnipduriaized dskkare N YobbiYaih995, pp. 379-80.

In effect,water and heat agqelerate the decomposiion,of sope compounds, Thus, the effect of water
on a forfATRHN R HE 5 g At RS R AR LG PRI Re HRSF HUAS I et ionly
encountesedy Hueirigtingmnufastuneitayide 2040/063 732 PETHIS20 09/0HRE2E hasmdlinyatpackaging,
storage; Shpment. AR08 aEmpatians: JA0kaflanyds AbatecaylisalramAgsitions and
dosage forms provided herein can be ) . . ) ) .

metoclopramide; MIF inhibitor; mifepristone; miltefosine; mirimostim; mitoguazone; mitolactol;

mitonryein analogues; mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone;

mofarotene; molgramostim; Erbitux, human chorionic gonadotrophin; monophosphoryl lipid

A-+myobacterium cell wall sk; mopidamol; mustard anticancer agent; mycaperoxide B; mycobacterial

cell wall extract; myriaporone; N-acetyldinaline; N-substituted benzamides; nafarelin; nagrestip;
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prepared using anhydrous or low moisture containing ingredients and low moisture or low humidity
conditionsgj {6ﬁl|1]3%q1bod|ments pharmaceutical compositions and do oIS &m%;omprlse
lactose an east oné active ingredient that comprises a primary or secondary amine are anhydrous
if substantial contact with moisture and/or humidity during manufacturing, packaging, and/or storage is
expected!{OOESFIMAzasingdrausipharhistsutiulesHipasiiern sisuld e preparstasricstorked such that

its anhydraus aatuieds mainainedadneariaib-s maediments - ARbY deUS,AOpRRSIiaNS are packaged
using materials kpown to prevent exposure to water such that Iihe y.can be included jn suitable

formu|a99%i§°1ﬁ&ar&bﬁé>§%%ﬂ%am% P4 G IETaE, Wi BE T E it REH TS Rer EHER Sealed foils,
plasticsonshiiscivse containsisy@binoialsieh listerpbaiok ssacdrstrippatiks:; [00L681Fhe;disclosure further

enco g%ﬁ%%@*b@%@%&‘AH%QEQJHB%Q%%HQQ%@fﬂgtﬁz%%%%{%tBQi‘hﬁ%EﬂHﬁ%%&“ﬁaﬂﬁ ie compounds

that reduce the rate by which an active ingredient will decompose. Such compounds, which are
referre&ﬁzﬁﬁ@e&%@hgﬁmﬁﬁ@&ea NERAGED A S St n%&%&rﬁ%m&aﬁ%@%{?éw&g%é&fﬁ.c acid, pH

buffers somaaiiItmffef&d,qk@ﬁw@dnmﬂt&ﬂnmﬁjﬁe&mf&xmpiﬁy\m cmﬁlammiﬁcﬁndlspeuﬂc types of
aCtlve In Ieclgig’{en ")?‘ 0152%3 Hcl)hggl 10 ’%'y 9(:'1 glrll S epa(lj‘lql dI‘O uc!?&%l?l(‘?lgt 0o llelrrllilltled tO the
route by wﬁYc b B administered t patlentg rtalr?/ Sdiments osagper}orms provided
herein d¢d#ppiiist: aleenipBupldsprovisad dieréin ffﬁl@ﬁoamtﬁuntl@feﬁ@meab@haﬂmm?@%awsﬂﬁ500 mg. In

certain gmbedimentscthagesage feints Rravdashersin.comprisens; sappanganoxided herein in an
amount of about 125, 15, 1}\@ 20,25, 50, 100, 150, 200, 250, 300, 350, 400,

0.
450, OI‘%IBE} b](}fsglj%easgﬁgl m ORIES)O%IHGI[ Iy ufator: rotei inase

oSAGE forms cotgrige the €&tond active
ingredientilritan mm@uhm&m@nabmmslr@@@mw ;frovivialtiousiBaolabput B0 Oy iohomabout 10 to about

350 mg,, o1 from 3k aQ1iRARAKHZ0, Mo GRS ihe SR Sificiariemnt R tbasgsond active agent

will depend on the spec IC a%Ent used, the type of diseases being treated or managed, and the

amount(SPorEEBG faéﬂlﬁeP&fﬁt%ﬁﬂtmegpwaﬁﬁFaﬁaﬁ?&ﬁ&ﬁﬂﬁ@f}m@aH@%@ﬁéﬁrrenuy
adminisierdide; the ipiianis; 460G ARMIDDO.SAGHHE RMSHOREAOiRhanmAcddticalicmmpositions

providegL SIS 1854 A1e Suiable, Lol AR SHAAN. A B RS SISA s sl dgsage forms,

such as Ut are No |m|f to, tablets’ eh% chéwable tablets), caplets, Capsules, and Tiduids (e.g.,
ﬂavorecf@“yr&ﬂs)als@em%ﬁﬁy FOFFR BBt Preaaeifined émalmfssowm%trﬁ@?é%hﬁs and may

be prep@fﬁda@mmwloq@@&@bagmcmweus W@@G&Qﬂﬁ&ﬁﬂﬁﬁiﬁ&%&%@ﬂ&iﬁ@ﬁ@%&kﬁown to those
skilled in t t. See ener, ngtop s Phar aceui;ccal ces, 1 18 h ed., Mack Publishing,
m] 1e.n at %

Easton %) Gﬁj n ce em O%I?T(])gﬁ g S?ad Or%%.élé 153rm 613 %ﬂherelﬁ are prepared by
sparfosic ac:d spicamycin I; spn omustine; eplenopenm} spongistatin 1, squalammc stipiamide;
stromelysin inhibitors; sulfinosine; superactive vasoactive intestinal peptide antagonist; suradista;
suramin; swainsonine; tallimustine; tamoxifen methiodide; tauromustine; tazarotene; tecogalan
sodim; tegafur; tellurapyrylium; telomerase inhibitors; temoporfin; teniposide; tetrachlorodecaoxide;
tetrazomine; thaliblastine; thiocoraline; thrombopoictin; thrombopoietin mimetic; thymalfasin;
thymopoictin receptor agonist; thymotrinan; thyroid stimulating hormone; tin ethyl etiopurpurin;
tirapazamine; titanocene bichloride; topsentin; toremifene; translation inhibitors; tretinoin;
triacetyluridine; triciribine; trimetrexate; triptorelin; 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; vorozole; zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer.

[00130] Specific second active agents 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 (Genasense®™), remicade,
docetaxel, celecoxib, melphalan, dexamethasone (Decadron®), steroids, gemcitabine, cisplatinum,
temozolomide, etoposide, cyclophosphamide, temodar, carboplatin, procarbazine, gliadel, tamoxifen,

topotecan, methotrexate, Arisa®, taxol, taxotere, fluorouracil, leucovorin, irinotecan, xeloda, CPT-11,
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combining the active ingredients in an intimate admixture with at least one exc pient according to
conventional pharmaceutical compounding techniques. Excipients can take a wide variet%/ of forms
depending‘%‘ﬁ R bf preparation desired for administration. For exanﬁﬁ@f%%@?ﬁ(é}?&% duitable for
use in oral liquid or aerosol dosage folios include, but are not limited to, water, glycols, oils, alcohols,
flavoringpagerts piptesprydtivdsparidreoidping agePEs; BXERIPes ofexcipients Syitebigifortapse in solid
oral dosage IRMSLeLIpRAMIR S nIANRIR.LBRSY E=ABR CARIEIS) MG RUt AR DQklimited to,

starches, sugars, micro-crystalline cellulose, diluents, granulating agents, lubricants, binders, and
disinteg@%ﬁgsgq&%@@@eam%?%ﬁ%ﬁk@% inmAISHELRI- B Tts AU ARSI FaPFesent the most
advantagetusybsahdosage wikfosmadiswhicivcaskidelit extipipnistarg, gmpidyed, If desired, tablets
can be gaaled by standard auRoHs RL.ARNRAYEANS, eaIguES, Seh dosage forms can be prepared
by any o the methods of prharma'c . In Bene af, p?ﬁg)r’rhaceutfcéll compositions and dosage forms are
prepared by uniformly and intimately admixing the active ingredients with liquid carriers, finely divided
solid caWIQeé,}br both> & tHef 4Ral ﬁﬁﬁﬁ@‘ﬁ%ﬁﬁ&?‘?ﬁﬁ?’ﬁﬁ?ﬁé’éﬁ?@ﬂtﬁr@ ieitenitAdBessary.
[00162]rancixaropigca tabletcrn be peaparet i Compies sion Kt aldiigyiGompressedtaflets can be
prepared by compressing in a suitaple machi e active ingredients in a free-flowing form such as
o S A T A1 S T o e Rt HRS e (BT A b ML By molding in o

suitable! Bidithin e, 4 Wikt e o theS pikddredd dormpadinel thbiktarrad With Riavintepliglag diluent.

[00163]Exeumples af sxcipienis dhat eanheused. inaral gnsade dorms fyovided herein include, but are
not limited to, binders, fillers, disintegrants, and lubricants. Binders suitable for use in pharmaceutical

compogjigns,and dosage farme inclufle, but are ot imitad o, ogrn,starch, potato.stayeh, or other
starches, gé€latin, natura na synt%e IC gums~such as acacia, sodium a’lgma e, fglnlc acid, other
alginatemdpowderedhvagdcantinduds bunre celllilbdeland oy daiivatithesfeugcsaetiadlicoitalose, cellulose
P Fialk $ "Es A ANTLS . ice) 1 g
acetate, cathoxymeitvicaliiignescalsiumiSadinmcarhymaethv ceUuioseli-puviny myrrlidone
methyl cellulose, pre-gelatinized starch, hydroxypropyl methyl Qellufoseéée.g., Ngs. 2208, 2906, 2910),

microcri e BuiRTSE 4 T RIFeY NS r OO A ST SR fop i BF TR PHE &SRR cellulose
include jikuibiane, hottimiteditdytdtine axateridpb s oltbas AMC e Pideh B s, AVIGEInRE-103 AVICEL

RC-581, AMIGEk B 05, oyl BR[O M SRR aln ATIGHEAN MISFARR RISIRT, Avicel Sales,
Marcus Hook, P b

- ,ea_nd mixtures thereof. An Specific binder is a mixture of microcrystalline cellulose
and sodif AapBsE i el ssepsidcsdavidriorerB in GeibAbIE 4RHYAFSUEGT16% moisture
exciplent®or spiditfives aMpQs203040 537 3RR6MIWSR00NGR02 3diaclbaAMGEL R tHEA31M and Starch
1500 L )016 mples of fillers suitable for usc. in.the pharmaceutical compositions and dosage
forme PG T e Bt B R Tl e e o
powdery T psletolcry statiiheanne (Gseenidweerbaoctitid S palesas ata8oleaslsuifdnnitol, silicic acid,
fsl(l)fbim'hﬁ&@éﬁm-ﬁ[&@%ﬂﬁﬂﬁim,%&ﬁh%% mﬁaéurﬁ&iméﬁ&fmme@ag;gﬁi&ﬁmmmegﬁ@gmﬂimpder o;
iller in pharmaceuticak,compositions provi ein is present in from about 5Q,tq abqut 99 weight
percentGRERED AT o TS O oSS S0l T oo EBTe At & BB i e
compoém@nsepmm@teplimMeu@glp}mﬂdpi1tamé¢gfo&midbsimgigpaa_@_wﬂiénceinpmtﬁmlaphaqueous
environment, Tableis ik eoHaiRIRAL HeR S s grant P ey Aiaint Aale i sintads while those that

contain too little may not disintegrate at a desiged rate or underg)rljle desired conditiops. Thus, a
sufficierft SRS ARG AR RS PR BITFRT thSCHIRREE M7 I0b hRS O e iMEAaRy alter the release
of the activefingredientsShotla dhevded it buslido (A dosage formspioyidddipérein. The amount

of isincapTi ResuAlee Raser deon e ps. aLamuAen Andinscadiy disestible o those of

ordinar the art. In certain"embodiments, pharmaceutical compositions provided herein
compris@ftealetido s absisrIsieie percent of disintegrant, or from about | to about 5 weight
percent of disintegrant. [00167]Disintegrants that can be used in pharmaceutical compositions and
dosage[@inis] Examples of second active agents that may be used for the treatment, prevention

and/or management of MD and related syndromes include, but are not limited to, a steroid, a light
sensitizer, an integrin, an antioxidant, an interferon, a xanthine derivative, a growth hormone, a
neutrotrophic factor, a regulator of neovascularization, an anti-VEGF antibody, a prostaglandin, an
antibiotic, a phytoestrogen, an anti-inflammatory compound or an antiangiogenesis compound, or a
combination thereof. Specific examples include, but are not limited to, verteporfin, partytin, an

angiostatic steroid, rhuFab, interferon-2o, pentoxifylline, tin etiopurpurin, motexafin latetium,
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provided herein include, but are not limited to, agar-agar, alginic acid, calcium carbonate,
microctys%l 'nz% ﬁﬁdl%é%e’ croscarmellose sodium, crospovidone, polacrilip ppiassiiiiesadium starch
glycolate, potato or tapioca starch, other starches, pre-gelatinized starch, other starches, clays, other
algins, other celluloses, gums, and mixtures thereof. [00168]Lubricants that can be used in

pharmdt8utisal baimibsitions 1and dosagy rskmisipeoRiders Hesem- intitiges-Bat4¥e%sot limited to, calcium

stearate, fiagoasium stearata ainerat oilyjightamipeiakel ighertnyaoriiialonangitel, polyethylene

e_gg}tg elﬁ oil (e.g., peanut

glycol, qther glycols, stearic acid, sodi uryl sulfate, t dro

oil, cottdHEEESiMeERHEHRaHoY %Zé)tt%g}él ; ofyl%ﬁon?scgf%l]%#?gﬁ} %%@ﬁgé%iﬁéﬂ’) zinc Stearate, ethyl
oleate, gthiylita i datela bgraiisan g’ ribduresitie: ofdAddiiiddran abAchhisivdlinde -foredaiple, a syloid
sica g} (AEROSILA00, WARMBRIRC AR, S1o68Rth Rakimaga, D), @egaglated aerosol of

*

syntheticsilica (marketed by Degussa Co. of Plano, TX), CAB-O-SIL (a pyrogenic silicon djoxide
productéBRFBY a6t eI deriSHERsHRMRS (Hid FAIRRLRES He pe%%.gh’fthglé(g"ﬁ}idﬁrlfg‘ﬂ%ﬂlé%rhet sige typically

used inrar@mounGLSf 1893, thein Abotabvreighi percehfoftth epbirmagentieé] tormpoSiionk) or dosage
forms into.which they are incotpora Solid oral form preyidediiately comprises a
compot BB o T S N o
microcriftaitiriePbatmessicashy ks Frolflbhilvatdbiy atiare SioidRF AR Avalkst s8amad &nd gelatin.
4.6.2 CONBROQULER RELRASERQ SAGE:RQRMDIAALTOIGHVRNgRaitatspravided. herein can be

administered by controlled release means or by delivery devices that are well known to those of
ordinary. skill jn the art. Examples.incl ,d(ta bg a not limited 10, ese fessiked Nz, Patent Nos.:
3 5an A0 3816 a0 ;’éﬁ%@éfs" s 9§i¥3;é§n§2,668‘1 19. 5,674,533, 5,059,595, 5,501,767,
5,120,548Y/&,078:848¢18 63411 76cs350c85, i@ T33BEE! CakirdrhiitHIERIEoHEVIE® herein by
referenge;SUshEARA0S fAEHS AR RRth (RieMisle slowmefeonyaliedrelgase cherieor more active
ingredients using,ﬁ{ﬁr example, hydro rop%/_IH1eth Iceillulose ot er,Fl(ﬂl(Xmer matti es. %Ics, permeable

membr&REEPES ROHE e SR SRR toéJt(i)ﬁ%g,a%é?%spogéﬂ%?ést}} |poé%ar%cé1§,a?ﬁléﬁo_s eres, or a
combinatidnishérecitieprovite: thedesired refaase proftmermyveniiipropdrgondoslitanie

controlled{elease. IruAlians KD a0 Hgse A Qrlina-AkiLin e afkd prudiag.iirsedescribed
herein, can be readll¥ selected for use with the active ingredients pro |dedr2eée|n. ghq[ dtlsclosure thus
encompA&BaLPEAIE s TaEe s AL E fo B?Wagﬁ?ﬁﬁ?tr&ﬁqxoﬁ% 287 Butribffimited to,
tablets, Rappulasygeleapsnand caplets that are adapted for controlled-release. [00171]All
controlled-release pharmaceutical products have a common goal of improving drug therapy over that
achievegpy-their nonzcontralied coutatparts.ddeally niteidsaianapimalbrdssionedn

controlled-release preparation in medical treatment is characterized by a minimum.of drug substance
being eANIGYBAREENFEtSF RORPOIEN BEBHEIIORA T FRISHTNTSR SR TSr Bihare AgU AR of
controlledsieasetomuations el ytle eiten dediactihidyrof theldmgyredited. gosagedisquency, and

increased pALRNEAMRYANGE: N A0ANO0, CONVRNRHRIRASE [oUNMigHans ARG used Lo affect the
) e L * Y =] 2

time of onset of action or othel é aracteristics, such as blood levels of the drug, and can thus affect
the occendamsetighyidehildters. dgibleeybrasrtiot 1o veas Bbitiefe ANt PRSI SR e
designeg todnitialinialeasean gaauat ofdnag (aativringnedien shaipramptyopradieas the desired
therapeutjc effect; and.gradually and continually release of other amo of drug t intain this level
of therag e lrnp)rbap%gfﬁ%’ca é%‘e?: “&%?Ogh%égé{ﬁﬁgd) pgeeﬁ%’d%?‘%ﬁeﬁ%’. 1}%@? ﬁgﬁ’t%%sg%%%npthis constant
level of sirlrinpthgdopdin the dnestaralasdind 2 fed 3k drieoves ¥reld688g Elform Jatrédratanthat will replace the

amount @f drya peing;metabglized)and sxar eted fram, theihngive Cpntralisshreteass®of an active
ingredient can be stimulated by various coré?!gf}%s(é?clgding, but not Jimited to, pH, temperature,

> i d .
enzymeSRTaTERI AR eTodrhy sRETSHRAN Bold EormpBliayam ocbr), omtaparilt

S.
(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 treatment, prevention
and/or management of asbestos-related disorders inciude, but are not limited to, anthracycline,
platinum, alkylating agent, oblimersen (Genasense”), cisplatinum, cyclophosphamide, temodar,
carboplatin, procarbazine, gliadel, tamoxifen, topotecan, methotrexate, taxotere, irinotecan,

capecitabine, cisplatin, thiotepa, fludarabine, carboplatin, liposomal daunorubicin, cytarabine,
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WO 2010/053732PCT/L1S2009/062023 4.6.3 PARENTERAL DOSAGE FORMS [00173]Parenteral
dosage forms can be administered to patients by various routes including, but not limited to

subcutane‘é]l%,z?rliwgvgﬁ%us (including bolus injection), intramuscular, and ?rﬁ%gﬁzé}ﬂgﬁ%(gga,use their

administration typically bypasses patients' natural defenses against contaminants, parenteral dosage
forms adexptefel.gbhjlsteriler mbapablé Gf bdingHtetilizddrnrtooadminigstiationiteeadatient. Examples

of parentaral dosads Jarmsnekide Rk R8s oL intad i Saliansiserdy. ot iiaetian. AR aroducts

ready to be dissolved or suspended in a pharmacedutically acceptable vehicle for injection,
suspen&UHa! 485 1t Shjgrirsio dh d BIHTIS B fot T U [S altars enRIeS T4t Cal BETSEd to provide
parentetigbadpsageatoums: pravdedthigein are well known to those skilled in the art. Examples include,
but are not limited to: Water for Injection USP; aqueous vehicles such as, but not limited to, Sodium

Chioridggpiasyon. Ringets nieetion, Dsose.lasian, Bextioss AndSadium Ghiarils, Iniection, and

Lactated Ringer's Injection; water-miscible vehicles such as, but not limited to, ethyl alcohol,
polyethyRsh §ISRasICBeY YalirsisyIssesIRONdantrER 144 liBvGd Ve HEKISRENIEE Bt not limited to,
corn oil gaptianseseatthaganutaihdesan® oikyethyl oieaienisaprepyhtiwstatenanctpenzyl benzoate.

[00175](%%1%%%9@% &1@}} increase the S%lélrgllh% of one or more of the active m%rergf ts disclosed

herein ¢an also ’e?fnco_r orate fﬁfbptﬁé parént%vr_guaos’age oWg%’(%u\lf%[ga’ﬁgreﬁn. or example,
cyclodexelprsane i dietivtiy bensaidasely sephotinicie s ectavabsiisiiinotaspinmmide madulatory

compoundiptpvidedheraiangiisdenvaives, Becm8didh YoRbRatenlNRa fidthddotahisl is
incorporgaé:g herein t%( reference, 4.6.4 TORPICAL. AND MUCOSA'", SAGE FQRMS [00176]Topical
I

g D JRM
and mu O G R SHRE Y S PR R R B a 8 h TS Y YOS E™8bsols, solutions,
emulsiondfasusipensidns, eye drops or other ophthalmic preparations, or other forms known to one of
skill in the art. See, e.g., Remington 's Pharmaceutical Sciences, 16th and 18th eds., Mack Publishing,

Easton R#1(3980 & 1890 andintreduction o Rhamacsutical-Dasagefeams:, Sk ediokhea & Febiger,

Philadelphia (1985). Dosage forms suitable for treating mucosal tissues within the oral cavity can be
formulafBd Fs AL 61“3%681181e@‘éﬁ’s@f@%ﬁgﬁlﬁbﬁ’@t&%fﬁifelﬁtﬂitfg.‘@f,a@EPﬁ%‘?%S and diluents) and
o_ther mater'@lazt’mat@mabﬁauée)jxmohp@%idmobmﬁécamdampméﬁaj dmﬁagmmmsc&m&mmassed_ by this
d'SC'OSL{I&d@ﬁﬁ(}’@&%@f&%@rﬁﬂsEQﬂaﬁa@{ﬁﬁ H&z@ﬁy%%mf’&%d Hgal atsyand Aearnd. 0B g particular

tissue to which a given pharmaceutical composition or dosage fonn will be applied. With that fact in
mind, tmaqdéﬁcwéh@%m&é?ﬁaﬁ%@cmwmi%@e H8a\FiteiMarBasi RO uEh RSBt ERe B8k ol
" propylesghahyad dananehla3-diohoisapropyd mytstiaie s isopropyhpakmitidperainetalojiandtmixtures
thereof H?nfl er 0??;'21%%'1%5‘5’0&1 nlil,l |01{]S GIO %agteolrs, mterieukins, and interferons; hormones such as, but not
limited to, thymic; and other immunologic agents such as, but not limited to, B cell stimulators {e.g.,
BAFE/BlyS), cytokines (e.g., IL-2, IL-4, and I1.-5), growth factors {(e.g., TGF-0), antibodies (e.g.,
anti-CD40 and IgM), oligenucleotides containing unmethylated CpG motifs, and vaccines (e.g., viral

and tumor peptide vaccines).

[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, fenodoipam mesylate, cabergoline, pramipexole
dihydrochloride, ropinorole, amantadine hydrochloride, selegiline hydrochloride, carbidopa, pergolide
mesylate, Sinemet CR, and Symmetrel; a MAQO 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 [imited to, physostigmine saliclate,
physostigmine sulfate, physostigmine bromide, meostigmine bromide, neostigmine methylsulfate,
ambenonim chloride, edrophonium chloride, tacrine, pralidoxime chioride, obidoxime chloride,
trimedoxime 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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WO 2010/053732PCT/US2009/062023 which arc non-toxic and pharmaceutically acceptable.
Moisturizers or hbjron,e%%nts can also be added to pharmaceutical composil;i P/%%ﬂgﬂ%%‘%e forms if
desired. E&Na%ﬂeé of'stich additional ingredients are well known in the art. Se€, e.g., Remington 's
Pharmaceutical Sciences, 16th and 18th eds., Mack Publishing, Easton PA (1980 & 1990). [00178]The
pH of ajptasmacetiticaliconpusitionprodos dikfoat andylalsodexndiustotrdambropeofialivery of one
or more AtV IRGHRAIENS, R &RolBHMOt A molenkcarlirk IiSHARIS SHERMEH, or tonicity can

be adjusted to improve delivery. Compounds such as stearatcs can alsg be added to pharmaceutical
compoSHieHY BrEs Rl WG uHeaRREBI s PSP IRE: PP BB O SrRBE i 5Pone or more
active ingiedieatsdsacasitalioppeavel detisgtyalioythis, efjardaisterrdtesatatnsery enffgsaldipid.vehicle for
the formuialiaiaR A .a0niailng Al A SURRANART.ATAARHY SGER RRGIAT, Rerorolac
penetration-en Ié’lncmg agent. Different salts, hydrates or solvates of the active ingredients can be
used todighiaEmagj{istotner piop BFIBY B AETESI S OO D SIGH A AR T [O P FFTHEEBMpounds
provideghigieim G alBRbe Rt asanatisiatmasniasirad singpackagiog, materials well
known to tht selof skiIIOi the art. %ee,a%t%.,al{,dns.fgaltf lﬂo% % ezg’d?c%?;i 156,05}% 5§§'bfand 5,033,252.
ExamplaE P SR SRt S A AT G T St s T B ar e ot imAed 1o Blister packs, bottles,
tubes, inhélersipumibe rese wialdeoontamess:; eybingeghagdcan phekayingamiatediaksdiable for a

selecteq farmuation and intended made shagdmipispatiaa-anshiseatinent:- 1001 80iRxavided herein also

are kits which, when used by the medical practitioner, can simplify. the aﬂml istration of appropriate
amounte O ACRE ST SHIERA8 A CHt R TR i PR P e RIS e Pﬂ?%’\‘){alé& herein includes a
containeseayltbaridosagedoanvafineortippuide provided Hmngiﬁnénﬁﬂadﬁhg@ashhgﬂémnm@imer, a mixture
of an e%%@ﬂgﬁaeasb%ﬁggé}@ga%ﬂg,%%%%@{ﬁ?mgh%ﬂoﬁp B%ME&%BE’@&?@Z&Q!H%‘EM&I%EN: or a

pharmaceutically acceptable salt, solvate, or prodrug thereof. [00181]In certain embodiments, the kit
incIudeé“é‘%ﬁl%ﬁﬁéﬂ@gﬁ?ﬁﬁsﬂﬁpﬁra@)‘éla@@%?wW@Wﬁ%&ﬁ@ﬂf@vf&@ﬁ%‘gﬁﬁﬁ{”ﬁ?ﬂﬁ&ing a single
enantiomrihApRIMES (Blodfo LRBNIL MEFic-Pail 2al dnstiiiduahaiastereomer, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or prodrug thereof, in a

containgFRIpPrising S AMR(e AL EARAKIEARSDYEL ARSHRRI DRIRIR, Kilodupyided herein

can further comprise a onal active ingredients such as oblimersen (Genasens?), melphalan,
G-CSF asipragmagemeyt of5ot8 ot ARy BRse dRclEdk datateaenkimitthibitor, pentoxifylline,
ciprofloxagitaSiexameiRasens, hwtloSulhd&iAra: Gy inorelbinendsel clifiodndBaats retinoic acid, or a

Pharmageigicatagive a0t o detvatYE (steot, of &, comblnalionhstent. Fxamples of the
additional Active ingredients include. but are not limited to, those disc ose%r?Perelh.T%léf]Kits

providednereidineamdutiive Kinctode Wevisdg apars usddnosannmeter theisvnyéaimggedients.
Examples.efsyah-davicesdogivdehmt e 1008 imitad de, sywingrs, esdiedessinigstons il bags,
patches, apd ihalers, The ks RiRvided el San.2lsp.nsds gandoms or edripistation of the
active ingrédieAts - Tethy’p
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 Fmnmume
Globulin, mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab,
salicylic acid, acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine,
acetaminophen, indomethacin, sulindac, mefenamic acid, meclofenamate sodiam, 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 and benzbromarone; a cAMP analog including, but not limited to, db-
¢AMP; an agent comprising a methylphenidate drug, which comprises I-threo-methylphenidate, d-
threo-methylphenidate, di-threo-methylphenidate, I-erythro-methylphenidate, d-erythro-
methylphenidate, di-crythro-methylphenidate, and a mixture thereof; and a diuretic agent such as, but

not limited to, mannitol, furosemide, glycerol, and urea.



[00183]Kits provided herein can further include pharmaceutically acceptable vehicles that can be used
to adminis re active ingredients. For example, if an active in ient i ided in a solid
form that rﬁ)s? 1E:é)/(Er%%llc?r)‘]’stituted for parenteral administration, the kit can gg%qqrj)ﬁr%%éﬁa%gg%{fgg container
of a suitable vehicle in which the active ingredient can be dissolved to form a particulate-free sterile
solutior{@ha4 13 suitabledoppardnterati adimimigtration nExdmpies fof plearrnacagticatigntieeeptable
vehicleg aeiude, Buk2re 2ol Imited 19  papepe R MplIClgs arudings DYL L igmitgslda, WV ater for

Injection LISP, Sodium Chloride Injection, Ringer's Injection, Dextrose Injection, Dextrose and Sodium
Chlorid& i fEtom ISREr b BERath RIAGEFS HTSLIER  HREE MMERie YeMERRLHICIREIRY, but not limited
to, ethylalepbainpelyeiiyienegiyeokand polybiogytene-glirealtaandpomaglieoustiehiclese including,
but not limited to,.corn_oil tonseed oll, ' esame ol | N |.mycistate, and
benzyl b eﬁlté’oaa%%qlfgbé}éaﬁﬁeﬁ(éﬁsﬁ%g%%’vaﬁ%ggfi%#fﬁ under:stlglggﬁtl:?d‘tir??(;:'l‘?1 ?é%gvéﬁﬂ%ﬁ%%}gl?%%?ﬁng
exampleseBEEXANMPLESIH083ITerasdsp %BWB?‘B@@BD&W%I};WW“ or conventional

-0x0-1, 3-difwararisairae irayl)-piretidinemaies dionadneihanesuliania assah(d, L& @oilm,mmol) in
DMF (2 mL) was added CDI (81 mg, 0.5}:,£mmté(391.‘TQ1 m{ggr}e}wzgvsotiiﬁeg @E#%‘E pvernight,
4-Pyrid AL e R TRy lélmr?ﬂjelg R8s o]y Was adaed 1o the mixiure Hnd the mixture was
stirred atd®iFlfordsines rhbimnehisttepprzintubenei ey areel i e deltath epiiietiesharsliitted at this

temperafure for.& hify A MbsUs YRR ROl i RT nRfdef waler(S:mid hid slisrag, for 10 min. The
suspension was filtered and the solid was washed with water (20 mL), EtOAc (2Q mL), and CH3CN (20

mL) to GRBI{AR PEEAEER LS Bk MRRRLGiftt &'ﬁﬁ‘ﬂ&l’ﬁ%ﬁ?@fhf}ﬁa@é‘?’%' §8ymmetry C18, 5 um,
3.9 X 156bearoxbai ntinp 240 duncpdo g rgion 4008 GitichmiphGHBGHNI0 4914 IPG4s i 6enin (94%);
rop, 29%‘%@8?nlté)J}iMﬁné’KQn%Q&Q{Q&%%BB%E{WE%Q!Q%QE&@M%a@! é&ﬁ%%@%-% (m, 1H,
CHH), 2.29- 2744 (m,7H, CHH), 2.54 - 2768 (m, IH, CHH}, 2.82 - 3.02 (m, IH, CHH), 3.88 (s, 2H, CH2),
4.24 - 4ckletids. werineppaldpomeshioridry obidommerhlayisle igmraekimsbrgnide1diperi monenity, J= 8.3
Hz, 2H, Aophd2usl, gridadtdmidd o} cids, (faptoBeR dddindtldibk)feRa3QodindBdiolo fhike Ar), 7.51 (s, IH,
Ar), 7.69 (d, J=7.7 Hz IH, Ar) 8.40 - 8.52 (m, 2H, Ar), 859 (s, 1H, NH), 10.98 (s, 1H, NH); 13C NMR
oMo B, S Bt Tagrbl b ERS Beit MBS Sdbo B o6,
129.06, EBRRNE 3R g xiREhorgmBelefluagide 49 anlayss, »old gl g RHPe? gy 08, 172.85;

LCMS W84 ApabrGalethderiCa22Na044at ks hi0 terofi a2 bidilRiBdb NiadiBafiat, 6.55;
Found: C, 63,68; H,

_ H,5.24: N, 13.79, [00186]To g suspension of s y .
o AR 2 S RGNS 5+ A 55 Sl SHESOIRERR: acid sai
(0.18g. &:Gamimgihin, DiFn(Zhaals), svdis dadded @Bhi(STirh g0 6fmmuly sPHaxmiktoreiwdsistiked at RT
overnighf. 4 AmMINGRBAZYLAC R B2 MG QS @@l@%&%ﬁ%@cm HxiedR b e mixture was
0

stirred at RT for 4 hrs. E:ﬁ?{en the temperature was elevated to 40 C and the mijxture was stirred at this

temperdfP& FBRgRRFEY PHETR PO RIS RBEEE Y A ABEP AT (SR P& iPRed for 10 mm. The
suspensigoiiagdilbes eehrind dhen shikkchwkas, washeth withhaates 260 hliy et @p¢A0ainL), and CH3CN (20

ML) 1o 4@ Adeddis aid 12000 Shibae!ad ke 20l as AR oSG slica gel column

using anol and D as eluent to give the product as a white Solid (30 mg, 15% yield): HPLC:
Waters S¢ifnetpnc glonperdans rrogpompazing LAmahezinc s s gradrnm i Ioobe tArsamire:
CH3CNR L¥RSE 4nideB NS4 e PR3l ond dhbNMR (DM BEIrilB) £H:4:82n2.10 (M, 1H,
CHH), 2.20 - 2.47.(m, 1H, CHH), 2.54 - 2.6 1H, CHH),.2.80-.3.07 (m, 1H, CHH), 4.19 - 4.54 (m,
o1, CHST R} g BB T SR BT e EP IO TRY 6 70 (52 6.6
Hz, 1H, diynidd 6d(dedetr®, InietdizRid, methall 28, Mot {pmziid, mab)lop@9xsha8dih pIMmAFNS7 52 (s, 1H,

A, 7.69:{ghodimfind ﬂéau]th?lz), é@al@n&&ﬁ%n%dﬂ hieth9198 £8nd HioNEDor BSn IR LMS Qi) 8 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, EEghe88fo5 167.05 170.99, 172.85: LCMS MEI = 423; Anal. Calcd. for C22H22N405+ 0.4
H20: C, 61.50; H, 5.35; N, 13.04: Found: C, 61.21; H, 5.05; N, 12.80. WO
2010/053932PC T/USRRosye 2028 ond 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 TL-2 (including recombinant IL-IT (*r1L.27) and canarypox 1L-2}, IL-10, IL-12,
and IL-18; interferons, such as interferon alfa-2a, interferon alfa-2b, interferon alfa-nl, interferon
alfa-n3, interferon beta-1 a, and interferon gamma-I b; and G-CSF; hydroxyurea; butyrates or butyrate
derivatives; nitrous oxide; HEMOXIN™ (NIPRISANT™,; see United States Patent No. 5,800,819);
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531-j2-(2,6-Dioxo-pincridin-3-y1)-1-oxo-2,3-dihydro-IH-isoindol-5-
vimethvll-3-13-(2-n [-214-0vrazol-3-v1)-phenvlj-urea N-17 [00187]To '
5-(3-isocy§$§?c§ g0&13:%1‘;]/%-1-methyl-1H-py|razoIe (0.22 g, 1.1 mmol) and 9&%@5&9562@23
3-(5-aminomethyl-l-oxo-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione methanesulfonic acid salt (0.40
g, 1.1 nfrioksinbasetomitgen{ssiohgasiettes PRl 0By methene darislivas R fCardtHeemixture was
kept for22dms:; Watehddss e ovan agddesrtosibeamistue and the mixtdpadvas stisred b Rpfor 3 hrs.
The suspension was filtered and the solid was washed with water (20 mL), EtOAc (20 mL), and water
(20 mL} Bné'f\]/%'a solid. The solid was purified with preparative HPLC to give the product as a white
solid (122 mg, 24% vyield): HPLC: Waters Symmetry C18, 5 WTI, 3.9 x 150 mm, 1 mL/min, 240 nm,
30/70 APBERI0.1% ABPO#H BV (D Ie8o9) orrhs e00R6RES AR RI PMSBHEYES 88e 2.10 (m,
SRR S iy e A iyt A
,J=17.6 Hz, 1H, . , . , J= 5. .3 Hz, 1H,
NCH), &155VaTY Jdth ey eiify A fieg slifionyo 8‘?13@2’3 ) #ﬁf“%&é‘zj%g’t‘?rf%éiﬁﬁ?%éﬁ FoNEAN, 7.31
-7.38 (matfidpar kuBid, sied Bo(osBid raincabdddeidcd shaptithe Abysd8vil imelaGéidingHo Ar), 7.70
(0, 3= 7.0, 0 Ml AL PR % TN QSR o P L N MM DS 0:010)3.22 48, 3L 10,
37.45,42.78, 47.11, 51.55, 105.55, 117.82(2 carbons by HMQC), 121.18, 121.87, 122.93, 126.87,
129.08 243Ny gpob e LePEitons. 73, 142,38, 142.82, 144.76, 155.21, 167.94, 170.98, 172.84;
LCMS MH+ = 473; Anal. Calcd. for C26H24N604: C, 63.55; H, 5.12; N, 17.79; Found: C, 63.36; H,
5.17; N[Q(1.72} 5.41- 124 2:6bioxde pibecicinedadlyrdvokd 1RBeoh iy drotebisicintdel ibgredient
vi methVAts&e&%&%aﬁ%@é@fé%ag%éjjo-wémpmg&\ﬁﬁls&rcaaﬁgfm@ AL BBIANIXIUE Fhe used.

3-(5-aminomethy1-1 -oxo-1,3-dihydro-isoindo1-2-y1)-piperidine-2,6- dione methanesulfonic acid salt
(0.40 g, Thus.fmeprane. cber (e aorguadrriiieh hrr M ERirgdvdd afféR Aertstoe P Y. To the
mixture wasceedBptdnn stbhyildinidaze kd dyl potre aylawina(Qeh0:glylrdn g mel) sidniTi0and the mixture
was stirred a for, 24 hrs. To the mixiure was added water (25 mlL) an er (20 . The mixture
s SttBPaL RS s R B R R R e 0 .
ethyl acetite if20edidnys andl syeadi2dsmito) wolgivdsatoliteThaeblingoaipuriRell st Preparative HPLC
to give thepradust 38 adhie seld 400 Me.d8%a.yigld): WO 20101053732PCT/US2009/062023
HPLC: Waters Symmetry C18, 5 pm, 3.9 x 150 mm, 1 mL/min, 240 nm, 5% gradient 95% in 5 min,

CH3CN/0.1% H3P0O4,.¢ ,[( ig/{, mp: 218-220 C; IH NMR (DMSO-d6) a 1.89 - 2.12 (in, 1H,
CHH), 2.25 -2 (in%ﬁ%’?‘g.ﬂ6 (in, IH, CHH), 2.54 - 2.68 (m, 1H, CHH), 2.78 -3.04 (m, 1H,
CHH), 4.31 (d, J= 17.4 Hz, IH, CHH), 4.38 - 4.53 (m, 3H, CHH, CH2), 5.11 (dd, J= 5.1, 13.2 Hz, IH,
NCH), 6 89 %é, - 1.3 seTRingRts Gpens ghegromMlagic RHerrEaticRrat PIoMded TSR 32. 7.40 (in,
2H, Ar) cYehidatif. 49msidisd A, pbtRat(SCldndMerdps fnrvdL6h (0 alithifraifo@ D dnle ik Oaekmt 1H, Ar), 8.18
(s, 1H, HCOOH), 9,03 (s,.l H, N 10. s, | H, NH): 13C NMR (DMSQ-d6) 6 13.60, 22.49, 31.20,
o7 A et TG dy S RS RS AN B RN S0 Gh bl

administration. Cycling therapy can reduce the development 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

treatment.

[00146] 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 fength of dosing cycles to be increased. In
certain embodiments, a compound provided herein is administered for more cycles than are typical
when it is administered alone. In certain embodiments, a compound provided herein is administered
for a greater number of cycles that would typically canse dose-limiting toxicity in a patient to whom a

second active ingredient is not also being administered.

[60147] In one 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,

followed by a break of one or two weeks. In other embodiments, the dose can be from about I mg to
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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 MW = 473; Anal. Calcd. for C25H24N604 + H H+ 15 H20: C,
57.24; H, 38848748, Found: C, 57.43; H, 5.11; N, 15.57. FCESb s
5.5142-(2,6-Dioxo-piperidin-3-y1)-1-oxo-2,3-dihvdro-1/1-isoindol-5-

yimethyibbuB 3 (denfettivibalitol 1 @ibtalamo |t 300 fiomatioutd ang 801891 L60arstifred sbspdfision of
4'(4'm"1‘¥%3‘[%2ﬂ>'6'ﬁ[11f?o%lU'%91‘%53&1)08*1‘3@3(4@5[%{1{35@;%} gmﬁ -Jb%avmﬁg DD 610 HC Was

added CDI (0.32 g, 1.94 mmol). The mixture was stirfed for 15 min, followed by addition of

3-(5-aniNSHRERYRT-SE% BHRParo A8 81k do 128% Adise e Botiohusiethariedftenic acid salt (0.65
0, 1.77 mmabd bHleatingkwas stopped after 1.5 hrs and the mixture was stirred at RT overnight. Solvent
was evaporate_d and the residue was purified by preparative HPLC to give the product as a white solid
(013 9ygopAreld: HE b MRS RY MRS ol oA 6APR T L VI SAG IR, 14180
CH3CN/0.1% H3PO4, 4.70 min (93.9%); nip, 248- 250 C;NMR %[;M.So-d(i)_ 1.93- 2.06 (in, 1H, CHH),
2.29 -2 fndvistersd oraliy yr shagmmizgaten ahthe ppmpornPIavisd S, COMITFPE Y 2 @0 MIUEH ), 4.24 -
4.55 (inpddd 1G2scboind)aiddifgd dibmtddiidBa2: ¥t dEoNGEYix6v88k (!, Brafothdd ZmbbliiN), A1 -7.81
(in, 7H, ArH), 8.51 (s, IH, ArH), 9.02 (s,,I1H,.NH), 10.99 (s, 1H,.NH):.I3C NMR (DMSQ-d6) (522.49,

51 20, ST P S A B BT B B DO S0 R0 89, 141 84,
142.39, inty g whivien 285G, 08t 86 12uls 7\98) WREod a7Rigsmbatimsnimehenypheial. Caled. For

C24H23N 145G EN1B8: tHe LoRRidNioADt filatiRENY afmmB Rk 4adeN i IR A% kRIS analysis
was off, and both HPLC and NMR showed 6% impuri 010/053732PCT/US2009/062023

. WO
5.61-[2 28 B X8 P IROS 12 1240815 8- iRy 8L R BRRHbIogE to ebout thiee cycles.
vimethvlI-3-13-(2-methyl-thiazol-4-v1)-phenvg-urea
4.6 PHARMACEUTICAL COMPOSITIONS AND DOSAGE FORMS

[00149] Pharmaceutical compositions can be used in the preparation of individual, single unit
dosage forms. Pharmaceutical compositions and dosage forms provided herein comprise a compound
provided herein, or a pharmaceutically acceptable salt, solvate, stereoisomer, or prodrug thereof,
Pharmaceutical compositions and dosage forms provided herein can further comprise one or more

excipicnts.

