4%0-SUBSTITUTED ISOINDOLINE DERIVATIVES AND COMPOSITIONS COMPRISING AND
METHODS OF USING THE SAME [11This application claims priority to U.S. Provisional Application
No. 60/919,323, filed March 20, 2007, entitled "4'-0-Substituted Isoindoline Derivatives And
Compositions Comprising And Methods Of Using The Same", to Ruchelman et at, the entirety of which
is incorporated herein by reference. 1.FIELD [2]Provided herein are 4'-0-substituted isoindoline
derivatives. Pharmaceuti¢a(sSUBSTHPUT EDISOIND OEINE DERIVATIVERKNDs for treating,
preventing and nZOMPQSYATONSAOMERISENG AND:MEDHOBSIOF ABINCSTHESSAMH o
disclosed. 2.BACKGROUND 2.1 PATHOBIOLOGY OF CANCER AND OTHER DISEASES [3]Cancer
is characteri primarily by.an in the nu r. of abnormal cells derjv iven normal
tissue, invasfcf;ﬁj of ad'acer?tgfléj‘:‘,gs]p g%%%‘?ﬁ'é“s“ésﬁé'ﬁg rr%efjége'lgr,cg}sfg%é)ﬁg i%c%tr'%loﬁgd?gggr%%%read of
malignant ceied 3R priHetict Shirhstivid roudolitpleesypsizrs)AndibRaretiieraind molecular
biologic studiesniitkiagtes-idhatinnic iy angtiid Sapenrodashéhairbaginshyithinetnof phémdoplastic
changes, Whiig&‘gbqgm%&g;tﬂj&gg&qitions progress to neoplasia. The neoplastic lesion may evolve
clonally and develop an Increasing capacity for invasion, growth, metastasis, and heterogeneity,
especially urder co&ﬁ&s in which the neoplastic cells escape the host's immune surveillance. Roitt,

|., Brostoff, Jignd Kale, D.pigviseadi&gin dré-4-10-skdsiitideadsdiashive rvattiesMPhadfihtical

compositions comprising the compounds and methods for treating, preventing and

managing various disorders using the compounds and compositions are also disclosed.

2. BACKGROUND
2.1 PATHOBIOLOGY OF CANCER AND OTHER DISEASES
[3] Cancer is characterized primarily by an increase in the number of abnormal

cells derived from a given normal tissue, invasion of adjacent tissues 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 process that 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 invasion, growth, metastasis, and heterogeneity, especially under
conditions in which the neoplastic cells escape the host’s immune surveillance. Roitt, L.,
Brostoff, J and Kale, D., Immunology, 17.1-17.12 (3rd ed., Mosby, St. Louis, Mo., 1993). - :
[4} There is an enormous variety of cancers which are described in detail in the
medical literature. Examples includes 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.

{51 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
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14]There is an enormous variety of cancers which are described in detail in the medical literature.
Examples includes 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.

I(4OWeverl, _Orl)i'lm‘lﬁdikmdiditffﬁ@liﬁﬁﬂtfwrsm_ gf&%mmeﬁrlgslz,b%mp;ﬁhgmgﬁaxga&@e@m!oodIcancers
e.g., multiple ma), few treatm tion vailgble, especially when conveptiona
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types of CanGRLS Y, ciated. with new bload vessel formation, a prc kpown as angiogenesis.
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angiogenin, vascu ndothelial growth factor (VEGF), and TNF-a. AIternatlveé/ tumor cells can

release angid§knic peptidés Ristipf @1besdarsas AndrdsvordersascH eptABatiys (iﬂélht%reakdown of

the extracellupatRedriycy BeraReR CHIlIRARIE Horetale, Bnhiatad APaiRgaNssis can also be
induced indirectly through the recruitment of inflammatorcy%gells (particularly macrophages) and their
subsequent rETEIREEBFEHBORREHATIDHSRIRE Yy 8 yymgE of disesns jad predish 6P BRGRRY BRYdEs and
disorders arebalsamalisttiategosilar ac®hatabicdizeskdy chvtditet @angiogenisissdsoreanample,

enhanced or unre&ul teg.an iogg1 esis has beenfm licate irﬁa number Olf iseases and medical
. . I}COV cular 1sef1 S ?OSiS nﬁ:ovascu anzatpn ot t ean%e Vira 1%83885, gene C .
conditions including, but not imited to, ocular neovascular diseases, choroidal neovascular diseases,

retina neovastistasediseBsnnatohe discatns allzsgiol diseateonaofithe cingleleviiat ahise désanpkaefic

seases, oS MR B S, R SR e e o

diseases and conditions i ) to: diabetic retinopathy pathy of prematurity;
corneal graft Fefeenstyid ovematiant eereenh graBrorsHen: finessaier gladasaarirplentidrative

vitreoretinopatByopldsl A ar@rcisoindGaoiaede hataiepatiyl angiogenesis or inhibit the production

of certain cytgkines, including 'FNF-a, may be useful in the treatment and prevention of various

diseases andlébnditions. 2SN FePROYIE RS KRB (SRR Rgiogenesis or inhibit the

production of certain cytokines, including TNF-q, may be useful in the treatment and
prevention of various diseases and conditions.
22 METHODS OF TREATING CANCER

i8] Current cancer therapy may involve surgery, chemotherapy, hormonal

therapy and/or radiation treatment to eradicate neoplastic cells in a patient (see, e.g.,
Stockdale, 1998, Medicine, vol. 3, Rubenstein and Federman, eds., Chapter 12, Section IV).
Recently, cancer therapy could also involve biological therapy or immunotherapy. All of
these approaches pose significant drawbacks for the patient. Surgery, for example, may be
contraindicated due to the health of a patient or may be unacceptable to the patient. ‘
9] Additionally, surgery may not completely remove neoplastic tissue.
Radiation therapy is only effective when the neoplastic tissue exhibits a higher sensitivity to
radiation than normal tissue. Radiation therapy can also often elicit serious side effects.
Hormonal therapy is rarely given as a single agent. Although hormonal therapy can be

| effective, it is often used to prevent or delay recurrence of cancer after other treatments have
removed the majority of cancer celis. Biological therapies and immunotherapies are limited
in number and may produce side effects such as rashes or swellings, flu-like symptoms,

including fever, chills and fatigue, digestive tract problems or allergic reactions.



181Current cancer therapy may involve surgery, chemotherapy, hormonal therapy and/or radiation
treatment to eradicate neoplastic cells in a patient (see, e.g., Stockdale, 1998, Medicine, vol. 3,
Rubenstein and Federman, eds., Chapter 12, Section 1V). Recently, cancer therapy could also involve
biological therapy or inununotherapy. All of these approaches pose significant drawbacks for the

patient. Surgpr for examplainRapdee UREARNIGaHodhE Rthednall AliR RelRBRLMAL OGS

unacceptable to_&“?i patient. [91Additionally, surger m{ay not completely remove neoplastic tissue.

Radiation thet PSR ERERERICWAREA e Y TRBINE bR faBGer ShrmRtsrapgriss ach BxiinkiRiirgdiation
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allergic reactions. respe motherapy, thére are a variety of chemotherapeutic agents

available for dddtment of &efbéie avaHalblity off curriety efehemptherppentisagentsy dhérisithegaDNA
synthesis, eithar diigchamindiregiyauinhiiiemihedpiosrhesizialAa pedinanydgetige {phosphate
precursors, to prevent DNA replication and concomitant cell division. Gilman et al., Goodman and
Gilman's: Th&¥ha P Sitmps i shamathsransutic sequn drEaxinanst shematharany vases [11]
Despite availsighifycehg ararsftgnialemnot nie pets aghimchametharsay tixs manywrawbacks.
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This phenomenon is referred to as pleiotropic drug or multidrug resistance. Because of the

resistance, niRR§ E8 FEaRHTovEST Bisasmeniriasebeied oran alrotErrindme pasRlidmaatment
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angiogenesis are aI%o difﬁcé%;[ to treat, However, some compounds such as protamine, hepain and

steroids have BRSH D FEFBCEF AP BRG SERIMETHR RS ent of certain specific diseases. Taylor et al.,
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4,994 ,443. [laﬁ Still. there is Ségﬁl!fé% qt neeg fﬁr safe and effective m tggq%: a(gf treathgé preventing
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U.S. Pat. Nos. 5,001,116 and 4,994,443,

[13] Still, there is a significant need for safe and effective methods of treating,

preventing and managing cancer and other diseases and conditions, including for diseases

that are refractory to standard treatments, such as surgery, radiation therapy, chemotherapy |

and hormonal therapy, while reducing or avoiding the toxicities and/or side effects

associated with the conventional therapies.

3. SUMMARY

[14) Provided herein are 4’-O-substituted isoindoline compounds, and

pharmaceutically acceptable salts, solvates (e.g., hydrates), prodrugs, clathrates, or

stereoisomers thereof.

[15] Also provided are methods of treating and managing various diseases or

disorders. The methods comprise administering to a patient in need of such treatment or
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[14] Provided herein are 4%0-substituted isoindoline compounds, and pharmaceutically acceptable
salts, solvates (e.g., hydrates), prodrugs, clathrates, or stereoisomers thereof. H5IAlso provided are
methods of treating and managing various diseases or disorders. The methods comprise administering
to a patient in need of such treatment or management a therapeutically effective amount of a

compound pmuif@ddiﬁﬁiﬂh@ﬁﬁeﬂh@l@%&ﬁ@h&ﬁﬁﬁﬁ@m&%ﬁuﬁ@yﬁiﬁd@m% Qathrate, or

steremsomer hereof. #GJIFurther ?re meth dso ent| various diseases and

disorders, WiPcﬁmgﬁ% g&ﬁ‘f‘?ﬂg{ ng tms DR gﬁcﬂr EUPIREE BrEHHy lactically
effective amddfj of a comparther prov1demldnema&aﬂsmbﬁmmﬁ@ﬁaﬁﬂymmmlﬂ&momme,
prodrug. clattygle, elalRiEalsomEningLet, IhlARoRIgdied herein aePhamAgeyieal
compositions, single unit dosage orm sing regimens and Kite Whic m% eacompgund
provided heréfie@iva mam@é@mwmcmpwm ba!cirsmvatathmmgmﬂléﬁﬁmaﬁablstsﬁéoisomer
thereof. 4. Dgﬁg&gg@g@%@l};{ EL8LEseRe ambagiment, provided are isoindoline compounds,

and pharmaceutlca ly acc I(gtabesahs solvates, prodrugs, clathrate, and stereoisomers thereof. [19]

In another enkbBdiment, protRIBEPdefrlsreiR Mﬁ?@“ﬁ?&hﬁ‘gﬂﬁj’%ﬂi‘ﬁr@@é’(ﬁ#@t\ﬁﬁ}%ﬂ% diseases

and dlsordersowmcabgm@wgﬁﬁér@%um&wmﬁ%ﬂﬁ&w 3 mpsshairueladaaaisRNbPs prevention a

therapeutically or hylactically effective amount of a compound provided herein, or a
pharmaceutlcﬁfi\?g'frg%ﬁcep %@\SﬁﬁP‘@g}%ﬁg B?&%gpﬂgmﬁaféaﬁaé‘fef’ééfﬁﬁ’?\’éf’%r@(?fe@;(amples of

diseases and disorders ard.desciEHAIE R DESCRIPTION

[18] In one embodiment, provided are isoindoline compounds, and
pharmaceutically acceptable salts, solvates, prodrugs, clathrate, and stereoisomers thereof.
[19} In another embodiment, provided are methods of treating, managing, and
preventing various diseases and disorders, which comprises administering to a patient in
need of such treatment or prevention a therapeutically or prophylactically effective amount -
ofa co.mpound provided herein, or a pharmaceutically acceptable salt, solvate, prodrug,
clathrate, or stereoisomer thereof. Examples of diseases and disorders are described herein.
[20} In other embodiments, a compound provided herein, or a pharmaceutically
acceptable salt, solvate, prodrug, -clathrate, or stereoisomer thereof, is administered in
combination with another drug (“second active agent”) or treatment. Second active agents
include small molecules and large molecules (e.g., proteins and antibodies), examples of
which are provided herein, as well as stem cells. Methods, or therapies, that can be used in
combination with the administration of compounds provided herein include, but are not
limited to, surgery, blood transfusions, immunotherapy, biclogical therapy, radiation
therapy, and other non-drug based therapies presently used to treat, prevent or manage
various disorders described herein.

[21] Also provided are pharmaceutical compositions (e.g., single unit dosage
forms) that can be used in the methods provided herein. In one embodiment,
pharmaceutical compositions comprise a compound provided herein, or a pharmaceutically
acceptable salt, solvate, prodrug, clathrate, or stereoisomer thereof, and optionally a second

active agent.



[20] In other embodiments, a compound provided herein, or a pharmaceutically acceptable salt,
solvate, prodrug,.clathrate, or stereoisomer thereof, is administered in combination with another drug
("second active agent") or treatment. Second active agents include small molecules and large
molecules (e.qg., proteins and antibodies), examples of which are provided herein, as well as stem
cells. Methods, or therapiegjthatcanPEIsND# combination with the administration of compounds
provided hereyg.include, byt are not limited to, surgery, blood transfusions, imznungtherapy, biological
therapy, radig#%]n therapy,llllglf?i‘}eo‘ﬂ:f1 P ﬁ%ﬂqaﬁ‘l}aeb%’ a?ﬁ%‘éla{‘?%ggfﬁw for e s, prevent or
manage variphsroiscrcliral despobithincasd mddblisypfavidea Jare pharmaceutical compositions
(e.g., single unit dosage forms) that can be used i@,th@ methods provided herein. In one embodiment,
pharmaceutical compositions comprise a cgrmpoufid prpvigad herein, or a pharmaceutically acceptable
salt, solvate, prodrug, clathrate, or stereoi ptionally a second active agent. 4.1
COMPOUNDS [22]In one embodiment, the-gon

compositions and methods have formula I: @jgi,l or a pharmaceujically acceptable salt, solvate,
prodrug, clathrate, or stereoisomer thereof, wherein Y is C=0 or’CH2, and RI is hydrogen, alkyl,

alkenyl, alkyyla aharmasatiyicaliiciratiprbly sidiaBotiatiey prodtem clattyiath coe dergofistatierl tHeetefpary,
heteroarylalkynabiiptiaecasntl IR oRYm bl AV GABRAVIAltY I3 egRgRonY!

1
alkoxycarbonyl, cycloalkylcarbonyl, ‘heteroarylcarbonyf terocyclylc yI: where Rl is optionally

substituted wiliF oA s paslealkylabsihemmerotivie hetcrocyciglalkul apsexnarahibesrrarihdkst three

groups selectegidraimoaliasyynalRyieiikbHar BrXYadikyaminanairaRylaAleXyaRRANY!, nitro, amine,
nitrile, haloalkyl, hydroxy, and algllisulfonyl. 23] In one embodiment, Y is C=0. In another

embodiment 2K ¥earbonslapysleatyl rrErnp Y hrisrrariserb anglomhesoeyahilrabomy WhamRR
cyttz)loz_alkylacyqslr?pﬂqdallwkubm_amywmh, drteranyrlylaliyiabetenoatne hdaselemefrmadﬁbanﬂé{t@'ly o
substituted with one aor more, in one empadiment, one, two or.three groups sejected from alkoxy, halo,
alkyl and alkﬁgﬁlgvnoyﬁrl% gﬁg’ gﬁ%osﬁ?%g?%?ﬁmsaaﬁ/’f?{aiﬁé\‘%ﬁ%%8?5%8 yp‘g@ﬁ%ﬂg@?{%ﬂpﬂ
embodimentsikiozyaaybon evétroaaphiringnitride obad drlkigl shBdwo 6y naadhalésdshHuorybeyclic ring. In certain

embedimentapje etroan g B OIS e STEREISARAIRGE fraeonianng 15

heteroatoms selected from O, N and S. In certain em Iments, the ary
is a bicyclic ridd] In certainlasisiembedimentieRréntliing kuniamkynd. nevbreralbits selected from

0, N'and S argdpalachReeisaikye Al idienR R B RRLREe, IR IR ERAN SRR SRAdIMents, the
heteroaryl ring is attached to the al_kﬁ/i group via a carbon atom in the ring.
optionally substituted with one or more, in one embodiment, one, two or three groups

selected from alkoxy, halo, alkyl and alkylsulfonyl. In one embodiment, R' is aryl, aralkyl
or heteroarylajkyl. In certain embodiments, the ary! or heteroary] ring in groupR' isa 5 or
6 membered monocyclic ring. In certain embodiments, the heteroaryl ring in R' group is a 5
or 6 membered monocyclic ring containing 1-3 heteroatoms selected from O, Nand S. In
certain embodiments, the aryl or heteroaryl ring in group R' is a bicyclic ring. In certain
embodiments, the heteroaryl ring contains 1-3 heteroatoms selected from O, N and S and is
attached to the alkyl group via a hetero atom in the ring. In certain embodiments, the
heteroary! ring is attached to the alkyl group via a carbon atom in the ring.
[25] In one embodiment, R' is phenyl, benzyl, naphthylmethyl, quinolylmethyl,
benzofurylmethyl, benzothienylmethyl, furylmethyl or thienylmethyl, optionally substituted
with one or more, in one embodiment, one, two or three groups selected from alkoxy, halo,
alkyl and alkylsulfonyl. In one embodiment, R! is optionally substituted with one or two
substituents selected from methoxy, chloro, bromo, fluoro, methyl and methylsulfonyl.
[26} In other embodiments, R' is 2-methoxyphenyl, benzyl, 3-chiorobenzyl, 4-
chlorobenzyl, 3,4-dichlorobenzyl, 3,5-dichlorobenzyl, 3-fluorobenzyl, 3-bromobenzyl, 3-
methylbenzyl, 4-methylsulfonylbenzyl, 3-methoxybenzyl, naphthylmethyl, 3-
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[25] In one embodiment, Rl is phenyl, benzyl, naphthylmethyl, quinolylmethyl, benzofurylmethyl,
benzothienylmethyl, furylmethyl or thienylmethyl, optionally substituted with one or more, in one
embodiment, one, two or three groups selected from alkoxy, halo, alkyl and alkylsulfonyl. In one
embodiment, Rl is optionally substituted with one or two substituents selected from methoxy, chloro,
bromo, fluorcpuimelyimethgin2eguitelyiomhy [ Z6btnatfueylarathytlilrbaisoRidsyrrehtipkyphenyl, benzyl,
3-chlorobenz - rohenzyil. 3.4-dichlorobenzyl. 3,5-dichlargbenzyl, 3-flugraobenzyl
3-bromobenz%k%?ﬁr§é%ﬁ%—l q&%{/‘ﬁﬂ%ﬁ&%ﬁ% §r§}ﬁ%ﬂég-§}f‘,‘1§{ﬂrﬁét b@( péir??lﬂ #r?éﬁ%&rf} mig?ﬁyi, 3--5-
quinolylmethylnzedyirs!ynapii22ybthidlofurylmethyl, 2-benzothienylmethyl, 3- chlorothien-2-ylmethyl,

4-fluorobenzgshien-2-yimethys 2Sitpdmniy 1B EMRIGIIGEA: Yineivh A-boanRisZadethyl. [27]1n

one embodiment, RI is he_terpcgglyl. In certain embodiments, the heterocyclyl ring in Rl group is a 5 or
6 membered FREHRFSFICTHIgGR BnigiaWRgs12 3 Reforabriedkmereeychio fing cRpEEng Indcertain

embodimentshetAeiasQelidd e YR ISP iReEHR MBE dREGRY dreméedycl¢Blilg Gertain

embodiments, the &Qmpounds have formula Il: 0 o NH
group R’ 1s piperidinyl or tetrahydropyranyl.

[28] In certain embodiments, the compounds have formula I1:

o Q
¥
N )
o
o
(fn
RS , 1
129} wherein Y is C=O or CHy, and R’ is aryl or heteroaryl, optionally substituted
with one, two or three groups seleted from alkyl, halo, alkoxy, carboxy,
alkylaminocarbonyl, alkoxycarbonyl, nitro, amine, nitrile, haloalkyl, hydroxy, and
alkylsulfonyi; n; is 0-5, and the other variables are as described elsewhere herein.
[30] In one embodiment, Y is C=0. In another embodiment, Y is CH,.
[31] In one embodiment, n; is 0 or 1. In certain embodiments, R® is selected from
phenyl; naphthyl, furyl, thienyl, benzofuryl, benzothieny! and quinolyl, optionally
substituted with one or two groups selected from methyl, methoxy, chloro, fluoro, bromo
and methylsulfonyl. In other embodiments, R® is phenyl, 3-chloropheny), 4-chlorophenyl,
3,4-dichlorophenyl, 3,5-dichlorophenyl, 3-fluorophenyl, 3-bromophenyl, 3-methylphenyl,
4-methylsulfonylphenyl, 3-methoxyphenyl, naphthyl, 3-quinolyl, 2-quinolyl, 2-benzofuryl,
2-benzothienyl, 3-chlorothien-2-yl, 4-fluorobenzothien-2-yl, 2-furyl, 5-chlorothien-2-yl or
1-naphth-2-yl.
[32] In one embodiment, n; is 0 or 1. In certain embodiments, R’ is selected from
phenyl, benzyl, naphthyl, furyl, thienyl, benzofuryl, benzothienyl and quinolyl, optionally
substituted with one or two groups selected from methyl, methoxy, chloro, fluoro, bromo
and methylsulfonyl.

[33] In one embodiment, the compounds have formula I11



[29] wherein Y is C=0 or CH2, and R5 is aryl or heteroaryl, optionally substituted with one, two or three
groups seleted from alkyl, halo, alkoxy, carboxy, alkylaminocarbonyl, alkoxycarbonyl, nitro, amine,
nitrile, haloalkyl, hydroxy, and alkylsulfonyl; ni is 0-5, and the other variables are as described
elsewhere herein. [30] In one embodiment, Y is C=0. In another embodiment, Y is CH2. [31] In one
embodiment, nlis 0 or I. In certain embodiments fRPs selected from phenyl, naphthyl, furyl, thienyl,
benzofuryl, beraothienyl and quinolyl, optiogfal¥ bstitu ith one or two groups selected from
methyl, methoxy, chloro, fluoro, bromo and“wgettwisul . In other embodiments, R5 is phenyl,
3-chlorophenyl, 4-chlorophenyl, 3,4-dichloroghenyl, 3,5-dichlorophenyl, 3-fluorophenyl,
3-bromophenyl, 3-methylphenyl, 4-methylsglfonylphenyl, 3-methoxyphenyl, naphthyl, 3-quinolyl,
2-quinolyl, 2-benzofuryl, 2-benzothienyl, 3-ghlorothien-2-yl, 4-flugrobenzothien-2-yl, 2-furyl,
5-chlorothien-2-y1 or 1-naphth-2-yl. [32] In one embodiment, h,1s 0 or 1. In certain embodiments, R5
is selected frotreptiety asrabids ampsttedctied ellseerhgredenzofuryl, benzothienyl and quinolyl,
optionally su?ﬁﬁtuted with ﬁn&gg%%&mé&sysg@@j ?rpggl&%pg&mg%%y,\er&l%gﬁluoro, bromo and

methylsulfony I."[33] In one embodiment, the cso_mpounds have formula Il Rs, In wherein the
variables arel38ldescribedl® RrsmebediarataR13%11n one embodiment, Y is C=0. In another
embodiment, Y is CH2. ci

O_ﬂ\ CI/Q N Cj\@\j\ ::;::@35\ C,@é{‘

[36] Examples include, but are not limited to, those listed below, or a
pharmaceutically acceptable salt, solvate (e.g., hydrate), prodrug, clathrate, or stereoisomer

thereof:



1351In one embodiment, R5 is 1361Examples include, but are not limited to, those listed below, or a
pharmaceutically acceptable salt, solvate (e.g., hydrate), prodrug, clathrate, or sterecisomer thereof:
[38] In one embodiment, the compound is selected from
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and [39] As used herein, and unless otherwise specified, the term "pharmaceutically acceptable salt"
refers to salts prepared from pharmaceutically acceptable non-toxic acids, including inorganic acids
and organic acids. Suitable non-toxic acids include inorganic and organic acids such as, but not limited
to, acetic, alginic, anthranilic, benzenesulfonic, - 10- 0 0- benzoic, camphorsulfonic, citric,

ethenesulfonic, formic, furRrig, furoic, gluconig, ut@mic, glucuropic,cgalacturonic, glycidic,
hydrobromic, hydr rgisethignic, Iac aleic, majic, L anesulfonic, mucic, nitric,
pamoic, pantothenicf phgenylacetic, IONfC, ho oric, % i Staarig=Ruccinic, sulfanilic, sulfuric,

i
tartaric acid, p‘tortrq[n%suﬁonic and trmqf% one embodiment, s ‘e, able are hydrochloric, hydrobromic,

phosphoric, and s#ifuric acids. 14Q1As u8ed herein, and,urﬂ'ess otherwise spegcified, the term "solvate"

means a compound that¥uither includes a stoichiometric or non-stogcometric amount of solvent
bound by non-covalépt. ecular forces. W?e‘q%h;e solvfﬁ\w solvate is a hydrate.
s}
o

o o

0 0 b 2 GH H
AL o ods
~ o
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[411As used herein, and unless otherwise specified, the term "prodrug" means a derivative of a
compound that can hydrolyze, oxidize, or otherwise react under biological conditions (in vitro or in
vivo) to provide the compound. Examples of prodrugs include, but are not limited to, compounds that
comprise biohydrolyzable moieties such as biohydrolyzable amides, biohydrolyzable esters,
biohydrolyzable carbamgtes, lﬂiohydrolyzable carpogates, biohydrolyzalgleaugeides, and

biohydrolyzable phdspl natagues. Oth 9 0(1; prodrug @ & gofpounds that comprise
-NO, -NO2, -ONO, oro-O NO2 moieti @ Qd ) Ically be prepared using well-known methods,
such as those d ibed in Burger 's Megisipal CRemistry ang-L Discovery, 172-178, 949-982

(Manfred E. Weltréd., 5th ed. 1995), and Bundgaard ed,, Elselvier, New York

1985). 1421As used her inﬁ and unless otherwisg %ified, the terms "biohydrolyzable carbamate,”
"biohydrolyzable te.k 'ibiohydrolyza r%?ga "biohydrolyzable phosphate " mean a
carbamate, carborfatéy, ureide and phosphatel ré§pectively, of a compound that either: 1) does not
. ! q O . o ©

interfere with lological activity of@’c‘ompound but can confer upon that compound
advantageous properties in vivogsuci™as uptake, duration of action, or onset of action; or 2) is
biologically inactive but is converted in vivo to the biologically active compound. Examples of

biohydrolyzab¥8lcarbamatbsdnelkidbedimeante thotimpeehtol scatbateddiesthat include lower alkylamine,

substituted ethylenediamine, aminoacid, hydroxyalkyla irLe, heterocyclic and heteroaromatic amine,
and polyether amine moieties. [ {i%};id heret %@ otherwi %Sied’ the term
"stereoisomer” encompas ntiogagrical e ricall re 3 o

nri [441As used herein and

I
enantiomerically/stereomerigally’e dco .
unless otherwise indicated, e term "stereomefically pure" mean$¥composition that comprises one
stereoisomer of a compound and is substantially free of other stereocisomers of that compound. For
substantially free of the opposit

ntjomer of th M stereom @ .
compound having two chir, gﬁr%%g substanftialty fre other diasteréoniers ©
P

A typical stereomerically p comptt greater than abotit.8Qg y weight of one
stereoisomer of the ouhd and less than t 20% by weight of stereoisomers of the
compound, greater than about 90% by weight of one stereocisomer of the compound and less than
about 10% by weight of the otlgerostereoisomers of the compound, greater than about 95% by weight

of one stereoisomer of tha.cofipoyngl and less than abouf5%, by weight of the othep stergoisomers of
the compound, ter tby weight @ gréoispsser of the -@ A akdJess than
about 3% by We% other stereoisom% ompournd, greao t 98%t"by weight of
one stereoisomer o 8mpound and less tha Ut 2% by weight r stereoisomers of the
compound or greater than about 99% by weight of one stereocisomer of the compound and less than
about 1% by weight of the other stereocisomers of the compound. [45] As used her'n ng unless

otherwise indicated, the tef te;eomericalLy enriched rises greater
than about 55% by oj 118 e eoisamer offayo
one stereoiso f a~gompouer great Dy

weight of
weight of one s [semer of a compound.~{48] As used he 3
term "enantiomerically pure” means a stereomerically pure composition of a compound having one
chiral center. Similarly, the term "enantiomerically enrichegd" means a stereomerically enriched

As d herein, and unless otherwise
ched hydrocarbon having a

Ito 6, or 1 to 3 carbon atoms. Representative saturgted straight chain alkyls include -methyl, -ethyl,

-npropyl, -n-butyl, -n-pentyl, and -n-hex§dwhile saturated branched alkyls include - isopropyl,

-sec-butyl, -isobutyl, -tert-butyl, -isopentyl, 2-methylbutyl, 3-methylbutyl, 2- methylpentyl,
3-methylpentjdgfi-methylpatubed-Repsty ekuhisserhoiisx¥hedified, the term “pharmaceutically

acceptable salt” refers to salts prepared from pharmaceutically acceptable non-toxic acids,

including inorganic acids and organic acids. Suitable non-toxic acids include inorganic and

organic acids such as, but not limited to, acetic, alginic, anthranilic, benzenesulfonic,
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methylhexyl, 5-methylhexyl, 2,3-dimethylbutyl, and the like. The term "alkyl" also encompasses
cycloalkyl. [48] As used herein, alkenyl refers to a straight chain or branched hydrocarbon containing
one or more double bonds. Exemplary alkenyl carbon chains contain from 2 to 20 carbons, and in
certain embodiments, contain 1 to 8 double bonds, and the alkenyl carbon chains of 2 to 16 carbons,
in certain emizEndivive nésnpamsalfotito Gtdoudstetmsntfeni¢dfirAtcy Sedanier dimpaikglugbnaders to a straight

20 carbons. R A oM et ey e e S S o

16 carbons, Madekaimakieabrdidabaimatbinesklfonicomuple. binidspamzeinpanrotikeiaypagnylareiieyl groups
herein i“C'Udﬁ&%@é%@&ﬂ%ﬁ@%ﬁc?fﬁ?%ﬂé?ﬁ%ﬁﬂ&%@&iﬁ&%@&i@ﬁ%@Qc?d]%hexy”e- AS

used herein, lower alkyl, lower alkenyl, and lower alkynyl refer to carbon chains having from about 1 or
about 2 carbiiucassiiapicsnd belikssinong pratedinans sriablsrehvdsoshieic bxdpRrames, the term
“cycloalkyl" rpRadmerRPasdes@Fakidciglich is cyclic and contains from 3to 15, 3t09,3t0 6, 0or 3to 5

carbon atomi ithout alternatinﬁ or resonating double bonds between carbon atoms. It may contain
from 1 to 4 ri agéfj ExamplesSdanGEnt %@%ﬁ&&%@ﬂﬁ%ﬁ?&&‘,fﬁ&a e 1RER iR e o ™SR bropy/,

cyclobutyl, cyompent tleptdioitexyhdimnitadamizhiymérkzyctamikdtoiehi diresub atindadofibi cane or more

substituents. j sqme mbodimenis. s cueioaliubmay e aeygloaliol tuedainand freleroany
groups. [51] As used hereinm and unless otherwise specified, the term "heterbcycloalkyl " means a
cycloalkyl in frdtteone or more carbon atoms are replaced by heteroatoms such as, but not limited to,

N, 5, and 0. IZPImee embodimet et A LIPENRIQAINL AL RFAHBN BRI RS Ba:2 1elfls2 10 8,2 10

7,210 5, or 2 to 4 carbon atoms. In some embodiments, a heterocycloalkyl may be a heterocycloalkyl

fused with ar§fBrabie RSz ruRupd. tiatgandydedy e @nidiate eeathenriae FRedtedethiviseidlc aromatic
ring containing{eeidm @k ek MANS) 6B RhSuRa DREMAITea I SHidHaa e M dearen

atoms. Aryl ring stryctures include comp%énds ha,ving one,or m%réf ring structures such as mono-, bi-,
§

or tricyclic cofFpRRIHHRILRd (e FOREROUATS AL SOrRRMISS RIRHAR RIS TIRAISE B8 A
tetrahydronapiuhydmivkibe ikeid&spbiitigdiylytablanstgo bjphydyobeabhacabamatespr tricyclic ring.

Representatiye aryl groups include phenyl, anthracenyl, fluorenyl. indenyl. azulenyl, phenanthrenyl
et ist et b It cl S S e i
system, in ceatgilogredh ddihee aremyfieholpodoighowidds noenpbendsthareconsisy MNOteNO20ne

embodiment | t oms: in thegdi i A \emen an
carbon, incluél(lgr%I ’l:atiﬁot irﬁi'{ye@%g%%itg)}ggﬁgg%w é%%gzrﬂ s%l%ér) T eﬁ%?é?g%rgﬁ 1gie-roup mtle%%%rd%tionally

fused to a bettdris Hhage deawibedyndiviass inMediensliCareiopismddrug RisgpventdaZy78ndolinyl,

pyrrolidinyl, pygsroginsdatrarelyiviesy); iyl mayoluh Nengd v Pro@ibsqeinplinybadd ed.,

|soqumoI|nyI.é?él@igzs\%qvf?gfﬂ,g"s%%terocyclyl" refers to a monocyclic or multicyclic non-
[42] As used herein, and unless otherwise specified, the terms “biohydrolyzable
carbamate,” “biohydrolyzable carbonate,” “biohydrolyzable ureide” and “biohydrolyzable
phosphate ” mean a carbamate, carbonate, ureide and phosphate, respectively, of a
compound that either: 1) does not interfere with the biological activity of the compound but
can confer upon that compound advantageous properties in vivo, such as uptake, duration of
action, or onset of action; or 2) is biologically inactive but is converted in vivo to the
biologically active compound. Examples of biohydrolyzable carbamates include, but are
not limited to, carbamates that include lower alkylamine, substituted ethylenediamine,
aminoacid, hydroxyalkylamine, heterocyclic and heteroaromatic amine, and polyether
amine moieties.
[43] As used herein, and unless otherwise specified, the term “stereoisomer”
encompasses all enantiomerically/stereomerically pure and enantiomerically/stereomerically

enriched compounds provided herein.
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aromatic ring system, in one embodiment of 3 to 10 members, in another embodiment of 4 to 7
members, in a further embodiment of 5 to 6 members, where one or more, in certain embodiments, 1
to 3, of the atoms in the ring system is a heteroatom, that is, an element other than carbon, including
but not limited to, nitrogen, oxygen or sulfur. In embodiments where the heteroatom(s) is(are) nitrogen,
the nitrogen [$4dptionally subssitd tecteiritimd kiyiesd othrrlvabymlibatey) teteradiybreomlémytaligteroaralkyl,

cycloalky!, hRIGIOREl, CYSARIRIOEIRYERI LGS T U0t g gpen may be

quatemized to form an anunohium group where the substituents are selec ove. [551As used

herein, "araligypstaitipdlydan ef I@ﬁg’rﬁi@{ﬂﬂiﬁmm‘h dribabtomphyaidodion exampis ktblereditgetisadplaced by
an aryl grougy o8 A5 srRA BELRIBmRRIRI AataHYdnERiRrsI et Al SEQUBsIANRIG RS Ahihe

hydrogen atoms of the alkyl is replaced by a heteroaryl group. [57] As used herein,
"alkylaminoc8PBOH{A crantiamer ofohs compewdd crhRtrEeamerisalN Biee JomBrsitian oha crmamefkin,

"dialkylaminegathebyb el iaEONTOR savwhichill ard BratReindanendasly diad. doslpsling. lower
alkyl; "carboxamide" refers to groups of formula -NR'COR in which R' and R ebre independently alkyl,

including low@r G stgrspmerically purscamponn COmpALAH SR B 2Pt A0 5 B5NERRIn which R
is aryl, including srvéaisamt: sfchecaspipenyd 408 14s tiapdbuancdds bala'sighatdgeieror "halide” refers to
F, CI, Bror . [60]Where the number of gny given,substit iS,not ified (e.q., "haloalkyl"), there
may be one (?){refnolrséJ v Ss?gﬁ%en‘fgr%}r)gls%%’t.gégeéggﬁp%?%%}g%wgnéi ?rﬁ: ﬂ%g%or’ﬁ%isgrm rﬁ%‘%@ of the

same or diffethertduapogahsnd ks thehebhbE0otodutighifafthedther diswmepamers bétheen a depicted

structure compound, greater than about 95% by weight of one stereoisomer of the compound and less

than about 5% by weight of the other stereoisomers of the compound, greater than about
97% by weight of one stereoisomer of the compound and less than about 3% by weight of
the other sterecisomers of the compound, greater than about 98% by weight of one
stereoisomer of the compound and less than about 2% by weight of the other sterecisomers
of the compound or greater than about 99% by weight of one stereoisomer of the compound
and less than about 1% by weight of the other stereoisomers of the compound.

[45] As used herein and unless otherwise indicated, the term “stereomerically
enriched” means a composition that comprises greater than about 55% by weight of one
stereoisomer of a compound, greater than about 60% by weight of one stereoisomer of a
compound, greater than about 70% by weight, or greater than about 80% by weight of one
stereoisomer of a compound.

[46] As used herein, and unless otherwise indicated, the term “enantiomerically
pure” means a stereomerically pure composition of a compound having one chiral center.
Similarly, the term "enantiomerically enriched" means a stereomerically enriched
composition of a compound having one chiral center.

[47] As used herein, and unless otherwise indicated, the term “alkyl” refers to a
saturated straight chain or branched hydrocarbon having a number of carbon atoms as
specified herein. In some embodiments, alkyl groups have 1 to 15, 1t0 10, 1 to6,0r 1 to 3
carbon atoms. Representative saturated straight chain alkyls include -methyl, -ethyl, -n-
propyl, -n-butyl, -n-pentyl, and -n-hexyl; while saturated branched alkyls include -
isopropyl, -sec-butyl, -isobutyl, -tert-butyl, -isopentyl, 2-methylbutyl, 3-methylbutyl, 2-
methylpentyl, 3-methylpentyl, 4-methylpentyl, 2-methylhexyl, 3-methylhexyl, 4-



and a name given to that structure, the depicted structure is to be accorded more weight. In addition, if
the stereochemistry of a structure or a portion of a structure is not indicated with, for example, bold or
dashed lines, the structure or portion of the structure is to be interpreted as encompassing all
stereoisomers of it. 4.2 METHODS OF TREATMENT, PREVENTION AND MANAGEMENT

[62] Providedrhettgithard ietietgdhak e aiBrdinpethyddinh) aaddherl ikandiengruatidky Udsases or
disorders using,.a compoun vided herein, or a pharmaceutically acceptable salt, solvate (e.g.,
hydrate), pro%}%%?g?ast %"I eaé%ﬁg%reoisomer thereof. 1631Examples of diseases or disorders include,

but are not lifd8&d to, canchs udeddrengin, atirsoibrelwtthaaritsiahe neaisopbianghsd dirdyoparbaot limited to,
Complex RegignahbRitrderRasusR Bohds! 1P aARGIAaR M RihaEEla s ydromes,

skin diseases, pulmonary disorders, asbestos-related disorders, parasitic diseases, inmunodeficiency

disorders, CN& &isitfe ARddNESTiAjDSFoRadEmsatte FOBIIR At o Sweb e dorder and g adesdlal sleep and
related disordgrseheRanalebmePrRyrBakk slaiatheisoneeam e, ieania) i Nesubpdaiegdisorders, and

other various_djseases and disorders. [64%As used herein, and upless qtherwise specified, the terms

"treat,” "treatfig} and "treaftNERTe MERSI otk EnsT ABTER0 7 SHAISRY IR OR UrAch RN 8Brder, or of
one or more syniiiangoassoa@edripldhbhelsliseisayircdiboretails o fiain 2roldidiaibots, the terms

refer to minimizing the,spread or worsenin t isease ar.disgrder.resulting from the administration
O one-or mode At (iR S AR LIS B B e S T o B e o
used herein, carlass,ctheamidzeespediiechtth eotasam Towe énphgbaader Exsnidarne atkeeylt anidh or

administratiogyof & compaund.RIvirlee herein. wiliasithiodhaieadsiionataglive rerapound, prior

to the onset of Symptoms, particularly td patients at risk of cancer and/or other disorders described

herein. The t@efiYIgreadthexY e Adased dsrmimbiloreorliedulenss dkensyrapddaer aleypatfieisrar
disease. Patignts pithdamitahbistorsaf AslisearaiBnartisHiahaip Pitaéefiimireventive regimens

in certain embodiments. In addition, patients who have a history. of recurring symptoms are also

potential cand@htes for thé*DHSGE HEERIN AN I eAtemasR PRSI ARt M AR INE BISART eably
used with theatgssigupaiylasitcieatngittandathtsny sead®eing ang entersatiawiSecaneeified, the
terms "manage,” "managing’ and."management" refer to preventing or sjowing the progression,
Spread or wo §%’Hﬁﬁé’”§€§‘&%§§%¥‘8§ did 88??‘8?65 3?’1{3 %‘ﬁ%n%%} évfmnpf(a)ér%{s”}ﬁerré]gf. iIjtnnrtl:%eyrtain cases,
the beneficiakeffatdittwat latsdbjegs. dExzeplrenf ansnbplityizdticy dothierhpedida denagannot result in a

f the di ' 6 d ' t ' ifi ) ticall
cure ot the 'ﬁ%ﬁ?e%%,%fﬁf&?éﬁéﬂﬁébﬁﬁﬁ, QS{%&@H%@W&%@%&&E& fied a15apkgpeutically

effective amount” of a'c IS"an amount sufficiént to provi erapeufic benetit in the

treatment or mar&gsHrsHEwEbVibesob PeEsovastivents d Mespoe simhadizacstie ot yelopdkyl may
be a cycloalkyl fused with aryl or heteroaryl groups.

[51] As used hereinm and unless otherwise specified, the term “heterocycloalky!”
means a cycloalkyl in which one or more carbon atoms are replaced by heteroatoms such as,
but not limited to, N, §, and O. In some embodiments, a heterocycloalky! group contains
contains from 2 to 14,2 t0 8,210 7, 2 t0 5, or 2 to 4 carbon atoms. In some embodiments, a
heterocycloalkyl may be a heterocycloalkyl fused with ary! or heteroaryl groups.

[52] As used herein, the term “ary]” means a carbocyclic aromatic ring containing
from 5 to 14 ring atoms. The ring atoms of a carbocyclic aryl group are all carbon atoms.
Aryl ring structures include compounds having one or more ring structures such as mono-,
bi-, or tricyclic compounds as well as benzo-fused carbocyclic moieties such as 5,6,7,8-
tetrahydronaphthy! and the like. Specifically, the aryl group may be a mono- , bi-, or
tricyclic ring. Representative aryl groups include phenyl, anthracenyl, fluorenyl, indenyl,
azulenyl, phenanthrenyl and naphthyl.