[00150] Pharmaceutical compositions and dosage forms provided herein can also comprise
one or more additional active ingredients. Fxamples 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., subcutaneous, intravenous, bolus injection,
intramuscular, or intraarterial), topical (e.g., eye drops or other ophthalmic preparations), transdermal
ot transcutaneous administration to a patient. Examples of dosage forms include, but are not limited
to: tablets; caplets; capsules, such as soft elastic gelatin capsules; cachets; troches; lozenges;
dispersions; suppositories; powders; aerosols (e.g., nasal sprays or inhalers); gels; liquid dosage forms
suitable for oral or mucosal administration to a paticnt, including suspensions (e.g., aqueous or non-
aqueous liquid suspensions, oil-in-water emulsions, or 2 water-in-oil liquid emulsions), solutions, and
elixirs; liquid dosage forms suitable for parenteral administration to a patient; eye drops or other
ophthalmic preparations suitable for topical administration; and sterile solids (e.g., crystalline or
amorphous solids) that can be reconstituted to provide liquid dosage forms suitable for parenteral

administration to a patient.
[00152] The composition, shape, and type of dosage forms provided herein will typically vary
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0o [00190]To a mixture of 4-(3-isocyanato-phenyl)-2-methyl-thiazole (0.25 g, 1.2 mmol) and 3-

(5-amino HFX&% 1 3-dihydro-isoindol1-2-y1)-piperidine-2,6-dione nﬁw FQEH 5 cid salt
(0.43 g, 1.2 mmol) in acetonltrlle (5 mL) was added TEA (0.33 mL, 2.3 mmol) at 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. Thdepaspieasivhsirasdiliereekantithe dshige Wam wed e thoatyvate i oith diswsgimsetate (20 mL),

and watgh{2R 1mker i2iHesd slidsrThe Selithvnag Rurfiegdwith iR aliveahIP i te giva theiproduct as
a white solid (160, mg, 28% yileld) HPLC: Waters Symmetr %éB 51, 1éll 3.9x150 n’%}r%*sh | mL/min,
240 nmiP367 O ORI LPSPESE S5 Fninay! %}Ja gosegk fmy 119y SRBRONRSS. d6) 1.92

-2.06 (rapkhpE bidpe 2270 Qo Thérmg ikl p@felmmz BAonPrB(fhrl#, cCHEdy 2 TarispSH (CRS), 2.81 - 3.01

(m, 1M, e igh 0 ek b it R G D 3 )eéiﬁ@fﬁém @Mrn%'ékéo dePpldifdd. /= 5.1, 13.2
Hz, 1H, NCH), 6.74 (t,/=.6.0 Hz, | H, NH) '32 (m, 1H, An), 7.40 (ddd, J = 1.1, 2.3, 8.1 Hz, IH,

7.20 -
Ar), 7.48idasuseillyan 6o Ownmf}ews%lz% @fﬁr%lapa?%‘f%&fwjﬁ%cﬁ? DA Pe9 82-(s 1H, Ar),
8.02 (t, RehiQdri, ‘d B p DBt B ABSAdr - DEH)S 1 OR8V(s: K PLHNHh i d FEsNVIFA (DS0-d6) 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,

134.58,1440:82, 142. %?a&é%%%b%ﬁﬁn@@cs %ﬁ?;%%ﬂ&@@ua&l%@ %‘%MQ%% dh %An? o%dé‘@o Anal.
55,

Calcd. for C2 H23N304S C, 61.34; H, 4.74; N, Found: C, 61. 14.19;
S,6.49. TP $ONpriER RS X6 lmrﬁe%rﬁ@mﬁ&ﬂ&% @2‘%?&%‘5?&%6 e lewia i tpse Sl T th ar
vaeth%P@;&%%&ih&h&hﬁﬁyg&&@ r@i&@-&iﬂhﬂﬂé@[ﬁﬁelﬁwgMa_\ﬁcﬁcﬁlxléfﬁd. swspaesion of

3-(3- ISOC;}/ m?]%y)fféi%gxoais@ew l ]ij_tlngy razoigg( i Zsrﬁimm eut agg&ohosmon or dosa

3-(5- -anfinome ro-1SOM erl e methaneséffonlc acid salt
(0.46 g deresdamelydncacetdniteitev(slinipd e Rﬁlmi“s.iad@i@agmw(@ Bmigad (2 Bq WashBl e mixture

was stirfiedsfand sy iolioyued b Rdlitienofthdd Gh(LQ:aphd, whiabsasstiyeatfals 1 minndhe mixture

was purified, by preparative HPLC to give the uct as an off-white sqlid 38% vyield): HPLC,
Waters YRGS G880 AR TG D DR e AN E 5004, 5 90 min

(99.9% xnipie@3Ra2 B CleptaNM R BM50ed6) @ OS¢ O (i, dishoC i), FAGx@rife(ths IH, CHITY),
2.55 -2.68 ﬁ% It 843 R (e e T %HJJ 384 dP b3 b DR 3R od:CH2, CH2),

5.11 (dd, J= 5.0, 13.3 Hz, IH, NCH), 6.57 (d 2.3 WO 2010/05373 PCT/USZOO9/062023

when exposed to water. Active in gledlents ‘that comprise primary or secondary amines are
particularly susceptible to such accelerated decomposition. Consequently, this disclosure
encompasses pharmaceutical compositions and dosage forms that contain little, if any, lactose other
mono- ot di-saccharides. As used herein, the term “lactose-free” means that the amount of lactose

present, if any, is insufficient to 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 example, 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 pharmaceutically acceptable amounts. In certain embodiments,
lactose-free dosage forms provided herein comprise active ingredients, microcrystaliine 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 order to determine characteristics such as shelf-life
ot 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 a formulation can be of great

significance since moisture and/or humidity are commonly encountered during manufacture,
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Hz, IH, ArH), 6.73 (t, J= 5.9 Hz, 1H, NH), 7.18 - 7.37 (m, 3H, ArH), 7.46 (d, J = 7.9 Hz, 1H, ArH), 7.53

(s, 1H, AI@% 7 %?i-z?’ 7,(in, 2H, ArH), 7.89 (s, 1H, ArH), 8.71 (s, 1H, NH), 10,98(58ids N8 13C NMR
(DMSO-déy 37 fﬁélz.fs, 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 hardlies pedsagisenatoege7 Shimpglt @xicde FolTRBPaN604 +0.5 H20: C, 62.36: H, 5.23: N,
17.45. Found: C, 62.06: I-1, 5.19: N, 17.28.

5.814(42 Beljoxopipghidin-arnvidalraxaiseinestipobtibal ymetowrStian{ movphdlirameatiybohenyburea
formate, _00102]T0 3 siired mure of (& aminomethyl-Lox0rt, & diyele Jsoindadanytt
piperidi%lg- 16edione yﬁroéhlorl e(B. g, 1.00 mmo and ng-(aé-lsocyanétobenzy -morplhyoline (0.22 g,
1.00 mavekiivecdioitiiie (10odin)anaspheided TEA! @RBofions U0 ANTEDH ArFeThahesymittogen. After 2

hrs, adgijtiguahf (3 iseeyanateRanzAMarRhalngy Q22 grihl0 MBeh@nd ahid (0280 tko.00 mmol)
were added. After 12 hrs, undesired so@j as fijtered and filtrate was co centra{te%. The residue was
dissolvaL i SR EHFUAIE SRR B B P A N AR PR AT CRAE R LA i
acid/H2Z exji:ded.formic acid: 10/90 for 5 mm, to 100/0 in 10 mm, 100/0 for 5 min). After evaporation of
the solvent, the residue was triturated in ether (20 mL) for | hr. The product was then isolated by

f"traﬂoqtm@ gied in YacL 1@ QivEhe RQAUAL A FooRiges sAld €0 6,9, A0% il siiR ki Waters

Symmetry Cg, 5 itm, 3.9 x 150 mm, 1 mL/min, 240 nm, gr d(;(_ent: CH3CN/0.1% H3PO4. 10/90 to 90/10
in 10 miFGBADE i BT (05 ST TR 00 B TP DRSBTS 429 o, 11,
CHH), 2uatbriaks 4fofini, tblpheCitttx@iste @HRe 2582 (BabDyiad beldcDiddd ipHyi@blbijord@ry 3.03 (m, 1H,

CHH), 398 (5,2 Q&Qn&%%a%kéjgh(%éﬁac% ufe HARY (D ndb b2l Zedibh GiH), 4.37 - 4.55
(m, 3H, ChH, cH_’z ,5.11(dd,’=5.1, 3.2 Hz,'1H, CH), 6.83 (d,J = 7.6 Hz,IH, Ar), 6.99 (t,J = 5.6 Hz,
1H, NHp!aptis, goiidgscppiaineys fry. 7P dliser peaky30d fHARECS39 (s, 1H, Ar), 7.44 (d, J = 7.7 Hz,
1H, Ar), 7.52 (s, 1H, Ar), 7.69 (d, J= 7.7 Hz, 1H, Ar), 8.29 (br. s., 1H, HCO00), 8.90 (s, 1H, NH), 10.98
(br. s., 1601¥81); 13C NMRi(DOMSOHI8)B32R-GilpBlc? Phad @ ABpidkAl b sH6S 31R0i0626%r66.17, 116.42,

118'13’tl}a%%b71‘r%5rise one or more compounds that reduce the rate by which an active ingredient will
decompose. Such compounds, which are referred to 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 limited to, the route by which it is to be administered to paticnts.
In certain embodiments, dosage forms provided herein comprise a compound provided herein in an
amount of from about (.10 to about 500 mg. In certain embediments, 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, 23, 50, 100, 156, 200, 250, 300, 350, 404, 450, 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 50 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 to the

patient,

46.1 ORAL DOSAGE FORMS

[00160] Pharmaceutical compositions provided herein that are 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

predetermined amounts of active ingredients, and may be prepared by methods of pharmacy well
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121.83, 122.90, 126.86, 128.34, 130.25, 138.24, 140.48, 142.36, 144.99, 155.31, 164.30, 167.95,

170.98, 17 : . MH+ =492: Anal. Calcd. for C22H3IN507 + 3 H2(): 4 82 .30; N,
et SofsiiiadhB

11.84; Foun H, 6.12; N, 11.72. WO 2010/053732PCT/US200
5.91-42-(2,6-dioxopiperidin-3-0-1-oxoisoindolin-5-yOmethyl)- 3-(4-methvl-3-nitronhenvl)urea
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 herein are prepared by
combining the active ingredients in an intimate admixtore with at least one excipient according to
conventional pharmaceutical compounding techniques. Excipients can take a wide variety of forms
depending on the form of preparation desired for administration. For example, excipients suitable for
use in oral liquid 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, diluents, 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
prepared by uniformly and intimately admixing the active ingredients with liquid carriers, finely

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

[00162] For example, a tablet can be prepared by compression or molding, Compressed
tablets can be prepared by compressing in a suitable machine the active ingredients in a free-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.

[060163] Examples of excipients that can be used in oral dosage forms provided herein inciude,
but are not limited to, binders, fillers, dismtegrants, and lubricants. Binders suitable for use in
pharmaceutical compositions and dosage forms include, but are not limited to, com 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 calcium, sodium carboxymethyl cellulose),
polyvinyl pyrrolidone, methy! cellulose, pre-gelatinized starch, hydroxypropyl methyl cellulose, (e.g.,
Nos. 2208, 2906, 2910), microcrystalline cellulose, and mixtures thereof.

[00164] Suitable forms of microcrystailine cellalose include, but are not limited to, the
materials sold as AVICEL-PH-101, AVICEL-PH-103 AVICEL RC-581, AVICEL-PH-105 (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-381. Suitable anhydrous or low moisture excipients or additives
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[00193]To a stirred mixture of 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-y1)- piperidine-2,6-dione

hydrochlorldeél .00 g, 2.70 mmol) and 4-methyl-3-nitrophenylisocyanate %Q %_(}[@R?% g mol) in
acetonltrllé’v@ 3§ added TEA (0.75 mL, 5.40 mmol) at RT under nitrogen. Atter 2 hrs, IN HC1

(20 mL) was added and the solids were isolated by filtration and washed with water (3 x 20 mL). The
crude pretiuct AVAS FitutAteB I BtOAe(B0 ML) Adr 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 C18,

5 um, 0 mm, £ bR, (AR 0 Wi GERAGN CHHBE PHE Ao HBRIQ i 9811030 ddasr 10 min,
90/10(5. m|n .94 min (96,79%); %ug 230-232C; 1H NMR (DMSO- ggzg(%l 87 - 2,08 (in, 1H, CHH),

2.26 - JogyRrosideigiméng e b 4ig retlipigdio 11 C&‘HH)’ S F R OH). 4.31 (d, )=
17.4 HayobderG tiodr 38t 5G (o BHoGHHHICHR) &, Mb(dalp I 5610, 1831k, sLi4iGrlY, 6.92 (t, J= 5.9

Hz, IH, NED, f - %arégz(;re—ge%tﬂ%zadJsézré%r)dnﬁ A8AG 74D %0 LA b A RO Rlib AY), 7.70 (d,
J77I—fz IH, Ar z, 1H A3907s|H NH), 10.99 (s, IH, NH); 13C NMR

(DMSOtidsy 8 maawczlzua@ cgmpyitippsgpoviged ferpingapreaentan iy agoutslgabopbRIgupign, 71

126.92 ,130:33¢ 432184m 13261 dhdr38iidid B85ak4807R, 155.02, 167.93, 170.98, 172.85; LCMS: MH
= 452; Anal. Calcd. for Ce2H2IN406: C, 58.53; H, 4.69; N, 15.51; Found: C, 58.23; H, 4.58; N, 15.34.

> 10142@%%%%4 me};px'& ibadada gralioaniaatdin St noxaisolndoln GryRmeihvourea H H
H2NN" 0194 ?utlon of 142-(2,6- dloxoplperldln- -y1)-1-oxoisoindolin-5-yOmethyl)-3-(4-

methyl- %W@w@m@@wl%@ HGLGSWEF)OWB‘M Flebér ity lsa s ired el e 8yt 10% weight).
The reagtip ralsmzegkrz@ewaﬁdwgir %ﬂl&&tﬁdewﬁlﬂ @R@IH t6h akwlaiﬁﬁ)p&sllﬁégeﬁﬁﬁthr&sﬁm raixtatre was

filtered throu celite wh| was w Wlth f lana | DME Thg Jr%tl e was then
15 t .
evaporated’ gﬁ%%ﬁsér?éﬁ Gai0ss St \1/%/3316 ler o8 m 55 e Phirs. The 38%%35 fiitered, washed with

additionabWwateto(BOrimichralydiidridlt Eheserfdegraien @MJ@IMQ@@%W@WW@M Fol(l;@@@a%n L),

decoloriging carhan,wamandedn andhe seacianmbdure wasshuashior l?pblmér Hgaixture was then
filtered thro%gh a celite pad, which was washed yvnh addltl?onal Irate was then

(50 m
evapor AR APt 8L RIS W A SERRN 1R RRtfer | O S A Fsartl'l*?g Csec‘ﬁ CP‘ rf BF8G: washed with
additionswadesu (e min)p esidb s igd- il vbloticin Theysod idfvesabritu fafed abitht W@ewht percent of

2010/ 05c§s7n"x)’1%§r%£/ yr%?ogp %9\92101%%‘9&1‘{ 5 weight percent of disintegrant.

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

algins, other celluloses, gums, and mixtures thereof.

[00168] Lubricants that can be used in pharmaceutical compositions and dosage forms
provided herein include, but are not limited to, calcium stearate, magnesium stearate, mineral oil, light
mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lautyl
sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil, cottonseed oil, sunflower oil, sesame oil,
olive oil, corn oil, and soybean oil), zinc stearate, ethyl oleate, ethyl laureate, agar, and mixtures
thereof. Additional lubricants include, for example, a syloid silica gel (AEROSIL20(, manufactured
by W.R. Grace Co. of Baltimore, MD), a coagulated agrosol of synthetic silica (marketed by Degussa
Co. of Plano, TX), CAB-QO-SIL (a pyrogenic silicon dioxide product sold by Cabot Co. of Boston,
MA), and mixtures thereof. If used at all, lubricants are typically used in an amount of less than about
1 weight percent of the pharmaceutical compositions or dosage forms into which they are

incorporated.

[00169] A solid oral dosage form provided herein comprises a compound provided herein,



ether for 1 hr and the product was isolated by filtration to give the product as a pale green solid (0.22
g, 79% w% %Eé]:z 93 aters Symmetry CH, 5 gm, 3.9 x 150 mm, | mL/r@@w%gQ(}@gthg@dlent
CF3CN/0 O4:10/90 to 90/10 in 10 min, 90/10 (5 min): 4.50 min (96.74%); mp: 228-230 C; '11
NMR (DMSO-d6) 6 1.82 -2.10 (m, 4H, CHH, CH3), 2.25 - 2.47 (m, 1H, CHH), 2.59 (d, 1= 18.3 Hz, 1H,
CHH), 2ntydraue Sagrpsct prcciamylimpegiulpseqnoly Ay iy blnng, sicase s dacalioidgh aphydops v, 4,93
(br. s., dhbaNH@peRdd (dd, 1=5.0, 12.9 Hz, 1H, CH), 6.51 (dd, J=1.9, 7.9 Hz, 1H, An, 6.58 (t, J= 5.7
Hz, I H, NH), 6.75 (d, J = 8.5 Hz, 2H, Ar), 743(d J=7.9 Hz, IH, Ar), 7.50 (s, 1H, Ar), 7.69 (d, J= 7.7
Hz, 1, A1), 8.23 (5 JaNHIGKO 9 A1 UL ISE DVBBMSRAG © 1675, 22.49, 31.20, 42.74,
47.10, 51.56, 104.16, 106.57, 1T14.59, 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: MEL = 422; Anal(ﬁ{ for C22H23N604+
0.1 H20W B/BIEt20: Achzoanerriliant Pides Bercle Sahae R SOy frggse means
5.111-1,,24RLHRiexa-pipariinas: wk)i kroxar & Jacibpd rodibhigskikdiolBe art. Examples include, but
e SRR ae e, [0O1ORIAO 208,200 pipeihuenadded g siired mixture

of 3-(5- amlnome 0XO- ro-isoindo1-2-y1)-piperidine-2,6-dione methanesuifonate (0.37 g,

1.00 mmﬁlﬁéﬁ&@%s‘a@%ﬁﬁt&@%ﬁé’ﬁo&?%&rﬁeﬁé9(@)52@25907% b ol P atetdntiétd0 mL) under

nitrogen a8 k6 AlEE SrvsiciNs Hish Ehoamidonas ddedsrad She mixigedonascstitredstartd0 min. The
solids were |soiated by ftlltrﬁ\t d(3n,1and g&h&d with f'%%er Zc%lm usn%v gggrﬂli g(lo mL). The crude
productiyX K BIREE Ve & SRTRAr amount of DME and the productwas prec plf.ated by slow addition

of wateh{damty)initiey solibdosre pthoofestedt bymﬁpaiﬂﬂ*ﬁ waBlsebl it EtPT s i efifety $f Pacua for 18
hrs to gjya e RIOdHEL %R WRItERQ!IH {8 M0 Gn BB e WalakstRYMEeIF Yopidi& pra, 3.9 x 150
mm, 1 ml/mirn, 240 nm, 35/65, CH3CN/0.1% H3PO4 3.76 (99 30/(1%%“ t224 226 C, IHNMR
(DMSOSEB)E Flersqrofie R pe pronsgions. 4gufiad iﬁ’“ﬁtﬂ;gz o k’?ﬁ‘?ﬁf BE§™3%0 - 3.01 (in,
1H, CH)hékel& odlinfrywkitt b, 16:H2, BHR)inG hOs¢dtbs dribddRetdn2ckizhd tdadiiHyeleckd for JuesvdiHz, IH,
NH), 7.23 - 7.36.(m, LH - 748 4R h , dsbd ihizs1H, Ar), 8.55
(s, H, '@ﬁ) 97 '%%éftfﬁ%?é{g%g%e% md%mmezﬁ@gé%ﬁ%ﬁ%ﬁggﬁ% ég.szi 49, 23.82, 31.18,
42 77, 4vimplederse! fi@lmrzﬁm@lStrcfnazlbssﬂ%z‘%id R A A e ?’ﬂé’&?aﬁ 936, 144.94,
155.29, A67ubhe LBT QurblQ198id:82.85; LCMS: MW = 485; Anal. Calcd. for C271124N405: C, 66.93;
H, 4.99; N, 11.56. Found: C, 67.03; H, 4.72; N, 11.41. WO 2010/053732PCT/US2009/062023
>.12142 g%%ioxop'w'g sy &)r&e%q;ﬁgmggém% '&ME‘KQV@z{éoﬂﬁmtb%ﬂé/ﬂﬁﬁﬁﬁwll'r%0196]TEA

(0.20 g, ol) was a {0 a stirred mixture of (5-aminomethyl-l-oxo-
1,3-dihydtre- mmmxmaprp@wa.mﬂzewwelwﬁ%mﬁ&e%% drerues b HPARFLE.
isocyanaigAnaitaReMeensldke 4 et mmeliin acetaaitrile-tiAmeti«uitder mitiogenoTdregnixture

stirred at Tfor hrs, duyin WhICh time i alne gs.asus ension. Aé NFSLS Wgt gmL) was
added, SHEFHE® TR n%gggstltf)rc (i%l%rl}??r:ﬂ ke so]I d was Isola attugjdd‘tjj’l tf‘llltroatlon and v&asf%ed with

additionafl wate! qa@ems)eém@ermnnnnbué@_@xmiy}edr#févg@nafm%ﬁ&ssféﬂr@adu AorassidiedusATSunt of DMF

and the proguct.was.RIesipitaied.by, siovadditionebwatend30makiaions sefidavisiaolignied by
filtration and washed with Et20 to remove mast of th %I gel owf%olca The remzﬁlnlng(_?J Qlld was
16 RS S oo P i

dried in RYEREARPBTEA! GERPAIGHTTES STERGETRE oGt & 89 % B-white sor HPLC:
Waters Gymuneteyde 8si8et(ing. 3a8verdS @ fifiaers. 1 nil/min, 240 nm, 30/70, CH3CN/0.1% H3PO4, 6.15 min
(97.1%): nip: 272-274 C; 1H NMR (DM50-4) (31.84 - 2.13 (in, 1H, CHH), 2.24 - 2.44 (m, 1H, CHH),

2.55 - 2[%@( 1H, CRKY: QodefondiGedite tiinfettibhs el Qestbm (Mi}ﬂi‘hﬂ}gﬁgasghﬂ%)m&liﬁo&dd J=47,
13.0 Hz, |HC ), 7.07 (t, J= 5.6 Hz, 1H, NH), 7.37 - 783%{}1 5HAQf815 %ZH Ar), 9.48

(s, 1H, I‘QF"F¥ @g@g]{gr nﬂl Ill}ft fg@%imﬁ%@mggcdigsabed erapeutic éffect, an cﬂadua ly an

continually release of other amounts of drug to maintain this level of therapeutic or pr ophylactic effect
over an extended period of time. Tn order to maintain this constant level of drug in the body, the drag
must be released from the dosage form at a rate that will replace the amount of drug being
metabolized and excreted from the body. Controlled-release of an active ingredient can be stimulated
by various conditions including, but not limited to, pH, temperature, enzymes, water, o1 other

physiological conditions or compounds.

a3



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, 147.04 154'51i 167.91, 170.98, 172.85; LCMS: MI-11 = 438; Anal)lc%algﬂmg Jﬁ%%%1-119N506+
0.5 H20: CY8EHH 7H%52:N, 15.69; Found: C, 56.45; H, 4.31; N, 15.71. LC1'U
5.13N-(4-{3-[2-(2,6-Dioxo-pineridin-3-v1)-1-oxo-2,3-dihydro-1H-isoindol-5-
vimethyl]-urcidol-obe#¥D)-adARBNEE RIOD IATHSEh FUR&arati
1-(4-amino-phenyl)-3-[2-(2,6-dioxo-piperidin-3-y1)-1-oxo-2,3- dihydro-IH-isoindo1-5-ylmethyl]-urea. To
a stireqgppstyre of 142:(%61disePiRgHdinmdsy dinknQxeisaingalineyQmstR¥badx4mikaphenyOurea
(150 m}?élo.34 mmol) in EtOH (2 mL) was added sodium dithionite (597 mg, 3.43 mmol) in water (2
mL). THE LU

[J v
L0

led s¢ (
T ik RS TS et Y BB RSO B B B WRTER L RN S Cated complete
disappeatanceiof rﬁﬂnlﬁtamhigamﬁjﬁﬁs@tia'mmal@ibnvméxmmim_ wan:ldidefdmd_mghiascrude product
from a geparg %Agg@&@%&%&&g@&%@@gg&% f&é!ﬁ’&%_‘é’@%g%%?@dtlﬁg ipminimal PMF and

chromatographed on a C-18 preparative HPLC column equipped with mass triggered collection. The
desiredfBEHERE NI BB dRi W Er Zorior s B Delsohe e 28t dkitdritrated in vacuo to
providegd{doanmiagyabenyd)od 22pt-dioxacpinat dinddsyh)ed ©@XAs@sBded in a pharmaceutically

dihydro-lH-itggf'Qg Qgé)scombined average yield from

Jaindal.x yhnethylures 25,8 pele vellow soli (90,ma, 0%,
two separate runsﬁj: mp: 2440 ;I]I’_Wé:sﬁﬂ =408’ [6]6f §]’Step - Preparation
of{342-i2,6-dioxo-piperidin-3-y1‘)-1-oxo-2,3-dihydro-1H-_isoind01-5-ylmeth?/1]-ureidpl )
-pheny19&ckthmide. Suigabls vehisiphibalan da psed B-afeRdsaipentitl gosage forms provided herein
y1)-1-oxa- 2:draiye esioisainded Erlathylkurerd §4ing, Bul b2 mmahlweas:stirsed &t room
temperature.in acetic anhydride (5 mL) for, 2 hrs. The volafiles were removed.in vacuo and the residue
was dis%s%f\‘itelglni?srﬁfnﬁ%%?‘% V 131%8 Sblﬁziffég ot 6?%%%3’ |\1/§r}i'e-i|(f5’|§§:%c]]oelcdlrnmh.' {'desired fractions
were comjbified Badoententiate & émtimeandtdodravidéltnidphddustiasnd padeipéRoneadlid (37 mg, 52%
yield): HELGu VRS mYIHREIN Gig s IR, Rl 10000, LalIMiBn A4 Betn I8 31yed13GN/0.1%
H3PO4, é.lQ mm (97.4%); mp: 265-267¢;NMR (DMSO-d6) 6 1.99 és', 4H, CH,CH3), 2.29 - 2.46 (m, IH,
CH), 2.58'YD"8#y (RS ALY PP ST8E 2B HRIIEE S CRS]: 2 D OB BTIIFI4R COBS RIS 8 G ud, .1=4.9,
13.2 Hzpehthyt G kefaihd ¢, dimybDekdz, ibolyriN) mig: 28247, 361 (manytHh Arpa%.36 -7.48 (m, 2H, Ar), 7.51 (s,
IH, Ar), 7.69 (d, J = 7.7 Hz, 1H, Ar), 8.55 (s, IH, NH), 9.75 (s, 1H, NH), 10.67 - 11.27 (m, 1H, NH); 13C
NMR (QMSP506) 6 2249 23828 ;B b2t Lotbild GLREr ki ARV, h2kB6L22.91, 126.88,
130.26, 133.18, 135.70, 142.36, 144.94, 155.29, 167.67, 167.95,170.98, 172.85; LCMS: MH1 = 450;
Anal. CAisdowst sat3RIsn 8% HBPRACEn g e isTab N SE A0S PR 75  4.00; N,
14.59. 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.

46.4 TOPICAL AND MUCOSAL DOSAGE FORMS

[00176] Topical and mucosal dosage forms provided herein include, but are not limited to,
sprays, acrosols, selutions, emulsions, suspensions, eye drops or other ophthalmic preparations, or
other forms known to one of skill in the art. See, e.g., Remington’s Pharmaceutical Sciences, 16th
and 18th eds., Mack Publishing, Easton PA (1980 & 1990); and Intreduction to Pharmaceutical
Dosage Forms, 4th ed., Lea & Febiger, Philadelphia (1985). Dosage forms suitable for treating

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

[00177] 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
skilled in the pharmaceutical arts, and depend on the particular tissue to which a given pharmaceutical
composition or dosage form will be applied. With that fact in mind, typical excipients include, but are
not limited to, water, acetone, ethanol, ethylene glycol, propylene glycol, butane-1,3-diol, isopropyl

myristate, isopropyl palmitate, mineral oil, and mixtures thereof to form solutions, emulsions or gels,
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5.143-12-(2,6-Dioxo-pineridin-3-y1)-1-oxo-2,3-dihydro- -isoindol1-5- ylmethylj-1-methvl-1-Ohenvl-urea 0

00[00199$,roas spension of 3-(5-aminomethyl-1-oxo-1,3-dihydro-isoindgl-2- 08 iperidine-
2 6-dione M WS ic acid can (0.18 g, 0.5 mmol) in CH3CN (10 mL(;P\)(\}g?sUg% O e (0.4 mL,

2.5 mmol) and N-methylphenyl carbamic chloride (178 mg, 1.05 mmol). The mixture was stirred at RT
overnightidthe suspensiendyasrilterettahdthepsblid Wasswestrednbithwatey (20akL s etldptiacetate (20

mL), and GHIGN(RQ0b-h {904 as e RERECE A MINIR ORI (200l A Xhiglih HiRLfenaters
Symmetry Clg, 5 pm, 3.9 x 150 mm, 1 mL/min, 240 nm, 30/70 CH3CN/0.1% H3PO4, 3.56 min (96 %);

nip: 16878 AFEPRINRARE (BIMSO fofl) TG 0nF G4l g 4ol 09 4% thads- A, 2.55 -2.69
(m, 1H,GHshing, Fastcd.0A (n931Hy CH4bh), 3.18 (s, 3H, CH,), 4.22 - 4.58 (in, 4H, CH2, CH2), 5.11 (dd, =
5.0, 13.3 Hz, 1H, 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 (St Ap): 7664 o 31 Hard A0 SRS N LG NYR (RMBQHRIG 2,51, 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,
145,41 188 vadefigerosf eppporsses: peRis e R a0y: netlaaicd 2R PPN D4+ 0.5 H20:
C, 63.6Qink, sordn@iiNorkSndt Oty Sab teaidrotnds oB3:6dslHely. S5ChiNpoMM@ such as stearates can also
2010/053732PCT/US2009/062023 13.48, o , - o

5 151D AR AL or dosase forms 0 sdysprageounly g e IArapBliNG e
[00200]T'diBoshEisEn SioO P BUG LIS MEtPHHIITSoR GSTIRUIRY ot 9sbeing 2T yesiple EmEc2, 6-dione

methangsiifonicacighiaalt ki3 fod ik mAlis DM En(@mbiyvasadded G203 mmol). The
mixture I1.as stirrlzglJ al RT overnight. 4-Fhe.nglanilinﬁ? ilg69 mg, 1 Emol) was added fg the mixture and
the mixfTTE LS SHARREAT B F87 A K& D HHAR (S Yo rnperattnd ol diafafats 4o “E MR e mixture
was stiregiedicthisste frpeat tr dufdre8 ddjsst Tivepmiettive wals: coultddoRPodti@suspension was filtered
and the filtrate was added CH3CN (5 mL) and the resulted suspension was filtered. The collected solid
was recrystalizegl frongiPMF to give the product as a white solid (30 mg, 15% yield): HPLC: Waters

Symmetry C18, 5 gm, 3.9 x 150 mm, | mL/min, 240 nm, 50/50 CH3CN/0.1% H31304, 2.78 min (95 %);
NMR (11%5 -fG) 62 }% Qr. S IH, 90@?%&%‘2‘81&2’47@ t}H#CHJ(-J ,ag.GOal(lgi Il%f:mla8ﬁal-ltz 1H, CHH),
2.82- 304(n, 1H, CHI); 495 4 S8 4H Cr" A, Sr P S 245 15 59 T NEH), 6.73 -6.83
(m, 1H, Uiy pickaeing met¢rgls pelidgoryp hgseelihilliothcary, Yezo@, W= 79 Mes1H8288098.75 (s, IH,
NH), 1053813581l )38 BARExamples 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 sclected formulation and intended mode of administration and

tfreatment.

[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 mixture of an enantiomeric pair, an individual diastereomer,
or a mixture of diastereomers thereof; or a pharmaceutically acceptable salt, solvate, or prodrug

thereof,

[00181] In certain embodiments, the kit includes a container comprising a dosage form of the
compound provided herein, including a single enantiomer, a mixture of an enantiomeric pair, an
individual diastereomer, or a mixture of diastereomers thereof; or a pharmaceutically acceptable salt,
solvate, or prodrug thereof, in 2 container 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, topotecan, dacarbazine, irinotecan, taxotere, IFN,
COX-2 inhibitor, pentoxifylline, ciprofloxacin, dexamethasone, 112, IL8, 1118, Ara-C, vinorelbine,

isotretinoin, 13 cis-retinoic acid, or a pharmacologically active mutant or derivative thereof, or a



(DMSO-d6) 6 22.51, 31.20, 42.80, 47.13, 51.58, 118.09, 121.89, 122.94, 125.99, 126.64, 126.85,

128.82, 1?&@%&}%387% 139.93, 142.40, 144.81, 155.18, 167.95, 170.99, ﬁZ%f§§ZOb&M§iJ¥IH+ =423.

5.161-12- oxo-piperidin-3-v1)-1-oxo-2,3-dihydro-1H-isoindol-5-
vimellivl11-3-13-(3-metkvkl,2,410xadiazol-5-v11-Phenvikurea 00. N-O H H -"TiN 0 [00201]To a stirred
suspensiorbok8e(Gtheretfy FRempiostdiaxdlitoyal)apliraripiedive ©cPRig bit oo mrmibiitddo.
3-(5-aminpmethyklox9:1,3-dihydro-isoindol1-2-y1)-piperidine-2,6-dione methanesulfonic acid salt
(0.40 g, 1.09 mmol) in acetonitrile (5 mL) at RT was added TEA (0.31 mL, 2.19 mmol). The mixture
was stir 3 hrs, fallowed by addition of IN HCI (10 mL), which was stirred for 10 min.. The mixture
s puMTBHR) prep e iUE IS5 iR BTG K o R CRRA o TR R o C.
Waters Symtivetry i8pEuris810devi&d metude, inlfaim@4ioniied, t@GHTOEH 3GNID1d%6H3RG4, 4.37 min

(99.3%);, B?::@a%ﬁé%,%ﬁ&h&ﬂélﬂ%ﬁ EAMSQ Q)8 d 1R%ein 2 a0 ikl CE 038y 2.46 (M, 4H, CH3,
CHH), 2.55 -267 (m, 1H, CHH), 2.82 - 3.02 (m, 1H, CHH), 4.24 - 4.56 (m, 4H, CH2, CH2), 5.11 (dd, J

= 5.1, 131 pinstratgniiheagivipgrefieniss 1y, 14, NH), 7.39 - WO 2010/053732PCT/US2009/062023
7.80 (m, 6H, ArH), 8.37 (s, 1H, ArH), 9.05 (s, IH, NH), 10.98 (s, IH, NH); 13C NMR (DMSO-d6) 11.25,
22.49, 30(06342.83, &7td205il58ctci6 37 further include pharmaceutically acceptable vehicles that

can be used to administer one or more active ingredients. For example, if an active ingredient 18
provided in a solid form that must be reconstituted for parenteral administration, the kit can comprise
a scaled 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
pharmaceutically 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, including, but not limited to, ethyl alcohol, polyethylene glycol, and polypropylene glycol;
and non-aqueous vehicles, including, but not limited to, corn oil, cottonseed oil, peanut otl, sesame

oil, ethyl oleate, isopropyl myristate, and benzyl benzoate.
[00184] The disciosure will be further understood by the following non-limiting examples.
5. EXAMPEES

51 1-12-{2.6-Dioxo-piperidin-3-vh-1-0x0-2 3-dihvdre-1 H-isoindel-5-
vimethvij-3-(4-pvridin-4-vimethvl-phenvij-urea

O
N O
= N N
N ! hid
\ 0
[00185] To a suspension of 3-(5-aminomethyl-1-0xo0-1,3~dihydro-isoindol-2-y1)-piperidine-

2,6-dione methanesulfonic acid salt {0.18 g, 0.5 mmol) in DMF (2 mL) was added CDI (81 mg, 0.5
mmol). The mixture was stirred at RT overnight, 4-Pyridin-4-ylmethyl-phenylamine (92 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 mixtare 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 the product as an off-
white solid {100 mg, 41% yield): HPLC: Waters Symmetry Cig, 5 um, 3.9 x 150 mm, 1 mL/min, 240
nm, 5% gradient 100% in § min, CHsCN/0.1% HsPO,, 4.69 min (94%); mp: 290-292 °C; 'H NMR



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 MR = 475; Anal. Calcd. For C24H22N603 -(0.4 1420:
C, 59.85; BV 2fP9/R313245; Found: C, 59.53; H, 4.68; N, 17.30. PCT/US2009/062023
5.171-(3-Aminopheny1)-3-((2-(2,6-dioxopiperidin-3-v1)-1-oxoisoindolin-5- vOmethyl)urea
(DMSO-ds) 8 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, 2H, CH,), 4.24 - 4.54 (m, 4H, CH,, CHy), 5.10 (dd, J= 5.0, 13.7 Hz, 1H,
NCH), 6.70 (s, 1H, NH), 7.10 (d, J= 8.3 Hz, 2H, A1), 7.22 (d, /= 5.3 Hz, 2H, A1}, 7.34 (d, /= 8.3
Hz, 2H, Ar), 7.39 - 7.48 (m, 1H, Ar), 7.51 (s, 1H, Ax), 7.69 (d, J = 7.7 Hz, 1H, Ar), 8.40 - 8.52 (m,
2H, Ar), 8.59 (s, 114, NH), 10.98 (s, 1H, NH); *C NMR (DMSO-dy) § 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, 155.22, 163.87, 167.93, 170.98, 172.85; LCMS MH" = 484; Anal. Calcd. for Co7HsNsO4+

1.5 H,0: C,63.52; H, 5.33; N, 13.72; S, 6.55; Found: C, 63.68; H, 5.24; N, 13.75.

5.2 1-12-(2 6-Dioxo-piperidin-3-vi)-1-oxe-2.3-dihvdro-{ H-isoindol-5-
vimethyll-3-(4-hvdroxvmethvi-phenvl)-urea

O 0,

N Q
i
HO O

[00186] To a suspension of 3-(5-aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yl)-

piperidine-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-Amino-benzyl 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% yield): The solid was purified on
ISCO silica gel column using methanol and DCM as eluent to give the product as a white
solid (30 mg, 15% yield): HPLC: Waters Symmetry Cis, 5 pm, 3.9 x 150 mm, 1 mL/min, 240
nm, 5% gradient 100% in 5 min, CH3CN/0.1% H3iPOy, 4.99 min (979%); mp: 309-311 °C; H
NMR (DMSO-ds) 6 1.92 - 2.10 (m, 1H, CHH), 2.20 - 2.47 (m, 1H, CHH), 2.54 - 2.69 (m, 1H,
CHH), 2.80 - 3.07 (m, 1H, CHH), 4.19 - 4.54 (m, 6H, CH,, CH, CH3), 4.94 - 5.05 (m, 1H,
OH), 5.11 (dd, /= 5.1, 13.2 Hz, 1H, CHN), 6.70 {t,J= 6.0 Hz, 1H, NH), 7.16 (d, /= 8.7 Hz,
2H, Ar), 7.28 - 740 (m, 2H, Ar), 7.39 - 748 (m, 1H, Ar), 7.52 (s, 1H, Ar), 7.69(d, /= 7.7
Hz, 1H, A1), 8.57 (s, 1H, 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, 144.88, 155.25, 167.95, 170.99, 172.85; LCMS MH" = 423; Anal. Calcd. for
C2HpoN4Gs + 0.4 H,O: €, 61.50; H, 5.35; N, 13.04; Found: C, 61.21, H, 5.05;, N, 12.80.