[53] As used herein, "heteroaryl” refers to a monocyclic or multicyclic aromatic

ring system, in certain embodiments, of about 5 to about 15 members where one or more, in
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symptoms associated with the disease or disorder. A therapeutically effective amount of a compound
means an amount of therapeutic agent, alone or in combination with other therapies, which provides a
therapeutic benefit in the treatment or management of the disease or disorder. The term
"therapeutically effective amount" can encompass an amount that improves overall therapy, reduces
or avoids synoptamnbatinfusesol dif dasaondisdid eihoiamice hdhecdiena rhatic, afiekeyent another
therapewtic aggnt. JSLASosd gren Aad.niess hetnise specifisd, a proptiylagically gffective
amount" of a compound IS an AmouUNt SUICIENtIo it o7 Feduce & syrrnplfom‘o a disease-or to
prevent recugashpesiyabdiephemalix presdiylabioatiyeaifectibietarpayh gofupcheipderidinasams an amount
of therapeutig; a ' inal :ﬂ ;. age %,1 ' }I/IL icbenefit
oL e e OB R
"prophylacticBijreifkdvacmymtolehwinebinyband ispaainelinrkhat improves overall prophylaxis or

enhances thggypphylactic gficaenatanotearfraniylagticag anho k8] ExAsPRIaRiS) QRNRes-and
precancerous condijtions include, but are not limited to, those described in U.S. patent nos. 6,281,230

and 5,635,515 0 GIRAEDETh Pansurmbodiment ot HimbhRanenbets- 28 Rrethre rmhegimssicston nos.
2004/0220144N1mpuibisd énl ANDybsikerdaidd (TerifrihtidMy alneysnlasienoy) draaedin
2004/0029832 blished February 12, 2004 (Treatment of Various Types of Cancer); and
Po04/006 7B T 5 O B e e o A R O B s e ieietiog also
@nclude thos@@%g&h@e&h@%@@@ﬂﬁ&bﬁﬂﬁﬁ, 1puhﬁéhemibegqpbky®p2ﬁ%mﬂ dhthm@edﬂﬁemoes are
incorporated hareinyp ﬂi@%&%ﬁ%ﬁ%&ﬁ?g%égﬁf&&%@ﬁ?mém ﬁ%rg'o ‘gﬁ&%‘@%ﬁ&iﬁ@@&%&ﬂ%@’ﬁ’ but are

not limited to, cancers of the skin,su S melanoma; lymp Sst; cervix; uterus;

gastrointestirdikeryds allsaylo eery heteroritd; wellnt. heterorratkolitey dealkyhdaraarchdck; throat; testes;
dney: panciassdiensiShi Bt lAdclsJa dnsabpassasegaAT R Sualitkeapcers. The

compounds are also use uf,for treating cancers of the blood and bone marrow, such as multiple

myeloma and AR AFEPERIBRSTRMREPFLSthe SERSHHARS HrisiRatdsebayRIogenous, lymphocytic,

and myelocytjsgpukemias. A esed hepeiuNtisakoViderher ain LRA Reoup e FHidIEaINGE Preventing or

managing either, primary or astatic tumars. 171]0ther, specific cancers include, but are not limited

to, advancednrﬁ%#g%%r?@éﬁ%r%o?&?&i,I%Iée@%ﬁéi’éﬁ?a%gﬁ?ﬁ&oma, hemangiopericytoma, multiple

brain metastd$6] glioblastofsased hfcyims hgtrybiasiioriae fesimste ailyli @rappoeriichgmesif thealignant

brain tumor, ' ' \ ren i Ij lastic astrocytoma, anaplastic
A8 ST RO, IR o,

oligodendrogliotna; neuroendocrine r a, Dukes C & D colorectal cancer,

tutresectable Bdlorectal cardirestbherrina et anipacetulnib refsi v ORGP dnsvddebdhia, karotype
acute mye|9bm§19il?dﬂf&%‘g%ﬁlef%k9ﬂym9li§éaﬂ&é%k@@lﬁ;ﬁ%h)méﬂﬂﬁﬂi?ﬁ'?e‘ﬁé?&ﬁ@%@ NR'R
non-Hodgkin's lymphoma, cutaneous T-Cell lymphoma, cutaneous B-Cell lymphoma, diffuse large
B-Cell lymphdPndMigRoraddreTrdifleP YR AR Inicluting lowentlvh (GEansaridfeisiemte
including, butgheigiaitesriulacRIORanwhith Riakgreaenekphrkamaanodlignadipelrateffusion
mesothelioma i}l drome, peritoneal carcinoma, papillary serous carcinoma, gynecologic sarcoma, soft
tissue sarcorﬁ%, cleroderma, cutaneous vasculitis, Langerhans cell histiocytosis, leiomyosarcoma,
fibrodysplasia{i&]sificahs prbg ress varehyayheniefractony Prostasa c 0@@)NidRaatediblgR-ssiad oft
tissue sarco e arcinoma, Waldenstrom's macroglobulinemia

] : ; !

e R

smoldering myeloma; indolen opian tube cancer, androgen independent prostate cancer,

androgen dedé&®Hent stagedsusehberetastbale praviagsprcdialidsrmeises tesBrishibe prdstate cancer,
chemotherapyggjsensitive RiggiateCameBer RERNIAR Y EI GREHNTG. dpllisslarthyroid carcinoma,

medullary thyroid carcinoma, and leiomyoma. In a specific embodiment, the cancer is meEastatic. In
another embolfH@lity e RECBRIDRAIPABRINBF FULRIARE RICHBIMEMersayRIs el ! 2¥ In one
embodiment, ipehudd eader aiorarss fhe daatsop iffatinchddsgeaanting or managing various forms of
leukemias su s chronic | tic le ia,,chranic myelocytic,leukemia, acute lymphoblastic
leukemia, aaf?e' yeIogenéﬁgﬁigén?gtanﬁg:ﬁ%’%ey@% %{F@ @ﬁ%&’ﬁ%ﬁ?‘?ﬂ&&&ﬁ%&‘?& t4§ that are
relapsed, refra@wympwg@gam,tm stismkpsgdﬁn dg;ﬁ;t;;httﬁcaﬁmnimm B@@&Gﬁﬁﬂﬁﬁd:epuﬁibhheﬂm
February 9. 2004 ieihie JROSONAIREy 12 fRIER B BIRIRAGR o LALEE efR iokikapyar refers

malignant neoplasms of the blood-formihg tissues. The leukemia inclu ut is not limited to, chronic
lymphocytic I¥iReAsacrardic holdas dosherblinesibe seuraugoppOIbREE et Navstursisurbmyelogenous
leukemia and;gepirRtygieestipdaike aiatbsdaukamnigcan be relapsed, refractory or resistant to
conventional therapy. The term "relapsed" refers to a situation where patients who have had a
remission of leukemia after therapy have a return of leukemia cells in the marrow and a decrease in
normal blood cells. The term "refractory or resistant™ défers to a circumstance where patients, even
after intensive treatment, have residual leukemia cells in their marrow. [74] In another embodiment,
provided herein are methods of treating, preventing or managing various types of lymphomas,
including Non-Hodgkin's lymphoma (NHL). The term "lymphoma" refers a heterogenous group of
neoplasms arising in the



reticuloendothelial and lymphatic systems. "NHL" refers to malignant monoclonal proliferation of
lymphoid cells in sites of the immune system, including lymph nodes, bone marrow, spleen, liver and
gastrointestinal tract. Examples of NHL include, but are not limited to, mantle cell ymphoma (MCL),
lymphocytic lymphoma of intermediate differentiation, intermediate lymphocytic lymphoma (ILL),

diffuse poorly differg i MECIHONOOR T RMYIPIEN R PRESENIHNC ANIphana diinMeNmall-cleaved
cell lympho SCCL), folliculatr lymphoma, and,any type of the mantle cell lymphomas that can be
seen underr&%ei icroscop@?ﬁbéﬁélﬁ%f?fﬂfﬁrge’?ﬁ%% %ﬁ%gﬂgﬁtl@r%%l%‘?ﬁﬁéﬁ%. K1 xamples of
diseases anovalirnidtissaassor iibeederi usine charapimriziptbyided iesiietbangiegemesisicatiiide, but are
not limited to, inflammatory diseases, auteinunune dise iral diseases, genetic giseases, allergic
diseases, ba%fg?%fl %3%’@52%%5?&%’3&%%&5{ %‘ligue%isggg?ﬁé ¥8i8f05§3 rnegf)s\(/)g}s%l}%r%ﬁgeases, retina
neovascular l:ﬁé_bases, an&mmgﬂ_d@@méimﬁm mnéiahg!_@}cSp&ﬁﬁtmmf@f the
diseases andlisQiersasREA Willo ple0R RaIR AN U GR R ARG IRORERIRInClude, but are

not limited to, arthritis, endometriosis, Crohn's disease, hear ’fallurg‘, advanced heart failure, renal
impairment, &sgioaldiain SiodroamCic Bl MasHarderaenataion trdtinis dehiriatics YRAmRS;
melr)ingitis, si&m—mg&%@ﬁ ﬁlﬂf@&firﬁ&ﬁ%ﬂ@ﬁﬁiaﬂ&&&%ﬂ&@&iﬁl@é@km&@%}ém@@gasgs{ _ _
malignancy-associated_hypercalcemia, stroke, circulatory shock, periodontitis, gingivitis, macrocytic
anemia, refrd@?ﬂ’r&}“ﬁﬂ%ﬂ‘ffﬁf‘%@%"dg&a&aﬁ %ﬁsm’e&ﬁ§6‘]ﬂ% Iﬁ%@ﬁ%ﬁﬁ?i 8% %t are not
limited to thogéseldsey;desfindtonalpséeplapd bélaadibai stnd QORI 2ol ahddeBoatember 15,

2005, which ig Jncprorated. foreln Pcre erencey shacilic ipss,of pain N slude, Out e polimited to
nociceptive pain, NEUrGPAtAIC Paifi, MIXed pam of nocicepiive and neuropathic pam, visceral pain,
migraine, hedéélche and péstuspeiatiio, pathunzs] Erkerwpie spekciftasicthstivansdinaaiciideatogare not

limited to, P_a%ésﬁ%lﬂx‘ééi’w%lﬁ!&%@% AEAREHBRLRRIRR A RHES L BRSK b, CAMYEIONS OF thi SKIN,
osteoarthritis, rheumatoid arthritis, tendonitis, and myofascial pain. [78] Examg_les of neuropathic pain

include, but dFETGYIRIGESESSCHRPS il haokpseRsdisord e IBsTfHb R BISHEHETDS, reflex

neurovasculaygysy %Hﬂn{ﬁﬂgm{i\@f&ﬂ% wyrsRahesicalydaiiaipgtRaik RYARransalgia,
Sudeck atrophy of bone, al oneurodystroph}/’, shoulder hand syndrome, post-traumatic dystrophy,
SAbR Ay

trigeminal neATHNISIBHERIE QRELRr MRATFRERMELTES CFhARAP B SRFAR ISR THNS algia,
chronic fatigugissyselsedieargeinal cord injury pain, central post-stroke pain, radiculopathy, diabetic
neuropathy, -stroke pajn, luetic neuropathy, and other painful neuropathic conditions sych as
those induce%8§\£ drugs suéﬁ ‘ésseéin%rﬁgﬁr?g%ﬁs \t/%ﬁg‘é"cfg.s}ﬁ%?ﬁnéjﬁ%eﬁ Wgrgfﬁ?l céu}%rrﬁes,qré'o?nplex
regional pain thyncoment @R @&Md%%@@m&iﬂ@@@m@k@t&hﬂrm& oh Wmﬂ@sorder
Chafade””‘?'a? E%Picﬁ@ﬁo%éﬁﬁn@mw&ﬁé‘&s‘é@@%ﬁaﬁﬂ@%ﬂ, URidiPRkatknRciARg

y.
allodynia (pain u1 response to a stimul at is not usually painful) and hyperalgesia (exaggerated

response to PEgRMORIERAAK iethes dingrdens desrtibadharem: phbs R [PIEpRHpRrABHAE e inciting
event (e.9., YGHHBbAMSEA RIS ShpiRicotRRaipdniegianataal) haldsidnmiadito mskgle
peripheral nerve distribution; and autonomjc dysregulation (e.g., edema, alteration in plood flow and
hyperhidrosisyEsSt5esta RATH GBI SendidatidaERIE U RE FRIFBRRh SOABHSTRROMSAE c(Raneous
ulceration). [g8¢iGxappiraMIDIARE Jdisted sYretoriag yalpdendarcaiomittiniad datalitacse
described in UL.S, patent publicatign no. 2004/0091455, published May 13, 2004 ich is,incorporated
herein by refePér%%eP§5%%W€ 'e?%%’bﬁé%g?rﬁ%l%céfeorﬁfg’rrg‘%&%?rﬁﬁfgé? "(og,xa r%ﬁ%l}f%%qxﬂﬁf %)‘("G aﬁve
(wet) MD, ag¢hectated praphylepacyet&Rivt);’ choroidal neovascularisation (CNVM), retinal pigment
epithelium de ment (P I | ithedi xamples of skin
diieases incltggg,1 but ar(e % H%@%%%f&%ﬁ%%ﬁ%gﬁg i %f%éﬁ?&n%gﬂ%%SAl,
published SepetpgingdarbimanasrRaatiTefipir AIEUCABRE R 1Iawiagdhe Progsesine SPARABIS include,
but are not linyjtaekitnkefalasasand dRIGES, DIBPENNSr MidreUipRpRRAhEHSS dR Srhanasiarzed with

overgrowths of the epidermis, acne, and wrinkles. [82] As used herein, the term "keratosis" refers to
any lesion ontPeRsitieirhedtrriskeat 5Hpiech AsTvGe &rom - PIRREXRGEE YVEREBIIS B ENBPhy layer,
including but peultmitedue actinclisesséasidissedenrheic keratosis, keratoacanthoma, keratosis
follicularis (Dagigr disease),.inverted fallicular keratosis, palmoplaptar ke todermalfiPP lieratosis
paimatis et pltarie). KeralSoIH B AT HGD PLuSS Halichrs oqarewacaty el 0
senile keratosisickatiwfSisempitiend & ancarsentiisi fbiciant tepilty ido mihkeapeotisbseatdeithena or
keratoma. T gl PEPAHASIEHAIAI 315i8Re (e (LSRRl Belky KpthiniRiIR ¥ LuGhasal 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 ¥&ferred 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. [83]Examples of skin diseases or disorders
characterized with overgrowths of the epidermis include, but are not limited to, any conditions,
diseases or disorders marked by the presence of overgrowths of the epidermis, including but not
limited to, infectipomassenitied with (apillensa oddisordese Metckagiaitcasy sfirwid aaoumkisiat, warty

dyskerat WD), trichostasi inul TS throkeratod i bilis (EKV),.chthyosis fetali
(hariequin (CRRS oA SEon e R R Shd coORaP S e,
sgquamous cdﬁ@@wh@@nﬂi@stﬂh&apﬁ@ﬂ&%ﬁﬁiﬂﬂh&ﬁa&gﬁﬁﬁﬁhw@ﬁmﬁh& cutaneous
horn, COWdeHiQéE?@éFcﬁ%&‘ﬁ%ﬁ.'eﬁ%% Q%%rﬁrﬁ%ﬁ{gﬂ?f%fﬁe%%é‘téz’ﬁ%suﬁf"%%'r?%?cg{ﬁr%@%'ﬁ'z\l‘&ogﬁ'tderma'

nevus syndrome (ENS), ichthyosis vulgaris, uscum contagiostun, prurigo nodularis, an
acanthosis niBeldars Qe pvesdl breappl cedutes ansonids suvotamsanciusks, dfidisaesmior distrderto, those

described in 4. mBHRICARARR ARV RZIAP I b liShipdRE RGE 27, 2005, which is incorporated
I :

herein by reference. Specific examples include pulmonary hypertension and related disorders.

Examples of flmonary hyberesAdiess Bnapiraess qhsriiie spesifisd, sursehrlactisatycetetivtary
pulmonary hypeiiarrsidn (BRpbusecontans R RGNS RREE D siampiia BPHtispeadic

PPH; precapillary pulmonary hypertensjon; pulmonary arterial hypertension (PAH); pulmonayy artery
nypertension R FTRRGHSR hOSEr A Gh R RG FHEFAYS AREHUSAH S BPRT Dlexogenic
pulmo_nary a@maﬁ@mﬁmtzﬁﬁ ﬂmlrajmsﬁesgmlﬂ,\ﬁlpn&po hacyoﬂnjapmtﬁepsimh; cahuek pg&ms;nahjnhypertension
associated wifh, [&latedonoraeeandany iodlethusairieulardysiunetion Al xalvlar disease.
constrictive pericarditis, aortic stenosis, car |omyopatfr1l , mediastina ﬁb?os?s, ANoOMalous pulmonary
venous drainggeTerfefiagjseessoodutusive drophslactiealdy effestizigl amdissAsen coeerapissl dreart

disease, HIV s niaetiaBreliias. an 1| %%?%&ﬁ@%@&ﬁﬁpﬁﬂﬁ%@@ﬂi&@ SARGMSE.

pulmonary venous hypertension, chronic obstructive pulmonary disease, interstitial lung disease,
sleep-disordSFeRMIAGHRREEMiveolar hypoventilation disorder, chronic exposure to high altitude,

neonatal lunggyigease, alvpeialaptipnncislagircaitee el HisRRas itthre cnagriianigiterder,

chronic thromboembaqli, connective tissue disease, lupus including_systemic and cutaneouys lupus,
schistosomiat:‘,’i’st,g aF 6@13%‘(‘[3&1%8?&%’ B é%%g%ﬁ‘?étgiisﬂ%%ﬁ&%ﬁ 148 pprrous

asbestos-reldfes] pisartewslioalisce b e, lintlietidy pthdisatilesest @004/02 R 1gyblicatibiished
no.2005/010Q529, publjs 2,200 ich is jncorporated herel e. Spegcifi
h@) 4 Bsgﬁ%%gtg?g?org IgN c?!ﬂeﬁs ias 1IC %B'n%l ome); '%é?ggﬁ%ﬁgq p IS%CC?

. Ocre e{‘ .
examples include€, but at€ not limite ma, asbestosis; ma eurdl*effusion, benign

exudative eﬁﬁsmrpléarap%ﬁiremuﬁl\fmleﬁkm,Qﬁﬁmep}emélmﬂgﬁomidéhed
atelectasis, f'pfg'& W?ﬂeﬁﬂgm K USProliferative Diseases). Examples also include those

described in WO 2004/103274, published December 2, 2004. All of these references are
incorporated herein in their entireties by reference.

[70] Specific 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; rectum; mouth; brain; head and neck; throat; testes; kidney;
pancreas; bone; spleen; liver; bladder; larynx; nasal passages; and AIDS-related cancers.
The compounds are also useful 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.