[00202]Step 1: To a stirred mixture of 3-(5-aminomethyl-1-oxo-1,3-dihydro-isoindo1-2-ye-
piperidine-2,6-dione hydrochloride (0.74 g, 2.00 mmol) and 3-nitropheny isocyanate (0.33 g, 2.00
mmol) in a\?’&éﬁ?ﬁﬂ)é"(% mL) was added TEA (0.56 mL, 4 00 mmol) at RTH Lﬁ%@?%’i’?? &3after 12 hrs,
the solid was filtered and purified by preparative HPLC (gradient: CH3CN /H20: 15/85 for 5 min, to
100/0 in 10 mip,3100/ _Mmmmﬁg&mtmmﬂf mﬁ(ﬁhh(ﬁ”ﬂﬂfh@ﬁ&ﬁl% was triturated in ether
(20 mL) for 1 hr. The; el 1bolAe 71118213101 kditedemn vacuo to give 14(2-
(2,6-dioxopiperidin-3- yl) 1- ox0|50|nd9I|n-5 yI)methyI) 3 (3 nltrophenyl)urea as a yellow solid (0.34 g,
39% yield). [00203]Step 2: To a sol |,0 of 142-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-
yl)methyl)-3-(3-nitrophenyOurea (0.33 g, @o WWO mL) was added Pd-C (0.10 g, <10%
weight). The reaction mixture was hydroge au@d a -Shaker at 55 psi. After 12 hrs, the mixture
was filtered through a celite pad, which wasiwashed 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

additiongyser (50 b, ARd ek FR0Ida LRt wan lsoleein RURASD Mintlgeolorizing
a an

carbon was a ded the reaction mixture was stirred for 1 he mlxture was then filtered

throughdadc%ﬁﬁeaﬁa’éplﬂﬂ%hM%@Wéé%ﬂi\mtwwﬁlt%ﬁﬁﬂwwrﬁﬂoqeriéefﬁﬁ%ﬂ@lm%cﬁféﬁ evaporated
and theggsiolue yag stiasiinveaier(tqs m;)\t@g 2itus TEhe @olidnwas fiterell avreshed with additional
water (50.mL) and.drie vacu t ale eII(a)W I|(11In A% Id): HPLC:
N Torra TS g S 0 e e PO o A e oot (et AT b min
(95.279R)7 fiop 3 283- PBE DI t@tmisa@dd@t) ®l1d7’®:- @ﬂ@@@w@wa@ﬂm ng 3&dac 2045 13.2
Hz, 1H,GHHh2a8(tholmid £eB:HH2 o Wi & HIH. <2182 AE{Ma MnGHER 41 81PABK R 1, CHH), 4.36

- 4.60 (m, 3H, CHH, CH2), 4,91 -5.36 (m 5 (ddd, J=0,9, 2.1, 7. 4, Ar), 6.48
-6.58 (T AqyctaR? & (’P}tf’h(%% gl 3’!\%—1; gg‘éc(f{’@z‘e? Y ‘?Wi B85 3 ?gﬂé‘lﬂi IH, Ar),
7.44 (d, 195/, P i, 300 )0 TBICK 018 B O7, 69 4akyia @wmamwmés 2, (5 NMRNBIYISD. 98 (s, IH,

NH); 13 1. A 2 / T Q 47.12,
51,55, 105 75,108 30 107 10 13155, 125 1 196 59, 108 89 12050 14D 5b. 14038, 11469,

148.44, TS HED1 55s, 196:50) 179 657 EANSERH-"408; AAdr T 15+ E8ETNs04! C, 61.01,
H, 5.20 g, U109z, Fond: @Hﬁﬁg@) Bl35@7N, 19 188.1H, Ar), 6.83 (1, J= 6.1 Hz, 1H, NH), 7.06 (dt,.J
5.181-12- f%%@'ﬁx ﬁ' idjn "533)8'%1'19)‘1‘?1 %jd‘ﬁ%j“? ALASONAY-9753 (4, 7= 0.4 Hz, 11, Ar),

vimethyl]-3-1 (rwr |n oxv henvl1-urea

[00204]3 qmmmmaw@mozf@@. HyaitS- %@.aaeﬁzLﬁﬁmémmanlé Hdhe méthafidsifonate
(1.11 Q,Mﬁmb@ag db-: @aﬁbqubdwmndazmaxﬁawngs,a&mpi)rw(mmgm@em@dw DMF (20

mL) and Xt ir o |r r Ixture (6.7 mL,
-1 mmoI E\?\/a %ﬁé erred g%'t {agé/jla coétgﬁlr%g %Wg%ﬁlgfh{ -y £<3{/3)4%3§ arﬁlngZ %Qr{gg(l 1 mmol).
The resuitiodf mixtdre a9 Stifadal £dSerHig it Hidand. r@d@ﬁoﬁﬁr&@@%@&wéé Mertitbred!By LCMS.
After 48\, ;aaditionali3d Ryriding2sylexy)-phenylamine (37 mg, 0.2 mmol) was transferred to the
reaction mixture and stlrrlng continued for another 24 h. The reaction mixture was acidified with acidic
acid and water,_ The vg_l ) rcﬁ%l_ql}lfiygﬁlsdgﬁsolved in DMF and
purified using é 418 preparaton ALoR
142-(2,6-dioxopiperidin=3-y y T -(pyridin-2-yloxy)-phenylk
urea as a white solid (310 mg, 64% d) HPLC:Waters Symmetry C18, 5 pin, 3.9 x 150 mm, 1
ml/min, 240 nm, 30/70 CH3CN/O. I% PO4 4. 8?@% jmnl): 298-300 C; 1H NMR (DMSO-d6)
H) AN-Z.6

6 1.84 - 2.06 (n, 1H, CHH), 2.19 - 2@V(n 1Hjcg| 4, 1H, CHH), 2.79 - 3.05 (m, IH,
CHH), 4.08 -4.60 (m, 4H, CH,, CH2), 5. 13.2 HZ, IH, CH), 6.64 (dd, J= 1.4, 8.0 Hz, 1H,
Ar), 6.81 (t, f= 5.9 Hz, 1H, NH), 6.99 (d, 3(Ij—|z IH, Ar), 707 7.18 (m, 2H, Ar) 7.24 (t, J= 8.1 Hz,

i 80 2 L LSS e A Bl ARG = e
NMR (Diiraonts)eplfagicatid salu@ #3247 l1pnei) sl aRHEIo B ?ﬂinﬁhnsﬁw‘l@ 68.) 148,99,
121.85, 2@ RT for 18 hrs. To the mixture was added 3- (2-methyl-imidazol-1-y1}-phenylamine (0.19 g,

1.1 mmol) 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), 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 (100 mg, 20% yield).



126.86, 129.56, 130.29, 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 Calcd for C26H23N505+ 0.3 H20: C, 63.61; H, 4.85; N,
14.27. Fouli@® BI8EEP2H, 4.62; N, 14.18. WO 2010/053732PCT/US200F/08252809/062023
5.1914(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)-3-(3- (Dioeridin-4-yloxy)phenyflurea
[00205]HBiny W@t@ﬂ@eﬁiﬁéﬁ'ﬁ&g%}ﬁﬁip&d AN SeetiQn @%ﬁhawaﬂy%mmw@aﬂ@mﬁn
(piperidin-4-yloxy) ny eth |- 3%1 h%&r p (;i ,6- dione
methan?gI @éi% Fsalf. 1{;95(])11 @% 9 Xéé%)g%iglé’ % -0 >?0|50|n )?I) &p y-3-03- hydroxy-

CHH), 2.25 - 2.2% (m, 3H, CHy), 2.30 - 246 (m, 1H, CHH), 2.54 - 2.68 (m, 1H, CHH),278 3.04

(m, 18, CHIT), 4.31 {d, J=17.4 Hz, 1H, CHH), 4.38 - 4.53 (m, 3H, CHH, CH,), 5.11 {dd, J= 5.1,

13.2 Hz, 1H, NCH), 6.89 (d, /= 1.3 Hz, 1H, Ar), 6.92 - 7.05 (m, 2H, Ar, NH), 7.23 (d, /= 1.3 Hz,

1H, A1), 7.32 - 7.40 (m, 2H, Ar), 7.41 - 7.49 (m, 1H, A1), 7.52 (s, 1H, A1), 7.57 - 7.65 (m, 1H, Ar),

7.69 (d,J=7.9 Hz, 1H, Ar), .18 (s, I1H, HCOOH), 9.03 (s, 1H, NH), 10.98 (s, 1H, NH); *C NMR

{(DMSO-ds) 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, 126.8%, 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 CosHouNO4 + HCOOH + 1.5 H,0: C,

57.24; H, 5.36; N, 15.40; Found: C, 57.43; H, 5.1}; N, 15.57.

3.5 1-[2-(2.6-Dioxo-piperidin-3-vl)-1-0x0-2,3-dihvdre-1 H-isoindol-5-
vimethvll-3-[4-(d-methvl-4H-[1,2 dltriazol-3-vD-phenvll-urea

[00189] To a stirred suspension of 4-(4-methyl-4H-[1,2 4)triazol-3-y])-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-(S-aminomethyl-1-oxo-1,3-dihydro-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 pum, 3.9 x 150 mm, 1 m¥min, 240 nm, 14/86 CH3CN/0.1% HsPOy, 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, CHH), 2.55 - 2.70 (m,
IH, CHH), 2.82 - 3.02 (m, 1H, CHH), 3.72 (s, 3H, CH;), 4.24 - 4,55 (m, 4H, CH,, CH-), 5.11 (dd, J =
4.9, 13.2 Hz, 1H, NCH), 6.95 (t, J= 5.7 Hz, |H, NH), 7.41 - 7.81 (m, 7TH, ArH), 8.51 (s, 1H, ArH),
9.02 (s, TH, NH), 10.99 (s, I1H, NH); °C NMR (DMSO0-d,) § 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. Caled. For CoHysN,O,: C, 60.88; H, 4.90;
N, 20.71. Found: C, 58.28; H, 4.67; N, 19.49 (Note: This analysis was off, and both HPLC and 'H
NMR showed 6% impurity).



4-methvinhenyl)urca  [00206]Step]: Using the procedure as described in Section 5.15, 1-(3-(tert-
butyldimethylsilyloxy)-4-methylpheny1)-3-((2-(2,6-dioxopiperidin-3-ye-1-0x 0js0i in-S-
yI)methyItl}}y azfé%?g%%{’?ed from 3-(tert-buty|dimethylsiIyloxy)-4-methylaniI%(gJT'Z@:étlﬁllz(;aﬁ}@5%23
aininomethyl-I-oxo-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione methanesulfonic acid salt.
[00207]Step 254 mixiuiZ-@f6t HB«(eartpbutimindiivisityilodindnehisebriph:3-((2-(2,6-
dioxopiperidin-3-y1)- ¥imebitideidhE-n b=t HigroldeslIBa ] -#0ammol) and cesium fluoride (0.15 g,
1.0 mmol) in DMF (10 mL) is heated to 70C for 8 hrs. The Er\ixture is cooled and diluted with water (10

mL). The solid precipitate is filtered;sthsed withywa ~4nd dried under vacuum to provide the
product. [00208]Step 1: Using the p @fSV d in-Section 5.15, 5434(242,6-
dioxopiperidin-3-y1)-1-oxoisoindolin-5- etHyOureido)-2-methylphenyl
2-(tertbutoxycarbonylamino)acetate is prepared from 5-amino-2-methylphenyl
2_(tertb[@8)@g}irbony|}“ﬂﬁﬁg’)@g@t(g'té—%@ocyanato—phenyl)-2—methy£-thiazole 0.25 g, 1.2 mmol) and 3-
3-(5-aminematd iy Dxexd, 3-dibygiesisoingdal2yy L pipeniding-ditndionemaeiianesulfanic acid salt.
WO 2010/053732PCT/US2009/062023 [00209]St : ixture of .

542 (6 ST AS T . S HIEE h Ctry B SRS iy e
2-(tert-burokspidindryraniintydéerate (@581¢ 10N mbieie DEN(BImIR)esatited 2B THEI3n ether (1
mL), angldhepixiye is stiredifor 24nhrse TN& slidRissiRitateisdiltessst. 1insetndth QEM:(30 mL), and

dried under vacuum to_provide the product. _ . . .
5.225-(3A{2Y(F 61 BapipeitteS 1) 1 SR B AT S - YRR e G5 sive the product

as a white sold (160 mg, 28% yicld): HPLC: Waters Symmetry Cig, § puim, 3.9 x 150 mm, 1 mE/min,
240 nm, 30/70 CH;CN/0.1% H3PO,, 5.93 min (99.4 %); mp: 252-254 °C; 'H NMR (DMSO-dy) 6 1.92
-2.06 (m, 1H, CHH), 2.27 - 2.47 (m, 1H, CHH), 2.54 - 2.66 (m, 1H, CHH), 2.71 (s, 3H, CHs), 2.81 -
3.01 (m, 1H, CHH), 4.31 (4, J= 17.6 Hz, 1H, CHH), 4.38 - 4.33 (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, IH, Ar), 7.40 (ddd, J = 1.1, 2.3,
8.1 Hz, 1H, Arx), 7.46 (dq,J= 1.4, 7.6 Hz, 2H, Ar), 7.53 (s, 1H, Ar), 7.70 (d, /= 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-ds)
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 CosHNs;O4S: C, 61.34; H, 4.74; N, 14.31; S, 6.55; Found: C,
61.09; H, 4.60; N, 14.19; §, 6.49.

5.7 1-12-(2 6-Dioxo-pineridin-3-vl)-1-ex0-2.3-dihvdro-1 H-isoindgl-5-
vimethvl]-3-[3-(1-methvi-1H-pvrazol-3-yD-phenvl-urea

\

QQ
N H H NH
\\ Ne _N N ()
\'r
O

[00191] To a stirred suspension of 3-(3-isocyanato-phenyl)- 1-methyl- 1 H-pyrazole ( 0.25 g,
1.25 mmol) and 3-(5-aminomethyl-1-oxo0-1,3-dihydro-isoindol-2-yl}-piperidine-2,6-dione
methanesulfonic acid salt (0.46 g, 1.25 mmol) in acetonitrile (5 mL) at RT was added TEA (0.35mL,
2.51 mmol). The mixture was stirred for 4 hrs, 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% yield): HPLC, Waters Symmetry Cg, 5 jum, 3.9 x 150 mm, 1 ml/min, 240 nm,
25/75 CH3CN/0.1% H3POy, 5.99 min (99.9%); mp, 232-234 °C; '"H NMR (DMSO-dy) 6 1.93 - 2.07
(m, 1H, CHH), 2.29 - 2.46 {m, 1H, CHH), 2.55 - 2.68 (m, 1H, CHH), 2.82 - 3.01 (m, 1H, CHH), 3.87
(s, 3H, CH;), 4.24 - 455 (m, 4H, CH,, CH,), 5.11 (dd, J= 5.0, 13.3 Hz, 1H, NCH), 6.57 (d, /=23
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methylphenyl 2-(pi9erazin-I-yflacetate hydrochloride 00 CNY h.,...) 0 H H NrN 8 HCI [00210]Step
I: Using the procedure as described in Section 5.15, tert-butyl 44245434(2-

(2,6-dioxoptiseHHS3y43- 1-oxoisoindolin-5-yOmethyOureido)-2-methylphdifoX )i 3109/062023
oxoethyDpiperazine- | -carboxylate is prepared from tert-butyl 4-(2-(5-amino-2-methylphenoxy)-2-
oxoethyppiparaziag-4-tach oy kdaant-3Eraminomethylk Baxa: k3 tibydro-isoindn 112-p1)),
piperidine-2,6-dipne nesylfonig.acid salt. [00211]St . T0.a mixtyr r-b .

Y (5':('3%?(&5(3%%@%%2;}#@%2 _Ti_gf%, 4 ORTHIRIEN % 7102 RS 6 S8TEPHY .
0x0isOiNJONMB- (VAW d AEidd) T-me @RI hEh dkld oxdsthyifBiperbiAnd-1éamoxyfaté. (0.65 g, 1.0
minol) inametytens chigdde §s& mijdsadded 2VeHEs! inether{b my h4ard the muxiysewill be stirred for
24 s, ool e R UETa, e i B (4D 2 08, el peer g to provide

5.23; N, 17.45. Found: C, 62.06; H, 5.19; N, 17.28.

5.8 1-((2-(2.6-dioxopiperidin-3-vl}-1-oxoisoindolin-5-vIimethvl)-3-(3-
{morpholinomethyhphenvl)urea formate

(OIS .

HCOOH y H\/Qjﬂw{‘}io
NN :

(\N’fj Y

oS 0

[00192] To a stirred mixture of 3-(5-aminomethyl-1-oxo0-1,3-dihydro-isoindol-2-yl)-

piperidine-2,6-dione hydrochloride (0.37 g, 1.00 mmol) and 4-(3-isocyanatobenzyl)-morpholine (0.22
g, 1.00 mmol) in acetonitrile (10 mL) was added TEA (0.28 mL, 2.00 mmol) at RT under nitrogen.
After 2 hrs, additional 4-(3-isocyanatobenzyl)morpholine (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
residue was dissolved in acetonitrile and was purified by preparative HPLC (gradient: CH;CN + 0.1%
formic acid/H,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 pm, 3.9 x 150 mm, I mL/min, 240 nm, gradient: CH;CN/0.1%
H3PO4: 10/90 to 90/10 in 10 min, 90/10 (5 min): 4.64 min (95.84%); mp: 198-200 °C; "H NMR
(DMSO-dsy 6 1.83 -2.12 (m, 1H, CHH), 2.21 - 2.47 {m, 5H, CHH, CH,, CH;), 2.54 - 2.69 (m, J =
11.0 Hz, 1H, CHH), 2.79 - 3.03 (m, 1H, CHH), 3.38 (s, 2H, CH,), 3.52 - 3.72 (m, 4H, CH,, CH,),
431 (d,J=17.2 Hz, 14, CHH), 4.37 - 4.55 (m, 3H, CHH, CH,); 5.11 {(dd, /= 5.1, 13.2 Hz, 1H, CH),
6.83 (d,J=7.6 Hz, 1H, Ar), 6.99 (t, J = 5.6 Hz, 1H, NH), 7.15 (1, J = 7.7 Hz, 1H, A1), 7.32 (d, J = 8.3
Hz, 1H, Ar), 7.39 (s, 1H, Ar), 744 (d, J= 7.7 Hz, 1H, Ar), 7.52 (s, 1H, Ar), 7.69 (d, J="7.7 Hz, |H,
Ar), 8.29 (br. s., IH, HCOO), 8.90 (s, 1H, NH), 10.98 (br. 5., 1H, NH); *C NMR (DMSO-d;) 6 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, 126.86,
128.34, 130.25, 138.24, 140.48, 142.36, 144,99, 155.31, 164.30, 167.95, 170.98, 172.85; LCMS: MH"
= 402: Anal. Caled. for CoyHy NG5 + 3 HyO: C, 54.82; H, 6.30; N, 11.84; Found: C, 55.12; H, 6.12;
N, 11.72.
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5.231-(3-(Aminomethyl)-4-methylpheny1)-34(242,6-dioxopiperidin-3-y1)-1-
oxoisoindolin-5-yl)methyl)urea H H N,TrN NH2 HCI8 [00212]Step 1: Usmg the procedure as
descrlbedm%%'gﬂlgﬁg 515 1-(3-cyano-4- TIUS2009/062023
methylpheny1)-3-02-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yOmethyburea is prepared from 5-
amino-2- methﬁlbenzogmﬂe,arﬁioag@ﬁmﬁmmethwekmmmmvﬁrmthg,ﬁdo1 -2-y1)-piperidine-2,6-
dione methanesulfonie(deittha IBiSrdjuPesA mixture of

1-(3-cyano-4- methylphenyl) 3 42 (2 6- dloxoplperldln -3-y1):1- oxoisoindolin-5-y1)methyOurea (0.54 g,

1.0 mmol), platinum oxide (0.1 g), and 5-6M; HG! i IRQpATT mL) in acetic acid (15 mL) is
hydrogenated under 50 psi hydrog@ﬁw ixture-5 filtered through Celite, the filtrate is
evaporated under vacuum, and the r i$’purified by preparative HPLC to provide the product.

WO 2010/053732PCT/1JS2009/062023

5.241-(PO0AARhomethyd)- Simdtmttteny 3)-Saamstbiblopipdraihgioyisoindol-2-y)-

oxoisoingalinp: Vil hioride (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 mmol) at RT under nitrogen.
After 2 hrs, IN HCI (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 Cig, 5 um, 3.9 x 150 mm, I mL/min, 240 nm, gradient: CH;CN/(.1%
H:PO.: 10/90 to 90/10 in 10 min, 90/10 (5 min): 7.94 min (96.79%); mp: 230-232 °C; 'H NMR
(DMSO-d;) 6 1.87 - 2.08 (m, 1H, CHH), 2.26 - 2.48 (m, 3H, CHH, CH3), 2.60 (d, /= 17.6 Hz, 1H,
CHH), 2.79 - 3.07 (m, 1H, CHH), 4.31 (d, /= 17.4 Hz, IH, CHH), 4.38 - 4.55 (m, 3H, CHH, CH,),
5.11{dd, J= 5.0, 13.3 Hz, 1H, CH), 6.92 (t, /= 5.9 Hz, 1H, NH), 7.34 (d, /= 8.3 Hz, 1H, Ar), 7.45
(d,J=17.9 Hz, 1H, Ar), 7.49 - 7.60 {m, 2H, Ar), 7.70 (d,.J = 7.7 Hz, 1H, Ar), 8.26 (d,J= 2.3 Hz, 1H,
Ar), 9.07 (s, TH, NH), 10.99 (s, 1H, NH); "C NMR (DMSO-ds} ¢ 18.95, 22.49, 31.20, 42.82, 47.12,
51.56, 112,74, 121.92, 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. Calcd. for CopHyNaOg: C, 58.53;
H, 4.69; N, 15.51; Found: C, 58.23; H, 4.58; N, 15.34,

51¢  1-(3-amino-4~-methvlphenvl)-3-((2-(2.6-diexepiperidin-3-vI}-1-
oxoisoindolin-5-vDmethvlurea

O O

g O~ o

[00194] To a solution of 1-{(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-ylmethyl}-3-(4-
methyl-3-nitrophenylyurea (0.30 g, 0.66 mmol) in DMF (50 mL) was added P3-C (0.10 g, 10%
weight). The reaction mixture was hydrogenated with a Parr-shaker at 55 psi. After 16 hus, 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 stirred 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
filtrate was then evaporated and the residue was stirred in water (100 mL) for 4 hrs. The solid was

filtered, washed with additional water (50 mL), and dried in vacuo. The solid was triturated with
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NH2 NCI [00214]Step I: Using the procedure as described in Section 5.15, 1-(2-cyano-5-
methylphen 0-342-%2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yemethypurea is prepared from 2-
amino-4-m ﬁ’]ﬁﬂ}@’ﬁ dfitrile and 3-(5-aminomethyl-l-oxo-l,3-dihydro-isoinﬁgf’1 -ﬁ%-m?’iﬁine-z,&
dione methanesulfonic acid salt. [00215]Step 2: A mixture of

142-cyaniosiom e tinydph aryi)BdOw(R, Baioxidpigenidina3eydi)-< thoyadaingkodipa &-yimeihypusea (0.54 g,
1.0 mmol),plafinm exide (0,4, afide:0M.HGE I isanrapanol (2 imiin acEtic AGRLALS mL) is

hydrogenated under 50 psi h%éjjro en for48 ii_rs. The mixture is filtered through Celite, the filtrate is
evapordteddilier vEetfdm! Hritiend resiide mip aHHEd by iprepat i P L Bidprdvitiethé product.
5.2514246ARioxepiperigint 320) 21 roxeisaindnlin: Gyhmett 12:3%(4n (Morphslinpssgthylipenyburea
[00216]Using t ogedur. described.in jon 5.15, the %C{!ﬂﬁ is pre fr -
(morpho mgr%’e%%%%giﬁgé g%%%ﬁﬁg?a%%mﬁﬁﬁhgxé}l%ﬁ&rll%rquéiiFil%l-%%;%g]}p%%]r%?ﬁ’e-z,6- dione
methan€siiforiedbi salt!.8v2el ((B- (2d6-Didxb pihe Fdin 13- ()10 S disbint din-bARme iy 8- (3-((4-
methvinipgrazin=lsvOmethy e RvOWER= 8.5 Hz, 2H, Ar), 7.43 (d, J= 7.9 Hz, 1H, Ar), 7.50 (s, 1H,

AT), 7.69 (d, J = 7.7 Hz, 1H, Ar), 8.23 (s, 1H, NH), 10.98 (s, 1H, NH); °C NMR (DMSGC-ds) J 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. Caled. for

CoaHpNsOy + 0.1 H,0 + 0.5 E;O: C, 62.62; H, 6.17; N, 15.21; Found: C, 62.30; H, 5.89; N, 14.89.

511  1-]2-(2.8-Dioxo-piperidin-3-vi}-1-0x9-2.3-dihvdro-1 H-iseindoj-5-
vimethvil-3-(3-phenoxy-phenvh-urea

QVG
@,O

[00195] TEA (0.20 g, 2.00 mmol) was added to a stirred mixture of 3-(5-aminomethyl-1-oxo-

1,3-dihydro-isoindol-2-yl)-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 acetonitrile (10 mL). The crude product
was dissolved in a minimal amount of DMF and the product was precipitated by slow addition of
water (~30 mL). The selids were collected by filtration, washed with Et;Q, and dried in vacuo for 18
hrs to give the product as a white solid (422 mg, 87%): HPLC: Waters Symmetry Cig, 5 um, 3.9 x 150
mm, 1 ml/min, 240 nm, 35/65, CH;CN/0.1% H3POs, 3.76 min (99.3%); mp: 224-226 °C; "H NMR
{(DMSO-dy) d 1.99 (s, 4H, CH, CH3), 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, 4H, CH,, CH,), 5.10 (dd, /= 4.9, 13.2 Hz, I1H, CH), 6.71 (t,J=5.9 Hz,
IH, NH), 7.23 - 7.36 (m, 1H, Ar), 7.36 - 7.48 (m, 2H, Ar), 7.51 (5, 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 (DMSO-dy) 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. Calcd. for
CoiHyaN4Os: C, 66.93; H,4.99; N, 11.56. Found: C, 67.03; H, 4.72; N, 11.41.
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[00217]Using the procedure as described in Section 5.15, the product is prepared from 3-((4-
methylpiperazin-|- ‘égmethyl)anlllne and 3-(5-aminomethyl-1-oxo-1,3-dihydro-isoindol- 1;
piperidine- ‘E% b ‘ﬁ/ M&thanesulfonic acid salt. WO 20101053732PCT/U§§ 6‘2%2
5.27Isoindolin compounds [00218]The isoindolin compounds shown above are made using the
procedure as (ﬁel?l:rlbM(%(Eé{D{mmEl@ﬁ'ldm-S—vl] -1-oxoisoindelin-5-yhmethvi}-3-(4-
5.28142-(2,6-Diono-paitapplgelinired -oxo-2,3-dihydro-1H-isoindol-5-

yimethyll-3-14-(2-pyridin-4- yI ethyl) phenyll-urea hydrocblcmlc acid salt [00219]Step /: Preparation of
4-[2-(4-nitro-phenyl)-vinyl]-pyridine To a CRTCN s H%o -4-nitrobenzene (498 mg, 2 mmol)
and 4-vinylpyridine (262 mg, 2.5 mmol § (3 IL, 2.5 mmol) and Pd(OAc)2 ( 0.45 mg,
0.2 inmol). The mixture was heatedig; 360C for 48 hr in a capped Pyrex tube. It was then cooled to
room temperature, quenched with IN HCI (20 mE) and concentrated under reduced pressure. The
mixtureg@sdfiltered angAhe. HDdewaxslﬁake@mﬁHacEw@if&@ ik uaner washechwitbtdN-NaQH (30 mL).

The organi er was concentrate ver Naz2504 trated 1o

[2-(4- nltf(;j| |§I1*|!3¥il y?)l%/?ﬁ})ﬂc %51 I%VR/G % ? Onﬁ ) %/F fgg]ﬂ%] '@Cﬁ)n "? repar t‘c}g(#lof

4-(2- pyﬂﬁﬂ%@%ﬁpétm)om@ﬁméh@ﬁw@gd %@@Mb@@ﬂ@fﬁéﬁﬁ(@@ k) wider nitrogen. The mixture
4-[2-(4-pitrepheny Anvinyl- @Mr@%{émlmg,rgzﬁkmmpi)sw&@ﬁqe@k n&"ﬁoﬁmm&a@ﬁmxo 19, 50%

wet). The suspensi n Was dro enate 0 h qgen for 2 The mixture was filtered

zrﬁ cig tlﬁrtn xt stmc P 1#) }? 38. 1 a}f: % Iﬂlj.twﬁ an |Vi ashe I
over a celite ra WaS COI’]C ntrate 1o glve pyrdin- pnenylamine as a yellow
solid (14@t1m@d1_t®®%)yater {20 mlL) and acetonitrile (10 ml.). The solid was dlssolved in minimal amount

of DMF and the product was precipitated by slow addition of water (~30 mL). The solid was
collected by filtration and washed with Et,0 to remove most of the residual yellow color. The
remaining solid was dried in 2 vacuum oven overnight to provide the product as an off-white solid
(330 mg, 75%): HPL.C: Waters Symmetry Cig, 5 wm, 3.9 x 150 mm, 1 ml/min, 240 nm, 30/70,
CH5CN/0.1% HiPO,, 6.15 min (97.1%); mp: 272-274 °C; "H NMR (DMSO-dy) 6 1.84 - 2.13 (m, 1H,
CHH), 2.24 - 2.44 (m, 1H, CHH), 2.55 - 2.66 (m, 1H, CHH), 2.77 - 3.02 (m, 1H, CHH), 4.16 - 4.55
(m, 4H, CHs, CHy), 5.11 (dd, J=4.7, 13.0 Hz, 1H, CH), 7.07 (t, J= 5.6 Hz, 1H, NH), 7.37 - 7.83 (m,
5H, Ar), 8.15 (d, J= 8.9 Hz, 2H, Ar), 9.48 (s, 1H, NH), 10.98 (s, 1H, NH); C NMR (DMSO-dy) ¢
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, 167.91, 170.98, 172.85; LCMS: MH" = 438; Anal. Calcd. for Cp HoN:sQg+
0.5 H,0: C, 56.50; H,4.52; N, 15.69; Found: C, 56.45; H, 4.31; N, 13.71,

513 N-(4-13-12-(2.6-Dioxe-piperidin-3-vi-1-0x0-2.3-dihvdro-1 H-iscindol-5-
yimethvll-urcido}-phenvl}-acetamide

[00197] Step I Preparation of 1-(4-amino-phenyl)-3-[2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-
dihydro-1H-isomdol-5-ylmethyl]-urea. To a stivred mixture of 1-((2-(2,6-dioxopiperidin-3-yh-1-
oxoisoindalin-5-ymethyl}-3-(4-nitrophenylurea (150 mg, 0.343 mmol) in EtOH (2 mL) was added
sodium dithionite (597 mg, 3.43 mmol) in water (2 mL). The resulting mixture was heated to 60 °C
for 20 min at which time LC-MS indicated complete disappearance of nitro starting material. The
reaction mixture was combined with the crude produet 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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[00221]Step 3: Preparation of 1-[2-(2,6-Dioxo-piperidin-3-y1)- | -oxo-2,3-dihydro-1H-
isoindol-S%Imethy15]é344-(2-pyridin-4-y1-ethyl)-phenyl]—urea hydrochloric acid salt To a suspension of
3-(5-amino %ﬁ%ﬂﬂ- ;58-1,3-dihydro-isoindoI-2-y1)-piperidine-2,6-dione mBfHERREIRERR Heid salt
(0.37 g, I mmol) in DMF (2 mL) was added carbonyl diimidazole (162 mg, 1 mmol). The mixture was
stirred aproemrteiperatur & veridig i 44aRipricihedyiSHRA D helytamime: (148 yhgl-0x6-tninol) was added

to the myxfuke, AR IHG JoRSiG WA shited Qé;-ﬁﬁ@ YRS EHEE%B%&%%&%M%Q&'}%HM“re was

cooled to room temperature, added water (5 mL) and stirred for
2010/055P3PBCTUBEeBEBER0 7300 M- MheHspeti§ion was filtered and the filtrate was

concentrated and purified on prep-HPLC. The resulted solid after purification was stirred with 1N HC1,
filtered &bl £1%g filtrateSwas: conpentiated A6(4- {3-{2-(2,6-dioxo-piperidin-3-yl)- 1-ox0-2,3-dihydro- 1 H-

givel-[2- iaxo-piperidin-3-y1)11-0x0-2,3-dinydro-1H-isoir -B-ylmethy1]-3-[4-(2-nvridin-4-
yl-ethyll)g-% Sﬁaegr#)%%hgréga%; ﬂg{gﬁocﬁl(_Sgrrﬁ%n%@i3%5‘%95@61%%%{%@3(? Irl%r623étl)[?n(:(‘g£ %é%o%/?eﬁl gfl@l}é{l_% Waters
Symmetty EBoshindiygie-15eseindo Tnlmeify Lbutnitt 5% Yrad 989diNs FHiFcICHBEN/0.1% H3PO4,:
tR =4.7mor {29600 2 48R i THMNMB: (DIMS Ohd 6 Bl 89 erd Bt dad i i ekl 2ud/ (br. s., IH,
CHH), 2,55 -2.67 H, CHH). 2.82 - 3.01 (m. 3H, CH2, GHH), 3.12 = 7.7 Hz,.2H, CH2), 4.20
o 53 e SR B RO S o R LR o7 a3 .9
Hz, 2H, skt Bac(d3=8r8 qdmbiied Ay congan{ehiIry 9oy tol o vigy, tieprodictias aylerveldopd, J= 7.7 Hz,

1H, An.sgi833(8mk=52% H2d2hhph0: Wehdre 8By, AlnBEO(F5d Bl Hhi 409848 b, NH). 13C
NMR (DMSO-d6) 6 22.44,31.13, 34.25, 36.52, 42.64, 47,05 51.49 117,59, 121.78, 122.84, 126.56,

12676 T8 ARG iy s G S e A A 5O s o R PTG R0 i hrp 76,
LCMS MEICE4982An2H€ alcd FHiCB8R81533 27604+ H ST HICI8¢ 037BHR0 HIOCIDE,GHBCASE(166.78; H,
5.290N, 11,641 Qe 871 ERATS-GE b 516199 1. 1351 Aopsol compoins ROH H

A1), 736 - 7.48 (m, 2H, Ar), 7.51 (s, 1H, Ar), 7.69 (d, J=7.7 Hz, 1H, Ar), 8.55 (s, [H, NH), 9.75 (s,

{H, NH), 10.67 - 11.27 (m, [H, NH); C NMR (DMSO-d,) 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 CosHaaN:Os+ 1.0 H,On C,

59.09; H, 5.39; N, 14.98; Found: C, 58.75; H, 4.99; N, 14.59.

5.14  3-]2-(2.6-Dioxe-piperidin-3-vi)-1-0x0-2.3-dihydro-1 H-isoindol-5-
ylmethyl)-f-methyl-1-phenvl-urea

[00199] To a suspension of 3-(5-aminomethyl-1-0x0-1,3-dihydro-isoindol-2-y1)-piperidine-
2,6-dione methanesulfonic acid salt (0.18 g, 0.5 mmol) in CH;CN (10 mL) was added DTIPEA (0.4
mL, 2.5 mmol) and N-methylphenyl carbamic chloride (178 mg, 1.05 mmol). The mixtare was stirred
at RT overnight. The suspension was filtered and the solid was washed with water (20 mL), ethyl
acetate (20 mL.), and CHsCN (20 mL) to give the product as a white solid (200 mg, 47% vield):
HPLC: Waters Symmetry Crg, 5 wm, 3.9 x 150 mum, 1 mL/min, 240 nm, 30/70 CH.CN/0.1% H;PQ,,
3.56 min (96 %); mp: 168-170 °C; "H NMR (DMSOQ-d,) 6 1.89 - 2.07 (m, 1H, CHH), 2.30 - 2.47 (m,
1H, CHH), 2,55 - 2.69 (m, 1H, CHH), 2.79 - 3.01 (m, 1H, CHH), 3.18 (s, 3H, CHs), 4.22 - 4.58 (m,
4H, CH,, CHy), 5.11 (dd, J=5.0, 13.3 Hz, 1H, NCH), 6.68 (1, /= 5.9 Hz, 1H, NH), 7.16 - 7.35 (m,
3H, A1), 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) 0 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 CppHpN4O4+ 0.5 HyO: C, 63.60; H, 5.58; N, 13.49; §, 6.55; Found: C, 63.61; H, 5.51; N,
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[00222]These isoindolin compounds shown above are made using the procedure as described in
Section 5.15. 5.30N" {3 -Chloro-4-methyl-phenv1)-N'-(2- (2,6-dioxo-piperidin-3-v1l-1-0x0-2,

3-dihydro- Bt ?SO&(H%FS 3% -vimethyll-N-cvano-guanidine [00223]Step /: Preﬁ%gﬁgzm 062023
(3-chloro-4-methyl-phenyl)-carbamic acid phenyl ester. 2-chloro-4-amino toluene (282 mg, 2 mmol)
was dissdifed in THF (10 mL). The mixture was added sodium hydride (128 mg, 3.2 mmol) and stirred
at room temperature for 15 minutes. Dipehnyl Ncyano-carbonimidate (715 mg, 3.0 mmol) was added
and the mixturg was hagigdioeiux for 4 digids-Jiperi@action Midsre3wasveesled-to room
temperature, quenchedibyosatyralat iy Hidéal (10 mL), filtered and the solid was dried in oven to give
(3-chloro-4-methyl-phenyl)-carbamic acid phenyl ester as spljd (O 5 g, 87%). [00224]Step 2:
Preparation of N"-(3-Chloro-4-methyl-phenyl)- m erldln 3- WO
2010/053732PCT/US2009/062023 yI)-l- - do1-5- -ylmethy1]-N-cyano-guanidine
To a suspension of 3-(5-aminome 3ed|hydro isoindol1-2-y1)-piperidine-2,6-dione
methanesulfonic acid salt (0.18 Oi mmol) in DMF (2 mL), was added (3-chloro-4-methyl-pheny1)-
carbamic acid phenyl ester (143 mg 0.5 mmol) and DIPEA (83 gL, 0.5 mmol). The mixture was stirred
at 100G dpodolours. Toe WGP CONRRRIAIAH HALSG AUGRARIRSSHIA S IPMANRAMF, puriied

on silica gel column eluted using methanol and methylene chloride to give N"- Ioro 4-
methyl- Bl%éﬁ?}i() 1}\%1@6@1‘811&@5&61 EﬂBépa’?ngSlWlT%%bD}/ﬂj (2 mL) was added CD (162 mg, 1
\?;\-/dihydfmﬁbﬂ I%M%&Wmeéhgiﬂ]ak\kﬁ’aﬁer@gmmhbcﬂﬁzglﬂvﬂmti?;gh@ (4311@5:@) %I_a'g/a(waﬂd)a HPLC:

aters etry ; ax 2 I 2990, ¢ 0113R0O4,: tR =3.06
min (96 g a%@%ﬁ@ i bl j ‘§" 163 725%9%%,”1’&?8%& 24}1 % ageéé%m@w CHB),
2.33 -2.45 (h@ YIIH“@HFP)S 955l 2 R (?FF}P}?H?@-}CPDS brg2Thg mstyre, Was ©PIFH [ul7 &7 (in, 4H,
CH2, C)H@po@sléln (el ireped ﬂﬂ@t@@"ﬁﬂmﬂé o CHdYed @ﬁg(ﬂd(i}'ﬁﬁ} SaBillc zuldd, shiperkidn dal= 1.5 )HZ
2H, Ar 4 7.51 1 1H A 1H, NH), 9.20
(s, 1H, ﬁlﬁeig’i’s tgfiwdﬁﬂsﬂ RS w%m?&oa b e e g B%b‘%@ BS 58,
116.88,1524v88()1 PPI94, W2#133y128:97 C1:30 /52, 31.3%.430 18R, D@Llls&lil’é()mﬁ #B5442.36, 142.97,

158,15 4686, B10i9%.LT3800 3 M S0 ATl Bale) 9 623 1216105 20 Ha9 (0 2 ElOAe:

6 301 LI B D Bt 423 459 m, 41, s,

CHy), 5.11 (dd, J = 4.9, 13.2 Hz, 1H, NCH), 6.73 - 6.83 (m, 1H, NH), 7.22 - 7.35 (m, 1H, Ar), 7.37 -
7.66 (m, 10H, Ar), 7.70 (d, J= 7.9 Hz, 1H, A1), 8.75 (s, 1H, NH), 10.98 (s, 1H, NH); °C NMR
(DMSO-ds) 8 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,

5.16  1-[2-(2.6-Dioxo-piperidin-3-vI}-1-0x0-2.3-dihvdro-{ H-isoindol-5-
vimethvi]-3-[3-(3-methvi-{1.2 4loxadiazpl-5-v1)-phenvil-urca

[00201] To a stirred suspension of 3-(3-methyl-[1,2,4]oxadiazol-5-yl)-phenylamine { 0.22 g,

1.09 mmol) and 3-(5-aminomethyl-1-oxo0-1,3-dihydro-isoindol-2-yI}-piperidine-2,6-dione
methanesulfonic acid salt (0.40 g, 1.09 mmol) in acetonitrile (5 mL) at RT was added TEA (0.31 mL,
2.19 mmol). The mixture was stirred for 3 hrs, followed by addition of IN HC1 (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% yield): HPLC, Waters Symmetry Cis, 5 pm, 3.9 x 150 mm, 1 ml/min, 240 nm, 30/70
CH.CN/0.1% HaPO., 4.37 min (99.3%); mp, 242-244 °C; "H NMR (DMSO-ds) § 1.92 - 2.07 (m, 1H,
CHH), 2.30 - 2.46 (m, 4H, CH;, CHH), 2.55 - 2.67 (m, 1H, CHH), 2.82 - 3.02 (m, 1H, CHH), 4.24 -
4.56 (m, 4H, CH,, CH), 5.11 (dd, J=35.1, 13.2 Hz, 1H, NCH), 6.91 {t, J= 5.8 Hz, 1H, NH), 7.39 -
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vimethvlj-3-14-(11-1-imidazol-2-0)-phenyll-urea 00 H H N N c-NH [00225]A mixture of
3-(5-aminomethyl-l-oxo-1,3-dihydro-isoindol-2-y1)-piperidine-2,6- dione methanesulfonic acid salt
(0.40 ¢, 1. T’ﬂ]ﬁ"% Gﬁﬁ@‘tDl (0.19 g, 1.2 mmol) in DMF (5 mL) was stin-ed ﬁyyéﬁ?quﬁﬁ%ture for 18
hours. To the mixture was added 4-0 H-imidazol-2-y1)- phenylamine (0.17 g, 1.1 mmol) at room
temperatgtemant, thermixan G Was siiked.at 6OICIONIEY, 10008Tie, thd, MiXtUIe WhRaDdEsDwaIer (25 mL)
and ethy| aeelglp, (2pJpl Ihe mpxtuie s SUadpls qmJerIRCIRES ar 28,73 gygpension was

filtered the 'solid wa's washed Wlth water (20 mL), ethyl acetate (20 mL) and water (20 mL) to give
a solid. PRSIy -Wad Putifiddawith Brep-HEL B 1d0give iﬁé’-’(zléoc%xwﬁpﬁéeﬁu?ﬂr%@ MaMp MH
-0x0-2,3-gilydipi1tibisoindad - prytmethyld-844-(1 seigsidazol2-w1 - 7pleppilireasas a whitassolid (150
mg, SOQ yggl;@ HPLC: Waters Symmetry C18, 5gm, 3.9 x 150 mm, 1 mL/min, 240 nm, 5/95 grad 95/5
in5minC N/0.1% FEPO4, 4.41 min (95.9 %); mp: 190- 192C; 114 NMR (DMSO-d6) 5 1.91 -2.08
(in, 1H, CHH), 2.27 - 2.47 (m, 1H, CHH), 2.54 - 2.66 (m, 1H, CHH), 2.81 -3.01 (m, 1H, CHH), 4.31 (d,
J=17.4 Hz, 1H:;1GHH:G;Aguinepepsd)-34(2 1. 0-diqxopineridin-34y])-1-cxgigpindo in-f, , 1H, NCH), 6.78 (t,
J= 6.0 Hz, 1H, NH), Zamethviiirea oy Ar) 8.17 (s, 1H, HCOOH), 8.67 (s, 1H, NH), 10.99 (s, 1H, NH):
13C NMR (DMSO-d6) 8 22. 41 31.10, 42.69, 47@9 14.17 (br), 117.80, 121.79, 122.84,

124.55, 126.81, 126.98, 130.19, 135 46 138.55, 1 1,144.83,155.14, 163.19 (HCOOH), 167.88,
170.92, 172.77; LCMS MH = 459; Ara le‘d’?‘o 4H22 4 +2 H20 + 0.7 HCOOH + 0.3 DMF: C,
56.04; H, 5.42; N, 16.08; Found: C, 55.8% H,%5.34; N, 16.11.

5.321-1 enzoimidazol-2-y1)-4- Chloro p 11-342- d|oxo in-

oy 1Oyt om AU PRSI A (i0BEIA RS G aro-oindol- 251
3-(5-amiireraithyl:$-dkaelhSddiblidralis6int g 1- 20mmplperidines R tedionec yasthraiesufarie acid salt
(0.40 g, b mmldiahidife (3)2-6 £9|Lj3w9s Jdéemsa'ﬁorsé/lﬁ @d@%ﬂ%@%ﬁﬂﬁ"%ﬂcﬂ{ [empgragire for 18h.

To the mixture was adde benzoimidazol-2 4- chloroph lamine (0.3 §q§ 1.3 mmol) at room
temperéﬁﬁféheéﬁHdtWé‘;rﬁfﬁlﬁ‘E%%“&f%HYéFiW@? Pfé:ﬁ%r&fjéenf W-Miktite Daddd water (25
mL) andeetix@n @ Qonadi), T&wmxwmlwaawée@ahfmmfﬁﬁmemw recfasidir. Whersolveatwas

decanted, T d-was putified with Prep HRLC 10,dive 1| drjed fn vacuo ¢ i
(1H- benglm a@éi -;}1 4U{J’h }rrg p te\ﬁasl ?%e %oxo- ?O%F‘l fire 1 Mfo%o- 1SWd{h()Sdro 1Hisoindo

1-5- ylmaﬁyquaeaéta%ﬁocé %n@t{wﬂe%é Yi)zwﬁoﬂwaré)@wmhwdi% ay e seliB0Stin, 3.9 x
150 mmy, bood-4maig). 240 nm, 20/80 CH3CN/0.1% HTPOT, 4.44 min (99.2 %); mp: 275-277 C; 11-1
NMR (DMSO-d6) S 1.90 - 2.10 (m, 1H CHH) 2.23 - 2.46 (M, 1H, CHH), 2.54 - 2.68 (m, IH, CHH),

2.80-3 1H 431 (d CHH.CH)), 5.11 (dd, J=
5.0, 13. geé?@ﬂH Ef)ep)ez 89 t" 3‘”“%“61 fﬁﬁ %?Q}‘ﬂ)’é"fﬁg“éy%ll( %ﬁ“ \"%.40 -7.76 (m, 7H.
Ar), 8.o7%@?9&12%(Hzﬁnomhwj)m@zﬁ(é3 H)-30pmed odMdFIR0 NH)%Q?@@GMF@&@W KIH); 13C NMR
(DMSO=d6y544 39, IhedRadbord idifirO%iad byl bk il 8188 3Rl 4 520 A fier 12 hrs, the

mixtare 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 mixtare 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 /n vacuo to give the product as a pale yellow solid
(0.24 g, 77% vield): HPLC: X-Terra RP 18, 3.9 X 150 mam, 5 pum, 1 ml/min, 240 nm: CH;CN/0.1%
(HCO,)NH,: 15/85: 7.95 min (95.27%); mp: 233-235 °C; 'H NMR (DMSO-dy) 6 1.78 - 2.08 (m, 1H,
CHH), 2.38 (gd, /= 4.5, 13.2 Hz, 1H, CHH), 2.59 (d, J= 17.8 Hz, IH, CHH), 2.79 - 3.06 (m, 1H,
CHIH), 4.18 - 4.36 (m, 1H, CHH), 4.36 - 4.60 (m, 3H, CHH, CH,), 4.91 - 536 (m, 3H, NH,, CH), 6.15
(ddd, /=0.9, 2.1, 7.9 Hz, 1H, Ar), 6.48 - 6.58 (m, 1H, Ar), 6.63 (t,J=6.0 Hz, 1H, NH), 6.76 (t, /=
2.0 Hz, TH, Ar), 6.85 (1, /= 7.9 Hz, 1H, Ar), 7.44 (d,J="7.7 Hz, 1H, Ar), 7.51 (5, 1H, Ar), 7.69 (d, J
=7.9 Hz, 1H, Ar), 8.32 (s, 1H, NH), 10.98 (s, 1H, NH); °C NMR (DMSO0-d,) 6 22.51, 31.20, 42.73,
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129.79, 130.23, 130.35, 134.56, 139.56, 142.29, 143.00, 170.91, 172.76; LCMS MH = 543, 545; Anal.
Calcd for C28H23N604CI + 3 H20: C, 56.33; H, 4.90; N, 14.08; Found: C, 56.73; H, 4.67; N, 14.09.
5.33N43-CRBAGH4! ’?ﬁgﬁﬁll -phenyh-N12-(2.6-dioxo-piperidin-3-y1)-1-0xo0-2, §CT’U52009’962023
dihydro-IH-isoindol-5-ylmetlysil-Ruanidine Hydrochloride 00 NH CI WO
2010/053732PCSRIUG2D0AUBBR02E7.79, 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»HyNsOy: C, 61.91,
H, 5.20, N, 17.19; Found: C, 62.40, H, 5.67, N, 15.59,

518  1-[2-(2.6-Dioxo-piperidin-3-vl}-i-0x0-2,3-dihvdre-1 H-isoindol-5-
vimethvil-3-[3-(pvridin-2-vlexyv)-phenvll-urea

[00204] 3-(5-aminomethyl-1-oxo0-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione
methanesuifonate (1.11 g, 3.0 mmol) and 1,1-Carbonyldinmidazole (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 3-(Pyridin-2-yloxy)-
phenyvlamine (205 mg, 1.1 mmol). The resulting mixture was stirred at rt overnight and the reaction
progress was monitored by LCMS, After 48 h, additional 3-(Pyridin-2-yloxy)-phenylamine (37 mg,
0.2 mmol) was transferred to the reaction mixtore and stirring continued for another 24 h. The
reaction mixtuare was acidified 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-y1}-1-0x0-2,3-dihydro-1H-isoindol-5-yImethyl]-3-[3-(pyridin-2-yloxy)-phenyl}-urca as a
white solid (310 mg, 64% vield): HPLC:Waters Symmetry Cig, 5 um, 3.9 x 150 mm, T ml/min, 240
nm, 30/70 CHsCN/0.1% H;PO., 4.81 min (98.6%); mp: 298-300 °C; "H NMR (DMSO-dg) 5 1.84 -
2.06 (m, 1H, 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, 44, CH,, CH,), 5.16 (dd, J= 5.1, 13.2 Hz, 1H, CH), 6.64 (dd, J= 1.4, 8.0 Hz, 1H, Ar),
6.81 (t,J=5.9 Hz, 1H, NH), 6.99 (d, /= 8.3 Hz, IH, Ar), 7.07 - 7.18 (m, 2H, Ar), 7.24 (t, /= 8.1 Hz,
1H, Ar), 733 (t, J=2.1 Hz, 1H, Ar), 743 (d, J=7.7 Hz, 1H, 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, 1H, Ax), 8.82 (s, 1H, NH), 10.97 (s,
1H, NH); YC NMR (DMSO-d) 6 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, 130.29, 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 C;Hz3Ns05+ 0.3 Hy,0: C,
63.61; H, 4.85; N, 14.27. Found: C, 63.62; H, 4.62; N, 14.18,
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Cl  3-(5-aminomethyPhoxo-1,3-dihydroisoindol-2-y1)- NH piperidine-2,6-dione methansulfonate
DMFH H Nf NH HCI CI [00227]Step |: 3-Chloro-4-methyl-phenyl)-thiourea To a solution of

2-chloro-4 Y68 &¥)3H3%0-1-methyl-benzene (2 gm, 10.89 mmol) in dry acBtorkit%et i) was added
a solution of NH3 in MeOH (2 N, 6 mL) and the mixture was stirred at rt for 2 h. Water was added to
the reaction mixtigre Cagsméﬂala)gg@ @ﬁrmtmwmmaéﬁmim%l@nrﬁhlwwa@concentrated in vacuo to
-1/4 the volume and thep 0N ipated by filtration and dried in a vacuum oven to give 2.1
gm (96% yield) of 3- chloro-4- methyl phenyl) -thiourea as @ white solid that was used without further
purification. LCMS: MH = 201. [00228]Step 2: mA [-phenyl)-2-methyl-isothiourea
Hydroiodide To a slurry of 3-chloro-4-m Fﬁpfp re gin, 10.46 mmol) in MeOH (15 mL)
was added methyl iodide (2.5 mL, 40 mrzl) and the mixture was stlrred at n for 4 h. The reaction
mixture was concentrated to dryness to the residue, a small portion of dichloromethane was
added and the volatiles removed i@{;\@dg. This process was repeated twice more to provide a tan
foam which was dried in a vacuum oven overnight to give 3.5 gm (98% yield) of crude (2x).
1-(3-chipyozdanethylpheany i 2:oretind-isathioleaayeiaindids. tifmmtegigieﬂasdfaumsto be highly
rl\lly??toéh@og) g}‘r _1#?] éN S S glrulq In a %élcag?ém%l){%ﬁ f%‘g?ler;)nlf_ ?diIBC Q- 1so1 }jgl»ﬁlgq 9391% ;%t(gp 3
d|hydrodlﬂmsmﬁ@o@gfym@mm@uamdme Hydrochloride

5.28 1-((2-(2.6-dioxopiperidin-3-v1}-E-ox¢isoindolin-S-viymethvl)-3-(3-hvdroxy-

4-methviphenvhurea
O Q
N 0
N._.N
T
O

[00206] Step I Using the procedure as described in Section 5.15, 1-(3~(fert-

butyldimethylsilyloxy)-4-methylphenyh-3-((2-(2,6-dioxopiperidin-3-y)- I -oxoisoindolin-5-
yhmethyljurea is prepared from 3-(tert-butyldimethylsilyloxy)-4-methylaniline and 3-(5-

aminomethyl-1-ox0-1,3-dihydro-isoindol-2-y)-piperidine-2,6-dione methanesulfonic acid salt.

[00207] Step 2. A mixture of 1-(3-(fert-butyldimethylsityloxy)-4-methylphenyl)-3-({2-(2,6-
dioxopiperidin-3-yI}-1-oxoisoindolin-5-yDmethyljurea (0.54 g, 1.0 mmol) and cesium fluoride (0.15
2, 1.0 mmol) in DMF (10 mL) is heated to 70 °C for 8 hrs. The mixture is cooled and diluted with
water {10 mL}. The solid precipitate is fiitered, rinsed with water (10 ml.}, and dried under vacuum to

provide the product.

521 5-(3-(02-(2.6-Dioxopiperidin-3-vl-1-oxoisoindolin-3-viimethvhureido)-2-
methyviphenvl 2-aminoacetate hvdrochloride

O 0,
0N
ARPR
HCI G O

q NH
N N O

[60208] Step I Using the procedure as described in Section 5.13, 5-(3-((2-(2,6-
dioxopiperidin-3-y1)-1-oxoisoindolin-5-yDmethyDureido)-2-methylphenyl 2-(tert-
butoxycarbonylamino)acetate is prepared from 5-amino-2-methylphenyl 2-(tert-
butoxycarbonylamino)acetate and 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-2-ylI)-piperidine-2,6-

dione methanesulfonic acid sali,
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In-a microwave vial fitted with a stir bar, 1-(3-chloro-4-methyl-pheny1)-2-methyl-isothiourea
hydroiodide (597 /4 mmol),

3-(5-amin(?)v¥n((%zﬁ%j)1/? f—%%(%gl,3-dihydro-isoind01-2-y1)-piperidine2,6-dione m&ﬁ%%s%ﬂ o/{r'l%%t{gs(%o mg,
1.52mmol), and DIEA (1.1 mL, 6.06 mmol) were combined in anhydrous DMF (5 mL). The vial was
sealed #Hik{i¥adiatedSea2micrewdnerforf 30303 -61.6 20 Cpifoithie-tedelienxoixividiwas added an
additiong, 109 .8k :QQEQEM%%QYM{Q?B%%&&Q%Bb{%fﬁlﬁﬂiqus’éi%é’@)s@'Q,ef.'@";Qﬁﬂ%ﬁﬁcﬂmﬁ
methanesulfonate and the reactiori was irradiatéd for 30 min at 120 C. Thlsgg%r]ocess was repeated
twice mGfb BRtAS MRS thethersl chlor Gl hiethRphEnTRS fahethvi-iddhislifedsripdttiodide
startingipatera) assdiwag foond tonalyteny it dhendesitedupiaspetvar tife M&authe reaction mixture was
acidified with acetic acid and the volatiles were evaporated in vacuo. The residue was dissolved in

minimal DMF, glgreds ap Dy ifief45iRge it PIGPRARNERER ST V@D ureido)-2-
2010/053732PCT/USZPRRA @&3{%@&%’2191@@&@%@@&% pipg the desired product, 1 N HC1
was added and the solvents removed In vacuo. The obtaine 0ngte solid was dissolved in minimal
water and lyophilized to give 180 mg (27% yield) of NH _
N-(3-chloro-4-methyl-pheny1)-N4 =di iperidlin M-0x0/Z3B-dihydro-1Hisoindo1-5-yhnethyl
Fguanidine hydrochloride: HPLGj\VatergS etry C18, 5 um, 3.9 x 150 mm, 1 ml/min, 240 urn,
20/80 CH3CN/0.1% H3PO4, 3!93 min (97.4%); mp: >400 C; 1H NMR (DMSO-d6) 6 1.91 -2.09 (m, 1H,
CHH), 3%@ 3H, CHO, 2_.4;L(dd11: 4.3, 13.2 Hz, 1H, CHH),.2.54 - 2.68 (m, IH, CHH), 2.80 - 3.05 (m,
1H, CH?—%Q G - 4 56 o) st s Boeiony B LS (1858 11, ch),
7.14 (dd? 5-gidx0pBctidihz 3h1)-An)x disBihdalin 7=yl Sdttn i dAF)2-TdB(dh kw81 Hz, 1H, Ar), 7.51 (d, J=
119 Hz oA eR e A GGt ad U D ARCT. 98 o N B2 B 5. 10
NH), 10.16 (s, 1H, NH), 11.00 (s, 1H, NH); '3C NMR (DMSO0-d5)21.04, 24.19; 32.95, 46.33, 49.85,
54,03, Praciy pinsmagng dgargonstermd 74 prinemesy - axo b, iy dr-isaindeb 2935 64, 143.17,
144.68,pl56i 84 ¢ b HBshe S0 shif&2icid MG MH = 440, 442; Anal Calcd for C22H23CI2N503 +
2.3H20 + 1.9 HCI + 0.2 HCOOH: C, 44.72; H, 5.05; N, 11.74; Cl, 23.19; Found: C, 44.55; H, 4.71; N,

11.48, Gh032192  s1ep 20 To a mixture of fert-buty] d-(2+(5-(3-((2~(2,6-dioxopiperidin-3-y1)-1-
oxoisoindolin-5-y)methyljureido)}-2-methylphenoxy)-2-oxoethylpiperazine-1-carboxylate (0.65 g,
1.0 mmol) in methylene chloride (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.

5.23 1-(3-(Aminomethvh-4-methvipheny-3-((2-(2.6-dioxopiperidin-3-vh-1-
oxoisoindolin-S-vI)methvhurea

[SIRS

N O
NH] N\H,N
HCi O

[00212] Step 1. Using the procedure as described in Section 5.15, 1-(3-cyano-4-
methylphenyD)-3-((2-(2,6-dioxopiperidin-3-y1}- I -oxoisoindolin-5-yl)methyljurea is prepared from 5-
amino-2-methylbenzonitrile and 3-(5-aminomethyl-1-o0x0-1,3-dihydro-isoindol-2-yI)-piperidine-2,6-

dione methanesulfonic acid salt.

[00213] Step 2: A mixture of 1-{3-cyano-4-methylphenyi)-3-((2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yhmethyDurea (0.54 g, 1.0 mumol), platinum 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 filtered through Celite, the filtrate is evaporated under vacuum, and the residue is purified

by preparative HPLC to provide the product.
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5.34142-(2,6-Dioxopiperidin-3-y1)-1-oxoisoindolin-5-yOmethth-3-(3-hydroxv- 4-methylphenyOurea NH
HHHO fl.0[00230 Steg/: A mixture of 2-methyl-5-nitrophenol (3.0 g, 19.6 mrqol) TBS-C1 (3.0 g, 19.6
mmol), and” ﬂlf’ﬂ]. 63 1.6 mmol) in DMF (30 mL) stirred at ambient ten%’&%ﬁ%%"%qﬁi%zﬁ The

mixture was evaporated under vacuum. The residue was dissolved in ethyl acetate (100 mL) and

_ I prdmdhgi iredy of tert-butyldimethyl(2-methy1-5-
nitrophenoxy)silane, in 91% yield; INMR (DMSO-d6) S;027 (s, GH), 1.01 (s, 9H), 2.27 (s, 3H), 7.47
(d,J=8.5Hz, IH), 7.52 (d, J = 2.3 Hz, IH), /.78 (d 248, 83.Hz, IH). [00231]Step 2: A mixture of .
the product from Step 1(4.7 g, 17.6 -C (40 g, 50% wet) in ethyl acetate was
hydrogenated under 50 psi hydrogen 0. The mixture was then filtered through Celite and the
filtrate was evaporated under vacuum, preniding 3.9 g of -(tertbutyldimethylsilyloxy)-4-methylaniline, in
94% vyield; 1H NMR (DMSO-d6) S 0.1 {s, 6H), 0.97 (s, 9H), 1.96 (s, 3H), 4.81 (s, 2H), 6.00 - 6.21 (in,

2H), 6'7[6(@14"}: 7.9 %@&ﬁ)UL%Q%%%ﬁB%Qdﬁre%m%Wﬁ?eMn Section 5.15, 1-(2-cyano-5-

3-(5-(aminomethyl)-1-oxoisoindolin-Z-yfipiperidine-2,6-dione methanesulfonate (0.74 {% 2.0 mmol) and
CDI (0.:?23@,3’2’.'@% 815(3‘1@%@0(@@%’)1%&353’%}111r’@é’lOéSPFB%‘?H“t‘éﬂiB’é‘I‘%IM%%%%?%‘i‘Eﬁt R the product
from Stepidd@-4hkgyRHmnal) wass addadndh@hyl-1-oxo-1,3-dihydro-iseindol-2-yI)-piperidine-2,6-

dione methanesulfonic acid salt.

[00215] Step 2: A mixtare of 1-(2-cyano-5-methylphenyD)-3-((2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yhmethyljurea (0.54 g, 1.0 mmol), platinum 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 filtered through Celite, the filtrate 1s evaporated under vacuum, and the residue is purified

by preparative HPLC to provide the product.

5.25 1-{(2-(2.,6-Dioxoniperidin-3-vl}-1-oxeisoindolin-5-vymethvi)-3-(4-
{ morpholinemethyiphenviurea
g QO

~ \/gﬁvﬁﬂ;‘(?*wo
LN 0

[00216] Using the procedure as described in Section 5.15, the product is prepared from 4-

(morpholinomethyl)aniline and 3-(5-aminomethyl-1-0xo0-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-

dione methanesulfonic acid salt.

5.26  1-((2-(2.6-Diexopiperidin-3-vi}-1-exoisoindolin-5-y)methvi}-3-(3-((4-
methvlpiperazin-1-vilmethvliphenvhurea

[CINY)
N N
/N\/‘/\(j\'or

Poster

[00217] Using the procedure as described in Section 5.15, the product is prepared from 3-((4-
methylpiperazin-1-yDmethylDaniline and 3-(5-aminomethyl-1-oxo0-1,3-dihydro-isoindol-2-y1)-

piperidine-2,6-dione methancsulfonic acid salt.
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WO 2010/053732PCT/US2009/062023 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 vacll? 2 ti& tesidue was purified by preparative HPLC using al ﬁf@té?‘ﬂ?? {2055 ter gradient,
and providing 0.38 g of 1-((2-

(2,6-dioxopipesidin-3fgdindledixaismipsiolids-53yOmethyl)-3-(3-hydroxy-4- meththenyI)urea as a white
solid, in 46% yield; HPLC:Waters Symmetry C18, 5 gm, 3.8 %150 mm, | ml/min, 240 nm, 25/75

CH3CN/0.1% H3PO4, 4.80 min (100.00%); mp 2% WR (DMSO-d6) 82.02 (s, 4H), 2.27
-2.47 (m, 1H), 2.63 (m., 1H), 2.80 - 3.04 M), 5.11 (dd, J= 4.7, 13.0 Hz, 1H),
6.47 -6.72 (m, 2H), 6.86 (d, J=7, (s IH), 7.44 (d, J = 7.7 Hz, 1H), 7.51 (s, 1H), 7.69 (d,

J=7.7 Hz, IH), 8.39 (s, 1H), 9.13(s~1H) 10. 98 (s, 1H); '3C NMR (DMSO0-d6) 6 15.35, 22349, 31.20,
42.74, 47.12, 51.58, 104.76, 108.45, 116.48, 121.86, 122.91, 126.91, 130.19, 130.26, 138.92, 142.36,
144.96, mamp 155 29¢ 16788 il Oy rilly 2h8orn GG M hhd dd By fihabrtiatidefar £22HAPNA403: C,
62.55; 13.26; Found: C, 62.27; H, 5.15; N, 13.18.

5.3514 éll?)loxoplnerldln 3-y1)-1-oxolsoindolin-5-vOmethyl)-3-(4-hydroxy- 3-methylphenyOurea
[00233]Step I: A mixture of 2- methyl 4 nrtrohenol (3 0 0 19 6 mmol) TBS Cl (3.0 g, 19.6 mmol), and
TEA (2.2 g, 2156%nm {03 St EFa .. hel mixture was
partitioned between cleiviciv TOrCarpone rama-ethyracetate (100 mL),
and the aqueous layer was extracted with ethyl acetate (1000mb) he combined organic layers were
ater (100 mL), and evaporated
under vacuum. The residue was chromat Qrap g aletate gradlent provrdrng 399¢g

1H) [00234]Step 2: A mlxture Qrthie product from step 1(3. 9 g, 14 6 not) and 10% Pd- C (O 5 g 50%
wet) in ethyl acetate was hydrogenated under 50 psi hydrogen for 18 h. The mixture was filtered
through Celite and the filtrate was evaporated providing 3.2 g of

4-(tertbltfelmlethylsitd) Bertaigpaiifing, ‘lin“g‘é‘%’]ﬁgd) I’d@i@@‘_l%‘té’ﬁ 3: A mixture of

3-(5-(arminoaiéy pduoixoisdinchdlin-2iyDixipend i@ 2rg:doneon etidanesulforidbes (G624, 2.9 mmol) and
CDI (0. %%19)1 %9@599%@9%@:9 Mmaﬁ sliredeLenem Jemparatiirader 3l And dhgnsthe product

from Step 2 7 g, 2.0 mmol) was added. The mixture was heated to 70°C for 30 h. Then, the mixture
was CooNE %B%Qé?hr}%rgtmé Ao MI0E 3 e 190 S aONTE SRS BN aRE Rt IN HC1
(30 mL)wigsItingliesaiih pf;eejpmtate;ﬂdmslﬂeh@bwasanuéﬁ‘ted byiehrometagrapmranedsilica gel column,

using a meth chlorid t ient an
1-(4- (terﬂ)évy |{r1r?(etn)}fsufy%§‘y - ?rgtet yztp gr:ﬁ} é’“zf?ﬁq\g%ngﬁgx%g?%@.dﬂ%‘” a)mf fayer was
ox0|50|moﬂﬁﬂ@vmrﬁ@tﬁwmé@ﬁ@aﬂl@ﬁﬂmﬂq%a@@ S 5593 Yetdre1h MR IDMBOLHEB) § 0.16 (s, 6H),
0.97 (s, RwkdB (2O LM74), 2.10 (s, 3H), 2.25 -2.47 (m, 1H), 2.53 -2.70 (m, 1H), 2.80 - 3.02 (m,
1H), 4.31 (d, J= 17.4 Hz, 1H), 4.36 - 4.52 (m, 3H), 5.11 (dd, J= 4.9, 13.2 Hz, 1H), 6.51 - 6.74 (m, 2H),

; gSH(Sqlqg]%z@gSs(SG éﬁ;l};g’ég%fat (]_"_ij 4—2(231)5'11&11 -4~ 71 éﬁy(lsj 151161137(13311!1_1'16 IH), 7.50 (s, 114), 7.69 (d,J=
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-yl-ethyl)-phenylamine as a yellow solid (140 mg, 100%).

[00221] Step 3: Preparation of 1-[2-(2,6-Dioxo-piperidin-3-yl)-1-oxo0-2,3-dihydro-1H-
isoindol-5-yImethyl}-3-[4-(2-pyridin-4-yl-ethyl)-phenyl]-urea hydrochloric acid salt

To a suspension of 3-(5-aminomethyl-1-o0xo-1,3-dihydro-isoindol-2-yl}-piperidine-2,6-dione
methanesuifonic acid salt (0.37 g, 1 mmol) in DMF (2 mL) was added carbonyl diimidazole (162 mg,
1 mmol). The mixture was stirred at room temperature overnight. 4-Pyridin-4-ylethyl-phenylamine
(140 mg, 0.7 mmol) was added to the mixture and the mixture was stirred at 40 °C overnight then

80°C for 1.5 hours. The mixture was cooled to room temperature, added water (5 mL) and stirred for
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[00236]Step 4: To a solution of the product from Step 3(0.5 g, 0.9 mmol) in methylene chloride (20 inL)
was added 2N HCI in ether (2 mL). The mixture stirred for 16 h at ambient temperature The
prec:lpltateﬁ]ﬁr%fﬂﬁlé'lsé\@% isolted by filtration, and was rinsed with methylen’?&@?ﬁé?fﬁ’é”?%’?ﬂ) and dried
under vacuum, providing 0.4 g of 14(2-(2,6-dioxopiperidin-3-y1)-1-

0XO0iSOiNngahin-Styd-Honp tayiyrEn(h- fiydr@b@xastm@ﬂwtph@@y@uaaaeﬁsmncnﬁu\imnmsp}@a Hanantitaive yield;
HPLC: ers N 0, H3PO4, 1.88
min (9&1)%9%%% ﬁg{mn]lgtg %}rﬁ“@zﬂ}o éé%?g%mi 91(4{1%62:i \%fd%’ﬂ% %9 (1)9&%51 (in, ICI-%(%%% -2.72 (m,
111), 2.BEIG bél((ﬁ 61@9%250@%30@ &PP)O@:NW&TQ—“&' Go1sd-firylomgthng] éﬂféc(%ﬂysi@ﬂ—ﬁz IH), 7.02
(dd,J= %@tﬁy@ﬂ?&n%)u%&%@@élﬁ@a@d@ﬂslﬁﬁs Ldofteinle ZoTicHz0 Y, PEALE). HLT. Hulds J= 7.7 Hz,

11007 AR oy S 9 o OBt £ 95 i3 39K iR T e 10,
155.58, 1 70.80mi7@B5); BOMSHMHC; AZSMIMAIMCAlot)for 6221 4@NAB3GHEIRS. CHRCLIIT, 60.23;

H, 5. 116}%1%22%% Hound; QH%#}R 359 48) Nind 294w, CHE), 3.12.(d, /= 7.7 Hiz, 2H, CH,), 420

5.361-(4-tert-Butvl-cyclohcx 2-(2,6- dIOXO nerldln -1-0x0-2,3-
e L b b, ARG §7

4-tert-butylayclohexylamine §3.20,@H .28, muial, in-DMRIS L hat 46C(wasi agdderldS R, (0-23 g, 1.40
mmol). ixtur red 5 I f

-0xo-1, 3-7r gmpgj|50|hdo{ é gl)ggfp%ﬂ ine Aic} Qj\/ gr?%%??ﬁ%%%%ﬂfo%@é&%ﬁﬁ '}%‘?é ,(S 548 mmaol).
Heatlng‘%ﬁs SIOPPRA BIVEIOL D) M a3 th 3 ritkBiré tids Alifred BIRTI dvetnibft. BAITENtAAES,

evaporafedsaneh neresidue y¥as purbied, Hxsogep@@twr&%%a givg $hepigdugt pRa jvhite solid
(0.076 9)6 S%gle d): HPLC, Waters Symmetr x 150 mm, 1 ml/min, 240 nm, 35/65
N

CH3C MHz 4R nﬁﬁ?&‘?@?ff&%@ﬁi%@hiﬁﬁcﬁﬁ 359 843 CHRINFE (DMSO-de)
30.83 (S69M; BIY290H | CH, CI0D0: ERJIT, 464 TH2S.CHER), 11.80-C1,38On, 2H, CHH, CHH), 1.61 -
1.78 (in, 2H, WO 2010/053732PCT/1182009/062023

5.2%  Isoindelin compounds
N

[00222] These isoindolin compounds shown above are made using the procedure as described

in Section 5.15.

530 N”-(3-Chlero-4-methvl-phenvl-N"-{2- (2.6-dicxo-piperidin-3-vi)-1-0x0-2,
3-dihvdro-1H-isoindol-5-yimethvl]-N-cyano-guanidine

QO O

H
00
H H N o
ci N._-N
e
N%N
[00223] Step 1: Preparation of (3-chloro-4-methyl-phenyl)-carbamic acid phenyl ester.

2-chloro-4-amino toluens (282 mg, 2 mmol) was dissolved in THF (10 mL). The mixture was added
sodium hydride (128 mg, 3.2 mmol) and stirred at room temperatare for 15 minutes. Dipehnyl N-
cyano-carbomimidate (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 NH,CI (10 mL), filtered
and the solid was dried in oven to give (3-chloro-4-methyl-phenyl)-carbamic acid phenyl ester as

sofid (0.5 g, 87%).

{00224} Step 2. Preparation of N"-(3-Chloro-4-methyl-phenyl)-N'-[2- (2,6~dioxo-piperidin-3-

73



CHH, CUR), 1.87 (M. s., 1H, CHH), 1.95 -2.06 (m, IH, CHB), 2.28 -2.47 (in, | H, CHH), 2.63 (br. s., 1H,
CUR), 2.83 - 3.00 (m, 1H, CHH), 3.78 & 3.27 (25, 1H, CH), 4.23 -4.50 (m, aH, CH2 CH2%5 11 (dd, J
- 5.0, 13. Y2 MYOREE) 579 - 6.12 (m, 1H, NH), 6.25 - 6.44 (m, IH, NHf FAEWYOHE 1z, 1H,
ArH), 7.45 (d, J= 6.2 Hz, 1H, ArH), 7.67 (dd, J= 4.1, 7.6 Hz, 1H, ArH), 10.99 (s, 1H, NH); (Note:
'FINMRy&hbwe 2 Baliy5594 FidGadisomierrhtio}y t3GNMRIIDMSO-d6) 321.33, 22.49, 25.95, 27.38,
27.45, %Q%uij%ﬁ%%h%%@%g ﬁ&n&ﬁg@xc&% 5. 4343 é@ré‘&ﬁ ﬂnﬁ%ff&e‘k%%? 196, 121.76,
121.88, 122.83, 122.90, 126.81, 126.88, 130.11, 130.19, 142. 2.35, 14536, 145.52, 157.35,
167.98 methroguifomicesid @M e 2{’55’114?.&?]‘@e(%al%‘f’@Eé@ﬂéﬁﬁh@lﬂfoqun?eﬁhyiﬂ’beﬂbéh 27, H,

7.64, Nf.,;l%aaﬁc EQURRksE 8XO8 4R mE, G Nindh .2 1[0PR38FEqB, Qtﬂﬁﬁduﬂl}lsmﬁélﬁiﬂlﬂ;&fwas
4- methyl c %@Qf@ m|xt e of. C|s/trans,clos},}cg;[:rﬁctal5é dOuné ]51 Pn h DMF 51%(@[.) at 40C

was ada mmo‘i) %e ‘mixtire was stirre e?b owe on of
3-(5- anﬂnnﬁ@dthy&h@&@ehcgh@mydrm@eﬁm@mhﬂql amé)m@ﬁmbnz @@F@fﬂmtm@théhéédﬁejm@ -4cid salt

(0.69 g.nleBO1pRaN)- He@tlmm&gggﬁ@]}a@%n)l@maaﬁ%mrmimgeimﬁﬁgrﬁ%% R overnight.
Solvent was evaparated and the residue was purified by preparative HPLC to give the product as a
white SONETROEEA A0 TS P Eatare 5 Aty C RS R 6 5 50 PH, L Aliin. 240 inn,
25/75 OhtﬁﬂNiﬁJir%lZﬁBR@Aﬁ%(BEHﬁﬁl\(&Bg W) P2, 4&#&1@6(@911%)5%])@7@2322257@@9!\1% (DMSO-d6)
80.81 -ﬁﬁ%g @%?1)99 9.?09;(3]?51{{“@%&:!) Glift, GHY (GHH) g) 2, %356(4@61% B CHILL CHH,
CH), 1.58- 1.70 On, 11 1.88 (m, 1H, CHH), 1.92"- 2. UR), 2.30 247(m 1H,
CUR), 254 - Zzéé’mmHllﬁiH@HPl)SZZ é@lélmdféncmﬂ)dﬂ-’é) 83700375, @Hzfﬁe)cfl-i)l Wy =551 (m, 4H,
CH2, Chi2), z@lﬂl{dmg)—ﬁ@(cﬂeﬁmzs kH,INCH), £:/8 .36.44d 0N § Hz NH),46:24 43640 £m,71H, NH),

111 N SR g Bl B icoren Fandfh I KO SB35 15 g
20,42, 75,77, B0X3 (VB BUS0, G, %2234942}851, 448142709 48,376 54. 55| 92 17842287,

12681, 130485442 33, 14541 14350, 157 1331 1670812170 09 47285 (B T 5 413 Anal
Calcd. For C22H282,1404°+0.4 Found 93: H, 6.92:N, 13.09.

WO 201@?@%@7%@%7‘@552’0@@%%@3 ?@é&ﬁﬁa&ﬁé} é&ﬁa@on%%&é@a‘\m%éﬁ%ﬁcﬁ&ﬁ%rmate (202
mg, | mnyal} iFotkECN 18ani) s mddehdropwise at OC a solution of
N,N-diethyl-propanc-1,3-diamine (130 mg, 1 nano’) and D1PEA (0.082 mL, 1 mmol) in CEECN (5 mL).

The mixture was ptirred abCIRL A R PY1)-1-0x0-23-dihvdro-1H-isoindol-5-
Am|nomethyl-l-oxo-l,ﬁﬁ%;gj@g%%ﬁﬂ:@l@f%ﬂ &rdjone methanesulfonic acid salt (0.37 g,
1 mmol) was added, tollowed by additional DIPEA (0.082 mL, 1 mmol). The mixture was allowed to
warm to RT and stirred overnight at RT. The mixture was ddN HCI (15 mL) and filtered. The
resulted solid was purified on preparatlve HELQM%&Q s an off-white solid (280 mg, 65%
yield): HPLC: Waters Symmetry Clg, 504 in 240 nm, 5% gradient 100% in 5
min, CILCN/0.1% E3PO4, 4.46 myin (97% mp 90-92 "C; '14 NMR (DMSO-d6) 6 1.01 (t, | = 7.1 Hz,
6H, CH2, CHO, 1.58 (quin, .1=74 Hg, 2H, CH2), 1.94 -2.06 (m, 1H, CHH), 2.39 (qd, J= 4.5, 13.2 Hz,
1H, CHH), 2.55 - 2.73 (m, 7H, CH2, CH2, CH2, CHET), 2.83 - 2.99 (in, 1H, CHH), 3.05 (d, J= 5.3 Hz,
2H, CH2002255 -4.56 fmidicke©HR2{ Ty p by {ddoxd=13 Alil3lb-Hzinlbl; NOH)p Gidiniires., 1H, NH),
0,80 (5 SN hirulid e A LABISHAN TAT (0 sl BRI 1), 525 (-5,
1H, HCOOH), 10.98 (br. s. 6 10.25, 22.49, 26.14, 31.20, 37.39,
42.93, 46T %7909 tS‘ﬁW“i’?fO?é Tovrg Tty W%@Vﬁ%«i@&é Sy Hamidpodglig 167.99, 171.01,
172.86; mﬁMﬁnMEEO:x A30;. Ammoﬁm@&ﬁﬁEIQMé%MﬂQﬁehaﬂﬂagmﬁs S0 70205 Nt 18069; Found:
C,54.04; H,6,92; N 6 the solution f hen I chloroformate (202 mg, 1
mmol) |ﬁh&]ﬁ]§8ﬁ &f’s d%l v(;rl:;é{vs[d adzgg)c}n (?l)op\;%ws%%ta&%q lljl%loj 90?4 n%thyﬁltetrgﬁy(d?rg %)yran 4- ylamine

(150 mgemneraial ond IpDIPERAY o8I s iHemeprid ttms@wes vished wamistereOvab Jstked at 0C for
10 énln &zééémralmgﬁhlﬂmmz@ﬁ%@gg@r@sﬁwn@%%samlaramﬁﬂg%r& ﬁrqimm%tlaa@e_lrs#ﬁomc
acCld s mmao e oLIQwW adal e mixture
s A S A 0 S LRt S R e MR Vot & TR R e s L)
filtered. fHeeyiésuited solidavalpunfledzoi prepalatiBLdPIB e Grerecsplid:, Tiver sbic Wils

recrystalized %ﬁma%o@ﬂﬁnkb@%@dw S48 il @Wﬂh%@f%’ch% M@MBWQ 59, 12%
yield): HPLC: Waters |35%\Ametr m, 3.9 x 150 mm, 1 mUmin, 240 nm, 5% gradlent 100% in 5

min, CHIE1¢0. T MBEOMSE:d8 fnhit %plﬂ%%@@?éhwé‘"(lﬂméﬁ d6)8h 28 (s 298 (m,

1H, CHH), 2.81 - 3.01 (m, 1H, CHH), 4.31 (d, J = 17.4 Hz, 11, CHH), 4.38 - 4.52 (m, 3H, CHH,
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CH3), 1.40- 1.58 (m, 211, CHH), 1.84- 1.96 (m, 2H, CHH, CHH), 1.99 (s, 1H, CHH), 2.30 - 2.45 (m, 1H,
CHH), 2.55 - 2.65 %n 1H, CHH), 2.84 - 2.99 (m, 1H, CHH), 3.44 - 3.68 (m. WO

2010/053 75958 1345800/062023 4H, CH2, CH2), 4.22 -4.58 (m, 4H, CE12 'CRHHEH 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, IF1, Ar), 7.68 (d, J=
7.6 Hz, (HL) /), 1 10498 £, 0L H3.NH); IBONKINIRS(DVISC=66) 322 A8VHT, 003 317.26 (86998 M2.58, 47.10,
48.85, 31,56, @%-%é%?g?%zér%},-% &?gy-%@.@ézg,ﬁ-ﬁ%%ﬁ 232 R IO Brs 394198 1¢1.01, 172.86;
LCMS MIF =7415; Anal. Calcd. for ClIH26N405+0.5 H207 C, 59.56; H, 6.43;'N, 13.23; Folund: C, 59.34;
H, 6.354N0%37242.5 utfh-(14BEAN-hidShdin 14114023 82 1 -ibietbidefidih-Byhe1 16462, 3-
dihydroi3klsisoinglel-Sdmetivdkuraas [0024der the seiition afperamitraphs nyhchismiannate (202

mg, 1 ol) in Nﬁés Igfj as pwi Wg luti 4-amino-henzyl-piperidine (190
mg, 1 r?r?‘ésf{ %ﬁhg’%?é:‘é‘ 4(6% mi??ﬂ%%%%%%%ﬁ ( r??g)ad‘r%%@rr%écﬁdre%w%%g &dat oc for 10
min. 3-(5-nfihdrvethyH6-dko-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, | mmol). The mixture was
allowed to wargizto R andrstitsachonrraigint-ahRlchidie-phiE3yaI neldac d bitdEaas mL) and
filtered. The resulted 3glidiveas-parifiadden- brepatednie-hidiefhtdi-airea a gluey solid. The solid was
dissolved in DMF (1 mL) and saturated NaHCO3 solution was added dropwise until precipitation
started occurring. It was sat still T.for 30 min and solidwa fitered to give the product as a white
solid (55 mg, 12% vyield): HPLC:@XL%/ s Symmetyy 0@ 3.9=x0150 mm, 1 mL/min, 240 urn, 5%
gradient 100% in 5 min, CH3CN/0.1% 4.7 W.64" mih (99%); mp: 208-210 C; 'H NMR (DM50d6) 6
1.21 - 1.52 (m, 2H, CHH), 1.63- 1.82 {n1,2#, CRIH), 1.89- 2.14 (in, 3H, CHH, CHH, CHH), 2.39 (d, J=

13.6 H HH), 2,55 - 2.65 1H, CHH), 2.64 - 2.75 (jn,,2H, CHH, CHH), 2.83 - 3.02 (in, 1H,
CHH), 24T (mﬁﬁ}’%ﬁf}?é%'ﬁs‘?‘?ﬂ?@ﬁi‘),‘2’.‘3‘%34% R %ﬁf%ﬁ%ﬁl ] o%?%, J=5.0, 13.3
Hz, IH, M@ )p&leade i dhuicZatidaltitd, 4N e) ] 6.84nd) Indg.OHE21 1, NHyntoh 30-DVAB(§imI8HaAr), 7.66 (d,
1= 7.6 e Al QTS b Nish: RCAMRURMSQI0) 32000,34:200,39:40102.80,46.43, 47.00
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 PRo0y6gne D83 2 CAAEMORNLTASS AR e e BT AR A0EXRE LG € 59,56 H, 6.43;
N, 13.23o1l§@umd.:ﬂ(8 ,rﬁQit&é.;\af.hsaaﬁﬁci Naft8(231 mL)_ and ether (29 m.L'). The mixture was stirr.ed at. room
ﬁ‘glriclh 5‘&? gagé t%é’lfﬁ"ﬁ'.eﬂ?é@a%%){éa'soa%%a%t%aﬁ Ao d S QIngRl Ry PG - RIRGYIdin-yl-urea

Y (1H-benzoimidazol-2-y1)-4-chloro-phenyl]-3-[2-(2,6-dioxo-piperidin-3-y[)-1-ox0-2,3-dihydro- 1 H-

isoindol-5-ylmethyl]-urea as a white solid (130 mg, 22% yield): HPLC: Waters Symmetry Cyg, Sum,
3.9 x 150 mm, I mL/min, 240 nm, 20/80 CH;CN/0. 1% H;POy, 4.44 min (99.2 %); mp: 275-277 °C;
'H NMR (DMSO-dg) 6 1.90 - 2.10 (m, 1H, CHH), 2.23 - 2.46 (m, 1H, CHH), 2.54 - 2,68 (m, 1H,
CHH), 2.80 - 3.02 (m, IH, CHH), 4.31 (d, J=17.4 Hz, 1H, CHH), 4.37 - 4.51 (m, 3H, CHH, CH,),
5.11 (dd, J= 5.0, 13.3 Hz, 1H, NCH), 6.89 (t, J= 5.9 Hz, 1H, NH), 7.23 (d, J = 4.5 Hz, 21, Ar), 7.40
- 7.76 (m, TH, Ar), 807 (d, /= 2.5 Hz, 1H, Ar), 9.02 (s, 1H, NH), 10.98 (s, 1H, NH), 12.64 (br. 5.,
1H, NH); ®C NMR (DMSO-dg) 8 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, 126.79, 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. Caled for
CosHaNgO,Cl + 3 H,0: C, 56.33; H, 4.90; N, 14.08; Found: C, 56.73; H, 4.67; N, 14.09.