[71] Other specific 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
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[86] Examples of parasitic diseases include, but are not limited to, those described in U.S. publication
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. fakifarium, P. ovale, P. vivax, P. malariae, L. donovari, L. infantum, L. aethiopica, L.
major, L. tropitigotemdfygliana, hel¥ralenRHS tinfon)Hekta BadbifialiciBosity MURESCE: toliolord@ivum, C.
cayetanensis, E. histolytica, |, belli, S mansonii, S. haematpbjum, Trypanosoma ssp.,, Toxoplasma
R Y o T R R L
as, but not linsiteeditia, Babtypiadoatd sn Radisiaisi € hnissriia wigionis i bsnphoBainieiile: sida | [QFILY; ytauxzoon
felis, Eimeria Hammondia ssp., and, Theijleria ., are also eneo ssed. Specific examples
incluce, but 21 oo AP B B B L B B,
meningoencepitaitilykphanitis diffuediarge, BriGedl isimhonypideprgiditesiellisolep briaphonegiclosporiasis,
microsporidiogig, dgfetiatimotis tYias R AReMeHAM IR AE EOIHAHS: 19 X06aUPRISIIIERINOSTS,
lymphatic filariasis, onchocerciasis, filariasis, schistosomiasis, and dermatitis caused by animal
schistosomedyignaptmaspibeliomam makismr alaves] affeigarmesetheliomasmdadelinmienss! those

described in \WafimRRliGRHMIaAPsekd(RaArZR3nti s, NuriphesAdmR A5 SRas s samples include, but
not limited to, adenosine deaminase deficiency, antibody deficiency with normal or elevated Igs,
ataxia-tenlangfeT IS SEANFARH SRS LS g gsahans o JH s KRNIt ey, 1g deficiency
with hyper-lg¥bigihgaasiobhaifdelepaesedgtedniicione yefracwiyadesiaienayosithdivsmakighseticular
dysgenesis, Nezelof syndrome, selective. 1gG subclass deficiency, ient hypogartunaglobulinemia
of infancy, Wi?scégﬁﬂfarﬁ%ﬁ%’??f&%ﬁ%ﬁ%@ﬁﬁ%@ aeﬁ%caeilﬁdﬁr?éﬁ%gh ?r%%gégi ’.‘ﬁ?{é’ gevere combined
immunodfafic?&ﬁ@gﬁg{&]immiﬂpmhieﬁmsmMemlmmg;mQae_ﬁal_jt)ﬁiwhtetbea;attmts,e_ described in
5. PUDlcataRiRfes MR R o R SRR WA ol B M3 POUBRIALERL AR ke

reference. Specific examples include, but are not limited to, include, but are not limited to, Amyotrophic
Lateral SclerG2RSeAIBpBNeRS- DSBS e PERIMESATRS RS MRS THie Pses M RATES Clerosis

other neuroiMERINRP GRS idisRIREMALNRRIAPHIRHR SHRKEME rHislaiaP aR S UERARLES Ihd

consciousness that occur over a short period of time, and atnnestic disorder, or discreet memory :
impairments t AR RR AR RisdBR I BPdRErt B FaPPRE RS ey etism IAaihRE AR OBBERL B ples of
CNS injuries aattéelatetmyagroniesisneitcie, dichtadnalinti@adisichose described in U.S. publication
no. 2006/0122228, published June 006, which,is, incorporated herein.by reference. Specific
examples nckiAb, bt are TV AR ER SRS 0 ERAE O SR RIS ORI bt are
not limited to,mairaging bratouinforysseCenidamyab suich iag whrotreuymaticoopain lmjkemnito chtdoiain injury,
diffuse axonabpiyty, NERMIBIE) <LARAHABH ROSL RAREHTSIR I9g,pnd
laceration, subgural he[natoma,fgpider 1a hgebni%gér%gﬁg)%st-’trgﬁégﬁz&%g%%gy?%%&%g\%g%%%e
state, complefeysichlapiioleipienis oxlyding lodemniab thalrrSciapdsb ArEratrenteaistdrd ayndrome,

Brown-Sequade SyQe HMe SapiBIlieha G YT 0504 s BIRELI 218 SURASO RsC Gl gauina
syndrome, neurogenic shock, spinal shock, altered level of consciousness, headache, nausea,

emesis, memBRPTBSERIEHD; Ha ERUERRI i A H515A%S vision, emotional lability, sleep disturbances,
irritability, inalpitdly to conceTlsadanhelauieaiiasseloshaxigialitpapment ofaBnBivedirfiaiingnd seizure.
[90] Other disgase or.disorders.include, but not limited.tq, vira, genetic, allergic, and autoimmune
ol S e R T R e R
syndrome, bmdesﬁﬁpﬁ%di@eawgg¢Vmﬁch&ﬁhdnmmmmm¢o@sgmmuﬂwmh¢amﬁc _
fibrosts, SeplicyoRbfastRRSIR-RILOIReRH: REMAGRAILS 0RGKCAFBP RAYARIRIN, POst ischemic

reperfusion injury, meningitis, psoriasis, fibrotic dise,zase, Cachexia, gra “host disease, graft
rejection, autGaRYeRkcaalidssany. il fsamidelinsady risr OB Bidionasherg patigntrerduiitisve

inflammatory-RAxakHiaeRs o MUMKAIA SEIRIOSISapY HAR IE ARHS SNEReM S HSnEN RS A5y

radiation damage, cancer, asthma, or hyperoxic alveolar injury. [91] Examples of atherosclerosis and
related condifIfET SR T BAL 998 Afiifte 41D 9B S B HRASIIEST RSTIANt) FRiFER IR GRS U 54899,
published Mawker2 pagemd) isheisaifecimensiatthatmignt) haeéaranne! keeifiaesasplesinsludewbut are
not limited to, ;}\jhforms of ciondiéi gsén\g%léﬁ'n na%thggl%celﬂlosislhincludiﬂg%ées nosjs after vascular
intervention stich as angioplagly. Stenting. atherectomy and gratmg . Ar 1o hE B¥ s RITLFTHREvention
are contemplatatianeging vierhud iypeasiof dppphoinths twidiing dodat adgkinlsdysyitems @iHL RS, but not
limited to, ren 0p SULaDR: I i us transluminal
coronary ang%pl)élla[g{ﬁ (Flg' Ki’ﬁc%lrotid pﬁ?ﬁ%ﬁ%%@%%ﬁ&ﬁ%ﬁ% gir%grl%sp?agsg?y ?’HI'?% coronary by-pass
grafting, angioplasty with stent implantation, peripheral percutaneous transluminal intervention of the
iliac, femoral or popliteal arteries, and surgical intervéftion using impregnated artificial grafts. The
following chart provides a listing of the major systemic arteries that may be in need of treatment, all of
which are contemplated herein:



[92] Examples of dysfunctional sleep and related syndromes include, but are not limited to, those
disclosed in U.S. publication no. 2005/0222209A1, published October 6, 2005, which is incorporated
herein by reference. Specific examples include, but are not limited to, snoring, sleep apnea, insomnia,
narcolepsy, restless leg syndrome, sleep terrors, sleep walking sleep eating, and dysfunctional sleep
associated withiehoendothelisbiogitahphantayeatarycHNdifigass ©hanigatuelagieakdr inflammatory
conditions, inclt?gf%fal‘t)%tnartelnot imited fo ional Pain Syndrome, chrqnic low back pain,

C lex R ;
Srpam AP |cﬁ?(l)f)é?hs§t,%%§?§sje '8?5?83%&?&%4‘,%&@7&@ ScrBfic

musculoskel&3
fatigue syndmuareywjspéral, hover, dnid gdstr paiestoiat draict. pErangsitisiof dkdpelindeshidiateatia,

postherpetic, i infl rodeqgenerative disarders. such arkinson's
Disease, Alzﬁ%?n%g%’%?%%gggﬁaﬁgﬁm%@%?g%&c FOS .s‘,°ni1‘{5ﬂf’$1%'%% erglst?ﬁﬁﬁngton's Disease,
bradykinesiadifiessiéatighiitgtepasdiato himphesiir hysephimsa (ibh )y diffuso oor fyatifiergnigpdeision;
defective lonGiaHREYREIRRIRIAIPISH), TaRbHAMAIRT ST BRI RAskuraljnstabilty:

hypokinetic disorders; Sénucleln disorders; multiple System afrophies: striatonigral degeneration:;

olivopontocelEBelemat DS Onirirar Kymbesmeand aror tae ol the sesntle aathlyaphpmenhaticatures:
Lewy body despastired adeathetagyslicsse eisd e RS CoMARPMNEIRa RS trHjHRaal

degeneration;_frontotempaqral dementig; amyloid pathology disarders, mild cognitive, impairment;
Alzheimer dirl[g%ge with p%ﬁ@B%%ﬂﬁ%ﬁ@gﬁ ?ﬂgéﬁﬁd?—ﬁ ResopAted va e glaateri B iiak-Hagashi

disease; SCAxRiafitnd angidyeiiesiataxiad-tinled sydieniadpatkifhonisamprikediscasesihyperkinetic

disorders; chqrea; ballismus: dystonia fremors; Amyotrophic Lateral Sclergsis (ALS); CNS trauma and

myoclonus. %I%‘]gé%ﬁ%ﬁq;é’%’ o eg[ffo% ﬁr%%%?%lr}% lé:lgflg%asuﬁ%o{? et%l?n(‘?ffﬁe es(,e Bt glraernot limited to,

those describ@@\iﬁﬁm@ é@@ﬂﬁ%tidmr@d%f@@@ﬁ@%wbﬁéhedm@r aoedew/hich is

incorporated #&%E%E?sl{}{ef&fﬁsf&ﬂ&%zéﬁﬁ%ff%%ﬁg@?%b%iﬁg%x%ri)?éﬁé?%é'Eli%%@mﬂf&‘ik‘??!%@”‘)pathy’
cells. 194

sickle cell anemia, and any other disorders related to the differentiation of CD34+ Examples

of TNFa relafsgogiaisdeithy  ghrragigrized byt unfndndsngiogengasdneiader by aosrbimiedigg WO
98/54170, bojhugftwhisbamennssporekac Resais indhe maotelinaieteleir meRurc pRAHiC examples

include, but are not limited to: endotoxemia or toxic, shock syndrome; cachexia; adult respiratory
distress syndYBRET BB P ITBI-dIo8S S8t R UL BT IROAT R AR S ETRIACROBu S Host
Reaction; cerelsdhgnatadiaginaitinaiinicidibrgigwibestbsantupedrmibnaty, wiatimanatdrsdscases;
reperfusion injury: myocardial infarction; stroke; circulatory.shock; rheumatojd arthritis; .Crolm's
disease: HIVIH PR A TS BRSR HSSRIE: S0 e SO R RO iR R Bponay i,
osteoarthritismpsoratic artmitsrafrdcteheasmiatiand doelignimmsptirasheck, septis, endotoxic shock,
graft versus qg} disease. il 6 Qi Toliga S uEGRLiS FON U yBUIRIG SRl 305 sevstemic

lupus erythromatosis, ENL in leprosy, HIV, AIDS, and opportunistic infections in AIDS; disorders such
as septic shoPReBEpicaRbioXEISR O dmhaupHsliedcosriERbsnd 52585 Whekdriacysatagshemic
reperfusion injetidin HRlRFReABYCOpaRGIRE Bljittiam MaRiRIis LeekaRinicangaRivepea bialure,

fibrotic disease, cachexia, ,graﬁ reAectjon, oncogenic or cancerous conditiogns, asthma, autoimmune
disease, radiaﬁ&s%%]?h%a% > BTGP BET G ROSITERIXF HIBRFWRBR R BAtHYISHEH PRSI Esed by
the herpes vilsadsche midcprjliopthatiss paiatopic dermatitis. 19511n other embodiments, the use of
compounds ided herein in various immunological applications, Le,, use qf compounds provided
herein in corﬁgiﬂaﬂon withglaxil/refl1 cnal |51r‘i’,c %%?Péﬁ‘(’gra% efngi?s,&ég&?%gr s&‘]%t\}é:r?f Katﬁ’o&’gaﬁ‘ grsﬁ??ﬁg f?ods and
manners of usitlothmmigad ontkepmalbletshentsmftheskibinatibsinithod thackine atecatthtéimplated herein,

a non-limitinq@mmﬁ_%ﬁ%& ?&ﬁ_ﬁajﬁﬁ?,%ﬂé?n%ﬁ%’h‘? Wihfls provided herein as vaccine adjuvants,

according to the administration regimens disclosed in U.S. Provisional Application No. 60/712,823,

filed Septemdé$l1, 2005, viirampehebnsurepathisaminglrde biterp Bytrinaited s GRBE&verdbodiments
also relate to (iR Y %65 Of, GRS MK ASSLPES (RBITH RIS HeR W HREUDasishaafiex prevent

cancer or infectious diseases, and other various uses of compounds provided herein, such as, but not
limited to, redlE TSR %Qeﬂaf&%ﬁ%ﬁfeﬁ'aﬁmﬁ&@a&m{gm@ﬁ%ﬁ?g@m%&%mm AfBeAGed herein,

or a pharmacsdgonallpdcteptableshsalter hand syndrome, post-traumatic dystrophy, trigeminal
neuralgia, post herpetic neuralgia, cancer related pain, phantom limb pain, fibromyalgia,

chronic fatigue syndrome, spinal cord injury pain, central post-stroke pain, radiculopathy,

-18 -



solvate, clathrate, stereocisomer or prodrug thereof, vary depending on factors such as: specific
indication to be treated, prevented, or managed; age and condition of a patient; and amount of second
active agent used, if any. Generally, a compound provided herein, or a pharmaceutically acceptable
salt, solvate, clathrate, stereoisomer or prodmg thereof, may be used in an amount of from about 0.1

mg to about Hidberig merciashypdstatdic: pdinsiediimacopybplionbbinaivamiel geudopanine amount
administered each.day of the freatment, prevention or management period), jn cycles (e.g., one week
on, one weelf%?é%l@rn ﬁl\s‘é%hgsm%ﬁsn %%a‘fci?lgcir’ga%ggsosr" 8%8?6‘3&%288{}8 e"sg% e of treatment,

prevention, offanagemenits inasthercemthedementsothpldosgioanl peifreyndibone"1“GR RS adndut 300
m, from about Qe g (288 AS0.Me- R ARAULLTIAL ARGHLAIRMY.fTo BPOYS 40 R 10 abou

100 mg, from about 0.1 mg to about 50 mg, from about’l mg to about g, front about 10 mg to

about 50 mg, & Hewinn pringdisther Sposianeul OnF sk inphedingaitndyno: ipginfuB SECOND
ACTIVE AGERESnstQd %tﬁﬁ’&‘ﬂ&%&ﬁ@ﬁgvmgiff&ﬁﬁﬁi?;ﬁ@h%@é%%%%ﬂ&&%?ﬁ@%éﬂ& fgolvate,
e

prodrug, clathrate, or stereoisomer thereof, can be combined with other pharmacologically active
compounds (A<SEBHHsLRAS Bt opty mldbnaaili:Ranibelis diprersaiRpae @ theiaribng

combinationsesay (w@rkyeyRetisticr!iyain ifedwainanémhipdy e BalyRes sindsses IphHiwers, and
conditions and sg(mé)torﬂs a\f)socia ed with such diseases, or.disorders. A compound provigded. herein, or
RFSEESE

gl FSE RS SRS (IS RAeR: AU S s BRI FoBin GG SREr GUETRRIRAR 0 work

a pharmaceutiC&ly/F&C
to alleviate adlerddlefaotsppedditads)hatscodstaindtonnthictiia clgas, (Gait wicknatirgsoy@8]One or

more Seconda%ﬁﬂi‘x%m%?g}ﬁf‘éﬁ&%?eg mgegg‘rig%% used in the methods and compositions provided

herein. Second active agents can arge m ules (e.g., proteins) or small molecules (e.qg.,
synthetic inorifthic, organdistalrs k) ardosirstdcdpmoiriadaphes atneybmitiétulthostive

agents includgRHbalenotslimitest B%xﬂ?r%%&?ﬂ&i%9496@%3§i%9%sﬁ¥m9§§59@€0ﬂl%ﬁﬁﬁ'§a' and

polyclonal antibodies.teSé)eciflc examples of the active agents are anti-CD40 monoclonal antibodies

(such as, for SXQFRprated bxeind)y Frdearneticarerifs sEammisions rdsehu erddioblimitptbtosatirbitnd LAQ
824); heat-sharigvate ixQ1Rb RIEIMD) p At EEXANIRIPath-(HE)) jobitIdie growth factor-|
example, PTG S Ao LB R H B CENER e WP S B ase. |
inhibitors; licBdtinggegmbibitpitieiaBMRPE).inhibitors; EGFR inhibitors (such as, for example, gefitinib
and erlotinib ); HERZE}@?? ies-(such.as, faor. example, trastuzumab.(Herceptin(r)).and.
pertuzumab (Omnitargrm)); é%?%r%%}od%gsfgdgﬁ%%%lft&%rﬁ?glié?ﬁgea%iz{ﬁﬁ%él &\};'aggfiljrlﬁ“m));
VEGFR inhibkbPs fsbletatien fisr R &4 HREA bomditisherh&sptemtiibita¥s 28035 avhéchnsl

ptk787/21022i%é§é§5£é§Ke@mmyéféféaﬁ@. ASpd OIS REIRNBI i CAMS AN RIEYS (Such as, for
example, PHA-665752); monoclonal antibodies (such as, for example, rituximab thuxan(r)i,
TExamples

tositumomab XEa1esss @y slptsdoivmpipreakddirpre s dssurrs niRe-WikhaN
of small molegpigeasgivamae atadaiddesilikibare not limited to, anticancer agents and antibiotics (e.g.,

Clarthromy eI 1 00 S e S e 2 N o R R a2 B RO S b compounds
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 follicular 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

-10 -



provided herein vary depending on the specific indication to be treated, prevented or managed.
[1011For instance, for the treatment, prevention or management of cancer, second active agents
include, but are not limited to: semaxanib; cyclosporin; etanercept; doxycycline; bortezomib; lapatinib
(Tykerb(r)); acivicin; aclarubicin; acodazole hydrochloride; acronine; adozelesin; aldesleulcin;
altretamine; amapsoys) semeappanM RO diguRE) aBabRLaIRASIZAIR: AOH) RINKGIT AsRaIagINase;
asperlin; azaci '?ine; azete a] azo;gjr%?/cin' batimastat; benzqdepa; bicalutamide; bisantrene
hydrochloridé}‘,1 SAkHAR d?f%%wfgtv, ‘Z'%fgsﬁﬂ?%%’r% MR ,aSrequin'ar sodium; bropirimine;
busulfan; cad83pmycin; cdixsteptrsaerfchiadisenses aaiBotibasr chatioopiatic watrowestirsytha nflilain
hydrochloride, carzelerinksedalingelaslanndts SHoramBuel-Rlsmya splalm ladrigine:
crisnatol mesylate; cyc opihoép amide; cytarabine; dacar azing; c?ac?lnomycm, daunorubich

hydrochloriddéh¢iptsisatiaef gegratoniiiach theesriderarin sceding hahires Hokedta: infectigaene; docetaxel;
doxorubicin; daxerbicitid HMRW%Q,@%%H@Q%YH@%?% Sifﬁjlég‘érgfpé’ﬁ‘ﬁ%aa?@'o”e propionate;

duazomycin; edatrexate; eflomithine hydrochloride; elsamitrucin; enloplatin; enpromate; epipropidine;
epirubicin hydrskeidpms @BUicEshosksky spirirrsy GFSo B ksstadsraimear &%Fﬁﬂﬁ;{ﬁﬁﬁb phosphate
sodium; etanigiEgiRi LIORRS U eaRPRKIARRRIPhAla) e RN sutRd IR Rdiesialiae; fazarabine;
fenretinide; floxuridine; fludarabine phosphate; fluorpuracil; flurocitabine; fos%Jidone;fostriecjn sodium;
gemcitabine;%’éﬂ#ﬁﬁiﬁ?ﬁe%&%ﬁﬁﬁ%’&ﬂ?ﬁ&%&%@%ﬁ%ﬁ?& Wﬁw}%émﬁ LedRriRRioHhofosine:
iproplatin; iriGREArEcivabtedats, ythnehis hides, leswaei dseaetainiiipilohaieideupr sjitra@aelate;
liarozole hydrochloride; lometrexol sodium; lomustine; losoxantrone chloride;.masoprocol;
Mooy’ s Sl b M R s MBS ARE SN TR S
menogaril; meniapmmnmmmwwm@q nesiatisatbasedibesismiopmnsdANSturedepa; mitindomide;
mitocarcin; migggromin; Mgl DA P URIMEIS: RIRRD S INIB FrinABiERDe
hydrochloride; mycophenolic acid; nocodarole;”nogalamycin; ormaplatin; oxisuran; paclitaxel; ,
pegasparg as@?ﬁﬁé‘i?é%%% ,SpE'_i'hHﬁﬁﬂg_ﬂﬁ@;- B@W?@ﬁ?%_ﬁa@bb%%w;%pw W}pﬁbos_ulfan;
piroxantrone RyarpeRlRH AR M G RO BES AN RATHIREImIAMY gum%mmyﬁaﬁge&mmstme;
procarbazine h dé(?chloride; romycin; puromycin hydrochlpride;doyrazofu_rin; riboprine; safingol;
safingol hydrSEAIeidisomsi e risn hpRimRogsy sacHensomARd Satd msriters phogdsRahium
hygrochl?rid@;rsmisomuﬁémf‘ ' ﬁzsﬂrﬁm@tﬁwmﬁﬁﬁrﬁgﬁbﬁﬁaﬁmf 'nf&g@&e%upiitﬁi@my' _ cint; tetc:(lngatlan
sodium; taxotere; tegafur; @ntrgn rochloride; femoporfin: teniposide; teroxirone; testolactone;
marmiprine: (HAGTEHE (oL, A HB LA b potads S o R R O v
triciribine phmﬂhmmimﬁﬁ@&atp;@mé@dﬁ&ﬁ)gﬁ@mmm&ﬁdmb@ﬁﬂ&@ﬂokﬁ@@&pchIor_ide; uracil
mustard; uredgpgoyaRTealdgnYRieAR ik oaMBR RS KRRTR IR SUllBle URdSSiRgdesine

sulfate; vinepidine sulfaté; vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine

sulfate; vinzoRHREORUHNIduNSiond etastasibrathY PHBwRATH hRariUeRcirnE Rsafde. [10210ther
second agentsyetbsifol stpaitat Wit Qa1 4R5d20; @P isdosiidip ! Pty Vitatni. [a3d prRtnidd Wagih

abiraterone; aclarubicin; acylfulvene; adecypenal; adozelesin; aldes)eukin; ALL-TK antagqnists;

altretamine; afA¥4 PR AN RS LA U AnEHe RS S S oMY BReHY afdies ! anagrelide:
anastrozole; #ibessigraphalities palinganesiadwbiditisys pagenishDicabtrghrivt Gisaaa @itigen
anti-dorsalizing morphogenetic proteip-1: antiandrogen.. prostatic. carcinoma; antiestrogen;
antineopIasto‘r’wg;sg]naﬁgé%esgebﬁ%%#ﬁl&ago F&‘QS?Q g%qﬁ;ﬁjiglgl?nvé%%ilﬁlg?g;l%%o&l&gign é’etﬁélﬁ%osagﬁa rs;
apoptosis redetHiorsmapsricio gty dent diRtHe - Py apyieine: s bppeitasemshiaciine; atamestane;
atrimustine; gy o Laad .2 axl W3 A7 o aAzataxin, ine; in 1l
derivatives; %gﬁg%?bgt%?gﬁgt; aé%ﬁ%ﬁ@é%ﬁ%bﬂé} ;bgeér%c%‘fc%r?é? gﬁ%éyg{é%ﬂggb@ﬁé@; eta