533  N-(3-Chioro-4-methvl-phenv}-N'-[2-(2.6~-dioxe-piperidin-3-v-1~0x0-2,3-
dihvdro-1H-isoindol-5-vimethvl]-cuanidine Hyvdrochloride

Qo0
o y NH
Ny R
,Q i
HCH

Ci
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NyN 0 HClI WO 2010/053732PCT/U52009/062023 [00242]Step /. A mixture of
3-(5-aminomethyl-l-ox0-1,3-dihydro-isoindo1-2-y1)-piperidine- 2,6-dione [fonic acid salt
(1.25 g, 3. 3P AN AHE cDI (0.61 g, 3.73 mmol) in DMF (10 mL) was stir;%?(fggg&?%g({/@?%%ht.
4-Amino-piperidine-1-carboxylic acid tert-butyl ester (0.68 g, 3.39 mmol) was then added and the
mixture was stirred/sernight. The mixture was purified by pré{}oarq}h/ze HPLC to give
4-(3-[2-(2,6-dioxePiperidin-3-yA M¥xB-Y 82 Hinydro-1H-Somdo 1¥6-
ylmethyll-yreidpl-piperidine-l-carboxylic acid tert-butylestefas ah off-white solid (0.46 g, 27% yield).
The productiwas used in the next s earf“without further pugfication. HPLC, Waters Symmetry C15, 5
pm, 39 x 15¢imm, 1 ml/min, 240 nm, 30/70 CH3CN/0.1% H3PO4, 4.35 min (99.4%). [00243]Step 2: A
mixture of 4- (3-[2-(2,6-dioxo-piperidin-S%ylz-l-oxo-Z 3-dihydro-1H- 0 o

isoindo1-5-yhnethy1]-ureidol-fiperigin@-iscanatey adiaEert Butyl ester (045 g//0.9 )in2M
hydrochlogideroliethyl r (30°mL, 9.01 B¥hol) was stirred m{@rnic};}ﬁt. @ hit®-sqspegsion was
filtered ard-wastett with-giéthy| ether. 'IEJh’g:a resultinag/ white ' WaE stirfedh acetoni (80 mL) at 50
C overnight?%e suspensipn was filtere(J, WALReHWith acete itrilé&Fand vacuum dried to give the
product as a white solid (0.34 g, 86% yieldF’ iPLC:Waters ¥ferra C18; 5 um, 3.9 x 150 mm, 1 ml/min,
240 nm, 5/95 CH3CN/0.1% HCOONH4 gradient to 95/5 in 5 min, kept 5 min, 3.10 min (95.1%); mp,
340-3420621H NMR (RMBQ-d6)oso 1 4ty BphEmyIRHioGIUT!, CHH), 1.85 -2.05 (m, 3H, CHH, CHI/,
CHH), 2.30- 2.47 (m, 1H, CHH), 2.55 -2.67 (m, 1H, CHH), 2.83 -3.03 (m, 3H, CHH, CHI/, CHH), 3.15 -
3.27 (mTers@Hph CRid)Bo5Dis@hrEyphatoH  Cifhykteezeaas? gm, Ui SoHmiCkdy satengde J= 4.9,
13.2 HZ(JtHanQHQ 2880 1 B1BHods Riek, M) (/189 (8l Yand Bchizix e Al tifedbal$: 161,2A0H), 7.67
75 (br.s., 2H, C1H2N

(d,.l = 7.7 Hz, IH, An]). 8 [..S., 1H2N), 10.98 (s, 1H - 13C NMR (DMSO-d6) 22.49,
02, U ke 45 HABEee Baee PO Tl D U MBS 2 2e
157.32 cepEggtadzin gacup 1947 the polgmaind heovhiissphid arencetise ey -AvgRmone fied in j2o: C,
51.49; Nafidh;ohnld Qe Gl F60sFOopad) 6, BahkB)-HntrhGl-pheit)00|0Gle7a61 vhiksbirtelin

Compm{{)&%&%ﬁ%‘ﬁ%ﬁ&l’B&?H%&TB@ML%&EQ%@bove are using the procedure as described in
o

Section 5.15.
[0022§] Step 2: 1-(3-Chloro-4-methyl-phenyl)-2-methyl-isothiourea Hydrotodide

To a slarry of 3-chloro-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 to dryness and to the residue, a small portion of dichloromethane was added and the
volatiles removed in vacuo. This process was repeated twice more to provide a tan foam which was
dried in a vacuum oven overnight to give 3.5 gm (98% yield) of crude (2x). 1-(3-chloro-4-methyl-
phenyl)-2-methyl-isothiourea hydroiodide. This material was found to be highly hygroscopic and was
stored in a desiceator for further use. LCMS: MH = 215,

[00229] Step 3: N-(3-Chloro-4-methyl-phenyl)-N'-[2-(2,6-dioxo-piperidin-3-y})-1-ox0-2,3-
dihydro-1H-isoindol-5-ylmethyl}-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-(5-aminomethyl-1-0x0-1,3-dihydro-isoindol-2-y1)-piperidine-
2,6-dione methanesulfonate (560 mg, 1.52mmol), and DIEA (1.1 mL, 6.06 mmaol) were combined in
anhydrous DMF (S 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-1-0xo0-1,3-dihydro-
isoindol-2-yl)-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 product on
LCMS. The reaction mixtute was acidified with acetic acid and the volatiles were evaporated i vacuo.

The residue was dissolved in mintmal DMF, filtered, and purified using C-18 preparatory HPLC. To
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WO 2010/053732PCT/US2009/062023 5.434-{3-12-(2,6-Dioxo-M0eridin-3-y1)-
1-0x0-2,3-dillvdro-1H-isoindo1-5- vimethvl1-ureidol-cyclohexanecarboxylic acid amide 00 H
[00245]TOWf% iR B para-nitro-phenyl chloroformate (200 mg, | mmoﬁ(ﬂ/@%@ﬁ?%}ﬁu, was
added the CH3CN solution (5 mL) of 4-Amino-cyclohexanecarboxylic acid amide (210 mg, 1 mmol)

and DIPEA. (0.3 mk.2 mmol) dr ise at room te The mixture We ' I m
temper ét% rcgg%)‘t%rie fric 1%;15 2: qa%ﬁr\{&"?ne a‘g?l?ed%rgcg_@cg% i%il/]g%l was_a%i%g%n% ﬁ{@%?yéﬁ%q&td\g)&i

min. 3-( -&mlnqmethy,-l-oxo-. ,3-dihydro-isoindo1-2-yl)-piperidine-2,6- dione
methanBstAfghid a%ﬂ?@mmrﬁcgwwwwgeédﬂéanfawéwaarﬁg)%’ambﬁr BEA 8 mL, 1 mmol).
The mix@ie yiakstiffedavtsrightahahpbient) eirgelatutiexd-peperiditubeyidsotiveh Filtdnetlo-THe filtrate
was purfiechonsrep-HALC.In eiNedalAiR A SraipxomIRRr it c L 84025% x 150 mm, 1
dihydro-1H-isoindo1-5- net%re|g0|-%é/clohexan.ecarbg)>¥rlilc acid amide as a white f%#dg 130 mg,
30% yié?Hﬁ’?lPFP%f@:“W’a?t}é/@gy etry €18 B it 318 8 ABG AR TU/rtrin. DAY Rk BIPGHA 95% in 5
mm, CH3CNRDEYHBROWHIR 33 SN ORPe¥;! rivd; 195-3191AC; FEINMIR DM SO 308 an32- 1.73 (m,
8H, CHIrky (el GHbl+ bt 119 7cliernSs.21 Ha Ghil, 10812, 2l 1H: £HI) 22140ud, 4 7313.4 Hz,

Chiz +cHlby St (ae M EHINTP € B8 02 78 P R e s L8 1, T N11{ K67 (. .
IH, NH)/ 7.89 {5 1L, 4, KFD (k.88 (& 5tz 772 14%). 8 | Av) T 48)(d TeHdady= 7.6 V4d! B=AT)97HE, 1H, Ar),
10.98 (b S, L, ) ISCINMR IMBO-eI6) 6.0.83N22. 42024061 2409 2NFR AV SO4R) 39, 44.16,
47.03, 5149, 421 65, &%%f%&ggﬁ 54 430,09, %%E@g\,iiggﬁ 8%55%%%%3%%2&%@?@2&70-95’

172.78,176.83; LC-MS’ 4 Calcdfor C22H271 +1 H20 + 0.2 CH3CN: C,
56.05; H3&21 1/F 4% B ol € 1655501 19,546 VRE-14574), 175.82; LCMS: MH = 440, 442;
5.44146A6H 10ated otdint3 7 E)M3 L2~ (236eliox 0-piBElidin-BHIPAFOK) R 32; H, 5.05; N, 11.74; Cl,
dihydro-k1rd-isQingQl-pruimethyli;uxea; JQ02¢46hTe a suspension of 3-(5-aminomethyl- 1
-ox0-1,3-dihydro-isoindo1-2-y1)-piperidine- 2,6-dione methanesulfonic acid salt (0.37 g, | mmol) in
DMF (3 mL) was added carbonyl diimidazole (162 mg, 1 minol). The mixture was stirred at room
temperature owergight. pyATiRAANIRSANISIAE (265 il BNl AR Added g e mixture and the
mixture was heated af {1 &JOLPNBHES, 1Ne mixture was then concentrated under reduced pressure
and the resulted mixture was purified on silica gel column_eluted with methylene chloride and methanol
to give 11-(6-chloro- WO 2010/053732PCT/US2009{06 23?\:,\34:

o}

HO NN N
SO
(&)
[00230] Step 1. A mixture of 2-methyl-5-pitrophenol (3.0 g, 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 residue 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-cthyl acetate gradient, providing 4.7 g of tert-butyldimethyl(2-methyl-5-
nitrophenoxy)silane, in 91% yield; "H NMR (DMSO-dg) 8 0.27 (s, 6H), 1.01 (s, 9H), 2.27 (s, 3H),
7.47 (d, J=8.5 Hz, 1H), 7.52 (d, J = 2.3 He, 1H), 7.78 (dd, J = 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% Pd-C (1.0
g, 50% wet) in ethyl acetate was hydrogenated under 50 psi hydrogen for 16 h. The mixture was then
filtered through Celite and the filtrate was evaporated under vacuum, providing 3.9 g of -(tert-
butyldimethylsilyloxy)-4-methylaniling, in 94% yield; 'H NMR (DMSO-ds) 8 0.17 (s, 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-oxoiseindolin-2-ylpiperidine-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 tempetature for 3 h, and then the product from Step 2 (0.47 g, 2.0 mmol) was added. The
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pyridin-3-y1)-342-(2,6-dioxo-piperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-ylmethylkurea as an
off-white solid (20 mg, 5% yield): HPLC: Waters Symmetry C18, 5uin, 3.9 x 150 mm, 1 mL/min, 240
nm, 5% gr&CIB BB Ihin, CH3CN/0.1% H2PO4, tR = 5.43 min (97%); niff: UPa20%0¢e2933 NMR
(DMSO-d6) 6 1.89 -2.09 (in, 1H, CHH), 2.29 -2.44 (m, IH, CHH), 2.54 - 2.66 (in, 1H, CHH), 2.83 - 3.04
(M, 1H, Gikithh Wad Qeard bib (7@ kb T2, Chd) 11l 1l (0, whiz 8eicliIoTddi: thidpddait) a6d99 (t, J= 6.2 Hz,

1H, NH), 7.37 J=7.7 Hz lHA 1H, An), 7.7 dJ 7.7TH
Ty kgt Sl AR i R e R A e e Ve R e e
13C NM’F&S(DM@@-}HG)Y@QEQW@ fﬁltﬁsmbg 863@701112'1 51”5’81" g@ﬂlgﬂa @@23@4’1@.%0833 Q.QIBIQQZ 128.37,

130.42, é%%?&oﬁ%%% 3423 Bxb SR 1Y nebO A3 31 iRy LR BB PR e beas S0t 8: Anal
Caled for C2OHTBNGO0ACT +0,1 H20 C. 55,01 H, 4.27- N, 16,30- L1, 82 Found C,56,31; H, 4.51; N,

15.92; CPI: 47 46701908 4 iRl SYBRESHV 1 2ehintBr- 21 345U BIM{BYR- ATOeriA s 1)-1-
0Xx0-2,3¢tihgtiro- I Hispid o Rcanmtmethytsrasy 00R-2# S0 J0ARADPASOENGEdf2 (s, 4H), 2.27

3-(5-aminomethyl-1- 3- r ine Lpd eth fonic acid salt
(0.40 g, %ﬁrﬁrﬁgl éng%%ﬂ (g&}yg i Sfﬁlﬁdéﬂ I@ILEn%SgPLTwa ﬁﬂ?gégégrggzsgrﬁgerature for 18h.
To the rhikkrd wds’adued . @34- @ftﬁnﬁo‘—’éﬁeﬁw)%ﬁ%{@oi@ Yhiiné 10.23g, 1, b Gt Foom
temperatyteand ﬂrﬁpmwes\y@&smaegl A A00K; forod days. Tathemiurewas sgeed water (25 mL)
and ethgl acetate (20 m e_mixture was stirred at room tem &%ature for 2 h. The suspension was

filtered and §8rué%ﬁ§s%é%h%ld5\% 1 WO il Bty dtte tire (20 Y ahid WatklZo mL) to give

a solid. mzpwwaslpmaedmm Prelp HRLES1a 16196, 172.85; LCMS MIH = 423; Anal. Caled for
[4-(2,4-qiflypro-Bhenyl)thipzal2-y1 11342 %@ng'ﬁx%ﬂﬁﬁdﬂg’ ¥ k3L1gx0-2,3-dihydro-IH-isoindol5-ylm
ethylpuréa as a white solid (70 mg, 13% yield): HPLC: Wafers Syfmmetry C18, Sum, 3 9 x 150 mm, 1
mL/min, 240 nm, 40/60 CH3CN/O 1% H3PO4 6.43 min (97. 7 %); nlp 264 266 C 1H NMR (DMSO-d6)
1.93 -2.05 (m, 18 CHAsdDiexgpiparidingahylroxoiseinds iy gEOX%-00 (m, 1H
CHH), 4.32 (d, J = 17zt cH) 41 454(m 3H, CH2, CHH) 511(dd J 5.1, 13.2 Hz, IH,

NCH), 7.09- 7.24(m, 2H, Ar, NH), 7.28 - 7.41 (in, 2H ANPT.8G(d. J=7.7 Hz, 1H, Ar), 7.53 (s, 1H, Ar),
7.71(d, J = 7.9 Hz, 1H, Ar), 7.93 - 8.10 (m, IH,, AN 10} A;@)g) 10.98 (s, 1H, NH); I3C NMR
(DMSO-d6) 22.48, 31.18, 42.94, 4% 1256 52N1045#(t-5C-F=/26.4 Hz), 110.67 (d, SC-F = 14.3 Hz),
111.81 (dd, SC-F = 3.3, 20.9 Hz), (dd, SC-F = 2.8, 11.6 Hz), 121.95, 123.03, 126.95, 130.29
(dd, SC-F = 4.4, 9.9 Hz), 130.49,'Y41.44, 142.45, 143.95, 154.02, 159.48 (dd, SC-F = 2522 12.1 Hz),

159.36, %@és% (dd, Sgof 7 &4%&%?2%1%&51&% 1?&&%3%7%21%561'11%4 RS {15 Calcd for
C24H19NB04R2S; C 3.74; N, 13.69; Found: C, WO 2010/053732PCT/1 52 09/062023

5
56.16; 8802 Hof- @4%*66&@ 15 BN G TRk SHEIRT: LT F o (62D SG &9 (HRisbifdol-5-

mixture was partitioned between 10% aqueous sodium bicarbonate solution (100 ml) and ethyl

acetate (100 mL), and the aqueous layer was extracted with ethy! acetate (100 mL). The combined
organic layers were washed with 10% aqueous sodium bicarbonate (3 x 100 mL) and water (100 mL),
and evaporated under vacoum. The residue was chromatographed in hexanes-ethyl acetate gradient,
providing 3.9 g of tert-butyldimethyl(2-methyl-4-nitrophenoxy)silane, m 75% yield; 'H NMR
(DMSO-ds) 3 0.29 (s, 6H), 1.00 (s, 9H), 2.24 (s, 3H), 7.03 (d, /=89 Hz, 1H), 8.02 (dd, /= 2.8, 8.9
Hz, 1H), 8.12 (d, J=2.5 Hz, 1H).

[00234] Step 2: A mixture of the product from step 1 (3.9 g, 14.6 mmol) and 10% Pd-C (0.5
2, 50% wet) in ethyl acetate was hydrogenated under 50 psi hydrogen for 18 h. The mixture was
filtered through Celite and the filtrate was evaporated, providing 3.2 g of 4-(tert-
butyldimethylsilyloxy)-3-methylaniline, in 93% yield.

[00235] Step 3. A mixture of 3-(5-(aminomethyi)- I-oxoisoindolin-2-yl)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 to room temperature and
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vimetbv11l-ureidol-3.4-dihydro-1H-i50uuln0line-2-carbOxvlic acid tert- butyl ester
[00248]3-(5-aminomethy1-1 -oxo-1,3-dihydro-isoindo1-2-y1)-piperidine-2,6-dione methanesulfonate

(2.11 ¢, 3. bvﬂiﬁ%?f ﬁﬁ@% I'-Carbonyldiimidazole (535 mg, 3.3 mmol) were %ﬁgﬂﬁgﬁ%’ ﬁ%%"&/ 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 mmotpwabetiavigfe et i X vidl) centaingrig delittbuiyihBaamifios3plid was purified by

dihydroisaquinling:e(hH)sGRib, &X%&QZ&@Q%&%‘QF&%M&S  JESHINOG P %ﬁ’é("%%%‘i'cﬂnﬁd atrt

overnight and the reaction progress was monitored by LCMS. After 48 h, additional tert butyl 6

amino- 33é9&@&&5@%@*@@2@%%@%&%@5@%) B Q%%S*Wﬁglt}%‘ﬁéﬁeﬁﬁb %o the reaction
mixture g SHAIRY coniRugdiar.anathar 24k sthe, {ﬁ@mmmmqem&mmﬁ@g s\ithsagidic acid and

water. g&ﬁ eét%t Ie?@eé%éegﬁg din \Sag%(angﬂsh Eesug aslg)ls I,ch_ag 1n BA 1H§lr5d %urlfled using

C-18p
t342-(2,548igxotpiperiditd 3/ y1) 74 dhep2{ B-HGydF 0 s dD 115 ddndethylk it 8idlie, [H), 6.51 -

-3,4- d'“%@@%‘iﬁﬁoﬂ@w@&“ﬂz@@@wq f"? f@fhbﬁ%%fﬁf ﬁ?%‘&m' tg sQlid(290,m0,,53% yield):
HPLC:Waters %mmetr 0 mm, 1 mihnin, 240 nm, 40/60 CH3CN/0.1% H3PO4,

5.02 mift (9859 92@0’2372%{4@%%% H53%% H3)(s, OH, (CF13)3), 1.90 - 2.11 (m, 1H, CHH),
2.23 - 2.47 (m, 1H, CHH), 2.60 (d, J- 17.9 Hz, IH, CHH), 2.70 (t, J = 5.6 Hz, 2H, CH2), 2.81 -3.06 (in,
1H, CHHYZBIL (t, J SEp74HZp 2 IDHR) AN BroduBei(m, Bl DIHE, CHREHR)) iibydds J = 4.9, 13.2

Hz, 1H, $ihhu® 28 M Yo alie AN 'e&é%%z(%q Sﬁeﬂﬁxm ke 5 10 o 5oikfiz, 1H, An, 7.27

(br.s., IH, Ar), 7.44 (d, |= 7.9 Hz, IH, Ar H, Ar), 7.69 (d, J= 7.9 Hz, 1H, Ar), 8.56 (s, 1H,
NH), 10/9BPeEag, Nﬁ)plpg@lﬁwmgﬁk}%@a%?@@hm%lﬁﬁgoe}?&nz%%arrgae%’ﬂhPstfy&fz% 45.04,
47.08, 51:155@7@(8&1,1a@@&mam&w&a&ﬂw&zmm 4@@20{@&3@;&3@1&%;;3%51134 70, 138.56,

142.35, 144,86, 15 55,21, 16 2.83: LCMS: MfH = 548 Anal Calcd fc
CoonaNEORR St g s Rt Mg K b i SR ™
5.47Isoirieldh H%ﬁa}a@tﬁﬁﬁ%mﬁmﬁma ﬁ—HnWQ 2@&@@53?32@@?%@2@@@@0’@2@@33({(9 [60249]The
isoindolin eMpPe%IGS @F bermula Hi@re madeassRowdbcheme 1 2Sehemesl, 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, J=5.0, 13.3 Hz, 1H),

6.67 (d,J=8.5 Hz, 1H), 7.02 (dd, J= 2.5, 8.6 Hz, 1H), 7.12 (d, J=2.3 Hz, 1H), 747 (d, J = 7.7 Hz,

1H), 7.54 (s, 1H), 7.73 (d,.J = 7.7 Hz, 1H), 8.32 (br. 5., [H), 11.02 (s, 1H); “C NMR (DMSO-ds) 5

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. Calcd for

ColnN.Os + 0.25 CH,CL: C, 60.23; H, 5.11; N, 12.63; Found: C, 60.14; H, 5.43; N, 12.54.

336  1-{4-tert-Butyl-cvclohexvl}-3-12-(2.0-diexo-piperidin-3-vi)-1-6x¢-2.3-
dihvdro-1H-iscindol-5-vlmethvll-urea

0 G

[60237] To a stirred suspension of 4-ter-butyl-cyclohexylamine (0.20 g, 1.28 mmol) in DMF
{5 mL) at 40 °C was added CDI{0.23 g, 1.40 mimol). The mixture was stirred for 15 min, followed by
addition of 3-(5-aminomethyl- 1-oxo-1,3-dihydro-isoindol-2-yl}-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 cvaporated and the residue was purified by preparative HPLC to give the
product as a white solid (0.076 g, 13% vield):

HPLC, Waters Symmetry Cig, 5 pum, 3.9 x 150 mm, T m¥/min, 240 nmn, 35/65 CH;CN/0.1% H;PO.,
13.37 min {44.7%), 14.68 min (54.3%); mp, 182-184 °C; '"H NMR (DMSO-dy) 6 0.83 (s, 9H, CH,,
CH;, CH;), 0.90 - 1.21 (m, 4H, CH,, CH,), 1.30 - 1,58 (m, 2H, CHH, CHH), 1.61 - 1.78 (m, 2H,
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Clto [00250]To a solution of the 5-aminomethylisoindolinone glutarimide 1(1.134 mmol) in dry DMF (10
mL) is added Cs2CO3 |S406 mg, 1.248 mmol). After 5 minutes of stirring, a riate
chIoromet%?%é%%ﬁ reagent 2 (1.248 mmol) is added and the resultmd%?ﬁ[%re 1484724 at 50C
overnight. The reaction mixture is neutralized with 0.5N HCI and then concentrated to dryness in

vacuo. THe/r€sldle! i87atrified By (Piharafive PPl | Followed hysthe +émaval. ¢fprdtdctingrgroups, if
necessany w%@waﬁ%ﬁﬁqu@y@% & 5opRUNg effoimla It §:483, 2 RireeH)yl-propionic

acid 3-15 3-chloro-4-methy I
ureidon I]1 dt-H%G- @.ég’dllli%lr %ﬁé@ﬁﬂ%l@%@%%ﬁnﬁéﬁdﬁfﬁ el 473 fdb261]To a
solutions@f Hz(3rCMer-4-methy=phe ] 11342-(8, 6-6liano-piperidms 3y 1)F -axey, MV® (s, 1H,

2010/05\%3%5)(%1-'{%%9&9 1%@&’208 gou’t 55% to 45% isomer ratio); “C NMR (DMSO-d;) 6§ 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, Calcd. For CysH34N,04 +0.7 H2O: C,
64.27; H, 7.64; N, 11.99; Found: C, 63.98; H, 7.98; N, 11.62,

537  1-12-(2.6-Dioxe-piperidin-3-y)-1-0x0-2.3-dihvdro-1 H-isoindol-5-
vimethvl}-3-(4d-methvi-cvelohexvl)-urea

[00238] To a stirred suspension of 4-methyl-cyclohexylamine (mixture of cis/trans isomers,
0.21 g, 1.86 nimol) 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-oxo0-1,3-dihydro-isoindol-2-yl)-
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 residue was purified by
preparative HPLC to give the product as a white solid (0.14 g, 18% yield): HPLC, Waters Symmetry
Cig, 5 pm, 3.9 x 150 mm, 1 ml/min, 240 nm, 25/75 CH,CN/0.1% H3PO,, 11.33 min (59.1%), 12.41
min (39.7%); mp, 223-225 °C; "H NMR (DMSO0-ds) 6 0.81 - 0.93 (m, 3H, CH), 0.95 - 1.35 (m, 3H,
CHH, CHH, CHHAH), 1.37 - 1.57 (m, 4H, CHH, CHH, CHH, CH), 1.58 - 1.70 (m, 1H, CHH), 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 (m, 1H, CHH),
2.83 -3.00 {(m, 1H, CHH), 3.20-3.75 (m, 1 H, CH), 421 - 4.51 (m, 4H, CH>, CH,), 5.11 (dd, J=5.0,
13.1 Hz, 1H, NCH), 5.78 - 6.11 (m, 1H, NH), 6.24 - 6.40 (m, 1H, NH), 7.34 - 7.42 (m, 1H, ArH), 7.42
-7.50 (m, 1H, ArH), 7.63 - 7.72 (m, 1H, ArH), 10.98 (s, 1H, NH); (Note: "H NMR showed about 60%
to 40% isomer ratio); “C NMR (DMSO-d;) 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, 47.09, 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 CapHysN.O: +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-Diethviamine-propvh)-3-12-(2.6-dioxo-piperidin-3-vl)-1-0x0-2.3-
dihvdro-1H-isoindol-3-vlmethvl]-urea, formic acid salt

H
\,N\/\,\i \s\)(:d {/\’

HCOOH
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2,3-dihydro-1H-isoindo1-5-ylmethylFurea (500 mg, 1.134 mmol) in dry DMF (10 mL) was added
Cs2CO3 (406 mg, 1.248 mmol). After 5 min of stirring, chloromethyl pivalateﬁ(188 mg, 1.248 mmol)
was adde&vé?]ﬁﬂf%l@wgalting mixture was stirred at 50 C overnight. The rebt 6???‘3?)%&%93%5
neutralized with 0.5N HCI and then concentrated to dryness in vacua. The residue was dissolved in
acetonifiiE2anp watemwas adelash siowuly nesufthrgyirc il podoipiteté@ta fogm. aiinel shlidHvEs ¢dllected by
filtration and dissalved in DMFE urificatio a.C~18 preparative HP.L ( N (

CHaN T N R A,y o
removedo3tiBiAHE GBRISEN, Brwtherphitzai o Brovideihe ot ad it 88id {81-mg, 13%
yield); HRkGoMeaters -Sysnimetiyy G 8s §:doh 23,9 Xip &, d (ki RiBh 24 b 4B SHBEN/0.1%

3P04, 4,58 min (97.2.%)..mp: 155-157.C: | 0-d6) a 0.95:.1,23 (m, 9H, ' 96 - 2.
(. 10, b SR Pssgp s B O Doral e e A5 o ik
CH), 4.17wadub® G, Bl s1TIHQ o CHEhEBR{IThI miBtae 13 Sadds LY, B 15 A% BEBoRd.2H, CH2),

6.79 (t, Phe Pedulidd sHiid (i e d o fcgaga%\(gﬁ% t%@iv%-%@'p?o@%ﬂs %i'bfﬁﬁ)hi?e@@liﬂh@@ (,n, 2H, Ar),
8.74 (s, IH, NH); 13C NMR (DM50-d6) a 18.73, 21.56, 26.62, 31.21, 38.21, 42.79, 47.04, 52.01, 63.39,

116.45 M3 P56 VDG LG INFer SEoBeTH T WBo P Psh, 135/86n 248 B8: 487380104 g7,
155.07 106% 965 126, L8, CNN2S, BI85 LOMSOTY: mB58, B5T:: A alMBalbMSOr G LA TICINAOG+

0.2 H20: .20; 6.4 03: Cl, 6.35; : 0; 74: N:9:945 GJ, -
5.49(3452?(!3%93216 1(%§’4§é%i?ﬁy#§f%§nmﬂﬂreldo nzgt%?%}%oi%éo%n'%%o%g%gﬁz% (ﬁd:f’?

> 6-diorbhRAdH-LE Bt HindH 'ﬁ’@»l-igbb&éﬁecﬁbd%ﬁﬁ]o?iaé“ 3 S m 05 5 AR-butyl
4-(3-(54(BA3-shlero AtnaethylphenyGusido) naethy®Hly, 5.10 (dd, J= 5.1, 13.4 Hz, 1H, NCH), 6.17

obtael 8 UL Grol s DB wak AFHaR 2 XTI HraTIO 06 W The Sty was
vigoroush stk fob2 1, AHrtHEROBOIIEOWIB il tersd, Wakh&aNIR doists/Bt)- 3hddfd in a vacuum

?gle(g4cz\éﬁéﬂigr?lﬁtﬁb%wg9iﬁzi9yﬁ 46.15, 47._(()}|9,)51.5téﬁ 1I21.173, 122.81, }2?'_.76, 1%)12% 132.27, 145.54, Omet
- -(3-chloro-4-methylphenyOureida)me -1-oxpisoindalin2-y1)-2,6-dioxopiperidin-I-yOmethy
DinerdnE A L byt ac ook SR ST (BB T SoSoR KD HT Cire Symmetry
C18, 5 phri7. 2991 1569yt nil/ 04 2H06HR; 'SOI7G6ICH3CN/0.1% H3PO4, 3.26 min (98.2%); mp:
234-236 C; NMR (DMSO-d6) 6 1.62- 1.81 (in, 2H, CHH, CHH), 1.87 - 2.01 (m, 2H, CHH, CHH), 2.02 -
2.16 (M, 1H, CHHY), 2116126281470 e Gt 2132 o8 A3 iy bbb, GHIind @S- 2.76 (in, IH, CHH), 2.77
- 2.99 (m, 3H, CHH, Glffdtheiibi) 4 ddhy BraBafing ah e GHbeLHH), 4.15 -4.66 (m, 4H, CH2,
CH2), 5.26 (dd"J= 4.9, 13.2 Hz, 1H, CH), 5.55 -5.80 (s, 2H, CH20), 7.02 (t, J= 5.9 Hz, 1H, NH), 7.09 -
7.29 (m, 2H, Ar), 7.45 (d, J= 7.9 Hz, WO owmpwzoog/oezozs | H, Ar), 7.53 (s, IH, Ar),
7.62 -7.82 (m, 2H, Ar), 8.41 -8.96 (m, %{N .09 °NH); '3C NMR (DMSO-d6) 5 18.73,
21.46, 24.31, 31.24, 37.30, 42.00, 42,731 1120, 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: MBR#4(H82, 58%pAlnatdbatice fof /0201183t EaN50BfBiHRE (2R 6rglC 1@ §t20 + 0.4 tuCl:

C, 533%&; C%%;n%)gw%]s';agcli’egisdpo%wﬁgg erlltdﬁ CC 2 %(‘)%1%0'?}’0@‘ ggrﬁel\éh}%lzt%‘acﬁlyéi%-zp%fran-él-

ylamine (150 mg, 1 mmol) and DIPEA (0.082 mL, 1 mmol) in CHiCN (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, 1 mmol) was added, followed by
additional DIPEA (0.082 mlL, I mmol). The mixture was allowed to warm to RT and stirred
overnight at RT. The mixture was added 1N 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) to give the product as a white solid (55 mg, 12% yield): HPLC:
Waters Symmetry Cis, 5 pm, 3.9 x 150 mm, 1 mL/min, 240 nm, 5% gradient 100% in 5 min,
CHiCN/0.1% HaP Oy, 5.02 min (98%); mp: 158-160 °C; 'H NMR (DMSO-ds) § 1.29 (s, 3H,
CHs), 1.40 - 1.58 (m, 2H, CHH), 1.84 - 1.96 (m, 2H, CHH, CHH), 1.99 (s, 1H, CHH), 2.30 -
2.45 (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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5.501-tert-Butvl 4-(3-(54(3-(3-ehloro-4-methylnhenynureido)methyl)-1-
oxoisoindolin-2- le -2,6-dioxopiperidin-1-vt)methyl piperidine-1,4- dicarboxvlate N-eO ci [300253]Step
I: 1-tcrt- BUWPZ?(EI’? B?B%thyl piperidine-1,4-dicarboxylate 0 To a mixture S T/US2009/06202

1-(tert-butoxycarbonyftpiperidine-4-carboxylic acid (3 g, 13.1 mmol) in dichloromethane (40 mL) and
water (SQ{U(LBMIG(S}@«QQ‘@QMI%M&H g.82.8mmadlpsand mmmwﬂam@hiﬂmwﬂregenﬁulfate (444
mg, 1.3 ol |xt |n a C I t orosulfate
(259¢9,1 gr@‘l? gnﬁgﬁﬂ qﬁo&?ﬁ b‘? gé RIGroTet %@%?ﬁ&&%ﬁ&ni&ﬁ% ?% i?iure was
allowedAe)Wag® g tdirtiaHs Stradg@rsty-ayet e, ThOMKXIDE, wWasIransierle a separators/

i it g Sid v g A T LR e SR o et e S
piperiding21s4-dicatsojiitite a$5a aledr OHI(3. T, (%Bh(wemg)+Il¥l$l${@tiatéh59vﬂésfﬂlséd3lym]out further

ifi ff 11H, CHH, CHH, tertBu), 1.83 (dd, J= 3.0, 13.2 H
Fz)ﬂn gﬁﬁ%%ﬂ&%w%ﬁ)ﬁﬁc&a §4(m2 99 (m, 2H, CHH, Cel-rIH)U)B 61 - 4(102 (m, 2H, CHH, >
CHH), 5.87 (s, 2H, CH20); '3C NMR (DM80d6) 5 27 16 27 98 39 58 42, 35 69 41, 78.67, 153.75,
172.25; LCMSSI‘WH—]L. 3 I T erdionlorpingridi oy 4

chloromethy! piperidiS€i1CAREGHIBIS, 2 L mmol) in 2 mL of acetonltrlle The mixture
turned dark orange and was stlrred at rt in the dark for 24ait %,he reaction mixture was filtered to

remove NaCl1l and the filtrate was concentrat@d m v L ining residue was partitioned
between DCM and 5% aq NaHSm IClay as washed with water and brine, dried
(Na2S04), and concentrated in v e Ptert butyl 4-iodomethyl piperidine-1,4- dicarboxylate as

a pale yellow oil (3. SrE 94%). Attempts to characterize by NMR in DMSO-d6 resulted in rapid
decomp88fitH. The natrap i oy wtRehaBrkeBrol el Mifmied deeipsStibl before further
use. LCMS Mﬁéﬁ&?&o{ﬂﬁ%ﬁ]@t&ﬂ Sollsiter b-Bubytkino- -benzyl-piperidine (190 mg, 1 mmol) and

(- CARNe dmepheOMel e i eandela 40 R elronineridin- |

-ylimethyl piperi 21 “dic
Aminomethyl-1-ox0-1,3- chhydro 1s0mdo1—2—yl)—p1per1dme—2,6-di0ne methanesuifonic 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 1N 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 NaHCO; solution was added dropwise until precipitation started
occurring. It was sat still at RT for 30 min and solid was filtered to give the product as a white solid
{55 mg, 12% yield): HPLC: Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, I mL/min, 240 nm, 5%
gradient 100% in 5 min, CH;CN/0.1% H;PO., 4.64 min (99%); mp: 208-210 °C; '"H NMR (DMSO-
ds) 0 1.21 - 1.52 (m, 2H, CHH), 1.63 - 1.82 (in, 2H, CHH), 1.89 - 2.14 (m, 3H, CHH, CHH, CHH),
2.39(d,J=13.6 Hz, 1H, CHH), 2.55 - 2.65 (m, 1H, CHH), 2.64 - 2,75 (m, 2H, CHH, CHH), 2.83 -
3.02 (m, 1H, CHH), 3.37 - 3.41 (m, 1H, CH), 3.43 (s, 2H, CH,), 4.21 - 4.50 (m, 3H, CH,, CH;), 5.10
(dd, J = 5.0, 13.3 Hz, 1H, NCH), 5.94 (d, /= 7.9 Hz, 1H, NH), 6.34 (t, /= 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 (DMSO-dy) § 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. Calcd. for
CoHosN4O5 +0.5 Hy0: C, 59.56; H, 6.43; N, 13.23; Found: C, §9.34; H, 6.35; N, 13.21.

541  1-]2-(2.6-Dioxo-piperidin-3-vi}-1-0x06-2,3-dihvdro-1H-isoindol-5-
yvlmethvij-3-piperidin-4-vi-urea hvdrochloride salt

O
NH
T
HN 8]

HCl
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0000cO0 OHH 7c ClI 1 -(3-Chloro-4-methyl-pheny1)-3-
[2-(2,6-dioxo-pipetidin-3-y1)-1-0x0-2,3-dihydro- 1H-isoindo1-5- ylinethyl]-urea (400 mg, 0.907 mmol)
and NaH (#PYYBE2 mmol) were stirred in dry DMF (15 mL) for - 10 nfrh.E PR e was

added 1-tert-butyl 4-iodomethyl piperidine-1,4-dicarboxylate (402 mg, 1.09 mind) and the reaction

stirred immgl]a;k atisfgr 2 ﬂ{ﬁa;f@apﬁqa Mﬁaﬁmmheaxwdm@@@nﬁ@@tﬂn&%m@lpﬂgmﬂﬁentrmed in
vacuo. The residue was rtmon EtO ach)..JThe separ ganic layer
was Wasg On?tH’ fofiife ougg JFWater Saf’nt rm%’ %%lgeﬁm fg‘%)%ﬁ&y @cﬁ%c@ IPrat mﬁ\]/\gl(!:j a{)to give 1.4
gm of ayellewistirsoliet Whictewabidisgotveet i OiiRcfdrcpipifizAtiaridrratClig e BiPL.C. Edlumn.

Eﬁg&%ﬁ&cﬁk@&@ m%t%g@aitﬁ%{%&wé%r;%@@&fm%ghpm%eﬁ%}%dﬁi& Yagrsadigyremove most of the
an

then I¥ hilized to provide 1-tert-buty
(3-(543SAHHEH! %%tﬁﬁaﬁens%%@éoﬁf%‘fﬁywd&é.%B ety 8 e-HiskeBirain-1- yomethyl

piperidi @&nﬂ:ﬁymoaﬂfio}(mtemseal wehite gdicch¢ 386 g4 93 0ist e ofetibat yidld frdmg\id’separate runs

that wegg com j;%ﬁﬁé%ﬁ!@éa MP&%XH&JPQVW%%M%%%&S ép@@ Wil J[s)‘}m@y' ml/min,
240 nm; 55/45 CH3CN/0.1% H31304, 5.82 mm 99. %&4}4) léﬁ%) C: IHNMR (DMSO-d6) 6 1.23-

1.51 (MCea e any3iom! okpiy 246sm; %Qi s 415‘3@17““29193%% 1H, CHH), 2.15 -
2.31 (in, 4H, CH, CH), 2.32 - 2.46 (m, 1H, CHH), 2.68- 2.94(m, 3H, CHH, CHH, CHH), 2.98 - 3.21 (m,
1H, CH ED)OBLB}B 3.8 22H, Eikltrte GHHE-12-206- 4i5D-fimediip GHD; ICHEY, 5.8Tydd, 5.0, 13.3 Hz,

1H, CH om égg Imé I-F,IEI% 1%_?“ 2 QGB ;Lle(} éa"b%xyﬂ%fcl'&'tewﬂ)l’tyi Qs er %6 %‘ c(rﬂ 9% Ar) 1%8% f?d(d J=7.9

Hz, IH, 9 Hz, H, A 76 (s, IH, NH);
13C NMRd(mwS@di 125*}6’6111 et @ 31@ 279 BEnwh) g 8‘1“?@ Oxwghtﬁ bFBWblie@BSFGSSTS‘W 60, 116.37,
117.60, fi2}:88nd 42884 326 QLihlPAndd, TR0E011h3084e 403l Qs 18502 4423213488, 1e3.74,

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 Ci5, 5 pm, 3.9 x 150 mm, 1
ml/min, 240 nm, 5/95 CH:CN/0.1% HCOONH, gradient to 95/5 in 5 min, kept 5 min, 3.10 min
(95.1%); mp, 340-342 °C; "H NMR (DMSO-dj) § 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, 1H, CHH), 2.83 - 3.03 (m, 3H,
CHH, CHH, CHH), 3.15 - 3.27 (m, 2H, CHH, CHH), 3.59 - 3.77 (m, 1H, CH), 4.23 - 4.51 (m, 4H,
CH,, CH,), 5.11 (dd, /= 4.9, 13.2 Hz, I|H, 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, 1H, ArH), 8.75 (br. 5., 2H, C1H;N}, 10.98 (s, 1H,
NH); PC NMR (DMSO-dy) 6 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. Caled. For
CoollpsNs Oy Cl +1.7 H,0: C, 51.49: H, 6.35; N, 15.01; Cl, 7.60; Found: C, 51.18; H, 6.15; N, 14.90;
CL7.51.