lactam derivatiVRyepbiatisr fisaedepcthrqaingspeBire ladnighcatitiads ematiivingrdisrashuelnsilar-
bisantrene; bigairisinyspashiRRkRisealifesRisbaiereAutinris dRoRIs! alfs RIORFsMHotitane;
buthionine sulfoximine; calcipgtriol; calphostin C; camptothecin derivatives; capecitabine; |
carboxamide QAT HTALSRE CSFBSUPHIDH NI IR SYS NG ARECEaREAS YO US SRS BHSIS inhibitor;
carzelesin; caaeiniftisiase pahititarg Mpiliayy hastangsmpearssise; cecropin B; cetrorelix; chlorins;
chloroquinoxa}jpe sulfonamide; cjcaprost: cis-porphyrin; cladribine;.clomifene.analpgues; clotrimazole;
collismycin A;,i#: llismycin rg;xf:"gl Ctte)?e a%%éﬁ%%ﬁ?%%ér‘&é‘%ﬁstilr?‘r:a]lﬁg?o%)ﬁte?é}gﬁ%btg%%j ?:%Sr?wbescidin
816; crisnatoklessrghepkytir yunjeatphpoir2P0GENVAGI8 speblislnsd Mayytlopediamicdicsinones;
cycloplatam: uRERVEKY FfarARertiR/a G i WaRroTmaae Bl adardbiifAa decitabine:
dehydrodidemnin B; deslorelin; dexamethasone; dexifostamide; dexrazoxane; dexverapamil;
diaziquone; didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine; dihydrotaxol, 9-;
dioxamycin; diphenyl spiromustine; docetaxel; docosafie!; dolasetron; doxifluridine; doxorubicin;
ciroloxifene; dronabinol; duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflomithine;
elemene; emitefur; epirubicin; epristeride; estramustine analogue; estrogen agonists; estrogen
antagonists; etanidazole; etoposide phosphate; exemestane; fadrozole; fa7nrabine; fenretinide;

filgrastim; finasteride; flavopiridol; flezelastine; fluasterone; fludarabine; fluorodaunorunicin
hvdrochloride: forfenimeyv: formectane: foctriecin: fotemiictine: aadolinitim tevanhyvrin: aallinim nitrate-



raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors; ras inhibitors; ras-GAP inhibitor;
retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin; ribozymes; Rhl retinamide; rohitukine;
romurtide; roquinimex; rubiginone BI; ruboxyl; safingol; saintopin; SarCNU; sarcophytol A;
sargramostim; Sdi 1 mimetics; semustine; senescence derived inhibitor 1; sense oligonucleotides;

siglnal tTansdmﬁomégbi{z@mr@esia@fﬂa}m@huzpm;es‘?ﬁ'igm b_é(tjﬂm@ﬁiﬁ@dgﬁm@hmetate;
solverol; somatomedin binding protein; sopermin: spayfosic acid; spi in D;, spiromustine;
splenopentin??gﬁgﬁsgi%}t%lﬁfg]lcli?as 15115 tfﬁﬂﬁéﬁfﬂ%ﬁé’rﬁﬁgﬂﬂ%%@%iﬁoﬁ‘ﬁﬁcﬁgg?gﬁmﬁggﬁ%?%uperactive

vasoactive intestierlapd ftigecantagonist; suradista; suramin; swainsonine; tallimustine; tamoxifen

methiodide; omustine; : I ium;. tegafur: tellu rvlium:.telomera
ibitars: oo o AR e AR BTl R TRAOLIT R IR

thrombopoieiih Uirawiisasireninonz6ie ! #4§80apablished Fubpbie 800G oslidr iadguimothigdhotrinan;
thyroid stimuliing B vereRgeLnii iU R RAREANIOS, JRYGeRS iSBosidR Jopsentin:
toremifene; translation inhibitors; tretinoin; triacetyluridine; triciribine; trimetrexate; triptorelin;
tropisetron; tiBatEHtar RAasiifs Rinhse MHipRbHN SR SidelcBe bRt dbafifiek: urogenital
sinus-derivedngiamib, IDhilbhet RaviHalNISQiasemiar BNAGORIZIS ek Olidexianalip, B; velaresol;
veramine; ve dinsl;, verte oﬁj?rgfé(ingrelbine; v'néaltine; viﬁxin; varozole; zanoterone; zeni%atin;
zilascorb; and Zd%tatn st 8 1% SpBLifTE & ShEUbveP 55 in ST Srénot limited
to, 2- methoxyesthadial /16l Ssratinsdnid & disenfapinpiasiziparusople sy elmaepheltsa(sychaad, for

example, TRAL, sipinscsemaxanit syelgsparn, elansicotl, donyeycine, fprezomin, aimersen
(Genasensee), remicade; docetaxel, celecoxib, melpnarany exarﬁ%ét asons (Decadros). steroids,
gemcitabir_le,aéiémaﬂnﬂmiMZBMd?ebfeﬁspng@éccwﬁmH@p&?’&rﬁidﬁp@rﬁ@d&étwbdmajn_,
procarbazinecgl Al AR Pre IR 045 C MR SXA A 1534 AP0, RS E S LRI

leucovorin, irinotecan, xeloda, CPT-11, interferon alpha, E)riaiylated intefferon alpha (e.g., PEG
INTRON-A), ERprafrssmaplesinelidethisaisnaldinitag ivemairpahabpsinpissumpanasRmiBaisicin,
cytarabine, dpxaimsalafiacibidptlsiiciostiingndbedcSphiifts Redana Raginmsuingraliing, zoledronic acid,
palmitronate, biaxin, busulphart, pre,drlisone1 bisphosphanate, a,rr%enjc trioxide, vincristine, doxorubicin
(Doxil(r)), paCitASRIP YA UiP SRATHSy &Y SRORAT R ST QSRR P50 SHFRLRs I FHEUHPFS Sulindac, and
etoposide. 1HddHissmndtza; emngdioiding < xacopieiasid, sperificste tanghage mMaéaderding to the.
indications to be, treated.. prevented, or.managed can pe found in the fallowing references, all of which
are incorpora?gcc:ihﬁ%?léciﬁ%fﬁgt ltl—:'%liésﬁffrseoﬁéséﬁo .@aﬁésfe%ltéﬁ%s. FE@T@%&%‘G g‘é%,?%ﬁpﬁ.@eﬁl}blication
nos. 2004/02187144, 2004/55806B9 200210088 E:r2O0E/0RBSY 12]2004/009¢ 465]i12068/3100529,
2005/0214328,,20058/0339847; 00KALAAER0, 20054933323 RARE 2008U036 344 aljkdis- provisional

application no. 60/631,870. [105] Examples of secor_ld active agents that may be used for the
treatment, prEVEREEN HtHes P dmiad &9 peennsins deaminastcdpBeinnire andbedndeficisney
ther_a||oe_utics ulsﬂpmﬁxﬁﬁair(b;ld@lra&éf lﬂéd?@i&&&@éhﬁi‘i@%ﬂ@iﬁ! %%?@I}tﬁxp%@ﬁéll alERRtE, _@&H_dhmel rtensives,
anxiolytics, calcium channel blockers, muscle.relaxants, non-parcqtic analgesics, opioid analgesics,
anti-inflammﬁ%ﬂ%@?éﬁ%ﬁqﬂ% SRSt fﬁlﬁl}&‘ﬁPﬁl&?%&?@?ﬁﬁﬁ’ﬁﬂ&r@ﬁéﬂg@@&fﬂ%gonists or
antagonists, dafrimesuppressidefgantis it tiopsianaidstitype dyagenesiygNezdefastidtméeher
anesthetic agents. N ntagoni and other therapeutics found,.for exa in the Physician's
ook Referese b D o A Ss lten AR, Sl AR peel SR TR, Mgl
(Aspirine), cefddozibsiOdieme e} iked rgamienglobud ngaisa petikediswroa tiomhipbénytoin (1Nantine),
carbamazepinﬁn(,];ggaggekg)mgxcarbazepine (Trileptale), valproic acid (Depakenee), morphine sulfate,
hydromorphone, prednisone, griseofulvin, penthonium, alendronate, dyphenhydramide, guanethidine,
ketorolac (Ac#le), thyrocEiataplss of QRthisardskrdadipdadys assambineitdde these dyspribegitam,
ketanse:in, r?.ﬂm?&i@weﬁ@cﬂolasmﬁe4f),rﬁmp£ﬁeairJ&aéJg@,if\zeoelrinagﬁﬁ@&&i@%@%ﬁg@&hen,
nortriptyline (Pamelore), amitriptyline (Elavile), imipramine (Tofranile), doxepin (Sinequane),
clomipramin egfﬁﬁgﬁ%e?ﬂ%%gtﬁﬂg\%ﬂgg&;&kﬁ R Q%Zldﬁlﬁeé% ‘%éﬁ?g‘iggn OHEAEE BofHted
(Serzonee), wentataxitrepiizéfsona), Scbrosional¢beayrebiehsey RaplonsOd/Blilukeneunriagitetine,
nifedipine, pr Il |, lamatrigine, vioxx. ziconotide,.ketamine,.dextromethorphan,
benzodiazep%%%é%f&%gﬁf mle(gﬁ%r Bﬁlérr%%%%}?z%‘fﬁeélsﬁ gISES%glrlnpxgsoglfeégcond active
agents that nfsypdremscieienun orcisicrangaeireransaiounens thahegsamever ofshrat praicderfeneration
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-@dmpound, or a combination thereof. Specific
examples include, but are not limited to, verteporfin, purlytin, an angiostatic steroid, rhuFab,
interferon-2a, pentoxifylline, tin etiopurpurin, motexafin, lucentis, lutetium, 9-fluoro-11,21-dihydroxy-16,



17-1-methylethylidinebis(oxy)pregna-1,4-diene-3,20-dione, latanoprost (see U.S. Patent No.
6,225,348), tetracycline and its derivatives, rifamycin and its derivatives, macrolides, metronidazole
(U.S. Patent Nos. 6,218,369 and 6,015,803), genistein, genistin, 6'-0-Mal genistin, 6'-O-Ac genistin,
daidzein, daidzin, 6'-0-Mal daidzin, 6'-0-Ac daidzin, glycitein, glycitin, 6'-0-Mal glycitin, biochanin A,
forrnononetinithé, S ateréshio dfdiddr 3d)istiansinasnampeiomnide e vsrethaso stk Sof atent No.
5,770,589), tp)ﬁllidomitger lutathione (U.S. Patent No. 5,632,984), basic fibroblast growth factor
(bEGF), trans o?rrn(fﬁré 5 IR ngfeﬁfﬁin-derived neurotrophic factor (BDNF), plasminogen
activator factffi®ype 2 (PAER)nip¥E dINErgterh Mftariaab syiciishds V133363 b(E ik ithg) livtitadant, and
RETISERT i . .the ref ited harein are incor ted.in their
entireties by%ﬁge%\écﬁe%%@'}égﬁéﬁ‘%g%ﬁg 'a%%%@%%%ﬁ%ﬁ%@ggn Us& ?g? tr?é%?g%ment,
prevention afepaTaisddismenbotefkmngiseSiereifin ckaaplsatinsudemblibvtedablitdted sty Sretinoids,
a-hydroxy acifugiatibiaficang gl Ralvhiasie, Kiederas alakis, ARl aaemadlatory

agents. Specific éxamples include, but are not limited to, 5- fluorouracil, masoprocal, trichloroacetic
acid, salicylicCeRIRIFE:DEHL 18] Ui HRENaHF Ria Y wedosdibiain inietrefiBire ammabweuneragden,
botulinum toXifjutpieFeteRicQIHsasieiomsitasFRainal atcbandarllagrnRaGIcBrashUsIBMpiaCENtal

collagen, animal placental CO”%% n, Dermalogen, AIIoDermZFFaSCEI, Cymetra, Autoloﬂgen, Zyderm,

Zyplast, ResCHREP R ALY .%@gﬁ%@ﬁ?ﬁg@u&%&ﬂﬂ RO SGENEEHAP Vil e used for the
treatment, premmptize SO iocongrieg SGErofe R0 enbayuiny S anismaticB( retated chsdrders include,
but are not liryj ' J juretics, cardi lycosides, calcium channel blockers
vasadiators. it BRI SMEKE SR A SIS ARG IS e poe

V inhibitors), @wd@mpﬂmdmtmﬁmimemgﬁg&ﬁbm&mwmainﬁmime@'s;l&ndsather
therapeutics KOQWILEO fRAAGERUENO AN AL FEY PESSHESs, IRGHIS, BXATeR RSl MsiGbRtare not

limited to, warfarin (Coumadie), a diuretic, a cardiac glycoside, digoxin-oxygen, diltiazem, nifedipine, a
vasodilator stRIIEE slernAisiurbrrsss: ipiubiliiainability eopenipss eRnsnes brheyierl),
treprostinil (Reipaekbia), aifigedefdiOmdbasemian (Tracleere), amlodipine, epoprostenol (Florae),
treprostinil ( odulie), prqostacyclin, tadalafil (Ciaglise), simvastatin (Zocore), omapatrilat (Vanlevt,
irbesartan (Aﬁ?a%re), pravaég’ﬁﬁ Bravaeh ?ﬁﬂéiﬂﬁﬁl{qﬁrgmiﬂgaﬂ% AT 858 K ' S8 afil
(Viagre). 1llQaiExaocipasef dsennsl Rjpasfiegaaispkatmaybodusest fonithé seHIViehéppresention
andlor managgment of Ashesiasielaied disorlers indude, bulate nal Imied g, aptpracyciine
platinum, alkylating agen % fimersen &’enésense?, cfgp?aﬁinum, cyc opﬁo ‘ham.&?f temodar,
carboplatin, prdbamberame difeasks), darmesitier yspofdeesis.rrenptiothockicsseptio o ivitio vk,

capecitabine ygisplfianiioieRe, ddarapliemariap RtidRospmaldau g il aiabne,

doxetaxol, pacilitaxel, vinblastine, IL-2, GM-CSF, dacarbazine, vinorelbiné, zoledronic acid,
palmitronate, BSRIEASISHHBIAHA disepeFRRHE, Brafhvsaporried srawmn & g Rigetiofm BR S HRMBR orubicin
(Doxillp), pacliigesab, gRasiieM spetBMNE Crohonaysinsenidderanid asa 1SN iaaeidtoryTRPaRENINE,
thiotepa, tetragycline and gemcitabjne. 11101]ﬁlixample of second gcfive agents that may be used for
the treatment STET RONAR QP A SFTN S AR e e DORPFERN, AR hrted
chloroquine, dquimge, Gmidigshmyriondianoiie abedfdsl amimey,. doxycycline, clindamycin, mefloquine,
halofantrine, Eg}ig“aq“'”e' " diox 8@%?88&‘:‘6‘5%1&50 “a%’&"re"f‘t%’e‘é?‘&‘%%ﬂ%nas%%l:‘iO&VB{Q’f{%é“&%rtn'”’
pentamidine, méelarsoprol, nifurtimox, benzniclnole, amphotericin B, pentavalert antimony compounds
(e.g., sodiumlsniedigctiroseadiss isesfarld éh prbheationt e AHR2418 5 4800 nFubiihed Magéh @002,
promastigoteg,Rfl B fEorotaiiie 05 coRIRIRILS spRUIGRURIARISPIRANE BuldFR (RRTAIRMA o,
trimethoprim, and sulfamethoxazole. [111]Examples of second active agents that may be used for the
treatment, all forms of conditions involving atherosclerosis, including restenosis after vascular

intervention such as angioplasty, stenting, atherectomy and grafting. All forms of vascular

intervention are contemplated herein, including diseases of the cardiovascular and renal

system, such as, but not limited to, renal angioplasty, percutaneous coronary intervention

(PCI), percutaneous transluminal coronary angioplasty (PTCA), carotid percutaneous

transluminal angioplasty (PTA), coronary by-pass grafting, angioplasty with stent

implantation, peripheral percutaneous transluminal intervention of the iliac, femoral or
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prevention and/or management of immunodeficiency disorders include, but are not limited to:
antibiotics (therapeutic or prophylactic) such as, but not limited to, ampicillin, tetracycline, penicillin,
cephalosporins, streptomycin, kanamycin, and erythromycin; antivirals such as, but not limited to,
amantadine, rimantadine, acyclovir, and ribavirin; immunoglobulin; plasma; immunologic enhancing

drugs such a%oﬁh'ﬁeﬁ%ﬁﬂ@?%ﬁ@ JEAcRI ReRAGLISARIKD ORiBRRIAATIASR ARSI YO limited to,

gammaglobuljn, transfer factor, interleukins, and interferons; hormanes such as, but not limited to,
thymic; and o&lﬂl ™ é’é?é’ éﬁ&%ﬁ%ﬁ‘%ﬂﬁﬂbﬁﬁ’rﬁf@& ?&Bﬁeée‘ﬁaétfﬁ‘?éﬂﬁfo‘&‘(%ﬁ@o BAFF/BIyS),
cytokines (e.gredinzentl, o}, emahliickbdresonemfdaial bdeig:, TGF-a), antibodies (e.g., antiCD40 and IgM),
oligonucleotides containing untnethylated CpG motifs, and vaccines (e.g., viral and tumor peptide
vaccines). 1112]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: opioids; a dopamine agonist or
antagonist, such as, but not limited to, Levodopa, L-DOPA, cocaine, amethyl-tyrosine, reserpine,
tetrabenazine, benzotropine, pargyline, fenodolpam mesylate, cabergoline, pramipexole
dihydrochloride, ropinorole, amantadine hydrochloride, selegiline hydrochloride, carbidopa, pergolide
mesylate, Sinemet CR, and Symmetrel; a MAO inhibitor, such as, but not limited to, iproniazid,
clorgyline, phenelzine and isocarboxazid; a COMT inhibitor, such as, but not limited to, tolcapone and
entacapone; a cholinesterase inhibitor, such as, but not limited to, physostigmine saliclate,
physostigmine sulfate, physostigmine bromide, meostigmine bromide, neostigmine methylsulfate,
ambenonim chloride, eclrophonium chloride, tacrine, pralidoxime chloride, 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
potassium, celecoxib, sulindac, oxaprozin, diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen,
nabumetone, refecoxib, methotrexate, leflunomide, sulfasalazine, gold salts, Rho-D Immune Globulin,
mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab, salicylic acid,
acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine, acetaminophen,
indomethacin, sulindac, mefenamic acid, meclofenamate sodium, tolmetin, ketorolac, dichlofenac,
flurbinprofen, oxaprozin, piroxicam, meloxicam, ampiroxicam, droxicam, pivoxicam, tenoxicam,
phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine, apazone, zileuton, aurothioglucose, gold
sodium thiomalate, auranofin, methotrexate, colchicine, allopurinol, probenecid, sulfinpyrazone and
benzbromarone or betarnethasone and other glucocorticoids; and an antiemetic agent, such as, but
not limited to, metoclopromide, domperidone, prochlorperazine, promethazine, chlorpromazine,
trimethobenzamide, ondansetron, granisetron, hydroxyzine, acetylleucine monoethanolamine,
alizapride, azasetron, benzquinamide, bietanautine, bromopride, buclizine, clebopride, cyclizine,
dimenhydrinate, diphenidol, dolasetron, meclizine, methallatal, metopimazine, nabilone, oxyperndyl,
pipamazine, scopolamine, sulpiride, tetrahydrocannabinol, thiethylperazine, thioproperazine,
tropisetron, and a mixture thereof. 1113]Examples of second active agents that may be used for the
treatment, prevention and/or management of CNS injuries and related syndromes include, but are not
limited to, inununomodulatory agents, inununosuppressive agents, antihypertensives, anticonvulsants,
fibrinolytic agents, antiplatelet agents, antipsychotics, antidepressants, benzodiazepines, buspirone,
amantadine, and other known or conventional agents used in patients with CNS injury/damage and
related syndromes. Specific examples include, but are not limited to: steroids (e.g., glucocorticoids,
such as, but notlimited to, methylprednisolone, dexamethasone and betamethasone); an
anti-inflammatory agent, including, but not limited to, naproxen sodium, diclofenac sodium, diclofenac
potassium, celecoxib, sulindac, oxaprozin, diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen,
nabumetone, refecoxib, methotrexate, leflunomide, sulfasalazine, gold salts, RHo-D Immune Globulin,
mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab, daclizumab, salicylic acid,
acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine, acetaminophen,
indomethacin, sulindac, mefenamic acid, meclofenamate sodium, tolmetin, ketorolac, dichlofenac,
flurbinprofen, oxaprozin, piroxicarn, 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-cAMP; an agent comprising a
methylphenidate drug, which comprises I-threo-methylphenidate, d-threomethylphenidate,
dl-threo-methylphenidate, I-erythro-methylphenidate, d-erytluomethylphenidate,
dl-erythro-methylphenidate, and a mixture thereof; arg$ a diuretic agent such as, but not limited to,
mannitol, furosetnide, glycerol, and urea. 11141Examples of second active agent that may be used for
the treatment, prevention and/or management of dysfunctional sleep and related syndromes include,
but are not limited to, a tricyclic antidepressant agent, a selective serotonin reuptake inhibitor, an

antiepileptic agent (gabapentin, pregabalin, carbamazepine, oxcarbazepine, levitiracetam, topiramate),
an antiarvhtliinic acdent a ecoditim channeal hlockina acent a celeactinvie inflammatoryy mediator inhihitor