5.42  Iseindolin compounds

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

Section 5.15.
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155.01, 167.90, 170.11, 171.18, 172.97 (two 13C WO 2010/053732PCT/US2009/062023 signals
arising from the piperidine ring are not observed due to overlap with DMSO-d6 l)J LCMS: MH = 682,
684; Anal ¥R YPBI#H40CIN508+ 1.0 H20: C, 58.32; H, 6.05; N, 10.08<C{VBZE4430Hd: C, 58.41;
H, 5.93; N, 9.96; Cl, 5.22. 5.51N-12-(2,6-Dioxo-niperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindol-5-
vimeths11-4- IISLI{EWI4{341%9(%12%@@1)1ﬁ@ﬂﬂﬁﬁ%fmlxtme@B@imlﬁiaZm&sviri%nZOIC acid (0.21¢g, 1.1
mmol) and CDT (0.19kgndlX immatialdx Zheninbyed #0C for 2 hrs. To the suspension
was added 345- aminomethyl- I -0X0- 1 3- d|hydro |somdol -2sy - pwerldlne -2,6-dione methanesulfonic
acid salt (0.40 g, 1.1 mmol) and the mlxture was stir 40 r 20 hrs. Water (20 mL) was added
to the reaction mixture and the mixture wagsthtirfed r in> The suspension was filtered and
the solid was washed with water 121 yl acetate (20 mL), and water (20 mL) to give the product
as a white solid (340 mg, 71% yield)f HPLC: Waters Xteira C18, 5 pm, 3.9 x 150 mm, 1 mL/min, 240
nm, 5% gradient 95% in 5 min, CH3?2N/O 1% NI- 1400CH 3.92 min (99 0 %) mp: 268-270 C; 1H NMR

(DMSO 90 -2 H CHH HH), 2.82 -3.02
(m, 1H @%t 31 (JO"J”gc i“}llfzﬁz#i’ @ ﬁ’ 2" Q‘Am"k}r "9z, Tﬁr d (15%%??{@*@ 5.7 Hz, 2H,
CH2), 51l (deks @lded the @EN@OM}QWQHM7Jfmﬁ(gn&q-lcymgh@mgq@b@%ﬁc9q+ﬂza1meic BAY) BE6 (s, TH,

AN, 773 fehdiy Zd?DH%A;Ltd Fbh, & fofro - b kMs 3 r B BufRribhird, e ihilfurdFafNieB SR (S, 1H, A1),
9.24 (t, J= 5.9 Hz, |Hg:r\}ﬁ%10 98 (br. s., 1H, NHi 13C NMR (DMSO0-d 1;2 439 31,20, 42,79, 47.13,

51.58, 11¥7EmPIEEY PoA0rEIM 27 GBI 0% HabDE B TaY PP TEE 60 38,99,
142.40,d143. 8311h6S@ b6 iXal 700, 1 12:86) W@M@BWI@VM@M@&@&]@HPM O24HZINS504 +
1.5 HZOI &m@i‘b '?hﬁﬂnétgn% \MS 1’%’1%8 ’OEQH%% & agljolgl:ﬁ ftl:_lll’i %%%Té\l '[Jh% El%(tme was then filtered.

5.52N-[2-(2,6-Dioxo-niperidin-3-y11-1-oxo-2,3-dihydro-1H-isoindo1-5-
'“[’hc filtrate was purified on prep-HPLC 10 gwe 4- {% -[2-(2,6-dioxo-piperidin-3-y1)- 1-0x0-2,3-

N .
b "ﬁl;(’--

dihydro-1H-isoindol-5-ylmethyli-urcido} -cyclohexanecarboxylic acid amide as a white solid {130
mg, 30% vield). HPLC: Waters Symmetry Cig, Sum, 3.9 x 150 mm, 1 mbL/min, 240 nm, 5% grad
95% in 5 min, CH.CN/0.1% HiPO.,: tg =4.78 min (92%); mp: 195-197 °C; 'H NMR (DMSO-ds) 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=13.4 Hz, 1H, CHH), 2.62 (br. S., 1H, CHH), 2.80 - 3.03 (m, 1H, CHH), 3.70 (br. S., IH
CHH), 4.18 —4.58 (m, 4H, CH, +CHy), 5.11 (dd, 1H, CHN}, 6.15 (d, J= 7.9 Hz, TH, NH}, 638 (t,J=
5.9 Hz, 1H, NH), 6.67 (br. S., 1H,NH), 7.19 (br. S., 1H, NH), 7.38 (d, /= 7.7 Hz, 1H, Ar), 745 (s,
1H, Ar), 7.67 (d, J= 7.9 Hz, 1H, Ar), 10.98 (br. S., 1H, NH);C NMR (DMSO0-ds) 8 0.03, 22.42,
24.06, 24.19, 29.73, 41.73, 42.79, 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 C;;H»7NsOs
+0.5 HCOOH~+ 1 H,0 + 0.2 CH;CN: C, 56.05; H, 6.21; N, 14.84; Found: C, 55.70; H, 6.46; N, 14.78.

544  i-(6-Chloro-pyridin-3-v])-3-12-(2.6-dioxo-piperidin-3-yD-1-0x0-2,3-
dihvdre-1H-isoindol-5-vimethvl]-urea

[060246] To a suspension of 3-(5-aminomethyl-1-0x0-1,3-dihydro-isoindol-2-y1)-piperidine-
2,6-dione methanesulfonic acid salt (.37 g, I mmol) in DMF (3 mL) was added carbony! diimidazole
(162 mg, 1 mmol). The mixture was stirred at room temperature overnight. 5-Amino-2-chloro-
pyridine (128.5 mg, 1 mmol) was added to the mixture and the mixfure was heated at 80 °C for 6
hours. The mixture was then concentrated under reduced pressure and the resulted mixture was

purified on silica gel column eluted with methylene chloride and methanol to give 11-(6-chloro-
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vimethy11-4-morpholin-4-v1-benzamide oThOO NH /0 [00257]A mixture of 4-morpholin-4-yl-benzoic
acid (0.22 g, 1.1 mmol) and CDI (0.19 g, 1.2 minol) in DMF (4 mL) was stirred at 40 C for 2 hrs. To the
suspensmWQ/&g*%aﬁ:TzB -(5- aminomethyl-l-oxo-1,3-dihydro-isoindo1-2-y Bt et e Bdione
methanesulfonic acid salt (0.40 g, 1.1 mmol), and the mixture was stirred at 40 C for 2 hrs. Water (20
mL) wapyﬁﬁddsﬂi;m mar@a@ﬂmdmwehaadﬁﬂqBm&ﬂ,ﬂeﬁhga&sﬂiﬂémbﬂﬁ&'ﬁfgdnﬁmmmram suspension

was fllter d d th id w e mk), Mater (20 mL) to
give the fp?ro ﬂ% %}é%?a hité %qo%owg \%a% %Qgg](%%% 2%3’ gﬁ%ﬁ%???%%né%g%ﬁ{ﬁ Zﬁélg HPLC:
Waters et @r Brin 81015 S50ENH, i%ﬁi@ﬁqnta2‘~4@4ﬁﬂ]ni56/%7dfhménw53/%ﬁnC5 RINMEH3CN/0.1%

NHA00Ghi13cq, gsm 905091 ZHERT765 IEINIR (AMSOIoked 200, d Gz i, CHi
2.38 (m. 1H, CH 254 2,66 (m, IH, CHH), 2,81 - SOlgdillHOCiHH 3,15, 3%Fén1{4H CH2, CH2),
3.65 - 3°80 (W, zﬁi 4@@2?%%(6‘13 253 1 (97 0al A4 (1/EHH), 4.56

(d, J= 562 Iz, P T@HZD35 0N e, TES 1, 132 'HP, HH] NCH)z6198 Ad), 3 529311HZA2H7A9)(CT7J45 (d, J=
7.9 Hz, 16, 49), 151 (Sq. é(ﬁr)JZzG? iy oz 19 /2-\5) Ah @0y L83 (78 7)"?@?? ADNG$8 (S, 1H,

NH), 10.98 (s, 1H,'NH); 13C NMR (DM50-db) 6 2246, 31.15, 42.54, 47.07, 47.33, 51.53, 65.86,
113.40,1928. @6@2&@5 ONNB (PMEGIA 5560, ﬁédMZﬁéz“é’lﬂﬁws1%15%195221%45 38?7“’ %67.01,

170.96, ;138%2832@@\/'@0“45 364631 Anad. Caled, far §R253426N4053+10.60H20286 68 441 :H.5.79; N,

11.84; F 9 H,5.4

5.532-AM 5 (iln SIS ZS‘II*’;NG](%% ediBkSninatidin 3 Noisihinadimza- lBme(z:t’nyl)acetamlde
hydrocfﬂérﬂéieHQﬂ SIO0R38IBPL/8F6. a stirred solution of N Boe-(4'-chlorophenyl) glycine (1.16 g, 4.10
mmol)

545  1-14-(2.4-Difluerg-phenvl)-thiazol-2-vi]-3-[ 2-(2,6-dioxo-piperidin-3-yI)-1-
0x0-2.3-dihvdro-1H-isoindol-3-vimethvil-urea

oy V{?ﬁ{}

[00247] 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 (0.18 g, 1.1 mmol) in DMF (5 mL) was

stirred at room temperature for 18h. To the mixture was added 4-(2,4-difluoro-phenyl)-thiazol-2-
ylamine (0.23 g, 1.1 mmol) at room temperature, and the mixture was stirred at 100 °C for 2 days. To
the mixture was added water (25 mL) and ethy! 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 to give 1-
[4-(2 4-diftuoro-phenyl)-thiazol-2-y11-3-[2-(2,6-dioxo-piperidin-3-y1}-1-0x0-2,3-dihydro- 1 H-isoindol-
5-ylmethyl]-urea as a white solid (70 mg, 13% yield): HPLC: Waters Symmetry C18, Sum, 3.9 x 150
mm, 1 mL/min, 240 nm, 40/60 CH3CN/(.1% H3PO4, 6.43 min (97.7 %); mp: 264-266 °C; |H NMR
(DMSO0-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, 14, CHH), 4.32 (d, J = 17.4 Hz, 1H, CHH), 4.41 - 4.54 (m, 3H, CH2Z, CHH), 5.11 (dd, I =
5.1, 13.2 Hz, 1H, NCH), 7.09 - 7.24 (m, 2H, Ar, NH), 7.28 - 7.41 (m, 2H, Ar), 7.46 (d, } = 7.7 Hz,
1H, Ar), 7.53 (5, 1H, Ar), 7.71 (d, I = 7.9 Hz, 1H, Ar), 7.93 - 8.10 (m, 1H, Ar), 10.85 (s, 1H, NH),
10.98 (s, 1H, NH); 13C NMR (DMSO-d6) 22.48,31.18, 42.94,47.12, 51.57, 104.54 (t, JC-F = 26 4
Hz), 110.67 (d, JC-F = 14.3 Hz), 111.81 (dd, JC-F = 3.3, 20.9 Hz), 118.91 (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 = 246.9, 13.2 Hz), 167.88, 170.98,
172.85; LCMS MH = 512; Anal, Calcd for C24H19N504F28: C, 56.36; H, 3.74; N, 13.69; Found: C,
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in-DMF (20 mL) was added CDI (0.69 g, 4.30 mmol). The reaction mixture was heated to 40C for 2
hrs. 3-(5- Ammometh)/l 1-oxo0-1,3-dihydro-isoindol1-2-y1)-piperidine-2,6-dippe hysipshiarnde (1.50 g,
4.10 mm&ﬁ%&%g% added. After 3.5 hrs at 40C, water (70 mL) was added. Solid precipitated was
isolated by filtration, washed with water (3 x 20 mL), and dried in vacua to afford tert-butyl 144-
chloroptteiy H)-2-4§2N 2! 6-0dioxopiperidin-3-y1)-1 - oxois oindolin-5-yl)methylamino)-2- o xo ethy Icarba
mate as a white solid (1.77 g, 80% vyield). The crude product was used in the next step without further
purification. [00269]%tep. 3: (IQ&&MMﬁM@?@T—I&MMhWMMM(Z (2,6-
dioxopiperidin-3-y1)-laXne et hydai i ! inxkietidn SS9, 1.50 mmol) in
EtOAc (35 mL) was wg@agolutlon of dlluted HCI (2N in ether 30 mL) After 3 days solid was
isolated by filtration, washed with ether (3 X 10 mL), and dried in vacua. The solid was then dissolved
in water (100 mL) and extracted with EtOAc (2 x 50 m e ms phase was concentrated and

the residue was triturated with ether fo ¢} ds\s d by filtration and dried in vacua
to give the product as a white sqlid,(0 8%pyield): HPLC: Waters Symmetry CH, 5 gm, 3.9 x 150
mm, 1 mL/min, 240 nin, gradler%/ 3CN/O 1% H3PO4: 10/90 to 90/10 in 10 min., 90/10(5 min): 4.91

min (98.00%), mp: 255-257 C; 'FINMR (DM50-6/6) 5 1.93 -2.09 (m, IH, Cng)az 39 (qd, J=4.4,13.1
Hz, 1li, €Y4BASD 54- 2366-rinprrethpliyosed - dihpdqris opde AR pingejne-2.0°dione

2010/053 732 RGiTkR2009/0620 3312 dn(dl, I bt CHkHF34 80, 34.54n(h v3#¢, CH2, CHM),
5.02-5.19 (m eﬁ_]" m%‘%@z 7 4l ZeHWdé‘thcél Zt r?fZJ-:zQ“ﬂ Wﬁéa‘{ﬁn%lg’%({;or}méo? Hz, 1H,

NH), 16'88¢ (B 22 48, 31.20, 42.26, 47.03, 51.59, 54.80, 121.89,
121.96 tlic2r2685011®@£®1?€ (28180, ~1129reql) wsetwgﬂfwsdaeafﬁ @etailzt? 2‘7“&?&@%3‘181? §é‘ 167.82,

170. 98,d%@,§gom§ewuﬂﬂ&%gg@&@m3 Galadi fRGRANRRNABHGAR ™R, 64420, B4.13; H, 4.79;
N, 11.48; Found: C, 53.89; H, 4.82; N, 1160,

5.542- ATHiFtSBL ARTORS NAB IO Ko BB RRIREE P LM A1, i bepdipmal tert-butyl -
isoindokBrybethyfyienaamiiddine-2(1H)-carboxylate (50 mg, 0.2 mmot) was transferred to the reaction

mixture and stirring continued for another 24 h, The reaction mixture was acidified 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 6- §3-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro-1H-
isoindoE—S—ylmethyl]—urcido}—3,4—dihydro—1H—isoquinoline-z—carboxyhc acid tert-butyl ester as a
white solid (290 mg, 53% yield): HPLC;Wa‘Fel‘S Symmetry Cis, 5 pm, 2.9 x 150 mm, | mi/min, 240
nm, 40/60 CHaCN/0.1% H3PO4, 5.02 min (96.5%); mp: 230-232 °C; 'H NMR (DMSO-dq) 8 1.42 (s,
OH, (CHa)s), 1.90 - 2.11 (m, 1H, CHH), 2.23 - 2.47 (m, 1H, CHH), 2.60 (d, J=17.9 Hz, 1H, CHH),
2.70 (1, J= 5.6 Hz, 2H, CHy), 2.81 - 3.06 (m, 1H, CHH), 3.51 {t,/= 5.7 Hz, 2H, CHy), 4.18 - 4.58 (m,
6H, CH,, CH,, CHy), 5.11 (dd, J = 4.9, 13.2 Hz, 1H, CH), 6.72 (1, J=5.9 Hz, 1H, NH}, 7.00(d, J=
8.3 Hz, 1H, Ar), 7.17 (d, J = 8.1 Hz, 1H, Ar), 7.27 (br. s., 1H, Ar), 7.44 (d, /= 7.9 Hz, 1H, Ar), 7.51
(s, 1H, Ar), 7.69 (d,J = 7.9 Hz, 1H, Ar), 8.56 (s, 1H, NH), 10.98 (s, 1H, NH); BC NMR (DMSO-dg) &
02.46,28.07, 28.44, 31.16, 41.51, 42.75, 45.04, 47.08, 51.55, 78.81, 116.01, 117.49, 121.87, 122.90,
126.20, 126.36, 126.88, 130.25, 134.70, 138.56, 142.35, 144.86, 153.97, 1535.21, 167.93, 170.96,
172.83; LCMS: MH = 548; Anal Calcd for CoHzNsOg+ 1.1 H0: C, 61.39; H, 6.25, N, 12.34.
Found: C, 61.38; H, 6.11; N, 12.29.

547 Isoindelin compounds of Formula [

g@a{f
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[00260]DIPEA (1.46 mL, 8.12 mmol) was added to a stirred mixture of 3-(5-aminomethyl-1-
0xo0-1,3-dihydro-isoindol-2-y1)-piperidine-2,6-dione methanesulfonate (1.0 g, 2.71 mmol) and 5-
chloro-isat$i© ahtddd& 3 (0.535 g, 2.71 mmol) in acetonitrile (10 mL) und&HERBHEH 62 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 byfiitration, washed with additional water, and dried in
vacuo to provide the product as a whte solid (860 mg, 74% vyield): HPLC: Waters Symmetry CH, 5 um,

39x1 1 mL/min,.240.nm, 30/70 CH3CN/0.1% H3PO4, 6.30 min (98.7 %); nip: 242-244 C;
MR (R hey 6 178 5 RE TR 3 S5 4K e S o RO 5 166 iz, 1, CHH),
2.74 -3.08 (m, 1H, CBE), 4.08 - 4.69 (m, 4H, CH2, CH2), 5.11 (dd, J= 4.9, 13.2 Hz, 1H, CH), 6.60 (s,
2H, NH2), 6.73 (d, J= 8.7 Hz, 1H, Ar), 7.18 (dPe#eme4 8.8 Hz, 1H, Ar), 7.46 (d,J= 7.9 Hz, 1H, Ar),
7.53 (s, 1H, Ar), 7.59 - 7.76 On, 2H, Ar), 9.01 (t,J= 5.8 Hz, If1, NH), 10.98 (s, IH, NI-1);NMR
(DMSO-d6) b22.51, 31.20, 42.44, 47. ] 2, 51.56, 1148% 1H(.71 M2, 122.07, 122.91, 127.07,
127.33, 130.35, 131.60, 142.38, 143.92, 33487{@3 / 58, 172.85; LCMS:= 427, 429;
Anal. Calcd. for C211-119CIN?{Q_4W+011_. ZCTﬂ'C, 58,73; .05; Found: C, 58.68; H, 4.26;N,
12.80. 5.55Isoindolin compounds 0261]The isoindolin compounds shown above are made as
shown in Scheme 2. Scheme 2 [00262]Step I: DIPEA (2.0 mmol, 2 eq.) is added to a stirred mixture of
3-(5-aminomethyl- I-oxo-l,3-dihydro-isoindol-2-y1)1-piperidine-2,6-dione methanesulfonate 3 (0.26 g,
1.0 mmol) and an appropriate nitrophenylisothiocyanate 4 (1.1 mmol) in acetonitrile (10 mL) under
nitrogen. The mixture is stirred at RT for 12 hrs. IN HCI solution (10 mL) is added and the solid formed
is filtered, washed with additional water, and dried{to provide substituted
142-(2,6-dioxopiperidin-3-y1)-1- oxoiggindolni-yfimethyl)-3-(2-nitrophenyl)thiourea 5. [00263]Step 2:
To a stirred mixture this intermediate 5@ mmol) in EtO¢t.30,mL) is added a solution of sodium
dithionite (1.74 g, 10 mmol) in water (20 mL). The |mixture is heated to 60 "C for 1 hr. The reaction
mixture is concentrated to dryness to 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 mmol) is

added.
R7
O O /““d
H H N~ 0
%\\ No _N X
Lz E "

Ré,.....___...

II1

100250] To a solution of the 5-aminomethylisoindolinone glutarimide 1 (1.134 mmol) in dry
DMEF (10 mL) is added Cs;COs; (406 mg, 1.248 mmol). After 5 minutes 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 to yield a2 compound of Formula 11,

5.48  2.2-Dimethyvl-propionic acid 3-{5-[3-(3-chloro-4-methvl-phenvi)-
ureidomethyll-1-0x¢-1.3-dihvdro-isoindol-2-v1}-2.6-dioxo-piperidin-i -
vimethvi ester

Cl
[00251] To a solution of 1-(3-chloro-4-methyl-phenyl)-3-[2-(2,6-dioxo-piperidin-3-yI)- 1-ox0-
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The mixture is stirred overnight and the reaction mixture is quenched by addition of acetic acid (2 mL).
The crudeagroduct IS g)urified using preparative HPLC to provide a compound 7. 5.561soindolinc
Compoun ({@@%%ﬁ%é%ording to the procedures provided in Sections 5.331%(%,2‘193(%55%-
dioxopiperidin-3-y1)-1-oxoisoindolin-5-yfimethyl)-3-(2-hydroxy-4,5-dimethylphenyfiurea are prepared
startingXmaihédedimeadliyde Rsnitiogheinake {0026 616 €ndtahRrdcadhyeDA A Mixiuy e afthiedppropriate
carboxylic agid sfarting t‘?r%?c!f;ﬁ?f{‘é‘ ol 2ne Rl LQs32 gﬂ% );d ( IS, stirred for 2
. 17101); stifring, cf S 0L ]%W %Qﬁ@lﬂrﬁ%

hours at §f§§%n§{ﬁ%n ?4%51 (a _|nomér';%yl);1-ox0|s}og|(ndolin-_2-y f;lllperidi_rr;{e-z,_6l-gdione b
methaneatiféteateniolr4sgulting miHely ivadiesd A SHfHTGiFYcodasRFHONABHRS Wie mixture is
evaporaiesundervacusioranddheéasishenispurili ae iy pre paiativentRLiGud 02 Giébistagthe General
Procedure A, the following compounds are prepared: N4(2-(2,6-dioxapipe ig;n-?,- -
ovorso SR SR 2 O o R SR A ke Bberiin-2
-y1)- 1 fisrisomdotiiseBodipmpadiyb)-puEictiibmvath(ldipereptiriite-NHidmethydphEhipacetamide;

CH,CN/water). Fractions containing the desired product were combined, concentrated in vacuo to

remove most of the CH3CN, and then lyophilized to provide the product as a white solid (81 mg, 13%

vield):HPLC: Waters Symmetry Cig, 5 fim, 3.9 x 150 mm, 1 mL/min, 240 nm, 55/45 CH:CN/0.1%

HiPOy, 4.58 min (97.2 %); mp: 155-157 °C; "H NMR (DMSOQ-dj) 6 0.95 - 1.23 (m, 9H, ‘Bu), 1.96 -

2.15 (m, 1H, CH), 2.23 (s, 3H, CH3), 2.31 - 2.47 (m, 1H, CH), 2.83 (d, /= 16.6 Hz, 1H, CI1}, 3.00 -

3.22 (m, 1H, CH), 4.17 - 4.60 (m, 4H, CH,, CH,), 5.30 (dd, /= 5.0, 13.3 Hz, 1H, CH), 5.47 - 5.83 (m,

2H, CH,), 6.79 (1, J= 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;) d 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. Calcd. for

CosH31 CINgOs + 0.2 H,O: C, 60.20; H, 5.67; N, 10.03; Cl, 6.35; Found: C, 60.20; H, 5.74; N, 9.94; Cl,

6.35.

849  (3<(5-((3-(3-Chlore-4-methviphenvlureidoimethvh-1-oxoisoindolin-2-vi)-
2 6-dioxoniperidin-1-yDmethvl piperidine-4-carboxvlate hvdrochloride

O
N
Q 0 /—O
N
e te

[00252] To 1-tert-butyl 4-(3-(5-((3-(3-chloro-4-methylphenylyureido)methyl)-1-
oxoisomdolin-2-y1)-2,6-dioxopiperidin-1-ymethyl piperidine-1,4-dicarboxylate (300 mg, 0.44 mmol,

H
HCH

Cl

obtained as described in previous example) was added 2 N HCl in EtO (15 mL). The shury 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-methylphenyljureido)methyl)-1-oxoisoindolin-
2-y1)-2,6-dioxopiperidin- 1-yl)methy] piperidine-4-carboxylate Hydrochloride as a white solid (285
mg, 105% yield): HPLC:Waters Symmetry Cig, 5 pm, 3.9 x 150 mm, } ml/min, 240 nm, 30/70
CH1CN/0.1% HaPO4, 3.26 min (98.2%); mp: 234-236 °C; 'H NMR (DMSO-dg) & 1.62 - 1.81 (m, 2H,
CHH, CHH), 1.87 - 2.01 (m, 2H, CHH, CHH), 2.02 - 2.16 (m, {H, CHH), 2.16 - 2.29 (m, 3H, CHj),
2.32 -2.47 (m, 1H, CHH), 2.59 - 2.76 (m, 1H, CHH), 2.77 - 2.99 (m, 3H, CHH, CHH, CHH), 3.00 -
3.28 (m, 3H, CHH, CHH, CHH), 4.15 - 4.66 (m, 4H, CH,, CH3), 5.26 (dd, J= 4.9, 13.2 Hz, 1H, CH),
5.55 - 5.80 (m, 2, 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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NA2-(2,6-dioxopiperidin-3 -ye- 1 -oxoisoindolin-5 -yOmethyl)-2-(4-methyl-3 -
(morpholinometw henyflacetamide; C CI 2-(4-chloro-3 _
-(morpholim F?ényl)-N-((Z-(Z,6-dioxopiperidin-3 -yl)-1 -oxoisoindBﬁﬁfgS%ﬂ?%Wfﬁacetamide;
N42-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindolin-5 -yl)methyl)-2-(3-(2-
morpholirpaihyl)phenyhasetansitie7. $d-({2 42, 6xeioxopimedidin 3 1NH, Mrkosoingolin; BiH); °C
-yl)met r&tl rhéi Dp eacetamide; 2-(4- roz3
-(2-morp lo(I)Jl%l oeb{fgg)pégsr%éﬁ%gff{%g %?%(%%%ﬁ)gfgﬁyﬁzgﬁ&) 'Ig-isc?)?giz'ézgin blgﬁ- -'4)9hr¥nle6t%§/pacetamide;
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 = 582, 584; Anal Caled for CyoHyCLNsOg+ 1.6 HaO -+
0.6 HC1 + 0.2 Et,O + 0.4 BuCl: C, 53.35; H, 6.05; N, 9.91; CI, 13.04. Found: C, 53.13; H, 6.06; N,

9.70; Cl1, 13.25.

550  l-tert-Butvl 4-(3-(5-({3-(3-chloro-4-methviphenvlureidoymethyi)-1-
oxeiseindolin-2-vi-2.6-diexopiperidin-1-vhmethyl piperidine-1.4-

dicarboxviate
O O
= w4
c o ,—0 0
fom
&)
Cl

100253] Step I -teri-Butyl 4-chloromethyd piperidine-1,4-dicarboxylate
O

Pl

Cl 0O

NBoc

To a mixture of I-{tert-butoxycarbonylpiperidine-4-carboxylic acid (3 g, 13.1 mmol} in
dichloromethane (40 mL} and water (50 mL)was added NaHCO5 (4.4 g, 52.3 mmol) and
tetrabutylammoniom hydrogen sulfate (444 mg, 1.3 mmol). After stirring the mixture in an ice bath at
0 °C for ~10 min, chloromethyl chlorosulfate (2.59 g, 15.7 mmol) in 10 mL of dichloromethane 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, each).
The organic layer was washed with additional water and brine, dried (Na;SQOy), and concentrated in
vacuo to give 1-tert-butyl 4-chloromethyl piperidine- 1,4-dicarboxylate as a clear oil (3.5 g, 96%
yield). This material was used without further purification. 'H NMR (DMSO-dg) & 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-
ds) 8 27.16, 27.98, 39.58, 42.35, 69.41, 78.67, 153.75, 172.25; LCMS: MH = 278.

[00254] Step 2. 1-tert-Butyl 4-iodomethyl piperidine-1,4-dicarboxylate
O

o
NBoc

To a solution of Nal (1.6 g, 11.09 mmeol) in dry acetonitrile (8 mL) was added dropwise !-tert-butyl 4-
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N42-(2,6-dioxopiperidin-3 -y1)- 1 -oxoisoindolin-5 -yl)methyl)-2-(4-
(mmpholinometh I?phenyl)acetamide; N42-(2,6-dioxopiperidin-3 -y1)- 1 -oxoisoindolin-5
-yOmethyI}YQ(zf-léﬁ-’mgfﬁylpiperazin- 1 - yOmethyl)phenypacetamide; NAZI-)&?g—Jﬁ%Q%?ﬁwdine -yl)-1
-oxoisoindoldn-5 -yl)methyl)-2 3 ethyl-4- (morpholinomethyl)phenyl)acetamide; 2-(3
-chloro-dugronpihelipipieihy ) phdinybpeiy4e (2 86 di 08 pipes] tin-Bmi OF dbetoxorgdei itio hn:Sure

yhmethyhaceiamide o Nxi4;L2R:dIPXPIRGNdIsR rybr i AXQSQRANDRY QmeNRaZ(4-(2-
morphollnoetth)phen flacetamide; ) . . .
remove NaCl and the filirate 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,50,), and concentrated in vacuo to give 1-tert-butyl 4-iodomethyl pipf:ridi'ne-l,4w
dicarboxylate as a pale yellow oil (3.5 g, 94%). Attempts to characterize by NMR in DMSO-dg
resulted in rapid decomposition. The material was stored in the dark at -20 °C to minimize

decomposition before further use. LCMS: MH = 370.

[00255] Step 3. 1-tert-Butyl 4-(3-(5-{(3-(3-chloro-4-methylphenylureidoymethy)-1-
oxoisoindolin-2-yl)-2,6-dioxopiperidin-1-ylmethyl piperidine-1,4-dicarboxylate

0 o

—( A

QY@{; A
Q

Cl

1-(3-Chloro-4-methyl-phenyl}-3-[2-(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro- 1 H-isoindol-5-
ylmethyl]-urea (400 mg, 0.907 mmol) and NaH (43.5 mg, 1.82 mmol) were stirred in dry DMF (15
mL) for ~ 1 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 residue was partitioned in water and EtOAc (100
mL., each). The separated organic layer was washed with additional water and brine, dried (Na,SO.),
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 columm. Fractions containing the desired product were combined,
concentrated in vacuo to remove most of the CH;CN, and then lyophilized to provide t-tert-butyl 4-
(3-(5-((3-(3-chloro-4-methylphenylurcido)methyl)-1-oxoisoindolin-2-y1)-2,6-dioxopiperidin-1-
ylimethy! piperidine-1,4-dicarboxylate as a white solid (380 mg, 49% of theoretical yicld from two
separate runs that were combined before prep HPLC). HPLC:Waters Symmetry Cig, 5 pm, 3.9 x 150
mm, I ml/min, 240 nm, 55/45 CH;CN/0.1% HsPO., 5.82 min (99.4%); mp: 157-159°C; "H NMR
(DMSO-ds) 8 1.23 - 1.51 (m, 11H, (CHj);, CHH, CHH), 1.68 - 1.84 (m, 2H, CHH, CHH), 1.97 - 2.13
(m, IH, CHH), 2.15 - 2.31 (m, 4H, CHs, CH), 2.32 - 2.46 (m, 1H, 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, CHa,
CHy), 5.27 (dd, /= 5.0, 13.3 Hz, 1H, CH), 5.53 - 5.73 (m, 2H, CH;0), 6.81 (t,J = 5.9 Hz, 1H, NH),
7.06 - 7.24 (m, 2H, Ar), 7.45 (d, J= 7.9 Hz, 1H, Ar), 7.53 (s, 1H,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-ds) & 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, 171.18, 172.97 (two °C
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*,J N -((2-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindolin-5-yl)methyl)-2-(3 -methy1-4-(2-
morphollnoeth%/I)phen_y%acetamlde 0 tNH 0 2-(3 -chloro-4-(2- morphollnoeth &ghenx)l% N-((2-
(2,6 dIOXO&]& e 9 )- 1 -oxoisoindoli 5- yl)methyl)acetamide ; JUS20097862023
N-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yOmethyl)-2-(4-(2-
morphoiigedthoxigp fienylhapgtandiderifzCue-id MsgR (6 edioxapigendinEBSD)-db) - bxdisoiMgDlin-5
"yOmetyli24@rmeIinda®r CouboCIN;O + 1.0 F,O: €, 58.32; H, 6.05; N, 10.00; C1, 5.06. Found: C,

58.41; H, 5.93; N, 9.96; Cl, 5.22.

551  N-[2-{2.6-Diexo-piperidin-3-yl)-1-6x0-2.3-dihvdroe-1 H-isoindel-5-
lmethvl]-4-imidazol-1-vi-benzamide

Nf*\ g Q
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-1-0x0-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-dione methanesulfonic acid salt ((.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), ethyl acetate (20 mL), and water (20 mL) to give the product as
a white solid (340 mg, 71% vield): HPLC: Waters Xterra Cqg, 5 pm, 3.9 x 150 mm, 1 mL/min, 240
nm, 5% gradient 95% in 5 min, CH3CN/0.1% NH,OO0CH, 3.92 min (99.0 %0); mp: 268-270 °C; "H
NMR (DMSO-ds) d 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 (4, J=17.4 Hz, 1H, CHH), 4.45(d, /= 17.4 Hz, 1H, CHH), 4.62 (d,J
=357 Hz, 2H, CH,), 5.11 (dd, /= 5.1, 13.2 Hz, 1H, NCH), 7.14 (s, 11, Ar), 7.49 '(d, J=79Hz, IH
Ar), 7.56 (s, 1H, Ar), 7.71 (d,J="7.7 Hz, 1H, Ar), 7.77 - 7.91 {m, 3H, Ar), 8.05 (d, J=8.7 Hz, 211,
A7), 8.39 (s, 1H, Ar), 9.24 (t,J= 5.9 Hz, 1H, NH), 10.98 (br. s., 1H, NH); “C NMR (DMSO-ds) §
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 CouHyNsOs+ 1.5 H,0: C, 61,27 H, 5.14; N, 14.89; Found: C, 61.03; H, 4.93; N, 14.75.

5.52  N-12-(2,6-Bicxo-piperidin-3-vi}-1-0x0-2 . 3-dihvdre-1H-iscindol-5-
vimethvij-4-morpholin-4-vi-benzamide

[OIRS)

ool

O

100257] A mixture of 4-morpholin-4-yi-benzoic acid (0.22 g, 1.1 mmol) and CDI (0,19 g, 1.2
mmol) in DMF (4 mL) was stirred at 40 °C for 2 hrs. To the suspension was added 3-(5-
aminomethyl-1-oxo-1,3-dihydro-isoindol-2-yl}-piperidine-2,6-dione methanesulfonic acid salt (0.40
g, 1.1 mmol), and the mixture was stirred at 40 °C for 2 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), ethyl acetate (20 mL.), and water (20 mL) to give the product as a white
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morpholinoethoxy)phenyl)acetamide;
2-(3-ch|oro-4-%—m0[gholinoethoxy)phenyl)-N-((Z-(Z,6-dioxopiperidin-3-y1§- 1 -oxoisoindolin-5-
yOmethyI)gvc% r]r{‘r’(?%,”’vﬁﬁw, 0,)0 N-((2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoin &H%Z;WR?&M%-Z-(&(Z-
morpholinoethoxy)phenyeacetamide; N-((2-(2,6-dioxopiperidin-3-y1)- 1
-0X0isoiRddH{ATE-yQrtthylHdy-(BFhEthWhBH 2¢temerPhofinoe thdxy) pheny Yacktaumidd nm, 5%
234-0mgrraceﬁ%a(t%mggpbgliﬂ,O@mewaﬂhgw%&-é@;%@ﬁf&%@&%&qﬁz@%ﬁ @XQis@ipdolin-5-
me acetamide;
Y eg)MSO-do) 82.00 (d,J=35.1 Hz, IH, CHH), 2.38 (m, 1H, CHH), 2.54 - 2.66 (m, 1H, CHH), 2.81 -
3,01 (m, 1H, CHH), 3.15 - 3.28 (m, 4H, CH,, CH,), 3.65 - 3.80 (m, 4H, CH,, CH,), 430 (d,/=17.4
Hz, 1H, CHH), 4.44 (d, ./ =17.6 Hz, 1H, CHH), 4.56 (d, /= 5.9 Hz, 2H, CH,), 5.10 (dd, J=35.1, 13.2
Hz, 1H, NCH), 6.98 (d, J=9.1 Hz, 2H, Ar), 7.45 (4, J=7.9 Hz, 1H, A1), 7.51 (s, 1H, Ar), 7.68 (d, /=
7.9 Hz, 1H, Ar), 7.81 (d, ./ = 8.9 Hz, 2H, Ar), 8.88 (s, 1H, NH), 10.98 (s, 1H, NH);
BC NMR (DMSO-d;) 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 CosHygN,Os + 0.6 HoO: €, 63.44; H, 5.79; N, 11.84; Found: C, 63.19; H, 5.42;

N, 12.09.
553 2-Aming-2-(4-chlorophenvi 2.6-dioxopiperidin-3-vi)-1-
oxoisoindolin-S-ylimethvhacetamide hyvdrochleride
Cl
O Q
N O
HNTY Y
MGl O

[00258] Step I: To a stirred solution of N-Boc-(4"-chlorophenyl) glycine (1.16 g, 4.10 mmol)

m DMF (20 mL) was added CDI (0.69 g, 4.30 mmol). The rcaction mixture was heated o 40°C for 2
hrs. 3-(5-Aminomethyl-1-oxo-1,3-dihydro-isoindol-2-y)-piperidine-2,6-dione hydrochloride (1.50 g,
4,10 mmol) was then added. After 3.5 hrs at 40 °C, water (70 mL) was added. Solid precipitated was
solated by filtration, washed with water (3 x 20 mL), and dried in vacuo to afford tert-butyl 1-{4-
chloropheny!)-2-((2-(2,6-dioxopiperidin-3-y1)-1-oxoiscindolin-5S-ylymethylamino)-2-
oxoethylcarbamate as a white solid (1.77 g, 80% vield). The crude product was used in the next step

without further purification.

[00259] Step 2: To a stirred solution of tert-butyl 1-(4-chlorophenyl)-2-({2-(2,6-
dioxopiperidin-3-y1)-1-oxoisoindolin-5-yDmethylamino)-2-oxocthylcarbamate (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 (100 mL) and exfracted with EtOAc (2 x 50 mL). The aqueous phase was
concentrated and the residue was triturated with ether for 1 hr. The product was isolated by filtration
and dried in vacuo to give the product as a white solid (0.65 g, 88% yield): HPLC: Waters Symmetry
Cig, 5 pm, 3.9 x 150 mum, 1 mL/min, 240 nm, gradient: CH;CN/Q. 1% HsPO4: 10/90 10 90/10 in 10
min, 90/10 (5 min): 4.91 min (98.00%); mp: 255-257 °C; '"H NMR (DMSO-d,) § 1.93 - 2.09 (m, 1H,
CHH), 2.39 (qd, /= 4.4, 13.1 Hz, 1H, CHH), 2.54 - 2.69 (m, 1H, CHH), 2.82 - 3.03 (m, 1H, CHH},
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N-((2-(2,6-diexopiperidin-3-y1)- 1 -oxoisoindolin-5-yOmethyl)-4-(morpholinomethyl)benza ide; 1\142
-(2,6-diox%%iﬁeridin;3- 1)- 1 -oxoisoindolin-5 -yemethyl)-44(4-methylpiperazin- 1 -

yl)methyl) %3?%@;7 42-(2,6-dioxopiperidin-3-y1)- 1 -oxoi soindolin-5 -§£W{S§%§’B?@@%ﬂ%3thy|-4-
(morpholinomethyObenzamide; CID) IH O 3-chloro-N-((2-(2,6-dioxopiperidin-3 -y1)- 1
-oxoisohaiblih-b=yl ety E4-Ctdr gHiolinbfdthyafhaitzamiidd), 5.02 - 5.19 (m, 2H, CH, CH), 7.22 -

741 (m, 2H, Ar), 7.47 - 7.71 (m, SH, Ar), 9.35 (t, ./ = 5.9 Hz, 1H, NH), 10.99 (s, 1H, NH); "C NMR
(DMSO-ds) 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. Caled. for CpHaNLOChL + 0.6 HyO: C, 54.13; H, 4.79; N, 11.48; Found: C, 53.89; H,
4.82; N, 11.60.

5.34  2-Amineo-5-chlero-N-[2-(2,6-dioxo-piperidin-3-yh)-1-0x0-2.3-dihvdro-1 H-
isoindol-5-vimethyll-benzamide

0]

[060260] DIPEA (1.46 mL, 8.12 mmel) was added to a stirred mixture of 3-(5-aminomethyl-1-

ox0-1,3-dihydro-isoindol-2-yl)-piperidine-2,6-dione methanesulfonate (1.0 g, 2.71 mmol) 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 whte solid (860 mg, 74% yield): HPLC: Waters Symmetry
Cis, 5 um, 3.9 x 150 mm, I mL/min, 240 nm, 30/70 CH3CN/0.1% HyPOs,, 6.30 min (98.7 %); mp:
242-244 °C; "H NMR (DMSO-dy) 6 1.79 - 2.16 (m, 1H, CHH), 2.29 - 2.46 (m, 1H, CHH), 2.60 (d, J =
16.6 Hz, 1H, CHH), 2.74 - 3.08 (m, 11, CHH), 4.08 - 4.69 (m, 4H, CH,, CH;), 5.11{dd, /=4.9, 13.2
Hz, 1H, CH), 6.60 (s, 2H, NH;), 6.73 (d, /= 8.7 Hz, 1H, Ar), 7.18 (dd, /= 2.4, 8.8 Hz, 1H, Ar), 7.46
(d, J= 7.9 Hz, 1H, Ar), 7.53 (s, 1H, Ar), 7.59 - 7.76 (m, 2H, Ar), 9.01 {1,/ = 5.8 Hz, 1H, NH), 10.98
(s, TH, NH); YC NMR (DMSO-d,) 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 Cp HigCINGO,+ 0.2 H0: C, 58.73; H, 4.32; N,
13.05; Found: C, 58.68; H, 4.26; N, 12.80.