Immune Globulin, mycophenylate mofetil, cyclosporine, azathioprine, tacrolimus, basiliximab,
daclizumab, salicylic acid, acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine,
sulfasalazine, acetaminophen, indomethacin, sulindac, mefenamic acid, meclofenamate sodium,
tolmetin, ketorolac, dichlofenac, flurbinprofen, oxaprozin, piroxicam, meloxicam, ampiroxicam,
droxicam, pivoxicam, tenoxicam, phenylbutazone, pagyygghenbutazone, antipyrine, aminopyrine,
apazone, zilgtton—aurethioglucosegald-sodivm_thiomalate,aL ate colchigi
allopurinol, p%’é’ﬁecid, sulfinpyrazon ,"Bérﬂ'ﬁ?ﬁﬁ%ﬁé‘, betamethasone and other glucocortjcoids,
metoclopromiéllaismperidone, proch(Birpedarane agiamethazine, chlorpromazine, trimethobepzamide,
ondansetronjggiakiigetron, hydroxyzing @gfam,keucine monoethanolamine, alizapride, azasetrpn,
benzquinamiedfgietar]ja tine, bromo 'ded buclizine, clebopride, cyclizine, dimenhydrinate, diphenidol,
dolasetron, MeaiZer tsthallatal, metopiEsh& héBlione, oxyperndyl, pipamazine, scopolamine,
sulpiride, tetd&Bigfrocarmabinol, thiethfAjyédeszime Jefh gasirisp eplenineand dsimtirerteriend a mixture thereof.
[115]Examplesmhsacargdactive agenpgeizat may be used for the treatment, prevention and/oy
management f Qgrpggalgbinopathy angd.re Ez:ated deistgrd IS | c{ude .lilut are not limited to: interleukins,
such as IL-2 m?:’lualng recombinant IL-11 rf’l.'@“j é‘né"&%"a&%%’? 5_'%: a\f‘?‘i‘fﬂ IL-12, and IL-18;
interferons, stePE®interferon alfa-2akttBrieron alfa-2b, interferon alfa-nl , interferon alfa-n3
interferon beebgfeataghinterferon ganmmgg b; and G-CSF; hydroxyurea; butyrates or butyrate
derivatives; {%ﬁ oxide; hydroxy urénHEMOXINTm (NIPRISANTM; see United States Patent No.
5,800,819); Ga

:ngl M ELNOILeXale a a |ne’

os channel antagonits ¥lch as clotrimazole and triaryl methane derivatives;
Deferoxaminf°prHteRsds: and transfugiéfs of blood, or of a blood substitute such as HemospanTM or
HemospanTixRmiEangairt). 1116]AdMaisirdtarmiihedrngemd provided herein, or a
pharmaceutigglly. ageeptable salt, solvate, clathrate, stereoisomer or prodrug thereof, and the second
active agents to a patient can occur simultaneously or sequentially by the same or different routes of
administratiof ?Wélsuitability of a part{fc¥dr route of administration employed for a particular active

agent will defisidion the active agent Remik¢le.g., whether it can be administered orally without
decomposingigeto entering the bloq\r%H?QﬁB?aé&q, eiseans heing freated. One of administration

for compounds provided herein is oral, Routes of administration for the second active agents or

ingredients af8 RIS HiSse of ordifrsryeaRings¥ne mivarandrgvisRallicians' Desk Referer{ce (60th
ed., 2006). [hErdhcamatidembodimentNéwk setofhaldibed mgent is administered intravenously|or

subcutaneousglyeaafigece or twice daildhal) ey BlRhdromahaediiniakant k900 mg, from about 5
to about 500 % frotm about 10 to abgut 350 mg, or fJom_about 50 to about 200 mg. The spegific
amount of the"$e&3h ¢ active agent wil é%%sna on the spetftic agent used, the type of diseas¢ being
treated or maMadgéesagiel severity and $terpbegtdisgsiomaeind the amount(s) of compounds proyided
herein and anyaptipnal additional actiggsagents concurrently administered to the patient. [118] As
discussed elgg r]rtlaerra(?rctﬂerein, also encwpr?ssed is @ method of reducing, treating and/or preventing
adverse or ufdesired effects associat¢d with conventional therapy including, but not limited tg,
surgery, cherR&fi#8Apy, radiation ther&rdhormonal therapy, biological therapy and immunotherapy.
Compounds pegv¥tidsid herein and otheicagtive ingredients can be administered to a patient pripr to,
during, or aftgy the. QGRYrence of the agdyerse effect as_sociated with qonventional therapy. 4._£ Cycling
Therapy [119] In certain embodiments, the prophylactic or therapeutic agents provided hereip are
cyclically ad RHRAZAZY to a patient. C ﬁﬁg therapy involves the administration of an active agent for a
period of timgR4dlbwed by a rest (i.e.,isgontinuation of the administration) for a period of tinje, and

repeating thisgggguential administratiog,, &ygling therapy can reduce the development of resistance to

one or more of the therapies, avoid orjreduce the side effects of one of the therapies, and/or improve
- ?Q#@'f Kidney
the efficacy reatment.
Subclavian Stomach, pancreas, and spleen
uperior mesenteric Shouider
esticular Pancreas, small intestine, ascending and transverse colon
Inar Testes
IForearm
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[120] Consequently, in one embodiment, a compound provided herein is administered daily in a single
or divided doses in a four to six week cycle with a rest period of about a week or two weeks. Cycling
therapy further allows the frequency, number, and length of dosing cycles to be increased. Thus,
another embodiment encompasses the administration of a compound provided herein for more cycles
than are typi¢gtvhen it is Bebnipistaredyastongidiey sieamaitae Rl esilente 8 sOMie butsps avided

herein is administered for a greater.nu r of cycles tha uld.ty. lly cause dpse-limiting toxicity
e patent TG OB RO T ot G A B T DT RShE:
embodiment 280 mhioh risli proxpdedel drarivin bp cifiiristerXpeciific aranomingi mebaddy tarr diereet or four

ksatad . 0 b t.of t
weeke. 1n ot AR e B B O BB 01
to about 150 H¢§p fretkinpeigen sating apbdysforhegalsierratnsotiatdyito divoric Te0ralegiftdrarabout
0.1 mg to abgyk ORAHON. EMGNIE ARPULRRANG: HAThARANH QomEH Rk mE, Bld fom

about 20 mg to about 30 mg, or from about 1 mg to about 20 mg, followed by a rest. 11221In one

embodiment 28RS iR Sranlee B erirgn! Brig vadseme sERRiSHgrebrskiaie msinietkalei®drally, with
administratiopaii, theneeis) paiitel dyrauiel iR ek iaReURRIC 2L 60, SR INERSDERG IR RRIgREONd active

ingredient, during a cycle of four.to six weeks. In angther embodiment, the compination of a compound
provided her SRS g@&%ﬁb%ﬁv@ﬂaﬁa?é?n%ramﬁgm‘smﬁa%%ﬁ? HRRHSHRSSEr about 90
minutes everietyelie, taR34tTy/pidaflgnihaonyy el aboyclegedaringadisondtie cemisfaikindsaatment is

administered atient will be from about ane to. ahout 24 cycles, fr bout twa to about 16 cycles,
ot rom aboub B A Ao BN e AR RS R T Ones AN
DOSAGE Folﬁam@gl@riaﬂﬁmmm@eaﬁk_ién@@mm}gm&@&wm&e@bmaﬂhemmmmividuql,
single unit dogaQeRIgRS-EhAENacHNGRLCatReNl iR ARt insARE TS RIBHYRA AR CRRPrise a

compound provided herein, or a pharmaceutically acceptable salt, solvate, stereoisomer, clathrate, or
prodrug therd&T PhapmsriitiRosrEghipyahibig BYrekisete dirsrAsEsc SHRAHB SRS @WHEPKr more
excipients. 1 2&dRhadpmesuital GapRtiions2108; dISA8 8 fRIES R dad 1187 E3R L B3SO

syndrome; motor neuron disease with parkinsonian features; Lewy body dementia; Tau

pathology disorders; progressive supranuclear palsy; corticobasal degeneration;
frontotemporal dementia; amyloid pathology disorders; mild cognitive impairment;
Alzheimer disease with parkinsonism; Wilson disease; Hallervorden-Spatz disease;
Chediak-Hagashi disease; SCA-3 spinocerebellar ataxia; X-linked dystonia parkinsonism;
prion discase; hyperkinetic disorders; chorea; ballismus; dystonia tremors; Amyotrophic
Lateral Sclerosis (ALS); CNS trauma and myoclonus.

[93] Examples of hemoglobinopathy and related disorders include, but are not
limited to, those described in U.S. publication no. 2005/0143420A1, published June 30,
2005, which is incorporated herein by reference. Specific examples include, but are not
limited to, hemoglobinopathy, sickle cell anemia, and any other disorders related to the
differentiation of CD34+ cells.

[94] Examples of TNFua related disorders include, but are not limited to, those
described in WO 98/03502 and WO 98/54170, both of which are incorporated herein in
their entireties by reference. Specific examples include, but are not limited to:
endotoxemia or toxic shock syndrome; cachexia; adult respiratory distress syndrome; bone
resorption diseases such as arthritis; hypercalcemia; Graft versus Host Reaction; cerebral
malaria; inflammation; tumor growth; chronic pulmonary inflammatory diseases;

reperfusion injury; myocardial infarction; stroke; circulatory shock; rheumatoid arthritis;

N



comprise one or more additional active ingredients. Examples of optional second, or additional, active
ingredients are disclosed in Section 4.3, above. 11261Single 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 ophthalBtishpregireaiio M)V tnReHeh A ATDSNsHANSHERARMIE RAIARIRRA RatigRt, Examples
of dosage forms include, but are not limited.to: tablets; caplets; capsules, such as soft elastic gelatin
capsules; caé%%'fgl;att%%ﬁgg?‘i@gﬁ’g%s&?ﬂg%gfgn?@f Qs 5‘3&58??@%%&@%%?898@(%& SR
sprays or inhsherk);sgpts, todotbeiesdgelpgrag seitableofodiseaberwasiogat aliminditeatign to a patient,
including sus ' NeJR equs Qr non-agyeous,liguid suspensions, Qil-in-water e ions, or a
water-in-oi e e e A S e R e R TS e o Y
parenteraliadfiAfstrad aprorapistie infesioni opd BrSithispwiei sabinics seetiasibokssspstsble for topical
administratiogadiohksi Sl URAR Honl/ SRLINEE' A0 RSO IR 10aLEAD J%;_;ma&&“wted to
a

provide liquid dosage forms suitable for parenteral adminiStration f' patient. (1 he composition,
shape, and tyPES Bi&iie RysAkasstrighietoniom nenipaitiai Ry Sirsie ronsestvehesefablarea dosage

form used in hedticuiRdicn EnaiExed, ARISREIDAYAEEANIFIGhRRKISHATRAS, RkdlRke of the active
ingredients it comprises than a dg%%%e form used in the chronic treatment of the same disease.

Similarly, a pAPEHERTHESESHETIANIHEY LIRRST SR EPLTIE HY SHIUHRI BB SHRSEMSve

ingredients itsongr ibesctbanalbyriledespgeviaisesy stdl Hrpatiheisasenisedsandtigse and other
ways in whic ecific do%gtﬁggrrmsb%rf used will var ffrom one nothecri ill be readily, apparent to
those skilled [r'the art. See. 6.0, RERINGIOAE ee‘llrsr?1§c T STe e iatertss ﬁreelﬁ.‘,nl\)%%% ublishing,
Easton PA (Zimoymm%m!mémimenae@f@rmmoaudisatmidqddﬁtﬁinixmmm faitns
comprise on%9&@99&8@%&}@%1@%4%%%%%%&8& %&gﬁﬁg&a \ dé%“&?u%ét of

pharmacy, and non-limiting ex_arg]%)fes of suitablé excipients are pr erein. ether a particular
excipient is sOftSORPRINISIRYIHEE SaTRIFIR gomrinatiauTitl urpiBsiBohcor ek batsisepends on a
variety of factess. uealtikp@winmdRg artinsdedinenease r&%&m}fssm Hrsviuey Hersfighihe desage form

will be administered to a patjent. Fr@%example, oral dosage forms such as tablets may contain
excipients nof S SACHYS PRI ER admips LAy ensramenhdistlnsashiig Wfa samriana excipient may
also depend ampjlieasipadiic GITYR, 325 atlriSe pee e 0SHTFS formc iR fecpwRitsdherdrcamposition of
some active ingredients may be accelerated by some excipients, such as.lactose, gr when exposed to
vater Actve R FortBr e oA AR S B R e SRR, AR RS e o
such accelerdsdinlscomposition V@ tneawirestly, imavitpd wat pharen acéuficadeodigasiponsiand
dosage forme, et GAIRII6r LAl RGL9R8 RIS hERAROSRUSARR AN AER /T4 SERLBRER Br the term
"lactose-free” means that the amount of lactose present, i any, i$ insufficient to substantially increase
the degradatidFssasitization aEalergigreartinns(129]Lactose-free compositions can comprise excipients
that are well kggpwn in the pyiR0d @I disiRfntPpRXMBR RN ¥ phafhaidiAcaREIR 4SRRI 32rNF20

(2002). In general, lactose-free compositions comprise active ingredients, a binder/filler, and a

lubricant in pAAYAScEGHIAIR TSrRYSAmEr ShaTprzieiacisaticary derendngon ruarsush #he
embodiment,spefifarfieaitosros: bemed; prepeineda ot vieritagral] it antioialifiivst allin pcrlv age,

pre-gelatinized starchf and magnesium stearate. 113Q1Also, provided are, anhydrqus pharmaceutical
Composi tiOﬂSagIl’loéugoos 8?8%0 Onangslve agent useti, IFany. 861‘131‘6?1;/), a compound pm\)fgegl}l)e €11, ora

pharmaceutically acceptable salt, solvate, clathrate, stereoisomer or prodrug thereof, may be
used in an amount of from about 0.1 mg to about 500 mg per day, and can be adjusted in a
conventional fashion {e.g., the same amount administered each day of the treatment,
prevention or management period), in cycles (e.g., one week on, one week off), or in an
amount that increéses or decreases over the course of treatment, prevention, or management.
In other embodiments, the dose can be from about 1 mg to about 300 mg, from about 0.1
mg to about 150 mg, from about 1 mg to about 200 mg, from about 10 mg to about 100 mg,
from about 0.1 mg to about 50 mg, from about 1 mg to about 50 mg, from about 10 mg to
about 50 mg, from about 20 mg to about 30 mg, or from about 1 mg to about 20 mg.
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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 or the stability of
formulations over time. See, e.g., Jens T. Carstensen, Drug Stability: Principles & Practice, 2d. Ed.,

Marcel Dekker, NY, NY, 1995, pRECOND. Avaifest Agioipgd heat accelerate the decomposition of
some compoynds. Thus, the effect of water.on_a formulation can be, of great significance since

moisture andfoHhumidity M BRINBARFeviet ARLF LY HPRETRaREHLCAIPL arrsRiale sHE AN,
storage, shipprehygrthihsstebioneratatiomsr thbaif/vahdrenntihedmasestisabrampesidiangignd
dosage forms can be prepared. using, anhydrous qy. low moisiure containing ingredignts, and low
moisture or Ig\‘/%“ﬁﬁ %ﬁ?@%ﬁfgﬁ%& %%‘Z%&@SB%%&I%%SQ%f’dﬁ%&ﬂ@%@%&%(&?ﬂ%&sﬁﬁf%amprise
lactose and dt¢gait amebamtiimsnyagdienk Syatoostipalbem aherirastrycnt o€ panitaiyrappinaizeasenhydrous
if substantial it ' ldi In nufacturi kaging. and/qr storage is
expected. [1%?%&ﬁ%%?o%@%ﬁ§?3%gu ic k%@%%géft%%m{&éugé %%gg%%eﬁh%t%ﬁég\ such that
its anhydrouSPraRfe s moAldas ASERImQIct ahrgmacawigaliy ascanmblesialinsplatei slatheatembodiment,

packaged UsiRgrhRtRhaSipIoum dIHRIEYE L SRRSHERKR WALS | SLGBAL iRNCaRBE Il ydad in

suitable formulary kits. Examples of suitable packaging include, but are not limited to, hermetically

sealed foils, SFEEIRSCERNE ASER AR (B, Y¥Asds), blister packs, and strip packs. [133] Also
provided are j8garmaceuticaconpagiienmandiiesagedrinsoinalatioRAte 0Ra 8f MoregRaYoUNds
that reduce tgg({ate b v¥hich an aé:tivE in(!;rge%ient \ﬁ/ill decomgose. ?bl‘%jh compgaunds, which are
referred to héishy SEPRIHISHS RIS NS T P SeanA SE NG REFIE sansdargsalrenss &&eorbic acid, pH
buffers, or sarimeifsior §iddl] mikectesampungatheiktinoegniocsepaiemteidle amotgatiand specific types
of active ingr E@Eﬁe. a dosage form may differ depending on factors such as, but not limited to, the

route by which it is to be administered to patients. In one embodiment, dosage forms comprise a
compound pi§¥ed hereifEkpanlantdusneimalas b octi G 20ems sioludsObutage pblimitegthodiments,

dosage form,GamppiieR W%%R@gﬂﬁ% BEr&iA A0SR APALE: i, /-2, 10, 12.5,
15, 17.5, 20, 25,5;@,5100, 50, 200, 250, 300. 350. 400, 450, o1 500 m%? [13%%%&85I’?§Sembodiments,

dosage formSBesHfjsr R MRles ot dhriastivseasgieare anth@riomanseismabanbbadien (ishgssfem about 5
to about 500 érgmpRITsaboYb} Bicab Ak &Rl 89N TN ahehkoddr AaayieM¥hma. K euese, the

speit Moy e SEEonSEAGHRILA JSPEIS e e saoclle ool e Scasee o
optional addifimnat-hctivpiag &htssednlsibitent|y adutinistéstet lial i weiiénrtod Bck iR RinddO SAGE
FORMS inhibitors (such as, for example, PTK787); insulin growth factor receptor inhibitors;
lysophosphatidic acid acyltransrerase inhibitors; IkB kinase inhibitors; p38MAPK
inhibitors; EGFR inhibitors (such as, for example, gefitinib and erlotinib HCL); HER-2
antibodies (such as, for example, trastuzumab (Herceptin®) and pertuzumab (Omnitarg™)),
VEGFR antibodies (such as, for example, bevacizumab (Avastin™)); VEGFR inhibitors
(such as, for example, flk-1 specific kinase inhibitors, SU5416 and ptk787/zk222584);
P13K inhibitors (such as, for example, wortmannin); C-Met inhibitors (such as, for
example, PHA-665752); monoclonal antibodies {such as, for example, rituximab
(Rituxan®), tositumomab (Bexxar®), edrecolomab (Panorex®) and G250); and anti-TNF-a
antibodies. Examples of small molecule active agents include, but are not limited to,
anticancer agents and antibiotics (e.g., clarithromycin).

[100] Specific second active compounds that can be combined with compounds
provided herein vary depending on the specific indication to be treated, prevented or

managed.
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[136] Pharmaceutical compositions that are suitable for oral administration can be provided as discrete
dosage forms, such as, but not limited to, tablets (e.g., chewable tablets), caplets, capsules, and
liquids (e.qg., flavored syrups). Such dosage forms contain predetermined amounts of active
ingredients, and may be prepared by methods of pharmacy well known to those skilled in the art. See

generally, Re[nggton 's PhagmagaiicabSsienenmRlipredeniiack RRUS BN G RSB A20). [137]

Oral dosage forms provided Q%rein are prepared by combining the active ingredients in'an intimate °

admixture with*8Y fHPEAcY ppéﬁﬁﬁcﬂﬁ?gm&%@bri‘i&%ﬁ ; SHelarrsBusEaIeEsfABounding

techniques. Ewipntmeotaizemivyitpathiib (T okéesPsadrpeandinmaimitie igagbRrreparation desired
for administregio(ﬂbF Lexam rl)en,il?xcigien S sqit?(?lelf%%u_selin oral liquid or ae_ro_sol dosage forms
include, but are Not NMmited 16 warar SRe Sl it CHiRbby 81 FioBYRR) YRy e 2RRIARTRES and
coloring agerﬂsﬁmammﬂwicémmté%ahﬁmegsﬂara@ﬁﬂs&r&bﬁﬁ%geZ&aﬁm_ﬁx(@.gzeﬁgw_ders,
tabets, capsuao AR AERISAMIC R SRR/ S OALINIEY BRIl ERslsRs TG soplaline

cellulose, diluents, gnu[atlng_ agents, lubficants, ejrs’, and disintegrating agents. ] In one
embodiment, BratYdadeizepma; Meomprinssulfaigpbisewingr sridicime heepistiichexbisidfits; are employed.

In another engaecimaytidAblRisGaRDEFRAURMEYHEAGAL AERME R AANAGHROUS {BFIRIques. Such
dosage formﬁ_gc%l)g)@gggpared by any of the methods of pharmacy. In general, pharmaceutical

compositions 5 frRleaiR fraptngalbselssrsivashlasembieih@rplsamion gisnlatimtive
ingredients wetladidhiict cerisiens) finailAbyicdophlisptariiae 9thaiheanst e shapgiegdhaRigduct into
the desired pEg%IelQ;u iop iIrance ary. 1 39%§or example, tabl% can be prepared by compression or
molding. Compressed tablets Can be preparad: 88%?5’?@3@5% ZARaRiRITABM the active
ingredients inmzefydate] diariguioren dacetnast; plawdeibarn gramdeshiontipratyhiobids ishrifepscipient.
Molded table@&%Qi%gFM§wa' [ @esgga%lga@_ad:urgggma rpixtLé{ of ttht_a #fwd%r.ed compound
moistened with an inert liqui | |uent.%2& xgm% es of ex0|pleﬁ‘f‘snt’h%1ac§ﬁab% ed i Gral dosage
forms providety frerdieniden danituais priomiatiaterprbineler spiiomduisiepégriziots hadcbthibstidmts.