5.585 [Isoindolin compounds

NH
o (IO o

RII

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

Scheme 2
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N-((2-(2,6-dioxopipe din-3-y1)- 1 -oxoisoindolin-5-yl)methyl)-4-(2-morpholinoethypbenzamide;
N-((2-(2,6-dioxopiperidin-3 -y1)- 1 -oxoisoindolin-5-yl)methyl)-3-methyl-4-(2-
morpholindEtIBERTEMide ; 3 -ehloro-N42-(2,6-dioxopiperidin-3 -y1)- 1 JSxXBRER T3
-yl)methyl)-4-(2- morpholinoethyl)benzamide; 0

N42-(2,6-dioxopiperidin-3-y1)-1-oxo0isoirtfo 1in-5«yd )methy1)-3-(morpholinornethypbenzamide; 00
N4242,6- dloxoplperldln -3- yl) 1- oxmsomgﬁryemethyl) 3-44- methylplperazm -1-

yl)methyebenzamide R10

0 Q

0 0 NH
H
R {,}Y
NH
l{l 1 7
[00262] Step I: DIPEA (2.0 mmol, 2 eq.) is added to a stirred mixture of 3-(5-aminomethyl-

1-ox0-1,3-dihydro-isoindol-2-yl}-piperidine-2.6-dione methanesulfonate 3 (0.26 g, 1.0 mmol) and an
appropriate nitrophenylisothiocyanate 4 (1.1 mmol} in acetonitrile (10 mL) under nitrogen. The
mixture is stirred at RT for 12 hrs. 1N HCl solution {10 mL) is added and the sclid formed is filtered,
washed with additional water, and dried to provide substituted 1-({2-(2,6-dioxopiperidin-3-y1)-1-
oxoisoindolin-5-ylymethyl)-3-(2-nitrophenyl)thiourea 5.

[00263] Step 2: To a stirred mixture this intermediate 8 (1.0 mmol) in EtOH (10 mL) is added
a solution of sodium dithionite (1.74 g, 10 mmeol) in water (10 mL). The mixture is heated to 60 °C
for | hr. The reaction mixture is concentrated to dryness to 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 mmol) is added.
The mixture is stirred overnight and the reaction mixtare is quenched by addition of acetic acid (2

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

5.56 [Isoindoline Compounds

[00265] According to the procedures provided in Sections 5.34-5.35, 1-((2-(2,6-
dioxopiperidin-3-y1)- 1-oxoisoindolin-5-ylmethy}-3-(2-hydroxy-4,5-dimethylphenyljurea are

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

100266] General Procedure A: A mixture of the appropriate carboxylic acid starting material
(2.0 mmol) and CDI (0.32 g, 2.0 mmol) in DMF (30 mlL) is stirred for 2 hours at 40°C, and then 3-(5-
(aminomethyl)- I-oxoisoindolin-2-yDpiperidine-2,6-dione methanesulfonate {0.74 g, 2.0 mmol) is

added, and stirring proceeds for 24 hours. The mixture is evaporated under vacuom and the residue 18

purified by preparative HPLC.
[00267] Using the General Procedure A, the following compounds are prepared:
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0 N42-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yOmethyl)-4-methyl-3-
(morpholinomethyl)benzamide; 0

4-chloro-NW& @ Bfd38piperidin-3-y1)-1-oxoisoindolin-5-yemethyl)-3- (mdrphdiitseihbenzamide;
00 NH CN N4(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)-3-(2-moipholinoethypbenza de;

" ) %
mNm{):

N-{{(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-ylymethyl)-2-(3-
(morpholinomethyl)phenyhacetamide;

@ -
\mwgfd”}

N-((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-ylymethyl)-2-(3-((4-methylpiperazin-1-
ylhmethyl)phenybacetamide;

E@(\(m&

N-({2-(2,6-dioxopiperidin-3-y!}- l-oxoisoindolin-5-ymethyl)-2-(4-methyl-3-
(morpholinomethyl)phenyl)acetamide;

SR o

2-(4-chloro-3-(morpholinomethyphenyl)-N-{((2-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindolin-5-
ylmethylacetamide;

N-{((2-(2,6~dioxopiperidin-3-y1)-1-oxoisoindolin-5-ylymethy!)-2-(3-(2-
morpholinoethyl)phenyljacetamide;

N-((2-(2,6-dioxopiperidin-3-yl}- 1 -oxoisoindolin-5-ylmethy])-2-(4-methyl-3-(2-
morpholinoethy!)phenyl)acetamide;

2-{4-chloro-3-(2-morpholinocthyDpheny)-N-((2-(2,6~dioxopiperidin-3-yl}-1-axoisoindolin-5-
yiimethyljacetamide;

95



NH N4(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)-4-methyl-3-(2-
morpholinoethyl)benzamide; (----N 0,)
4-ch|oro-NW&- %@fﬁa%piperidin-3-y1)-1-oxoisoindo|in-5-yl)methyl)-3-(2-nglb]ﬁ%‘l’f%ogﬁ?%benzamide;
N4(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yOmethyl)-4-(2-morpholinoethoxy)benza dc; WO

o 0O

2010/053732PCT/U52009/062023 H
e}
T

N-{(2-(2,6-dioxopiperidin-3-y1)- I-oxoisoindolin-5-ylymethy1)-2-(4-
(morpholinomethyl)phenyl)acetamide;
o Q

. | g

N-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-ylmethyl)-2-(4-((4-methylpiperazin-1-
ylymethyl)phenyljacetamide;
o Q

N~(2-(2,6-doxopiperidin-3-y])- 1 -oxoisoindolin-5~-ymethyD)-2-{3-methyl-4-
(morpholinomethyphenylacetamide;

o Q
tal
O/\ i

N (o]

2-(3-chloro-4-(morpholinomethyDphenyl)-N-((2-(2,6-dioxopiperidin-3-yD- 1 -oxoisoindolin-5-
ylymethyliacetamide;

pwm{f

o

N-((2-(2,6-dioxopiperidin-3-yh- I-oxoisoindolin-5-ylymethy1)-2-(4-(2-
morpholinoethyl)phenylacetamide;
O Q

o}

N-{(2-(2,6-dioxopiperidin-3-yl}- 1-oxoisoindolin-5-yhimethyl}-2-(3-methyl-4-(2-
morpholinoethylyphenyllacetamide;

) wv@ﬂb

2-(3-chloro-4-(2-morpholinoethyl)phenyl)-N-((2-(2,6-dioxopiperidin-3-yI)-1-oxoisoindolin-5-
ylmethyl)acetamide;
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N4(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)-3-methyl-4-(2-

morpholinoethoxy)benzamide; 0

3-chloro-N¥2 @ Bu8i8%$biperidin-3-y1)-1-oxoisoindolin-5-y1)methyl)-4-(2- PCT/US2069/062023

morpholinoethoxy)benzamide; 0O

N-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yen%)§v(23morpholinoethoxy)benzamide;
NH

DY

N-((2-(2,6-dioxopiperidin-3-yl}-1-oxoisoindolin-5-ylymethy[}-2-(4-(2-
morpholinoethoxy)phenyl)acetamide;

9]

CoQ

QXY L

N-((2-(2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-ylymethyl)-2-(3-methyl-4-(2-
morpholinoethoxy)phenylacetamide;

Ay S

2-(3-chloro-4-(2-morpholinoethoxy)phenyl)-N-({2-(2,6-dioxopiperidin-3-y1)- T-oxoisoindolin-5-
ylmethyljacetamide;

o 0
Jostes
H N 0
(\N/\‘/O N
Q

]

N-((2-(2,6-dtoxopiperidin-3-y1)-1-oxoisoindolin-5-yDmethy D-2-(3-(2-
morpholinoethoxy)phenyl)acetamide;

o B

0

N—((Z-(2,6—dioxopiperidin—u -yl)-1-oxoisoindolin-5-yl)methyl)-2-(4-methyl-3-(2-
morpholinoethoxy)phenyl)acetamide;

USSY.. o2

© CI

2-(4-chloro-3-{2-morpholinoethoxy phenyl)-N-((2-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindelin-5-
yhmethyDacetamide;

N o Q
'
H
N C
o)

N-{{(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-ylymethyl)-4-(morpholinomethyl)benzamide;
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N4(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yOmethyl)-4-methyl-3-(2-
morpholingethoxy)benzamide; and 0 4-chloro-N-((2-(2,6-dioxopiperidin- 38/1 -
-oxmsomdgifﬁ)@léﬂ??gﬂﬁfl) 3-(2- morpholinoethoxy)benzamide. T
5.57345-(6-Chloro-4-oxo-4H-quinazolin-3-ylmethvl)-1-oxo-1,3-dihydro-
isoindol1-2-v11-nineridine-2,6-dione |
[00268]2-Amino-5-ch|oro-N42-(2,6-cﬁo>§p-piperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoind01-5-

ylmethylkbenzamide (250 mg, 0.586 mimol) was suspepded in trimethyl orthofonnate (3 niL) and the
mixture was heated to 85 C overnight. icﬂm 2added to the reaction and the mixture
was heated for | hr. Water was added to I sulting in a white precipitate. The solid was

filtered, washed with additional water, and dfied in a vacuum oven to provide the product as a white
solid (140 mgha8% Jieikd pxbificBdM/atdis Synismatiylic- 181 brpthy]) 39 t-dsyhrpeteaiil-Imin, 240 nm,
30170 CH3CN/0.1% H3PO4, 7.20 mm ()09 ihgn-8081810C; 1-11 NMR (DMSO-d6) 6 1.90 -2.08
(in, IH, CHH), 2.37 (qd, J- 4.3, 13.2 1H, CHH), 2.59 (d, = 17.6 Hz, 1H, CHH), 2.78 - 3.03 (m, 1H,
CHH), 4.23 -4.35 (m, 1H, NCHH), IIB\E -4.51 (m, IH, NCHH), 5.10 (dd, J=5.0, 13.1

N-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-ylymethyl)-3-methyi-4-
(morpholinomethylbenzamide;

|
$2009/062023

0

N o)
X% N
cl
o

3-chloro-N-((2-(2,6-dioxopiperidin-3-yI)- I-oxoisoindolin-5-ylymethy1)-4-
(morpholinomethyl)benzamide;

@
oo

N-((2-(2,6-dioxopiperidin-3-y[)- I -oxoisoindolin-S-yljmethyl)-4-(2-morpholinoethyl}benzamide;

@
Y ol

N-{(2-(2,6-dioxopiperidin-3-yI)- 1 -oxoisoindolin-5-ylmethyl)-3-methyl-4-(2-
morpholinoethyl)benzamide;

@
Y o

3-chloro-N-((2-(2,6-dioxopiperidin-3-y1)-1-ox oisoindolin-5-yhmethyl)-4-(2-
morpholinoethyli)benzamide;
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WO 2010/053732PCT/US2009/062023 Hz, IH, NCH), 5.33 (s, 2H, NCH2), 7.52 (d, .7= 7.7 Hz, IH, Ar),
7.59 (s, Ill, Ar), 7.67 - 7.80 (m, 2H, Ar), 7.88 (dd, J = 2.5, 8.7 Hz, IH, Ar), 8.09 (d, J = 2.3 Hz, 1H, Ar),
8.66 (s, 1P REHMPT3T8R08 (s, IH, CONH): 13C NMR (DM50-46) (522.45, BeHYS492{%28% 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: Mft = 437, 439; Anal. Calcd. for C22K2C1N404+ 0.4
H20: C, 59.51; H, 4,04; N, 12.62:,’7?9 @ %FON 12.39; 7.82, Cl. [00269]To a

slurry of 2-amino-5-chloro-N42- ,3-dihydro-
N-((2-(2,6-dioxopiperidin-3-yD-1-oxoisoindolin-5-yhmethyl)-3-(morpholinomethyl)benzamide;

N-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yDmethyl)-3-((4-methylpiperazin- I -
yDmethyl)benzamide;

D00 CEs-

N-((2-(2,6~dioxopiperidin-3-y1)- I-oxoisoindolin-5-ylymethyl)-4-methyl-3-
{morpholinomethylbenzamide;

4-chioro-N-((2-(2,6-dioxopiperidin-3-yi)- 1 -oxoisoindolin-5-yl)methyl)-3-
(morpholinomethyl)benzamide;

0 Q
Joste:
H N o
(\Nf\/QWN
oA o}
N-{(2-(2,6-dioxopiperidin-3-y1)- l-oxoisoindolin-5-yhmethyl)-3-(2-morpholinoethyl)benzamide;

N-((2-(2,6~-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)-4-methyl-3-(2-
morpholinoethylbenzamide;

4-chloro-N-{(2-(2,6-dioxopiperidin-3-y1}- 1-oxoiscindolin-5-yymethyl)-3-(2-
morpholinoethyl)benzamide;

SaneVPre e

N-{(2-(2,6-dioxopiperidin-3-yl}-1-oxoisoindolin-5-yl)methyl}-4-(2-morpholinoethoxy)benzamide;
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1H-isoindo1-5-ylmethylFbenzamide (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 uﬁ‘i@ HOWISAREr 4 hrs, additional phosgene was added (0.31 mLY GhEVEH Y H23 continued
for 1 hr, at which time LC-MS indicated reaction completion. The reaction slurry was quenched with
dilute HCI, and the white solid was collected by filtration ang wgshed with additional water and copious
Et20. The cake was dried in a vECUmM6Var (%%@ white solid (185 mg, 84% vyield):
HPLC: Waters Symmetry C18, 8pm, 3.9-X3 nm, 30/70 CH3CN/0.1% H3PO4,
7.97 mm (97.6 %); mp: 358-360 C; 1H NMR (DMSO d6) If51.88 - 2.07 (m, 1H, CHH), 2.24 -2.45 (m,
1H, CHH), 2.53 -2:68 {11 biiGpiheRdl93 3904 -(RoilbinGeh}, MdadiP6-traimdt-@HH), 4.36 -4.54 (n,
IH, CHH), 5.09 (dd, J = 4.9, 13.2 Hz, tdiyhlihti&{$hcbhoRtCH2), 7.24 (d, J = 8.7 Hz, IH, Ar), 7.47

(d, J= 7.9 Hz, 1H, Ar), 7.54 (s, 1H, Ar)768(dJ 7.7 Hz, 1, Ar), 7.74 (dd, J = 2.4, 8.8 Hz, IH, Ar),
7,89 (d, J = 2.3 Hz, 1H, Ar), 10 ﬁ%%n NH): ma NMR (DMS0-d6) J 22.46, 31.18,
170.94

43.50, 47.12,51.58, 115.11, 137.49 122 ©127.29, 130.65, 135.04, 138.38,
141.17, 142.39, 149.90, 161.08, 167 7d; 172.83. LCMS MH 453, 455; Anal. Caled, for

C22F117CIN405+ O 3 H20: 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. 3-chloro-N-((2-(2,6-dioxopiperidin-3-yD)- [-oxoiscindolin-5-yymethyl)-4-(2-

morpholinoethoxy)benzamide;

SOV <¥¥ratus

N-((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-ylmethyl)-3-(2-morpholinoethoxy jbenzamide;

O O
N\/\O = N
o]

N-{(2-(2,6-dioxopiperidin-3-yl}-1-oxoisoindolin-5-ylymethyl)-4-methy1-3-(2-
morpholinoethoxy)benzamide; and

0
cl NH
o/\ H\/©:§’Z\:):O
N\/\O N
o

4-chloro-N-{(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yhmethyl)-3-(2-
morpholinoethoxy)benzamide.

357  3-[5-(6-Chloro-4-0x0-4 H-cuinazolin-3-vhnethvl)-1-ox¢-1,3-dihvdro-
isoindol-2-vll-piperidine-2,6-dione

N O Q
! NH
Cl

O

[00268] 2-Amino-5-chloro-N-[2-(2,6-dioxo-piperidin-3~y1)-1-0x0-2,3-dihydro- | F-isoindol-5-

yimethyl}-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 Cyg, 5 um, 3.9 x 150 mm, 1 mL/min,
240 nm, 30/70 CH;CN/0.1% HaPOy4, 7.20 min (97.9 %); mp: 308-310 °C; "H NMR (DMSO-d,) 5 1.90
- 2.08 (m, 1H, CHH), 2.37 (qd, J=4.3, 13.2 Hz, 1H, CHH), 2.59 (d, /= 17.6 Hz, 1H, CHH), 2.78 -
3.03 (m, 1H, CHH), 4.23 - 4.35 (m, 1H, NCHH), 4.38 - 4.51 (m, 1H, NCHH), 5.10 {dd, J= 5.0, 13.1
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5.591242 6-Dioxo-DiDeridin-3-v11-1-ox0-2,3-dihydro-1H-isoindo1-5-vimethvil- carbamic acid
4-chloro-3-methvl-phenvi ester 00 [00270]To the solution of para-nitro-phenyl chlorofonnate (1000 mg,
0.5 mmol) A4 (8%nL), was added the CH3CN solution (5 mL) of 4-cifidrHSEYa&H2¢71.3 mg, 0.5
minol) and DIPEA WO 2010/053732PCT/US2009/062023 (0.24 mL, 1.5 mmol) dropwise at room
temperatureH TRem)stasenas, stTraol asmoany temparatereAdor 120onWNiH, Ar), 7.67 - 7.80 (m, 2H,

3-(5-Amjno l:l-0xQ-1,3-6] -isqi -2-yl)-piperidine52,6:dione ulfonie acid salt (0.37
g, | mmo V?agségiﬁﬂié% ?oﬁb%vﬁg%?/&g’d‘gﬁi% 1515&3 %%%ﬂﬁﬁ*fﬁ%ﬁ,@%@?ﬁ? ﬁrr%ittiﬁrpe%v 35 stirred
overnightat NBis NGSRFrRNES-TNE PRitturd Wad THerfiitsked - 5Pn &27eakiIida 2blid s purified on
Zi_lica ge_iz@pitgmmefily,t@@b@ngs maﬂ,;n@ng@ﬂmmtmﬁ,el?b!@!daaggém[%a%zo, 167.63,
ioxo-piperidin-3-yl)-1-0 x9-2,3-dihydro-1H-isoindo1:5-yImethyl]-carbamic. aci _
4-ch|orof-)§q eﬂi}lééeﬁﬁ@\@t@rﬁas— 4\%\/hf;te Sélﬁﬁl(g%?‘ﬁﬂgf%%% yr(g‘ég%ﬁ?é‘mtgré Khithetry cis, 5gm,
3.9 x 1500, 12/, CUG awmi: 5D/BE THITM0198. H3PEY'CER =3.0 min (97%); mp 225-227 C;
1H NMR (DMSO-d6) 8 1.91 -2.08 (m, 1H, CHH), 2.32 (s, 3H, CH,), 2.40 (dd, J= 4.3, 12.8 Hz, 1H,
CHH), 2.63 (brs.88 IHgLilicho-2-88(2 3 Q2408 - dhibbrlaiibdlvh-22 <4258 il ol @hkdialidd, 5.12 (dd, J =
5.1, 13.2 Hz, 1H, NCiilnéthd) (dd, grma@edzdibht, Ar), 7.17 (d,J= 2.3 Hz, 1H, Ar), 7.40 (d,J= 8.7 Hz,
1H, Ar), 7.46 (d, .1= 7.4 Hz, IH, Ar), 7.55 (s,,1H, Ar), 7.324{d, J= 7.9 Hz, IH, Ar), 8.47 (t"/ = 6.0 Hz, 1H,
NH), 10.99 (s, 1H, NH). '3C NMR (DM 8%2. \181.20, 44.04, 47.15, 51.59, 121.03,
122.04, 123.04, 124.43, 127.01, 129&@%\%’? : N, .4%, 143.35, 145.35, 149.62, 154.43,
167.87, 170.99, 172.86; LC-MS: 442; Anal @aled for C22H20CIN306C, 59.80; H, 4.56; N, 9.51; Found:
C, 59.74; H, 4.45; N, 9.58. 5.60141-(3,4-Dichloro-phenv1l)-ethvll-3-1242,6-dioxo-Diperidin-3-y1)-1-oxo-
2,3-dihyid&aH-isoindbi aslutmefivinire s -eiteo N {Ba2:P1dmstitreer idixiurd df S S-ardimcksethyl- |
igxfél’%m%ﬁq{&fwliﬁﬁ—%ﬁfjﬁﬁ@q&@@';ggﬁéﬁfi&ﬂ%ﬁéﬁtmt%ﬁ%Q%&%%&Mﬁ') and _CEI |
.18 g, 1.10 mmal) in N,Ndime namide s heated to under nitrogen overnight.
R e D P AP S 5500 o R Al S L AR e heatad a
40 'C overmightup/vtadér (60N Yviias aldite bplic grecipitatbldd Weas! fittlerenl] wwashedasith water (30 mL)
and wag puified:by nreRaaiveHE Le - (sadig0k FRA G EE% 1 LUR0 TRE 2400, (R,49Q/Qin 10 mm,

100/0 for 5 min). Solvent was evaporated and the residue was triturated in ether‘gz mL) for 1 It The
product WEEHREH ’i@o‘i&?é?j@#ﬁﬂ%ﬁ’t‘iﬁ”&ﬁﬁ YHESH (548 gfgation and washed with additional
141-(3,4+hichlarosphanyipethyd daid: 32+ 2;hddio x opiper diveB+y 2jfdrdhe-2Bhditydredfitd-ishindo1-5-yIm
ethyll-ur, ite: 50119+(9.08 F6.yield): HPLC: Water etry &8 3% 150 mm, 1
i e S L D e e 2 S S e
(96.6895) kY200 2D E: N (BMED-88) & -3 E NHRIDIN OO, | £882% % 3. (W, IH, CHH),
2.28 -2.4T1(1) 21H - CHit A, AIBECIEROA, 1Bl 6ChiH) 2 9B D4 AHnC HH ) ME84:4755 (38, 4H, CH2,

CH2), 41 QU 1 Hesth GH chrkg: 6 o 9332 5720 ), SRR (Sol bl 660 €19=
724(d,J=8.7Hz, 1H, Ar), 7.47 (d,J="7.9 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 Hy, 1H, Ar), 7.89 (d,J = 2.3 Hz, 1H, Ar), 10.98 (s, IH, NH), 11.72 (s, 1H,
NH); UC NMR (DMSO-d;) 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, 14239, 149.90, 161.08, 167.79, 170.94,
172.83. LCMS: MH = 453, 455; Anal. Caled. for CoH,CIN,O;s+ 0.3 H,0: C, 57.66; H, 3.87; N,

12.23; Cl, 7.74; Found: C, 57.60; H, 3.90; N, 11.97; C1, 7.72.

5.5  [2-(2.6-Dicxo-piperidin-3-vi}-1-ox0-2.3-dihvdro-1 H-isoindol-5-vimethvi}-
carbamic acid 4-chloro-3-methvl-phenvl ester

[06270] To the solution of para-nitro-pheny! chloroformate (1000 mg, 0.5 numol} in CH;CN
(5 mL), was added the CH;CN sclution (5 mL) of 4-chloro-m-cresol (71.3 mg, 0.5 mmol) and DIPEA
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WO 2010/053732PCT/US2009/062023 7.20 - 7.46 (m, 3H, Ai, 7.48 - 7.62 (m, 2H, Ar), 7.65 (d, .J- 7.7
Hz, 1H, Ar), 10.99 (s, IH, NH); '3C NMR (DMSO-d6) 6 22.51, 22.80, 31.20, 42.86, 47.07, 48.18, 51.55,
121.61, 12¥W8L01963¥82126.70, 127.78, 128.79, 130.14, 130.38, 130.77, PET/DE2004562923147 41,
157.20, 167.95, 170.98, 172.85; LCMS: MH = 489, 491; Anal Calcd for C23H22N404C12+ 0.9 H20: C,
54.64, Ko 44ar N, Slxlﬂiggﬁ) Eﬂiﬁ»ﬁ@-e@t %iﬁ?@lﬁcﬁlﬁ@ Nhd hB8are was stirred at room temperature for
[00272]3-(5- an#) [neth o 1,3- d”}-lyr% somdgg%g Jﬁg{) eridine-2,6-dione methanesulfonate
(111 g, 3 B oty VTP rﬂ)é’ﬁy[& ey ?ﬁﬁ%we?éogﬁgﬁéﬁa@& ity DMF (20

mL) andltthbwhli@lﬁfég/vhslmﬁ}e@mdda‘(bm%\mwvh HadsfinridyTapecticd of theSreastipnlinixture (6.7 mL,
-1 mmo&mﬂ%@%@&%&&M@&%@m'{aglge&mpgomal@umm%ﬁm%&efﬂ@i%lﬁl{aﬂlne

hydrochloride (310 mg, 1.1 mmoft. The resulting mixture was stirred at rt overnlght and the reaction
progres& A MBIREFA G cE T scoARMt At wingitaane] @fbrshyiene chloride fo give [2-(2,6-

(2-(2- mathmpaihm&y)ﬁmpxwﬁnﬂmemydfmhﬂmﬁﬁi% mg el uraihiyasidraosfedsdidendie reaction
mlxture ting . coptin q 24 h T ixture W |d|f| WI N HCI and
water was )jg E(g’] Wftﬁ%grﬁrgg 1ucr§%€g%g%él/pz éﬁfg form g'iyﬁlteerss n\ll}\;lgs colfé %y f It?ao':—lon "suction

dried, thieplelién . DVE dAdp0YHict Hehitty.cxsitapar&iBey: HPIZ@Stézdl\fé iH(eMﬁloro 4-(2-(2-

methoxygm@ya@thwopb@sw PA2c(@5; cil@mpI@ﬁrmﬁzﬂd(&m@wn@pk@15 yfimethyfturea as a
white sqlid_(390 m 72% g/leld HPLC: Watersﬂrgmme ry.C x 150 mm, 1 ml/min, 240 nm,

30/70 CHECRIG: 165 45 20 ol isbdyhd:2ted: i@éﬁt“ﬂﬂ\%ﬁ%%@é a8 93-1:2.10 (m, 1H,
CHH), 2129 12,47 W}lmc&d&i)ﬁm fdtiHd; PER AYD. A HZd)H=CHIHY, 21823704 (i) /8. CTHH), 3.25

(SZ 32H @éb’%)ﬁ% gﬁ% (zl—f&? 45149 HE %‘% %ﬁ?ﬂl FebL(fld, ) 7438 27y 1 (§ dH%J% § ﬁ d,J=4.7

~4.55 (in, 4H, CH,, CH,),’5. 13.2 Hz, 1H,
CH), 6. 7670&1234% tilﬁzi(iflf’ wHﬁ 7‘1@4 (QCMIWSWGAW%@QZ@%P 34205491347, IFH 1 4P, 7.38 -
7.49 (M AH3ANR2 058 £3,05H0803 6400 13932, 63038 13 6AK), 14695 (diR3 7 - V4k1Z5 Lie AD, 8.65 (s, 1H,

b R s MR O ) S RS R >

144.84,948 AQuti56,28,74: H, 4.45; N, 9.58.

5.60  1-[1-(3.4-Dichlero-phenviy-ethvlj-3-|2-(2,6-diexo-piperidin-3-y1}-1-0x0-
23-dibyvdro-1H-isoindol-S-vimethvl] -urea

o 0 0
¢l H
HoOH
N T
o)

[00271] A stirred mixture of 3-(5-aminomethyl-1-ox0-1,3-dihydro-isoindol-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-

dimethyHformamide (10 mL) was heated to 40 "C under nitrogen overnight. 1-(3,4-Dichloro-phenyD)-
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 wafer (30 mL) and was purified by
preparative HPLC (gradient: CHaCN/H,O: 10/90 for 5 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 1 h. The product was then
isolated by filtration and dried in vacue to give 1-[1-(3,4-Dxichloro-phenyl)-ethyl]-3-[2-(2,6-dioxo-
piperidin-3-y1)-1-0x0-2,3-dihydro- 1 H-isoindol-5-ylmethyl}-urea as a white solid (0.084 g, 17% yicld):
HPLC: Waters Symmetry Cig, Spm, 3.9 x 150 mm, | mL/min, 240 nm, gradient: CH;CN/0.1%
H3PO4: 10/90 to 90/10 in 10 min, 90/10 (5 min): 8.57 min (96.68%); mp: 200-202 C; 'H NMR
(DMSO-dg) 6 1.32 (d, J= 7.0 Hz, 3H, CHs), 1.88 - 2.13 (m, IH, CHH), 2.28 - 2.47 (m, 1H, 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, IH, CH), 5.11 (dd,J = 4.9, 13.2 Hz, 1H, CH), 6.51 (s, 1H, NH), 6.66 (d, /= 7.9 Hz, [H, NH),
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167.95, 171.01, 172.86; LCMS: MH = 545, 547; Anal Cakd for C26H29CIN407+ 0.4 H20: C, 56.55; H,
5.44; N, 10.15. Found: C, 56.64; H, 5.34; WO 2010/053732PCT/US2009/062023 N, 10.15.
5.62Assay‘§%‘?§§!f[’sﬁﬂﬁ5a Inhibition Assay in PMBC [00273]Peripheral blobaMSASHICES? cells
(PBMC) from normal donors are obtained by Ficoll Hypaque (Pharmacia, Piscataway, NJ, USA)
density teatrifugationHCeHs a4e culinad i REMT £644) (Eife Machihlagiek). GrandHskinyg, 1Y, USA)

supple e % um (=€ r 0 :

L- glutarr%?\r% @(g% éﬁr%%l I:#Eﬁ? igg [tg}S %Ldz’ﬁp?tgor%%gng(iiz @ér?r%@q.g% FégﬁgﬁPBMC (2 x
105 cell8)7are phitée id 64wl fidt136ti6n ostar skl diduitured pPRited {Gorhfig SNV 288 A) in triplicate.
Cells afﬁé&i@Wd@MW%ﬁ%éﬁ%ﬁ@ﬂﬁ%@@ﬂf@ﬁ@ﬁl%@i@”ﬁ gatmna 1513847, Gt.Louis, MO,

USA) at 1 ng/mL final in the absence or presence of compounds. Compounds prowded herein are

dissolveé@HE ﬂﬂéﬂ)?'(s ’alﬂdlﬂﬁ'%ner dilutions are done in culture medium immediately before use.

The final DMSO concentratlon |n aII assays can be about O 25% Compounds are added to cells 1 hr
lih 9 L1 0X 3Ir{%64 CO2, and supernatants

ER PGS NITE ALLAIE TSR A L levels by ELISA (Endogen,
Boston, MA, USA) IC50s are calculated usmg nonllnear regrexsign, sigmoidal dose-response,
constraining the top to 100% and bottom to QP6, gllo i%?ie?lﬁo e (GraphPad Prism v3.02).
5.62.2 IL-2 and MIP-3a Production a
placing 1 x 108 PBMC in 10 mL

epleted of adherent monocytes by

[00272] 3-(5-aminomethyl-1-oxo0-1,3-dihydro-isoindoi-2-yI)-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 3-chloro-4-(2-(2-
methoxyethoxy)ethoxy)aniline hydrochloride (310 mg, 1.1 mmol). The resulting mixture was stirred
at rt overnight and the reaction progress was monitored by LCMS. After 48 h, additional 3-chloro-4-
(2-(2-methoxyethoxy)ethoxy)anitine 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-chloro-4-(2-(2-
methoxyethoxyethoxy)phenyl)-3-((2-(2,6-dioxopiperidin-3-y1)- 1 -oxoisoindolin-5-ylimethyljurea as a
white solid (390 mg, 72% yield): HPLC:Waters Symmetry Ciz, 5 um, 3.9 x 150 mm, | ml/min, 240
nm, 30/70 CH;CN/0.1% HaPOy, 5.40 min (99.8%); mp: 188-190 °C; 'H NMR (DMSO-ds) 6 1.92 -
2.10 (m, 1H, CHH), 2.29 - 2.47 (m, 1H, CHH), 2.60 (dd, J=2.2, 15.4 Hz, 1H, CHH), 2.82 - 3.01 (m,
1H, CHH), 3.25 (s, 3H, CH;), 3.46 (dd, J= 3.7, 5.6 Hz, 2H, CH,), 3.61 (dd, /= 3.8, 5.7 Hz, 2H, CHy),
3.73(d, J=4.7 Hz, 2H, CH>), 4.09 (1, /= 4.9 Hz, 2H, CH,), 4.24 - 4,55 (m, 4H, CH,, CHy), 5.11 (dd,
J=35.1,132 Hz, 1H, CH), 6.77 {t, J= 5.9 Hz, |H, NH), 7.04 (d, /= 9.1 Hz, 1H, Ar), 7.19 (dd, J =
2.5,9.0 Hz, 1H, Ar), 7.38 - 7.49 (m, 1H, Ar), 7.51 (s, IH, Ar), 7.64 (d, /= 2.6 Hz, 1H, Ar), 7.69 (d,J
=7.7 Hz, 1H, Ar), 8.65 (s, LH, 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, 119.49, 121.24, 121.88, 122.91,
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 CogHagCIN,O5+ 0.4 H O C, 56.55; H, 5.44; N, 10.15, Found: C, 56.64; H, 5.34;
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complete medium (RPMI 1640 supplemented with 10% heat-inactivated fetal bovine serum, 2 mM
Lglutamine, 100 U/mL penicillin, and 100 ug/mL streptomycin) per 10 cm tissue culture dish, in 37 C,
5% CO2 intAuatd Y %0-60 mm. The dish is rinsed with medium to remov& APRBH-48%&&nt PBMC. T
cells are purified by negative selection using the following antibody (Pharmingen) and Dynabead
(Dynal)Mnikture for every 1 x 108 non-adherent PBMC: 0.3 mL Sheep anti-mouse IgG beads, 15 td..
anti-CD16, 15 pL anti-CD33, 15 [tL anti-CD56, 0.23 mL anti-CD19 beads, 0.23 mL anti-HLA class Il
beads, and 564§z antis{sh,d4 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 a Dynal magnet. Typical yield is
about 50% T cells, 87-95% " by, flow cytometr 76]Tissue culture 96-well flat-bottom plates
are coated with anti- gggnggggyk) gogt {% r]r{E#ggP S, 100 pd, per well, incubated at 37C for 3-6
hrs, then washed four times with complete medium 100 uL/well just before T cells are added.

Compoliftis’ate dilutBerie)oalttred Beovwes'so 16593 B PP IReYloe2e 278 AikafiFldYound bottom
tissue ceiltunaReauiell plateafinalconcaniratjarsare aho k1o fupdionalieus 8:00064:d . B0 mM

stock of 0 rovided herein is di | 1:50 in complete for.the fi 0x dilution of 200 uM in
25 DM NG AP AH e T I 4ok DS, R s 2 4uBed 40 A ber 200 p
culture, (fecyive Bidimeddms Boodhodntratith bt 8.m94 Laturesaididéud arsdcdlisa@, 199 CO2 for 2-3

days, aﬂgﬁ%@(é}%ﬂg@ ayzechiRidbiz$)and MIP-3a by ELISA (R&D Systems). IL-2 and MIP-3a
levels are normalized to the amount produced in the presence of an amount of a compound provided

herein, 50s are_calculated,using non-linear regression, sigmoidal dose-response, constraining
tho top (0UR0%6 and CERBN 16 e CHRSATE UEHALE SO A B 5005 565 5 Cel
ProliferatﬂomiAgsray,[UGM 7r]_(ﬁ?gﬂitjates Cedirmbvsa itddahdith (ot &zhgob@ﬁirﬂdﬁquﬁhe Deutsche
Sammiyng, yon MIkforganismen, uiié 4;@%’5{*{ o GMRA (RrauRsehwels R/@&G{P@&W- The cell line

KG-1 is obtained from the American Type Culture’Collection (Manassas, VA, USA). Cell proliferation
as indicRBRBPEHTAPRITHE tHE b st S Hisakibl NN ETIsmaad fstksrdilTsesitcells are
plated id6wellipiatesdait Kob-aeligpestwellds medinaThrisellsarepitotreatiedswithcaempounds at
about 100, 10,1.,0.1,,0.01, 0,001, 0.0001 and.Q tiM in a final concentration of about 0.25% DMSO in
ity Lol SES i (R SO AT R e
(Amershar) hssthiel? Hdéetl td-Lachdvancantite dscabenpeltsirdddgedrabaploms dummadied

incubatyat e CRF OGRS, Ehg selis&re-hatvastedianiosunifiter &R/ flieralates,(Rerkin Elmer)
using a cell harvester (Tomé&% and the plates are allowed to dr overnight. Microscint 2Q (Packard)

(25 gLANBS IS RIGTRAYY SR Ptk de sracshranyz P BRE AP RIR TU{BuERAPaf B e el T E8unted for
one minaBestentinkbibitibiof édaprdlifgration is calculated by averaging all triplicates and normalizing
to the DMSO control (0 % inhibition). Each compound is tested in each cell line in three separate

experiments. Final IC5@s arercalghiptet Lsinghrrilinesy tegrassion, sigmoidal dose-response,
constraining the top to 100% and bottom to 0%, allowing variable slope. (GraphPad Prism v3.02).

5.62.4 | precipjiation and 1 munagblot [00279]Namalwa.cells are vit SO or an
amount pjél%gmpoungg %@Q\ﬁlﬁeg%g?léi??bo%i 11rf, Oeﬁ“&ﬁ%ﬂé#éiﬁl%it%xl@%%n?ﬁao\#gggm &D Systems)
for 30 nurmet Iysdites (&Mré@ﬁk%ﬁn@@%ﬂtﬁﬁﬁﬁ/mm‘e@mmm Epoescapto? Abldrseparated
immediaiely, 0SS FAES FedlAMHNARIANE &‘éﬁxﬁr%&%%{a‘;@hﬁ‘ﬂmﬂ?%%Pﬂgs%‘étc(ﬁﬁfééiéip{nTﬁr 398),

phospho-Gabl (Y627), Gab 1, IRS2, actin, and |IF-1 Abs’and analyzed on a Storm 860 Imager using
Imag eQi‘}/aﬁt%dﬂWB?@’(ﬂcﬂ’é %bé@dpﬂyﬁ aﬁﬁ@g)ls rinsed with medium to remove all non-adherent PBMC.

T celis are purified by negative sclection using the following antibody (Pharmingen) and Dynabead
(Dynal) mixture for every 1 x 10° non-adherent PBMC: 0.3 mL Sheep anti-mouse IgG beads, 15 uL
anti-CD16, 15 ul. anti-CD33, 15 pb anti-CD356, 0.23 mL anti-CD19 beads, 0.23 ml. anti-HILA class
[ beads, and 56 uL anti-CD14 beads. The cells and bead/antibody mixture is rotated end-over-end
for 30-6( min at 4 °C. Purified T cells are removed from beads using a Dynal magnet. Typical vield

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 ug/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

104



WO 2010/053732PCT/US2009/062023 5.62.5 Cell Cycle Analysis [00280]Cells are treated with
DMSO or an amount of a compound provided herein overnight. Propidium iodide staininF% for cell cycle

is performgéou@lhoégé%?eTEST PLUS (Becton Dickinson) according to maﬁﬁﬂgﬁif‘}g?‘@% focol.

Following staining, cells are analyzed by a FACSCalibur flow cytometer using ModFit LT software
(Bectonfiditkinsom)d 56216 ApoptobiscAakdiplo2BhiCalisareatreatad vhitht DMSOtortantamount of a

CC_’mp_o%@6&’%&9@q&“}%’ﬁm{%Io\éﬁ@‘?U&HJE\%M&%&@@HE%&%%&HH apnexinaashhufgr (8D
Biosciences). Cells are incubated with annexin-V blnd%rﬁivgrotem and g{r}gpldlum iodide (BD

BioscieAtediEPn of A 18hin ple LA Grndlysaefly sty sloli dyto e iR as Eoch semaened Kssay
[00282]asgalwa celjsarectianafretedowith 4 fg b MBI ceiierasen(Stratagengjupsraex 106 cells and 3
uT Lipofectamine 2,000 (Invitrogen) reagent according to manufacturer's instructions. Six hours

oSt TAREHEEOA Sl a1t oAt A VD ST AP MR GF . G np LN B TEBE Hen
LuciferageBcsivtynis) assayad! bsihg dueifdrase dysis: hndfes drdisuthstpasengiedanbegpleanddnéasured

using a jupigemeter (luinerResionsl:02 A A Erolierarion Assavs J0zaslbaL. fhe cells are
seeded 10 96-we Sla e Wi %@u‘f well in 1095 Efﬁ]\nfﬁ(w Glatami e, W/o pen-%trlpl) Tor overnight.
The follo@iridebileseresneess: oot banverocckiP Co1d o 200ce R AvEE pgkileiedatrol irinotecan
Pancreatic.prmneer a8l vB¥HC-3 1200cells/well; positive control gemcitabine Prostate cancer cell: PC3
1200cells/well; positive control docctaxel Breast cancer cell: MDA-MB-231 2400cells/well; positive

control paclitaxel ¢ ¢ 3 o proliferation Assay

[00277] Cell lines Namalwa, MUTZ-3, and UT-7 are obtained from the Deutsche Sammlung
von Mikroorganismen und Zellkulturen GmbH (Braunschweig, Germany). The cell line KG-1 is
obtained from the American Type Culture Collection (Manassas, VA, USA). Cell proliferation as

indicated by *H-thymidine incorporation is measured in all cell fines as foliows.

[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 uM in a final concentration
of about 0.25% DMSO in triplicate at 37 °C in a humidified incubator at 5% CO, for 72 hrs. One
microcurie of 3H-thymidine {Amersham) is then added to each well, and cells are incubated again at
37 °C in a humidified incubator at 5% CO, for 6 hrs. The cells are harvested onto UniFilter GF/C
filter plates (Perkin Elmer) using a cell harvester {Tomtec), and the plates are allowed to dry
overnight. Microscint 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 triplicates and normalizing to the DMSO control (0 % inhibition). Each compound is
tested in each cell line in three separate experiments. Final ICss arc calculated using non-lincar
regression, sigmoidal dose-response, constraining the top to 100% and bottom to 0%, allowing

variable slope. (GraphPad Prism v3.02).
5.02.4 Immunoprecipitation and lmmunoblot

[00279] 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 (Ser473 or Thr308), phospho-Gabl (Y627), Gabl,
IRS2, actin, and IRF-1 Abs and anajyzed on a Storm 860 Imager using ImageQuant software

(Molecular Dynamics).