Binders SUita@!sdra&&%%é&ﬁi&%ﬂﬁ%&f&%ﬁ@&?@&%ﬂ%ﬁ&?Qsﬂ%ﬁﬁﬂﬁrfﬁ%i#ﬁ%‘ééds%d&%are not limited

to, corn starch, potato starch, or other starches, gelatin, natural and s c gums suc¢h as acacia,
sodium algin&IaMKRAAIE: SITROTReFtaRfFERRD Brenriadadiavolflardgoehlozisdny fazarabideits
derivatives (efgnretiidles bulasenecfiiRse araiataprad asrRiavicaliersHAlCIT LRSI
carboxymethyl cellulose).. polyvinyl pyrrolidone, methyl cellulose, pre-gelatinized starch, hydroxypropyl
methy! Ce||u|3!§’é‘,“(%°_‘é’_,s?\%é‘§?’2§ ?’%@%ﬁ’ﬁmﬁ%ﬁ? @‘ﬁéﬁ??fédﬁeh&’f%gg‘gﬁﬂ s thereof [141]
Suitable fornhydfmkéoddqzs‘faj;lfmidejIi]ineﬁ)imiuij:eoﬂutia;r&iﬁotdﬂmiteﬂﬂaeﬁaﬁ madtetidlsisrld as
AVICEL-PH- 101 AMICELRH0R AV BEL R LAVIGEL RHIGS (vl

L om?b-lF frotrp F!C%orggoration,
American Viscose Division, Avicel Sales, Marctis Hoo , BAY QhdPiitires e et R PECHEbinder
is a mixture JPHRSIES ORsiprtrean irdrechierisisdnasapanokynagthnsioe] inlesdaselbhasnkV ICEL RC-581.

Suitable anhygaeiérias, fajsiir Rsialenieadiliesie it AR ENAAFTM and Starch 1500

LM. [142] Examples of fillers suitable for use in the pharmaceutical compositions én_d'dosa'ge forms
provided her&iFSAAIRRETBE BROABETRfidBcthotrale SRAMM cBITIBPRIRE: (Y Uredeprimitindpaveser),
microcrystallingteedtulasmipoiatncehtofillagen BexIRIas rkafliPcim AN Sitigieasid, sorbitol, starch,

pre-gelatini;ergi§tg£ggbggﬂ @%(éﬂ{oersd%hereof he kﬂnder or filler in pharmaceutical compositions is, in
one embodiment, present m rrom avout 86 B %M?jﬂéﬁ@%eﬂ?@ﬁlﬁ?@’%ﬂmﬂ%al
composition oxiusIg@ddlitaxel; pegaspargase; peliomycin; pentamustine; peplomycin sulfate;
perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin;
plomestane; porfimer sodium; porfiromycin; prednimustine; procarbazine hydrochloride;
puromycin; puromycin hydrochloride; pyrazofurin; riboprine; safingol; safingol
hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin; spirogermanium
hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin;
tecogalan sodium; taxotere; tegafur; teloxantrone hydrochioride; temoporfin; teniposide;
teroxirone; testolactone; thiamiprine; thioguanine; thiotepa; tiazofurin; tirapazamine;

toremifene citrate; trestolone acetate; triciribine phosphate; trimetrexate; trimetrexate
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[143] Disintegrants may be used in the compositions to provide tablets that disintegrate when exposed
to an aqueous environment. Tablets that contain too much disintegrant may disintegrate in storage,
while those that contain too little may not disintegrate at a desired rate or under the desired conditions.
Thus, a sufficient amount of disintegrant that is neither too much nor too little to detrimentally alter the

release of thepeliveningrasienthmantR e dyabenesalid.aal dr3a08, Ruas.al e Repadat of
disintegrant used V%%[%S hased upon %he type of formulation, and is readily discernible to those of

ordinary skill YFHRBOAHD X BHESHRRBHRE HEHSHASRULGIb A eOrAG s HiBASIs ApHRIEs T aRAPIHBE 0.5 to
about 15 weighifpes et pidiseveigian viakirinrbathd (9abrlihevaight peraosidaidisitirgrant. [144]
Disintegrants_that be ysed in pharmaceuytical compositions and dosage foyms.include, but are not
limited to, agglrggag%gsf}#gtgb}’ ¥ %@q&U%ﬁné%l.fl%m\gf&?ﬁ%%?oe{@%gr%éc%%%é%é{% tarmellose
sodium, crospfidfione, pol&thitinspamtadaigents sodide btarehk niydodted potatbapi-thpioca starch, other
starches, pre 1q]] o' . ther alains,.other cejluloses, gums, .and
mixtures therﬁ%ﬁﬁ%ﬂ%ﬁﬁ%@@?ﬁ?g Esae(? ‘y?rﬁeﬁ%lgfm(géul?ﬁ%lgl’ %co:f'nﬁﬁcf)vsei |?)’nas%h:’;?r?ﬁJ %:Pgé’age forms
include, but sadorDieHi deslewkdnsiddl B rragaugricditrtanioar atebaninstiat cimligtht mineral oil,
glycerin, sorb&tﬂifwiaghmaoﬁtmemdgmﬁmbm?&a@ae@&;%g@aa@%@%@ury' sulfate, talc,

hydrogenated vegetable oil (e.g., peanut oil, cottonseed oil, sunf ower_oi1, sesame oil, olive oil, corn oil,

and soybeanBfregRRhqlidsapueinsgncsia inbihiterst pRaCRiSt Ay AntaeRNishidrBREFEFeof. Additional

lubricants inchintied desaixag plerpheadaiti sietedel (ARRAIPHL20 Hrovaidfasieirehly iR tGgase Co. of
Baltimore, M[a)g 2.c0a9 lated aerosol.of s r&%?)et'c silica (m r.keéed,b%/ Degussa, Co. of Plano, TX),
Sefefd et

CAB-O-SIL (A e iR oL RS Rs,048 { €St BARORORIRE M hd mixtures

thereof. If usesbdtkliotsiapoatis smeguous eghirirdo aidpamntCDIRGIIHRIBaagihineizatmrieaent of the
pharmaceuticg) famposiians ardasaas s B Aicn eyars insorporaled; 114640, gpe
embodiment, a solid oral dosage form comptises a comgound providéd hérein, arfhayzarousqactose,

microcrystallipeateaiinl gsatypriipsinapsatiol dbder viiuei balrnhodobidicedstathBAR(SRil imata gord st latin.
4.5.2 CONTR{M Je Rl JAkL: HembyREROPE R BMD bl LegUxevg idienshehag digsempounds

provided herein can be ad_ministered by controlled release means or by delivery devices that are well
known to thodt BFBHESASILIGE GF inbibion Risrylewide) birsnEere i sairifimdspesminsse described in
U.S. Patent NisnafSd84bistrdnt AL 039953 b26R09 b pRfinirs, e e SvidBorify ¢:B8Rimine;
calcipotriol; calphostin C; camptothecin derivatives; capecitabine;
carboxamide-amino-triazole; carboxyamidotriazole; CaRest M3; CARN 700; cartilage
derived inhibitor; carzelesin; casein kinase inhibitors (ICOS); castanospermine; cecropin B;
cetrorelix; chlorins; chloroquinoxaline sulfonamide; cicaprost; cis-porphyrin; cladribine;
clomifene analogues; clotrimazole; collismycin A; collismycin B; combretastatin A4;
combretastatin analogue; conagenin; crambescidin 816; crisnatol; cryptophycin 8;
cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; ¢ypemycin;
cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab; decitabine; dehydrodidemnin
B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone;
didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine; dihydrotaxol, 9-;
dioxamycin; diphenyl spiromustine; docetaxel; docosanol; dolasetron; doxifluridine;
doxorubicin; droloxifene; dronabinol; duocarmycin SA; ebselen; ecomustine; edelfosine;
edrecolomab; eflornithine; elemene; emitefur; epirubicin; epristeride; estramustine‘
analogue; estrogen agonists; estrogen antagonists; etanidazole; etoposide phosphate;
exemestane; fadrozole; fazarabine; fenre’tinide; filgrastim; finasteride; flavopiridol;
flezelastine; fluasterone; fludarabine; fluorodaunorunicin hydrochloride; forfenimex;

formestane; fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate; galocitabine;
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5,059,595; 5,591,767, 5,120,548, 5,073,543; 5,639,476; 5,354,556, 5,639,480; 5,733,566, 5,739,108;
5,891,474, 5,922,356;

ganirelix; gelatinase inhibitors; gemcitabine; glutathione inhibitors; hepsuifam; heregulin;
hexamethylene bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene;
idramantone; ilmofosine; ilomastat; imatinib (Gieeve&:@), imiquimod; immunostimulant
peptides; insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons;
interleukins; iobenguane; iododoxorubicin; ipomeanol, 4-; iroplact; irsogladine;
isobengazole; isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F; lamellarin-N
triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin; letrozole;
leukemia inhibiting factor; leukocyte alpha interferon; leuprolide+estrogen+progesterone;
leuprorelin; levamisole; liarozole; linear polyamine analogue; lipophilic disaccharide
peptide; lipophilic platinum compounds; lissoclinamide 7; lobaplatin; lombricine;
lometrexol; lonidamine; losoxantrone; loxoribine; lurtotecan; lutetium texaphyrin;
lysofylline; lytic peptides; maitansine; mannostatin A; marimastat; masoprocol; maspin;
matrilysin inhibitors; matrix metalloproteinase inhibitors; menogaril; merbarone; meterelin;
methioninase; metoclopramide; MIF inhibitor; mifepristone; miltefosine; mirimostim;
mitoguazone; mitolactol; mitomycin 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; naloxone+pentazocine;
napavin; naphterpin; nartograstim; nedaplatin; nemorubicin; neridronic acid; nilutamide;
nisamycin; nitric oxide modhlators; nitroxide antioxidant; nitruliyn; oblimersen
(Genasense®); O6-benzylguanine; octreotide; okicenone; oligonucleotides; onapristone;
ondansetron; ondansetron; oracin; oral cytokine inducer; ormaplatin; osaterone; oxaliplatin;
oxaunomycin; paclitaxel; paclitaxel analogues; paclitaxel derivatives; palauamine;
palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene; parabactin; pazelliptine;
pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin; pentrozole; perflubron;
perfosfamide; perillyl alcohol; phenazinomycin; phenylacetate; phosphatase inhibitors;
picibanil; pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetin B;
plasminogen activator inhibitor; platinum complex; platinum compounds;
platinum-triamine complex; porfimer sodium; porﬁroinycin; prednisone; propyl
bis-acridone; prostaglandin J2; proteasome inhibitors; protein A-based immune modulator;
protein kinase C inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine
phosphatase inhibitors; purine nucieoside phosphorylase inhibitors; purpurins;

pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylene conjugate; raf antagonists;
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5,972,891, 5,980,945; 5,993,855, 6,045,830; 6,087,324, 6,113,943; 6,197,350; 6,248,363, 6,264,970;
6,267,981; 6,376,461,

raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors; ras inhibitors; ras-GAP
inhibitor; retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin; ribozymes; RII
retinamide; rohitukine; romurtide; roquinimex; rubiginone B1; ruboxyl; safingol; saintopin;
SarCNU; sarcophytol A; sargramostim; Sdi 1 mimetics; semustine; senescence derived
inhibitor 1; sense oligonucleotides; signal transduction inhibitors; sizofiran; sobuzoxane;
sodium borocaptate; sodium phenylacetate; solverol; somatomedin binding protein;
sonermin; sparfosic acid; spicamycin D; spiromustine; splenopentin; spongistatin 1;
squalamine; stipiamide; stromelysin inhibitors; sulfinosine; superactive vasoactive intestinal
peptide antagonist; suradista; suramin; swainsonine; tallimustine; tamoxifen methiodide;
tauromustine; tazarotene; tecogalan sodium; tegafur; tellurapyrylium; telomerase inhibitors;
temoporfin; teniposide; tetrachlorodecaoxide; tetrazomine; thaliblastine; thiocoraline;
thrombopoietin; thrombopoietin mimetic; thymalfasin; thymopoietin receptor agonist;
thymotrinan; thyroid stimulating hormone; tin ethy! etiopurpurin; tirapazamine; titanocene
bichloride; topsentin; toremifene; translation inhibitors; tretinoin; triacetyluridine;
triciribine; trimetrexate; triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors;
‘tyrphostins; UBC inhibitors; ubenimex; urcgenital 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.

[103] 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, carbopiatin, procarﬁazine, gliadel, tamoxifen, topotecan,
methotrexate, Arisa®, taxol, taxotere, fluorouracil, leucovorin, irinotecan, xeloda, CPT-11,
interferon alpha, pegylated interferon alpha (e.g., PEG INTRON-A), capecitabine, cisplatin,
thiotepa, fludarabine, carboplatin, liposomal daunorubicin, cytarabine, doxetaxol,
pacilitaxel, vinblastine, IL-2, GM-CSF, dacarbazine, vinorelbine, zoledronic acid,
palmitronate, biaxin, buéulphan, prednisone, bisphosphonate, arsenic trioxide, vincristine,
doxorubicin (Doxil®), paclitaxel, ganciclovir, adriamycin, estramustine sodium phosphate
(Emcyt®), sulindac, and etoposide.

[104] In another embodiment, examples of specific second agents according to the

indications to be treated, prevented, or managed can be found in the following references,
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6,419,961; 6,589,548, 6,613,358; 6,699,500 each of which is incorporated herein by reference. Such
dosage forms can be used to provide slow or controlled release of one or more active ingredients
using, for example, hydropropylmethyl cellulose, other polymer matrices, gels, permeable membranes,
osmotic systems, multilayer coatings, microparticles, liposomes, microspheres, or a combination

thereof to pra¥ide wWiecHesdr e dgloasednatia in MRy nERIRO UM Sateitable 60810ioanelease

selecied for GDMTh d SR R e R AR AR rovicea
encompasseXia8e2 0l ¢ o200 S SULGISKS 0052 Hd$Hodsda2iR26081028984aAt not limited to,

tables, capsul GRYGRRS A 618 IRL 6 APRIeAIansaTLoled talsaren 4Rl gonuoled

release pharmaceutical ptoducts have 8 common goal of improving drug therapy over that achieved by
their non corfffidb&Blunterparts. Ideally, the use of an optimally designed controlled release

preparation ipypgdical treaimennis chalasigTiearkRs IR, SE44A RIRRIARCAAGIRT employed to

cure or control the condition in a minimum amount of time. Advantages of controlled release

formulations FREYGABOSARHARBARIRAT B tHPRrLGehelf CutAB BaH N iOnegn TdiR98teased subject

cor_npliancek.] tReRasbbionR, @pt{@ﬁ%ﬁﬂ@l@@g@ﬁggmﬁl?@;@ gﬁﬂ&@ﬂég@gt@ @ﬁf@hu??sgmﬁ of onset of f
action or other characteristics, such as blood levels of the drug, and can thus affect the occurrence o
side (e.g., ad%fggeéﬁgag?sfﬁéﬂgg@cﬁﬂﬁl&ﬂé%%ﬂgfq&%I’é’l‘i’B PR Rl release

an amount ohdsipgdiactivaoibaaaligssir thattpiafiyntiy pooidsicasidéntiétsived, inenapetiidefeey, and
graclually and,gentinyally [gleass elelber amennis Sl dia (e mainiain s icvel of lngrapeutic or
prophylactic e ECt'OVer an exterrded pgrloaa%?l%lme. I3 Oraer 1o maintain (e Constart level of drug in
the body, thecartjgon_mgid@ehﬂed@eu frovgemekelonans athen atcsthate thgenisi INdfIMicentagammmount of
drug being mgtahglized AN axe RIGHATRIPSDERAY, RMSIRNRAFPIEBEE A AR AR P R iRgredient can be

stimulated by various conditions including, but not limited to, pH, temperatdre, enzymes, water, or
other physiol§ﬁﬁ9&ﬁ%6¥&lﬁfﬂ?%iﬁ?’eé?nbblﬁ‘fﬁ§°‘ limited to, salicylic acid acetate (Aspirin™), celecoxib

(Celebrex®), Enbrel®, ketamine, gabapentin (Neurontin®), phenytoin (Dilantin®),
carbamazepine (Tegretol®), oxcarbazepine (Trileptal®), valproic acid (Depakene®),
morphine sulfate, hydromorphone, prednisone, griseofulvin, penthonium, alendronate,
dyphenhydramide, guanethidine, ketorolac (Acular®), thyrocalcitonin, dimethylsulfoxide
(DMSO), clonidine (Catapress®), bretylium, ketanserin, reserpine, droperidol, atropine,
phentolamine, bupivacaine, lidocaine, acetaminophen, nortriptyline (Pamelor®),
amitriptyline (Elavil®), imipramine (Tofranil®), doxepin (Sinequan®), clomipramine
(Anafranil®), fluoxetine (Prozac®), sertraline (Zoloft™), naproxen, nefazodone (Serzone®),
venlafaxine (Effexor®), trazodone (Desyrel®), bupropion (Wellbutrin®), mexiletine,
nifedipine, propranolol, tramadol, lamotrigine, vioxx, ziconotide, ketamine,
dextromethorphan, benzodiazepines, baclofen, tizanidine and phenoxybenzamine.

[106] Examples of second active agents that may be used for the treatment,
prevention and/or management of macular degeneration 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, purlytin, an
angiostatic steroid, rhuFab, interferon-2a, pentoxifylline, tin etiopurpurin, motexafin,

lucentis, lutetium, 9-fluoro-11,21-dihydroxy-16,
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[1501In certain embodiments, the drug may be administered using intravenous infusion, an
implantable osmotic pump, a transdermal patch, liposomes, or other modes of administration. In one
embodiment, a pump may be used (see, Sefton, CRC Crit Ref Biomed. Eng. 14:201 (1987); Buchwald
et at, Surgery 88:507 (1980); Saudek et at, N. Engt .1 Med. 321:574 (1989)). In another embodiment,

polymeric matt@ylaisctiariedeylidedbis(yel)praiter enbadispidiono MialigdialgaseIy ermens.be
placed in a syhj n rapriate site determined by a practitioner of skill, i.e., thus requiring only a
fraction of th§ ’?gsgt%?ng?it&%%‘gyé%lg,a@gf?@dg%@bvﬁsﬂﬁébg\;%?ﬂﬁﬁﬁd&%fiﬁ?’@f@ﬁrﬁﬂ%ﬁf@&%@Iease, vol. 2,
pp. 115-138 (a&8nid:@uetSnitakatNele 658 §36bmd 6@ 4j80B )5 Tediiteinogrensen; by Qaviger (Science
249:1527-15 Lok iye ingredient e disparsed | id{nper.matrix, e.q. .

polym ethylmg%é%ﬁeﬂ%?ﬁ%ﬁé%ﬁ?&éé&%iiégi jgﬁgfgé] p gigf%i Sgcf%o )?\ll%iﬂtﬁ%%%?’
plasticized n@bisitla@tiel dal pdxritiny kinehaniphsfarmenonsatingU b Betepdfnseofdns8olyisobutylene,
polybutadiengiRRivME RCSHIIME RYIBIACRIGE € PROMIRAIN S IUCPNE T8 i domide,

polydimethylsiloxanes, silicone carbonate co&cf)‘lymers, hydrophilic polymers such as hydrogels of

esters of acrfFARPRAIASRHEL O ettt chasks-fibrebiash RromtidraspoltIitdFross-linked partially
hydrolyzed pedysvioymageiesatthatisr HATGMER biihait Quia R ois it MRPIRTNE)J., polyethylene,
Erytenoiiny S EED S TSRS AP AL NS EBrERS rubber.
chlorinated pblya3ayiEng pbijlyinNikesiteand BIETISERT taphiyniBesswii@Miyhbcestef waylidene
chloride, eth v er thylene terephthalate, butyl rubber epichlorohydrin
rubbers, ethy e?r%?vm%l%%%ﬁ%ﬁ?o%%@%%ﬁ%ﬁ% ene \%3? Egé%%g g@iﬂe;?fbﬁﬁ%%}éhol terpolymer, and
ethylene/vinyidJkethanol dogpsnptesofikenondinstlisiigemsisbatniaics Tied fotibe iegtmdient then diffuses

through the gyiRlRAM BRI MARRIANEIPJelPaRe LS RIARIOUACLAR: ARl aas pbactive

ingredient in such parenteral compositions is highly dependent on the specific nature as well
as the needsT6FIREIS X s agidn ptikipties ago eotuirmpavesinlister e riteraidsosnde forms
can be adminiateiedio Rt SR BRSSO RUbACLIMEEsH RS aitaneous,
intravenous (| cludin%jgolus iné'%%iog,éntramuscular, and intraarterial. In some embodiments, .
administratiof 8F QJ5&rer AP B fr B Pt ad: satieviS acidu fagtifeieids B0 Mg NG 5t minants,
and thus, in thesctenilsd;isentsinparcaidbid s agitafer)sotibmiey tiexdr, dapgblenptheiagsterijzed
prior to adminjstration to a.patient, Examples of parenteral dos forms include, but gre not limited to,
solutions rea?&ﬁsc?% %%ﬁglc%%hﬁ;%@ f)?oa%% %Sr‘é%days %ug‘gn dPsi,%%?\r}eg %@?&%@%ﬁ%‘?ﬁl %Cf)?gtg}rmaceutically
acceptable vepltgefo Dejmediesens W pdpeion E azsial [Cionstiactivtologab shvdisiondy pl6e] Busitplake,
vehicles that ganihg4sgd to provide parenteral dosage forms 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, SoHif#h ChioridExajaelsPIrsrerd actije agsnts tastirersebmjssddar theseateeahd Sodium

Chloride Injeglierentiodl AririaigdlRiRasss dnndinanaiepnisciole MRIVEIAS SHSbrasskHtneL limited to,
ethyl alcohol,b%o%eg{%/lfne %;/col, and %rop lene glycgﬁ anai!;on-aqueous vehicles such as, but
not limited to BofFE &7 S54H ‘é’e&%‘iﬁ"ﬁ% off VB faTG2 i te UGB SRSt state, and
benzyl benzdsltekErs3Gdditporsn deottalirtraasie ghes saldbilislinfhangaisnopabiiesivadngredients
disclosed hergj n.also bgjncorperated into the parenteral.dosage fqrms. For example, cyclodextrin
and its derivé%nebg%gg%%"@%cg) '?rl\?gr%lg}srs ’tﬁ%&%ﬁ?gﬁfﬁo’@aﬂég‘f’nr%o%% fé]%?ﬁlggé‘ $O%in. See, e.g.,
U.S. Patent Nerosib@mneinhibiiiets.ignd othpotzaragdutivsikrigywefe redue: pllsidiiie RI@AL priDre.