[00284]Day 2: The compounds are serially diluted from 0.00001 uni-1 0 vin (or 0.000001-1 pM) with 50
ul/well (of 2x) and added to the plates in duplicate with relative positive control. The plates were then
incubated % 372 hours. [00285]Day 5: The results are detected byfé:ér el &6 dthod. 100 pi
/well of CellTiter Glo reagent is added to the plates and incubated for 10 minutes at room temperature,
and then analyzed ors#25T @fiCOwtit readets The IC50 of each compound is typically based on the
result of two or more individually experiments. WO 2010/053732PCT/US2009/062023 5.63TNFa
Inhibition9RgEGIThe RiRnELRa el Geiiai cerpAKRASRIQYFESRELEI I IPHRG, INEawere

assessed using procedures substantially similar to those described in Section 6.62.1 above. Tested
compmf’ﬁasfiﬁwaéﬁe steppine ferardierpip nenfragd ysinedxacb HEGhTHIG (R E8 AEEo8%Imethy 1]-3-
(4- pyrlohec&&h‘ge&hyhﬁhmyerw@mdceﬂz 21 ﬁﬁl@(ﬁamﬁgl;ld&ﬂs&yhﬁéﬂy@mb% Brdilypdraibd fiseindol-

5-ylmethy1 4-hydrgx |-
[2-(2,6- o>§8 péirp%qr}$4 rﬁ XEI]F%HZS)(GE% e(’c? rg‘rl)ll—{l;kl]Esntg(l)ngfo1 5-yImethy1]-343-(2-methyl-2H-pyrazol-3-y1)

-phenylkurea; 142-(2,6-dioxo-piperidin-3-

y1)-1-0x0-2,3- dlhydré $HGis SiPRRI2SE-HPABEHS 1]-3-[3-(2-methyl-imidazol-1-y1)-phenyl]-urea; | 42-
(2,6-dioxo-piperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-ylmethy11-344-(4-methy1-4H[1,2,4]triazol-
3-yl)-pfieeRBMiurea; IG{Ps(@Gadiobvpip Ertdid 3+ydh) atroxo -, 8 w@ihydrod Prbistihbotibat various
yimethydl:343-(2-mattvsthirz ahidarblipRe aulbwiers: | n 2R Grdioxp-RipRridinRoshled «gio-2.3-
dihydro-1H-i1soindo1-5-ylmethy1]-313-(1-methyl-1H-py razol 3-y1)-phenyl]-urea; 14(242,6-
dioxopiSef:3- 9111@%%8@6‘1%17%%%%@( GO B ERGH) SHER Ot bAt.42,6-
dioxopipgiidifled-yiohemxoisoindolin-5-yOmethyl)-3-(4- methyl -3-nitrophenyOurea; 1-(3-amino-4-
methylpheny1)-34(2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)urea;
142-(2,6-dioxopiperidg[kﬁylﬂi;ciﬁ;gqgggggajpydro-lH-isoindo1-5-y|methyl]-3-(3-phenoxy-phenyl)-urea;
1-((2-(2,6- dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methyl)-3-(4-nitrophenyOurea; N-(4-

{3-[2-(2 piperidin-3-y1)-1-oxo-2,3-dihydro-113-isoindol-5-ylmethy1]-ureidol -phenyl)-acetamide;
14(242, (%%ijoplperﬁiﬁﬁ‘ gl gl Sd??oi?ﬁﬁ‘u‘?fé%‘”@‘g/ﬁﬁh%ﬂ{ﬁ)? 3t %@%W@ﬁﬁﬁ% e’ﬁfy Burea;
143-(1Hdnenzoimidazpblcyh)idechooaiphieoyth 823 Gudioitmpip eridinadayd)<lmexac@dinydro-IH-isoi

ol S TS e rclehestule G S ipe e b e 2 >

dihydro-1IH-Isoi 01
142- (2,éeﬂibkd-pip%mwlyl]))%x@w-@Bsﬁiﬁym*@%%’dﬁ#ﬁ@ﬁglwméli-hiﬂ]ﬂ@-@mﬁ@ﬂfﬁ/h@clohexyl)-urea;
1-(6-chlpmasmaidinng-y Mnddan@: digxonineridin-3-y1)-1-ox0-2,3-dihydro- |
H-isoindo1-5-ylmethyThurea;
144-(2,4-difluoro- phegl)&)gth}{;\zt '121-)!&}&4(%& %!gxo piperidin-3-y1)-1-oxo-2,3-dihydro-IH-isoindol1-5-
ylmethylkurea; and 2,2- dimeth yI propionic acid
{543-(3{086¥d} 4-metBidvplicHyel yoliseido medby 19-26oxe b Bidinyilrdisbinedbhp 1Y TR oAb piperidin- |
-ylmethﬂ;%;gﬁwm,ﬁ)I}Qggtyﬁbqgsgg&ﬁxﬂmf thgeq%gggqiﬁqmppggqs%gvere determined to be in the range of
about 0.2 to 300 nM. 5. 64 Antlprollfer ion - N malw ]The antlprollferatlon of certain
compounds prowded ?é‘fﬁt DS §ﬁ% LRS! gCTS%W ’é%%aé’dures substantially
similar to those descr eatléaﬁdl cercs gﬁ S We smv CORIT

. . LYy s/we ik SO
1;2622,16-dloxo-p'peﬂ {éd%tx dePXArAd e Hispi %ézygm sbyﬁlﬁt@ p;m;aeﬁ ylmethyl-phenyl)
[2- (21 22@!}29%833'pe”d'@%Hl)%l@é%%gﬁﬁ)é%%%ﬁ@s&lm@@%&Wb@@@b)’%}ﬁﬁ(é hwdspxymethyl-phenyl)-ur
ea; loxo-piperidin-3-
y1)-1- o%)%@%ﬂ YRSl SeymatRgRisad teshngiist SHupYras ot s TR e iptfea; 1-[2- WO
2010/02348¢P €1/ YR00A4P 62033 (B£:6in%0°pipgridiRedry1)-1-0xo-2,3-dihydro- |
H-isoindo1-5-ylmethy1]-343-(2-methyl-imidazol-1-y1)- phenyl]-urea; 1- [2-(2,6-dioxo-piperidin-3-y1)-
1-ox0-2 B(—)dmgﬂdro 1Hmmﬂe&wnmﬁeyﬁlaéaﬁﬂﬂmw@Maﬂaﬂaédyﬂp@hmkwmaﬂmtcr
42-(2,6- oxo erld - 1 dlh H| o nd
ylmethy %ﬁ%? tnl”lqe% c:éié -1- ?/?352% mcf% enyI uream 4???5%16“ &X%Tdtlupi)gr? (}1%01;/1) 1-
ox0|s0|ﬁéﬂ@r{ﬁﬁé-‘gl})%fﬁylﬁsumre%bfp%ﬁ%m@fﬁ?ﬂb‘ﬁ@ﬁ&ﬁé‘&ﬁe‘éM)Af(@?(’?@’(ﬁ@}%é]ﬁﬁﬁ%?‘iéﬁﬁfﬁﬂﬂ)-l-
oxoisoingaliR-Smdnetiy -3-£Amagihyl-3-nitrophenyOurea; 1-(3-amino-4-methylpheny1)-342-(2,6-
dioxopiperidin-3-y1)-1-oxoisoindolin-5-yl)methypurea; -[2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-
dihydro-1H-isoindo1-5-ylmethy1]-3-(3-phenoxy-phenyl)-urea; 1-((2-(2,6-dioxopiperidin-3-y1)-1-
oxoisoindolin-5-yl)methyl)-3-(4-nitrophenyOurea; I-
[2-(2,6-dioxo-piperidin-3-yl)-1-oxo0-2,3-dihydrol1H-isoindol1-5-ylmethy1]-343-(3-methyl-[1,2,4]oxadiazol-
5-y1)-phenylkurea;
1-(4-tert-butylcyclohexyl)-342-(2,6-dioxo- plperldln g y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-yhnethy1]-ur
ea; 1-[2-
(2,6-dioxo-piperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-yhnethy1]-3-(4-methyl-cyclohexyl)-urea;
and 2,2-dimethyl-propionic acid 3- {5- [3-(3-chloro-4-methyl-phenyl)-ureidomethyl]-1-oxo-1,3-
dibhvvdro-icnoindo1-2-vll -2 G-diovo-ninearidin- 1 -vimethvl actar The 1ICen valiiaee far all of the tactad



5.65Antiproliferation - 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 abole %‘lgf Ry compounds included: PCT/US2009/062023
142-(,6-dioxo-piperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-
ylmethy11-3-(4-63ridifibEy|ngthitiephenyl)-urea; | -[2-(2,6-dioxo-piperidin-3-y1)- |
-0x0-2,3-dihydrolH-isoindo1-5-ylmethyl]-343-(2-methyl-2H-pyrazol-3-y1)-phenyl1-urca; 1-

[2-(2,6- m&'pe”d”j’h’% properties of certain compounds provided herein in ibhibiting TNFa were
y1)-1-ox0-2,3-dihydro-IH-isoindol-5-ylmethy 1 -343- (% methyl-thiazol-4-y1)-phenyThurea; | - [2-(2,6-

dioxo-pASeSTRAf 804 Procsdyss, %ﬂﬁg)aﬂ}ylw |P?chiS‘5d§Fﬁ¥@ﬁ‘iW Seotien §-0fbthgrA HS R4 z01-3-y1)-
phenyl]mrqaju.‘he(s(ﬂ}(h(&(ﬁIdxﬁpﬂp,értﬁﬂiegp}{ih)idﬁOXQASdInﬁGlmBSd}lp,ﬂtethM)SBr(ﬁel 5-yimethyl]-3-

%@Tgﬂ Home r?f?lﬂé%ﬁk)ﬁ%&féﬁgu dide- fi%eth’éfo‘?h&%ﬂgﬁk‘% 31@ 50 0%{}051)905?%@') 34

yOuréa; 1-(3-amino O 34(2 |oxop|pe

oxmso.nobénﬁigyyr)%r{éthsy@ﬁﬁféaﬂwzzb@@%%% bip%e(ﬁcwexymwmé%tﬁzye HitsRitor tidHindo1-5-
yimethy i S<{apirenampieny b omand A2 (2b-lio- w@wmraayi)pl@mﬁmgmm&yﬁmethyl)-

3-(4- nltr r dio erdl 1 soln olin- I 3-( droxy-4-
methylﬁﬁ nyé%%éag%y i}% Oeihézg? %ezto %g’% @ ¢ ﬁt p e%zf ] }éz)‘% |goxd?3| eridin-3-y1)-
1-oxo- z@ﬁﬁhvmmﬂldsoﬁmm Baptrhetiptidnecld- boiadert-ybintieyicibiesdipghyl-4H-

[2-(2,6- @1@(@@9%1@@1§ Mgﬂ%@azi%ﬂ@)@ﬁ%%!ﬁ@‘iﬁgpiﬁ)‘yﬂmf'(;tpyﬂ aHRRo-t H-isoindol-5-
[2-(2,6-diox0- plperld

0x0-2,3% @oﬁﬁﬁ% Tt Rt R G R 3@ GRS Drictin- 3-y1)-3-
[2-(2,6- dlb)(dh{pl[ﬁémdméﬁl—ﬁljinhemxﬁ -2.3-dihyelilgd1 HiHippinad B-phytinetijA}ereb{(2-(2,6-
144-(2, ﬁlgi%%e(?ﬁﬂ?é‘%ﬁm%%ﬁa% %&3}&%{%@@‘% B%[ lﬂéﬂl%l%é’t)lyl)phcnyg)umd 1-{({2-(2,6-

-0x0-2,3-dihydro-1H-isoindo1-5-yhnethylk urea; 2,2-dimethyl jonic’acl
[3-(3- ch‘i‘é%“ﬂ‘ﬂ?fé‘%lﬂw ﬁHeh%"E?ﬁéH@H?e?ﬁ@ mathglic 1@1}1%%@@@3?%@%#@@@@?@62023

duhydromgmangﬂaﬂ 2+ &dL@Xﬁc@j@ﬁﬁdﬂm—‘! yhn%hyisesmzaﬁqgn{&ﬂ@)ﬂrehpwm@lﬂlﬁﬂyd) ethy1]-3-

[2-(2,6-dioxo:pi er d|h The I values for all of
the testféé7 corfr?l 0 rg(f WO(}:-/I'}e)3 c]F i rmlnedl?o e |n %ﬁa g%lé?é}%%%%yﬁlb U972 hﬁ/?? 63

5. 66An1¢ﬁﬁ@lf%ﬁiﬁﬁ3 ﬂkﬁ@@[@‘@?@éﬂﬁé’@ﬁﬁ%@]rfeféﬁ@@ﬁh@é@&iﬂ%%%émﬁ&é%ﬁd%d@d herein were
assesseghusing BAPCIxcells- bm;all@wgd@ﬁ@@eﬂ%@twm@ﬁu@lm@ﬂm@e&mq geseried in Section

(2 R A 33 AT G bngt meth pheny s 1511

y|methy¢]a@z.agnnpgmwmymmw p&mywze@ crdipx(epipdivio pipetidin-3,§aydro- 1H-

-0X0-2 ?fsgt&m@@}iﬂléﬁgm%éa SryimethydlR4312:methvh 3b RuazekReylpnenvligiess.
142-(2,6-dioxo- ﬁ[{?}endl

y1)-1- o%&f‘%dsﬂd B Tset A ire T B a SRR A Ay ARy PR a; 1- [242.6-
dioxo-pipandiniEyii iy a2 Bedbgidyclchichidpincto 1-Brylitethyyl 8 a[3- (1-Mery b-dikdxpyrazol-3-y1)-
phe”y']plfﬁgfi‘dli'ﬁ‘s@l (?&Q%Q{?ﬁ%{b‘jﬁf%%ﬁ){& 9>§%&§‘?ﬁ9ﬂ9ﬂ’3d5 A hegylthiazgl-

Y
(morpholinometh hen Ourea: 1 dioxopiperdin-3 1 n%xmsom o Omethyl)-3-(4-
methyl-3¥litrbpher eaw@%@eﬂ%ﬁrmb 4Qme%h§7ﬁawwﬁ§&<2 BM&%&&P@M@%Y— 1-
ox0|50|mﬁa&mﬁﬁ@ﬁﬂﬂy@uﬂ@i{i{@(Szcﬁ}ﬁmxwpﬁrlﬁm@)%h&oﬁi@ﬂaﬁﬁtdmydr&xﬂxh&dﬁ@lndOl -5-
yImethyJ h urea, » 142- d| xopiperidin 1 |nd methyl)-
3-(4- nltr(;)p er%;/} Ei é‘% oxo 1|mg£r§|j 3y ?L% oi&sgtllr%ltsj(}) |rn ete %’IX i 5roxy 4-
tnethylp\h@ﬁ;ﬁ@@ﬂ@@edimbéﬂﬂtbeﬁzeﬁﬁfdmm@QyQﬁﬁﬂeﬁﬂaro -phenyl]-342- (2,6 dIOXO -piperidin-3-y1)- 1
-0x0-2,3-dihydro-1H-isoindo1-5-yImethylkurea;
1-(4-tert-butyl-syalohexaripyadde(Afrslioxapiperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-yImethyll
-urea; | 12-(2,6-dioxo-piperidin-3-y1)-1-
oxo-2,3taiRdio- 1 H-istin o lpslifmethnd 3w methylady plolvelod herday dee [45@s4ddiflugro-pheny1)-
thiazol- 234 2e(R @Y%fs%'g%ggaﬁcx Dslegxarm iy dsondtd Soingalsrovbnsigiryrea; 2,2-

dlinethyl-propionic acid

5-[3- (3aéﬁv&roT&eﬁ?éW%wﬂ§ Tirdide iR g erripghiarordbiers-23 iy dediéko-piperidin- |

-ylinethysastersanaethil (8 4- ﬁy@f&ﬂmr@jﬂhﬁﬂiﬁ.bﬁéﬁym ﬁf[ﬁ (%ﬁ(Z 6-dioxo-piperidin-3-y1)-1-oxo-
IS |nd01 80 values 3,all of the

dioxo-piper 1 -0X ] ure

tested c%?n‘é)q%dras Wésr{em 8%(25 |ﬁg g)%]ga:r}f}f e mee oip a% O[EF@A%C M. BEE T A I%lprollferatlon -
MDAMBE2t qoo250]hhid: %rﬁﬁbmteﬁ&ﬁoﬁrmtbe&rérfﬁdérﬁﬁéwﬂré&pmméa hedirnWercaskéssed using
MDAMB321 cells by following procedures substantially similar to those described in Section 5.62.8
above. The tested compounds included:

142-(2,6-dioxo-piperidin-3-y1)-1-oxo0-2,3-dihydro- (iHlsomdol 5-yImethy1]-3-(4-pyridin-4-ylmethyl-phen
yl)-urea;
142-(2,6-dioxo-piperidin-3-y1)-1-oxo02,3-dihydro-IThisoindol-5-yImethyli-343-(2-methyl-2H-pyrazol-3-y 1

\-nhenvlEriraa-



I
-(6-chloro-pyridin-3-y1)-342-(2,6-dioxo-piperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-yImethyllurea;
144-(2,4-dMEAOBFEASAL)-thiazol-2-y1]-342-(2,6-dioxo-piperidin-3-y1)-1-oX&- P88 d iisoindol-5-yI
methyll-urea; 2,2-dimethyl-propionic acid 3- [543-(3-chloro-4-methyl-phenyl)-
ureidorr(etdwi}aﬂoqxp:ﬂd&dugvxodrmozcwanhyaryxyzsﬁndiaxmpiﬁeﬂﬂmsJ{ymlet&tyye&tafaz@m J8[1-(3,4-
dichloro- he yl)-e 42-(2,6- d|o peridin-3- ) -0 dih 1 yhnethylk
urea. TI11) fE50'Va vallﬁe@;gg( Zﬁ é’fc}ﬁ’éj?es HP ilﬁn?p%xlﬁ)n%%s wer é(l%l {? rlﬁ?ljrl?éddli 05 "t é’?n Efﬂd?ré Eége of about 0.4

to 380 mﬂ%@eﬁm'tﬁw@hpépaﬂﬁﬁmedﬂéz@@{@e@@mmélaﬁnﬂﬂolﬁefeﬁéqdeimfewéfﬁwmwnds
providedhhgriein.-wetg @ssassadising.Colo20psellsLy followingpsesagies supstantially similar to

those described in Sec ion 5. ove, he te ounds i
1022 IOV BB A -0 S e RLSHUBES L A EChy By Y ety -phen
y1)-ureaxoisoindolin-3-yh)methyl)-3-(4-methyl-3-nitrophenyliurea; 1-(3-amino-4-methylphenyl}-3-((2-(2,6-

1-[2-(2, H- |-3-
1)[ph(e glI%lfj(areaé?l I%[%Zr (g}%qd%)%epfgg%n%gmg{%ﬂyep@ﬂg@ e s L

-ox0-2, 3l fﬁ@@&h&éﬁnsﬂyﬁ%étmﬁlﬂe&éy@hﬁ%khwﬂuéﬂ% -A-HhsReingidireat-1-

142-(2, @dj@mammeﬁ@nn&tyﬂzWE oxorHZopheiydre:1Hsindid-bproethy - yB4B4xb-nethydto-
Hpyraz 1 exrl in-3-yl X0l l|Indo y)-3-(3
(morphg (ljér/n]()éaﬂpgﬁx heny Q( ?(ﬁt%@?rooxo&%er%%@l ﬁcﬁy xolii::saow?{i45 E yglmethyl) 3-(4-
methyl@%ﬁ@ﬁﬂﬂéﬁﬁ%ﬁ!%@lﬁﬁ%@&%éﬂwmﬁérﬁmydsqéf(zseiwgkémbmﬁwi =@y J-12-
oroiSﬁiqgeﬂm&?]tpﬁ@mM% QrWZ(?&tl(i}l%qghﬂs%{ﬂém-ﬁ}Mﬂ&tlnﬂ}ilg %&ikw%%i&;!fé ' '%@93-:)-')
yimethyl y e u 10X0 0X olin-»-yl)nethyl)-
3-(4- nltr"(]ﬂpi-uzfé%n)gf e 111%@0&/ cl{(?x 52’[3 éﬂg{ Qﬁ“%% gﬁné‘?hﬁgé} %Vﬁigln 0175-ylmethy1]-3-
[3-(3- mdnhyﬂl[qwm]@le?dvékélésdwpmhwﬁhuke@nm@@@cﬁ dioxUpipetidnka- yllyiﬁl@xgasdindolin 5-

y|)methXD;&&&ﬁé’%‘?éQ{ef’m%ﬁﬁ&b’JQB@ﬂ}’%ﬁ%ﬁgé@@aﬁbﬁﬂ)@‘@éf@iﬁ@m' -2-y1)-4-chloro-pheny11-3-[2-
(2,6-dioxo-piperidin-3-y1)- | -oxo-2,3-dihydro- | H-isoindo1-5-yImethyl]-urea;

1-(4-ten- butylcg/(élé)hei%%.-B([ %gz -diox-piperidin-3-y1)-1-oxo-2,3-dihydro-1H-isoindo1-5-ylmethyl]-ure
a; 142- (2,6-dioxo-pi ;3-dihydro-IH-isoindol-5-yImethyl]-3-

(4-meth '(?236% hexy')’H{%m %f&ggi%oé%ggf) g-ﬁ %ﬁg&%j Qf@(%g%%xg‘m wcre assessed using PC3
-(6- chlorolgrldln -3-y1)-3-[2-(2,6-dioxo-piperidin-3 1(%06 0X0-2 dro- 1 H-1soindo1-5 -ylmethyl] -

urea; | 440119 f%@%@%ﬁﬁ%‘? Senilgf (2 W’@%ﬁféﬂa.%eemm 1.8 3Reve, Ih@ihydro-
lHlsomdsgibtﬁcwﬁpeﬁh&J 1Iﬂumﬁd2 ngmethmxprp@@m@a@gﬁ &ﬁﬂ@-ﬂ(&hﬁpﬁ%&ﬂ m&hyl -phenyl)-
ureidomet y1}-2, eridin- I ethy, est 0-(3,4-
dichloro %ﬁ {rl]{/ill 91 f/ﬂ{ %y(gll o |p}é&ri(f# %X SPR PRo- ng}’ H} s%%lr}d 01-5
-yimethyflrieandohé Y@E@M&%rmﬁlmr%mwa%mmﬂymréBe(tiéﬁﬁmeanw%éim%he range of
f':lbOhUt 053}55ﬂﬁ;@eﬁ@33%}[@@219%1'1&&6%%%@%@@%% %‘ﬁz@[@%ﬁ%ﬁh&@ﬁ%eﬂ?@% gj Jerdinary skill
in the arf,with a c ete disclos ow t and u e claime

embodi 8’?&5‘”% ¥1$)S |ﬁf(§n ﬁld %Ope? 5¥| rSI’] 3#( i o@éé‘ﬁ lgﬁyiﬁf%ﬁ‘lggtlons that
are obvigusth- peas@n’éldﬂékdiqmﬂmadilaﬁeylmﬂendesbtmmwmlﬂﬂl@&ﬁapie of the following claims. All
p“b"Cat{ﬁi%ﬁolﬂﬁ*i‘i%%ﬂ@[}ﬂh@@%@?eﬁppUPZ"‘ P@%ﬁﬁ@ﬂ &%ﬁ?ﬁqfﬁ%ﬂ%ﬁh%ﬁﬂ%cﬂ?%@}ﬁ% herein by

reference in their entireties as if each such pu I|ca atent or patent ap&}lca ion were specifically
and indiitnng WBB?BH%%&M%&?B@%@BWH@WW %%Pﬁﬁ S Formula 1. (1) or a
pharmaeeuﬁmaﬂylﬂeﬁ@ptﬁhlgrsaléasdﬁ@a@ﬁﬁgﬂ’mdwgp@fdm@remsememhe}ﬁm; oAreteindol-5-

vimethyl]-3-(3-phenoxy-phenyl)-urea; 1-((2-(2,6-dioxopiperidin-3-yi)-1-oxoisoindolin-5-yhHmethyl)-

3-(4-nitrophenylyurea; 1-((2-(2,6-dioxopiperidin-3-yi}-1-oxoisoindolin-5-ylimethyl)-3-(3-hydroxy-4-
methylphenyDurea; 1-[3-(1H-benzoimidazol-2-yi)-4-chloro-phenyl]-3-[2-(2,6-dioxo-piperidin-3-yl}-
1-0x0-2,3-dihydro-1H-isoindol-5-ylmethyl]-urea; 1-(4-tert-butyl-cyclohexyh)-3-[2-(2,6-dioxo-
piperidin-3-y1)-1-ox0-2,3-dihydro-1H-isoindol-5-ylmethyl]-urea; 1-[2-(2,6-dioxo-piperidin-3-yD-1-
ox0-2,3-dihydro-1 H-isoindol-5-yImethyl]-3-(4-methyl-cyclohexyD-urea; 1-(6-chloro-pyridin-3-y1)-3-
[2-(2,6-dioxo-piperidin-3-yi)-1-ox0-2,3-dihydro-1H-isoindol-5-yhmethyl]-urea; 1-[4-(2 4-difluoro-
phenyl)-thiazol-2-y1]-3-[2-(2,6-dioxo-piperidin-3-yl)-1-0x0-2,3-dihydro- 1 H-isoindol-5-yimethyl]-
urea; 2,2-dimethyl-propionic acid 3-{5-[3-(3-chloro-4-methyl-phenyl)-ureidomethyl]-F-o0x0-1,3-
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Xis C(=0) or CH2; Y is 0, cyanamido (N---EN), or amido (NH); mis an integer of O, 1, 2, or 3; R1 is
hydrogen or C1.6 alkyl R2 is hydrogen, -NO2, C1.10 alkyl, CO0.6 alkyl- %to 10 membered
heteroaryl); @6‘3%}? %o 6 membered heterocyclyl), C0.6 alkyl-OH, C04 8 Vi H9YRA4E0-C1,6
alkyl, -OR21, or -(CH2-Z)0.2-(5 to 10 membered heteroaryl), where each heteroaryl and heterocyclyl is

optionalihgubsiitited A4 dre s xnpigeChio- Blikiyhethy! ester; Rdis- hycﬁ@gﬁﬂ;lhml@gam)-htﬁ}m Lo alkyl-(5

010 meberge heipianny). SO0 Ak (S o gembersH o), COO RIOLAR €24

alkyI-N 6 alky R21, or -(CH2-2)9,2-(5 ered heteroaryl)

heteroa@l%fﬁ‘é?H@fé@é@?@%ﬁé%?i@ﬁ%@%%@ﬁ?&%ﬂi%H@ﬁ%‘éﬁhﬁé‘r@ . B iy M. R21is C6.10
aryl, 5 to 10 membered heteroaryl, 5 to 6 membered heterocyclyl, or - CO(CE12)0-2R22, wherein the
aryl, heteroaryf.@nd hateppelfipitiane-dadiCaptionally substituted with one or more Ci.6 alkyl; R22 is
-NH2 or 5 to 6 membered heterocyclyl; and Z is CH2, NH, or 0; with the proviso that when 12: is
hydrogdR08%&h R2 is Hetdnyidroiferrome] ceoadileimmitmdh erpralaébaieat wiensRS4d itggen, then R2 is

CO.6 alllr(&36 memhsiedineisrecy s hubstantially similar to those described in Section 5.62.8 above.
The tested compounds included: 1-[2-(2,6-dioxo-piperidin-3-yD-1-0x0-2,3-dihydro-1 H-isoindol-3-
ylmethyl}-3-(4-pyridin-4-ylmethyl-phenyD-urea; 1-[2-(2,6-dioxo-piperidin-3-y1)-I-ox0-2,3-dihydro-
1H-isoindol-5-yImethyl)-3-[3-(2-methyl-2H-pyrazol-3-yl)-phenyl}-urea; 1-[2-(2,6-dioxo-piperidin-3-
yl)-1-0x0-2,3-dihydro-1 H-isoindol-5-ylmethyl]-3-[3-(2-methyl-thiazol-4-y1)-phenyl]-urea; 1-[2-(2,6-
dioxo-piperidin-3-y1}-1-0x0-2,3-dihydro- 1 H-isoindol-5-ylmethyl]-3-[3-(1-methyl- IH-pyrazol-3-y1)-
phenyl]-urea; 1-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-ylmethyl)-3-(3-
{morpholinomethyl)phenyDurea; 1-((2-(2,6-dioxopiperidin-3-yl}-1-oxcisoindolin-5-yymethy1}-3-(4-
methyl-3-nitrophenyDurea; 1-(3-amino-4-methyIphenyl)-3-((2-(2,6-dioxopiperidin-3-y1)- I-
oxoisoindolin-5-yhmethylyurea; 1-{2-(2,6-dioxo-piperidin-3-yI)-1-ox0-2,3-dihydro-1 H-isoindol-5-
ylmethyl}-3-(3-phenoxy-pheny-urea; 1-((2-(2,6-dioxopiperidin-3-yl}-1-oxoisoindolin-5-yhmethyl)-
3-(4-nitrophenylyurea; 1-((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-y)methy1)-3-(3-hydroxy-4-
methylphenyljurea; 1-[3-(1H-benzoimidazol-2-yD)-4-chloro-phenyl}-3-[2-(2,6-dioxo-piperidin-3-yl)-
1-0x0-2,3-dihydro-1H-isoindol-5-yimethyl]-urea; 1-(4-tert-butyl-cyclohexyl)-3-[2-(2,6-dioxo-
piperidin-3-yI)-1-oxo-2,3-dihydro- 1 H-isoindol-5-ylmethyl]-urea; 1-[2-(2,6-dioxo-piperidin-3-y1)-1-
0x0-2,3-dihydro-1H-isoindol-5-yImethyl]-3-(4-methyl-cyclohexyl)-urea; 1-{4-(2,4-difluoro-phenyl)-
thiazol-2-y1]-3-[2-(2,6-dioxo-piperidin-3-y1}- 1-0x0-2,3-dihydro-1H-isoindol-5-ylmethyl]-urea; 2,2-
dimethyl-propionic acid 3- {5-[3-(3-chloro-4-methyl-phenyl)-ureidomethyll-1-oxo-1,3-dihydro-
tsoindol-2-y1}-2,6-dioxo-piperidin- 1-ylmethyl ester; and 1-[1-(3,4-dichloro-phenyl)-ethyi]-3-[2-(2,6-
dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro-1H-isoindol-5-yImethyl]-urea. The ICs; values for all of the

tested compounds were determined to be in the range of about 0.01 to (.94 uM.

567 Antiproliferation ~ MIDAMB321

[00290] The antiproliferation of certain compounds provided herein were assessed using
MDAMB321 cells by following procedures substantially similar to those described in Section 5.62.8
above. The tested compounds included: 1-12-(2,6-dioxo-piperidin-3-y1)-1-oxo0-2,3-dihydro-1H-
isoindol-3-yimethyl-3-(4-pyridin-4-ylmethyl-phenyl)-urea; 1-{2-(2,6-dioxo-piperidin-3-yl)-1-oxo-
2,3-dihydro-1H-isoindol-5-yimethyli-3-[3-(2-methyl-2H-pyrazol-3-y1)-phenyl]-urea; 1-{2-(2,6-dioxo-
piperidin-3-yl}-1-ox0-2,3-dihydro-1 H-isoindol-5-ylmethyl}-3-{3-(2-methyl-thiazol-4-y1}-phenyl]-
urea; 1-[2-(2,6-dioxo-piperidin-3-yl)-1-oxo0-2,3-dihydro- 1 H-isoindol-5-ylmethyl]-3-[3-(1-methyl-1H-
pyrazol-3-yh-phenyl]-urea; 1-((2-(2,6-dioxopiperidin-3-y1)- I-oxoisoindolin-5-ymethyl)-3-(3-

108



2.The compound of claim 1, wherein R1 is hydrogen or methyl. 3. The compound of claim 1 or 2,
wherein R2 is hydrogen, amino, acetamido, hydroxy, nitro, arninomethyl, hydroxymethyl,

2-methyl-1MA#EY91732y1, 3-methyl-1,2,4-oxadiazol-5-yl, 4- methylpiperaZikHAHREHHA023
2-methy1-2H-pyrazol-3-yl, 1-methyl-1H-pyrazol-3-yl, 2-methylthiazol-4-yl,
4- methxh%%%éﬁﬂﬁﬁgb&wl)mﬁph@f@!@@ﬁhyhpﬁpwﬁiﬂ34yw)mﬁisdh@ﬂﬁi©ﬁﬂylﬁ}nyéﬂwwhyl, pheoxy,
P 00 RS £ Ao S ORISR ) T compoun of
hyd roxWﬁ@ﬂqylthméﬂi%.@mHWMéiét@ oydlicgomuiihing Y- bﬁé@la?zélmrMi"rlﬁ@imiylbﬁperazin- I
-yOmethy2umethyk2i eﬂc\/:{%@ln%ﬂ]uéka*n?f@}(bjé:&m%ﬁﬁ ddnyl-2rmethyitbiagalds y,fl)methyi)
o S5 e IO AN ECALR B B ] LR A Eempound o
claim 1[Wwilicheibyl Q0 24 jekbdiazt{NHy B Hetd Q\aed | -((RE(2V6-ditxppipefiil-B-y1)- 1-oxoisoindolin-5-
yhmethyl}-3-(3-hydroxy-4-methylphenyiurea; 1-[3-(1H-benzoimidazol-2-y1)-4-chloro-phenyl]-3-{2-
(2,6-dioxo-piperidin-3-y1)-1-ox0-2,3-dihydro-1H-isoindol-5-ylmethyl]-urea; 1-(4-fert-butyl-
cyclohexyl)-3-[2-(2,6-dioxo-piperidin-3-y1}-1-0x0-2,3~dihydro- 1 H-isoindol-5-ylmethyl}-urea; 1-[2-
{2.6-dioxo-piperidin-3-yD-1-0x0-2,3-dthydro- 1 H-1soindol-5-yimethyl]-3-(4-methyl-cyclohexyl-urea;
[-(6-chloro-pyridin-3-y1)-3-[2-(2,6-dioxo-piperidin-3-y1)- I-ox0-2,3-dthydro- 1 H-isoindol-5-ylmethyl}-
urea; 1-[4-(2,4-difluoro-phenyl)-thiazol-2-y13-3-[2-(2 6-dioxo-piperidin-3-y1}-1-ox0-2,3-dihydro-1H-
isoindol-5-vimethyl]-urea; 2,2-dimethyl-propionic acid 3- {5-[3-(3-chloro-4-methyl-phenyh)-
ureidomethyll-1-oxo-1,3-dihydro-isoindol-2-yl1}-2,6-dioxo-piperidin- 1-ylmethyl ester; and I-[1-(3,4-
dichloro-phenyl)-ethyl]-3-[2-(2,6-dioxo-piperidin-3-yl)- 1-ox0-2,3-dihydro- 1 H-isoindol-5-ylmethyl}-
urca. 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

1002911 The antiproliferation of certain compounds provided herein were assessed using
Colo205 cells by following procedures substantially similar to those described i Section 5.62.8
above. The tested compounds inciuded: 1-[2-(2,6-dioxo-piperidin-3-y1)-1-0x0-2,3-dihydro-1H-
isoindol-5-ylmethyli-3-(4-pyridin-4-ylmethyl-phenyl)-urea; 1-[2-(2,6-dioxo-piperidin-3-yl)-1-0x0-
2,3-dihydro- 1 H-isoindol-5-ylmethyl]-3-[3-(2-methyl-2H-pyrazol-3-yl}-phenyl-urea; [-[2-(2,6-dioxo-
piperidin-3-yl)-1-oxo0-2,3-dihydro-1H-isoindol-5-ylmethyl]-3-[3-(2-methyl-thiazol-4-y1}-phenyl}-
urea; 1-[2-(2,6-dioxo-piperidin-3-y1)-1-oxo0-2,3-dihydro- L H-isoindol-5-ylmethyl]-3-{3-(1-methyl- 1 H-
pyrazol-3-yl)-phenyll-urea; 1-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yDmethy])-3-(3-
(morpholinomethyDphenyhurea; 1-{(2-(2,6-dioxopiperidin-3-yi)- 1 -oxoisoindolin-5-ylimethyl)-3-(4-
methyl-3-nitrophenylures; 1-(3-amino-4-methylphenyl)-3-((2-(2,6-dioxopiperidin-3-yh-1-
oxoisoindolin-5-ylmethylyurea; 1-[2-(2,6-dioxo-piperidin-3-yl)-1-o0x0-2,3-dihydro- | H-isoindol-5-
ylmethyll-3-(3-phenoxy-phenyl)-urea; 1-((2-(2,6-dioxopiperidin-3-y1)-1-oxoisoindolin-5-yDmethyl)-
3-(4-nitrophenyburea; 1-[2-(2,6-Dioxo-piperidin-3-yI)-1-0x0-2,3-dihydro- 1 H-isoindol-5-yimethyl]-3-
[3-(3-methyl-[ 1,2 4]oxadiazol-5-y1)-phenyl]-urea; 1-((2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yDhmethyl)-3-(3-hydroxy-4-methylphenyDurea; 1-[3-(1H-benzoimidazol-2-yi)-4-chloro-phenyl]-3-[2-
(2,6-dioxo-piperidin-3-y1}-1-ox0-2,3-dihydro-1H-isoindol-5-ylmethyl]-urea; 1-(4-tert-butyl-
cyclohexyD)-3-[2-(2,6-dioxo-piperidin-3-yI)-1-ox0-2,3-dihydro- 1 A-iseindol-5-ylmethyl}-urea; 1-[2-
(2,6-dioxo-piperidin-3-yi)-1-ox0-2,3-dihydro-1H-isoindol-5-yimethyl]-3-(4-methyl-cyclohexyl)-urea;
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6. A pharmaceutical composition comprising the compound of claim 1, and one or more
pharmaceutically acceptable excipients or carriers. 7. The pharmaceutical composition of claim 6,

further compAHY 4 EEond therapeutic agent. 8. The pharmaceuticd cbFpdsititt e claim 6,

wherein the composition is formulated for single dose administration. 9. The pharmaceutical
compositi@cafoanyefdeieins -6, preraivibe pempesiton i@iorzrwtaﬁgak@swra&imeﬁwmﬂ
ntravenous 195398 0T pneh ) THE BTRTDACEH L ARRSNEN S48, 1618 5 S orel dosage

form is a tab
isoindol-5- ylmcthyl]—urca 2.2-dimethyl-propionic acid 3-{5-[3-(3-chloro-4-methyl-phenyl)-

ureidomethyli-1-oxo-1,3-dihydro-isoindol-2-y1} -2,6-dioxo-piperidin- 1-ylmethyl ester; and 1-{1-(3,4-
dichloro-phenyl)~-ethyli-3-[2-(2,6-dioxo-piperidin-3-yl)-1-0x0-2,3-dihydro- 1H-isoindol-5-yimethyl]-
urea. The ICs, values for all of the tested compounds were determined to be in the range of about

0.15t0 130 nM,

[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 Hmit the scope of what is disclosed herein. Modifications that are obvious 1o 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 each such publication, patent or patent application were specifically and individually

indicated to be incorporated herein by reference.
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1. A compound of Formula 1:

R2 I}l NH

(I

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

X is C(=0) or CHy;

Y is O, cyanamido (N-=N), or amido (NH};

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

R'is hydrogen or Cy.¢ alkyl;

R? is hydrogen, ~NOs, Cri alkyl, Co alkyl-(5 to 10 membered heteroaryl), Co.s alkyl-(3
to 6 membered heterocyciyl), Co.s alkyl-OH, Cou alkyl-NH,, ~NHCO-C, . alkyl, ~OR* or ~(CHy-Z)o2+(5
to 10 membered heteroaryl), where each heteroaryl and heterocyclyl is optionally substituted with one or
more Cre alkyl; '

R is hydrogen, halogen, -NO;, Cos alkyl-(5 to 10 membered heteroaryl), Co alkyl-{3 to
6 membered heterocyciyl), Co.q alkyl-OH, Cp.s alkyl-NHa, -NHCO-C) alkyl, ~OR*, or {CHz-Zyp-(5 t0
10 membered heteroaryl), where each heteroaryl and heterocyciyl is optionally substituted with one or
more C,. alkyl;

R is Cy.i0 aryl, 5 to 10 membered heteroaryl, 5 to 6 membered heterocycelyl, or —
CO(CH;)(;.ZREI, wherein the aryl, heteroaryl, and heterocyclyl are gach optionally substituted with one or
more Cy alkyl;

R is -NH, or 5 to 6 membered heterocyclyl; and

Z is CH;, NH, or O

with the proviso that when R' is hydrogen, then R® is not hydrogen or Cy.y alkyl;

with the proviso that when R is halogen, then R? is Co alkyl-(5-6 membered
heterocyciyl).
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2. The compound of claim 1, wherein R' is hydrogen or methyl.

3. The compound of claim | or 2, wherein R* is hydrogen, amino, acetamido, hydroxy,
nitro, aminomethyi, hydroxymethyl, 2-methyl-1 H-imidazol-1-yl, 3-methyl-1,2,4-0xadiazol-5-yl, 4-
methylpiperazin-i-ylymethyl, 2-methyl-2H-pyrazol-3-yl, 1-methyl-1H-pyrazol-3-yl, 2-methylthiazol-4-y},
4-methyl-4 H-1,2,4-triazol-3-y], morpholinomethyl, (pyridin-4-ylymethy!, (pyridin-4-yloxy)methyl,

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

4, The compound of any of claims 1 to 3, wherein R® is hydrogen, amino, acetamido,
hydroxy, nitro, aminomethyl, hydroxymethyl, 2-methyl-1 H-imidazol-1-yl, 3-methyl-1,2,4-oxadiazol-5-yl,
4-methylpiperazin-l-yDmethyl, 2-methyl-2 A-pyrazol-3-yl, l-methyl-1H-pyrazol-3-yl, 2-methylthiazol-4-
- YL, 4-methyl-4H-1,2 4-triazol-3-y], morpholinomethyl, (pyridin-4-ylymethyl, {pyridin-4-yloxy)methyl,

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

5. The compound of claim 1, which is:
SIS, G O

H oH @)ﬁ H H § N
- NN N 0 HH PN 0
o
&)
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or a pharmaceutically acceptable salt, solvate, prodrug, and stereoisomer thereof.

6. A pharmaceutical composition comprising the compound of claim 1, and one or more

pharmaceutically acceptable excipients or CarrTiers,

7. The pharmaceutical composition of claim 6, further comprising a second therapeutic

agent.

8. The pharmaceutical composition of claim 6, wherein the composition is formulated for

single dose administration.

9. The pharmaceutical composition of any of claims 6, wherein the composition is

formulated as oral, parenteral, or intravenocus dosage form.

10. The pharmaceutical composition of claim 9, wherein the oral dosage form is a tablet or

capsule.
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