MUCOSAL DI RiaR Inthaf baelee R Aiaa2bADRRIR CH MR AP dedidede] nclude, but
are no
cardiac glycoside, digoxin-oxygen, diltiazem, nifedipine, a vasodilator such as prostacyclin

(e.g., prostaglandin 12 (PGI2), epoprostenol (EPO, Floran®), treprostinil (Remodulin®),
nitric oxide (NO), bosentan (Tracleer®), amlodipine, epoprostenol (Floran®), treprostinil
(Remodulin®), prostacyclin, tadalafil (Cialis®), simvastatin (Zocor®), omapatrilat (Vanlev®),
irbesartan (Avapro®), pravastatin (Pravachol®), digoxin, L-arginine, iloprost, betaprost, and
sildenafil (Viagra®).
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limited to, sprays, aerosols, solutions, 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,18th and 20th eds., Mack Publishing, Easton PA (1980, 1990 and 2000); and
Introduction to Pharmaceutical Dosage Forms, 4th ed., Lea & Febiger, Philadelphia (1985). Dosage

forms fUit?bl?li?g tlreaying Ex400p! gbmu@@,wawﬂgmg&%hgéwﬁyml%gjgﬁmmg@?d%outhwa;hes or
as oral gels. uitable excipients (e.qg,, carriers and diluenis) and other materials that can be
used to provialée}’grﬁ%glaél & ﬁf&%@%%ﬁ%%&‘a%‘é%ﬁh?éﬁ&%d&gé‘i?f%&%ﬁﬁ%ﬁéwﬂ MRS fRose
skilled in the phthracpciine pddtamtsn saiklyterendemn, bisiprerien (@ dinsasst8)\dighamiven pharmaceutical

composition Qg dg 1{ i plied. In one embodiment, excipjents include, but are not limited
to, water, acet%ne,ﬁﬂe%?anoi, g%%%%%%@%‘o? 1?(?63’/ rﬁgagr:] %‘6\?’&}{3@%’. e}gl-%ffé%'f’sﬁ?ﬁrootﬁ%yristate,
isopropy! palfftEietrenate taketErendinmizaane sapraitabine, fosplativl tivrteparflutimbines geteplutiich are

non-toxic anqipbﬁfmqammm%emm@ﬂ%ﬁrsaenﬁmgeﬁimﬁsaﬂa 59 hepdqgd to

pharmaceutical compositions and dosage forms. Examples of additional ingredients are well known in
the art. See, 845 REEINIATE BReFRisdERICACShRHREYONE bigHin hyspinheaderednisereP ublishing,
Easton PA (18i8phckgRéhardazQ0R) +ridtiak, Migchktiné aphaiprecuisAiEppRosien pidpade form

may also be agjusted.to.improve delivery of one or more active ingredients. Also, the polarity of a
solvent carriearfgh%n?gﬁ% E’J?égﬂ%&fﬁlf‘o YBHITSR 9a3F BU BRIt BSRASTIRR eisar [Re8rpinaRdsuch as

stearates cargesothamdded to pharmaceutical compositions or dosage forms to alter the hydrophilicity

or lipophilicity pfgone or m tive iRgredients.so as to improve delivery. In.other embodiments,
stearates caﬁ se{ﬂ/e_as a I%%%%Lglgl%il%ﬁ ﬁg ?S%rlr‘ﬁ%flgﬁgtﬁ,ﬁgs g’na%r%u g Ji%wbgrrglgeetﬁetagpg?ﬁ*factant, or as a
delivery-enhaiensgtonpadan aanrreastem ofpreayisin discaterinelndo dimerdsios ditsitsbivates, prodrugs,

clathrates, or%;gwﬁlg{eg RARiYE, i%ﬁ@%%{ﬁiiﬁé@\ﬂ?aﬁi%ﬁﬂé? Jg%%y%ﬁ%%% élé%r%r,gglerties of the

resulting composition. 4.6 KITS [157] In one embodiment, active ingredients erein are not
administered s cpaREnbalp frEnmEriRI Wb THE S ¥ehloToiin o I gwItalouAYANEnOther

embodiment zpiavidest e ditsiuDistheai GRBPHIIRS AT IISIEANNE BLAPMORIAISAMONRLSOf active
ingredients. %58 In o#g embodiment, a kit comprises a dosage form of a compound provided herein.
Kits can furth r%%l‘ﬁﬁ S ARHBORR COMRAMING ke SRS tibOE BRI ERals): injeHsseRtammRIphalan,

G-CSF, GM-@faEoraR(D:, topmttiad dechibat nenisiipieea andax0tE) GufdVo ) dortitobibitns,
pentoxifylline, Giprofloxacin, dexam ne, IL2, IL8, 11.18,.Ara-C, vinorelbine, isotretinoin, 13
cis-retinoic ac %‘%ﬁggﬁ’ar%raaén 8*5*.%@?8{.‘3}8%@%” %Lr;mé)gﬁf}a?‘lr\l/ S['ﬁ%?@g ) 8’fa§°§Smbination thereof.
Examples of thtlhdditionaFzethmdangfsctendsamtotadesissitiatenayt bimited for, titoseadisainsed herein

(see, e.9., sepHR flicH ahkpsH I AIRLRRNAIIMAMS aktis G MUNALSIMRIRS SRYGes IakaLg used to
to: antibiotics (therapeutic or prophylactic) such as, but not limited to, ampiciilin,
tetracycline, penicillin, cephalosporins, streptomycin, kanamycin, and erythromycin;
antivirals such as, but not limited to, amantadine, rimantadine, acyclovir, and ribavirin;
immunoglobulin; plasma; immunologic enhancing drugs such as, but not limited to, levami
sole and isoprinosine; biologics such as, but not limited to, gammaglobulin, transfer factor,
interleukins, 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., BAFF/BlyS),
cytokines (e.g., IL-2, IL-4, and IL-5), growth factors (e.g., TGF-q), antibodies (e.g., anti-
CD40 and IgM), oligonucleotides containing unmethylated CpG motifs, and vaccines (e.g.,
viral and tumor peptide vaccines). |
[112] 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: opioids; a
dopamine agonist or antagonist, such as, but not limited to, Levodopa, L-DOPA, cocaine, o-

methyl-tyrosine, reserpine, tetrabenazine, benzotropine, pargyline, fenodolpam mesylate,
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administer the active ingredients. Examples of such devices include, but are not limited to, sy_ringes,
drip bags, patches, and inhalers. [160]Kits can further comprise cells or blood for transplanta.tlon as
well as pharmaceutically acceptable vehicles that can be used to administer one or more actlve.
ingredients. For example, if an active ingredient is provided in a solid form that must be reconstituted

for parenteralcasiryifieapamifia il 63 ERuNBRESPRIA ROBRIAG Al SUIRRIBNEN AR Jabich the
active ingrediﬁ;#ﬁcan be dissalved to form a particulate-free sterile solution that Is suitable Tor
d

parenteral adHREMABHE: 3R R gAldrmesylatea Ringreet StRe R SRS tHSH @d\@_ﬁ@t are not
e st s e e s i S
e N B T S s ol mea i lon, and Lo
glycol, and patypbitpylench gy bok; ran ﬁmdﬁquph&ﬁﬂmsmbtﬁﬁ?mbﬁféﬂimi’-t‘gldlfe@;ezﬁggt”eo' l,
cotensecd obeaale swoAme LS REYe R BSRG pI e
non-limiting e%ﬁﬁﬁ@@%mchioride, tacrine, pralidoxime chloride, obidoxime chloride, .
2-(2,6-Dioxo-pipgiadinnie ot rasiQayy ﬁ?d?%&%ﬂ:ﬂﬁfﬂﬂ%?ﬁhéﬂiﬂﬂgsggﬂné G0 ]cfemecarium;
an anti-inflammatory agent, such as, but not limited to, naproxen sodium, diclofenac
sodium, diclofenac potassium, celecoxib, sulindac, oxaprozin, diflunisal, etodolac,
meloxicam, ibuprofen, ketoprofen, nabumetone, refecoxib, methotrexate, leflunomide,
sulfasalazine, gold salts, Rho-D Immune Globulin, mycophenylate mofetil, cyclosporine,
azathioprine, tacrolimus, basiliximab, daclizumab, salicylic acid, acetylsalicylic acid,
methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine, acetaminophen,
indomethacin, sulindac, mefenamic acid, meclofenamate sodium, tolmetin, ketorolac,
dichlofenac, flurbinprofen, oxaproiin, piroxicam, meloxicam, ampiroxicam, droxicam,
pivoxicam, tenoxicam, phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine,
apazone, zileuton, aurothioglucose, gold sodium thiomalate, auranofin, methotrexate,
colchicine, allopurinol, probenecid, sulfinpyrazone and benzbromarone or betamethasone
and other glucocorticoids; and an antiemetic agent, such as, but not limited to,
metoclopromide, domperidone, prdchlorperazine, promethazine, chlorpromazine,
trimethobenzamide, ondansetron, granisetron, hydroxyzine, acetylleucine
monoethanolamine, alizapride, azasetron, benzquinamide, bietanautine, bromopride,
buclizine, clebopride, cyclizine, dimenhydrinate, diphenidol, dolasetron, meclizine,
methallatal, metopimazine, nabilone, oxyperndyl, pipamazine, scopolamine, sulpiride,
tetrahydrocannabinol, thiethylperazine, thioproperazine, tropisetron, and a mixture thereof,
[113] Examples of second active agents that may be used for the treatment,
prevention and/or management of CNS injuries and related syndromes include, but are not
limited to, immunomodulatory agents, immunosuppressive agents, antihypertensives,
anticonvulsants, fibrinolytic agents, antiplatelet agents, antipsychotics, antidepressants,
benzodiazepines, buspirone, amantadine, and other known or conventional agents used in
patients with CNS injury/damage and related syndromes. Specific examples include, but
are not limited to: steroids (e.g., glucocorticoids, such as, but not limited to,

methylprednisolone, dexamethasone and betamethasone); an anti-inflammatory agent,
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[162] Methyl iodide (30.2 g, 213 mmol) was added to a stirred mixture of 3- nitrophthalic acid (15.0 g,
71.0 mmol) and sodium bicarbonate (23.9 g, 284 mmol) in DMF (150 mL) at room temperature, and
the mixture was then heated in an oil bath set to 60 C for 4 h. The mixture was then poured into 700
mL of ice water. After the ice melted, the mixture was extracted with ethyl acetate (3 x 150 mL) and the

organic phaséslueiigV s heeliitieavaiaiapfok e Sotithh, (i MASOML AN SvRRAIARthsRiaNiding 16.2
g of 3-nitrophthalic acid qingiethyl ester,asda al,e#rellow solid, in 95% yield; II-l NMR (CDCI3) 8 3.95 (s,
3H), 4.02 (s, FTED T 1548% P aproginy dglypisel,y elpgolagemeloxiees. Abwprafen. keeArdanol-conc.
HCI (200 mL puiameanieddfe@Einnddhendatijleflatalida cia Mixaind, eoRr e, R#HED.8 nunol) was
added. Maintaini oaling, tin (1)) chloride £70.8 g,.314 minol) was added portionwise, over a
period of 15 %&@él@ﬁ%ug%b%ﬁpeé%ﬁ )613% & 3%& SrV?,é ipRpomng RS %‘%?J%'dsand stirring
proceeded athastinitashpéaclioveabfteali2ylictheidnacaiytsaling lheatid) e thplystiiedaditiiflufiss)id sodium
bicarbonate, apgihe . iag. m € th & ate (3 x 150 mL) and the combined
extracts were Washeaaﬁ#r%fgﬁgi%%%&rm g%v%?ﬁ%ﬁ%% z%gqg%%{ﬂdsgég%%fﬁee erbafg{ﬁ |r%211.3 g
of 3-aminophiftalefseanatriogiyme sebmating keineveeidishBdosagciurtinpinien(CRODEINS 3.84 (s, 311),

3.86 (s, 3H), BiRfiaim I Clingliro Subizarb Eichl HFy cHibad AhilShaht pinylibitzont = L0 HZ.
1H), 7.24 (t, J =78 Hz 111%: Step 3: 11641A solution of 3-aminophthalic acid dimethyl ester (9.5 g,

45.4 Trunol) RFYPRSRRIHZRBHENLBYT RS oBMHIOPNERE e BRAZENE Bleutan ELioRiRs o B saring

formed. A solthiinabdtd]ablaxd 3, @ datOxae)ablshitdenM opisnwas bR R-aR e Slgwii-sainaining

the temperatyre hetween 0 - 5 roughout the.addition. Following completion of the addition, the

micture was SUET O b o R e N R s, DR ME B P15 o, 68.3

mmol) in 30 reemriEigvatstiodpieniiae. dihgs sbicticomEaseddddealinadtbyipheaiddtthdnitfee-reaction

flask was transfaiadén Ige ). i prehe. 65, The mixture stirred with heating for
m Hﬁ?& ait?gf@'t@ ﬁgtﬂylgg%ﬁ@_i{ﬁé?m@%l tultrg %etgyig%}%zg%a d-e

10 minutes, and was then cooled In an icée ewase with C12 (3 x 150 mL)

and the comBTis&Ry saifate @ hrrcraohyiphanidate, wader q8xture thentofeade diladtidagso4) and

evaporated, aiehthe BapifiivRIGH! ARAIRSTARACE HRIBI IR BEXAAGS:GhYI acetate gradient. The
product, whlcﬂfﬁgted at 17;3 hexanes-ethyl acetate, was a light Eurple solid, and was then triturated

with hexanes! ¥ifdred, and®dfEwle glisepidpesvs@esnuthatipieihamsetfardin sespmester, as a
colorless soljatdekdi ORI BfadDeth SnD OBy sHc Pl (et Brd rdBikl dymidfeda?idciii SR (d, J =

79 Hz, 2H). SRt iR W R OB RE it he % TN S OB ET ) e, Qi 62
an antiepileptic agent (gabapentin, pregabalin, carbamazepine, oxcarbazepine, levitiracetam,
topiramate), an antiaryhthmic agent, a sodium channel blocking agent, a selective
inﬂarhmatory mediator inhibitor, an opioid agent, a second immunomodulatory compound,
a combination agent, and other known or conventional agents used in sleep therapy.
Specific examples include, but are not limited to, Neurontin, oxycontin, morphine,
topiramate, amitryptiline, nortryptiline, carbamazepine, Levodopa, L-DOPA, cocaine, a-
methyl-tyrosine, reserpine, tetrabenazine, benzotropine, pargyline, fenodolpam mesylate,
cabergoline, pramipexole dihydrochloride, ropinorole, amantadine hydrochloride, selegiline
hydrochloride, carbidopa, pergolide mesylate, Sinemet CR, Symmetrel, iproniazid,
clorgyline, phenelzine, isocarboxazid, tolcapone, entacapone, physostigmine saliclate,
physostigmine sulfate, physostigmine bromide, meostigmine bromide, neostigmine
methyisulfate, ambenonim chEoﬁde, edrophonium chloride, tacrine, pralidoxime chloride,
obidoxime chloride, trimedoxime bromide, diacetyl monoxim, endrophonium,
pyridostigmine, demecarium, naproxen sodium, diciofenac sodium, diclofenac potassiurm,
celecoxib, sulindac, oxaprozin, diflunisal, etodolac, meloxicam, ibuprofen, ketoprofen,

nabumetone, refecoxib, methotrexate, leflunomide, sulfasalazine, gold salts, RHo-D
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nunol), and sodium hydride (0.3 g of a 60% dispersion, 7.5 nunol) in 100 rnL pyridine was heated to
reflux and stirred under nitrogen for 15 min. 3-lodophthalic acid dimethyl ester (2.0 g, 6.2 Irmo]) was
added, and the resulting mixture was stirred at reflux for 20 h. The mixture was cooled to room
temperature and quenched by the addition of saturated NH4C1 (15 mL). Volatiles were removed under

reduced pregswitant Globginhtyapipagiienaeibetws ciospibiiaeagreidprine kdd00mvs) and ethyl
acetate (100 mL) and th‘? 100 mL),. The combined

ueous phasg was, extracted wijth ethyl acetate
organic extra S AT e LRI ARURS R RS SEOR oY HOBRHD ath R RISt 100 ),
again with diksleabaieedsmdite,(@ias0Rzine) avethfinadiphanthindatectibobmlindag mefmaviapaidied.
Chromatogr Qé’k’:;li}en %&es%-%@(l tate E%j;jo L PEQ) ng’?gn‘%?ﬁ qf %—(%—Emethox henoxy)-phthalic
acid dimethyl ester, e%jétlng at 3@&?‘ 5 y%aceta%qi mé % yiel ‘%’f‘h (‘8%%% 6 3.79 (s, 3H),
3.91 (s, 3H), B9BIEaNR HElexe618, SMmprinodichme GxIcem,(piy oxgam.Oenatdcams mg_xmlbpmzones Hz, 1H),
7.13-7.20 (Mol ihehirRddore ot iHnel BhidopfrideO bkl LietiGh %&ﬁ%&% @fsodium

3-(2-methoxy-phenoxy)-phthalic acid dimethyl ester (0.75 g, 2.4 nunol) and_ (50 mL) in
ethanol (100 THEREE aBaTis, reatietsHoth cokdisinaalanaEnd JrePaRis theWEnRY B8 removed

under vacuumsenkBgoresishis uasmdinssiveddn vate (IR dridms] WasbrRe il [A3fmperidhne100 mL),
acidified (HC{%/, a f extracted with ethyl acetate (3 x 75 m{lg_i. The combined organic extracts were
washed with BL8EBI TR BT OB ERF G SHATPERPE P BTN RRBRAETIG ¢ B EegFor.
i 300 T 805608 (. 20D 167 23 ZE0 7,39 (¢ e 5,017 k0 788 (o= 6.2 1
z,J=0. 95:6.98 (m, 211),7.16-7.23 (m, 2H). 7.39 (t, J.=8.0.Hz 1H), 7. = 8.2 Hz,
). step 6 AR By S plonoiiel Beille, aRbdimye Fdizfie ndoRi it
rac-o-aminogfipheiiddb dgldsehiorthel{Bixs yethd lntehatiehopipridine, (Ebiby.wazeertpd to reflux for
16 h. The mi%\aaﬁec99&%91aﬂﬁl&vs%m;ﬁr&qm%m%m&*ﬂﬁﬁswg@%syaﬁég'Ssolved in ethyl

acetate (100 mL) and vGashed with dilute aqueous HC1 (2 x 100 mL) and water (100 mL), and was
evaporated. FHEREERIAEFak BsEEOREbD FEYSIRFEEH2C12- methanol gradient, eluting the title

compound at{9Psp CH2C12:mnap1enef secaldadih@dYeiettaiipay 231428 for e kEaYalers Symmetry
C-18, 3.9 x 150 mm, 5 tun, 1 mL/min, 240 pm, 40/68?%%3§N/0.1 % a%azpm, 6.06(99.46%); 1H NMR

(OMSO- o) PEHELOR ARlorn Fgmagemeniof heimoplobingmady ani related isnsders sahde, BRI ) = 12,4
Hz, J = 5.3 Hatotllit)it6cB5:(dntdrie &knki sudirls TLOB Ghchaifgdrbtamibiant AT GAUZ) 3, 7.54 (d, J =

7-2Hz, TH), Tofgodk i e i b T 6 L : eelDIR (RYR0i0RMA 38 RedOsdSebea
alfa-2b, interferon alfa-nl, interferon alfa-n3, interferon beta-I a, and interferon gamma-I b;
and G-CSF; hydroxyurea; butyrates or butyrate derivatives; nitrous oxide; hydroxy urea;
HEMOXIN™ (NIPRISAN™; see United States Patent No. 5,800,819); Gardos channel
antagonists such as clotrimazole and triaryl methane derivatives; Deferoxamine; protein C;
and transfusions of blood, or of a blood substitute such as Hemospan™ or Hemospan™ PS
(Sangart).
[116] Administration of a compound provided herein, or a pharmaceutically
acceptable salt, solvate, clathrate, stereoisomer or prodrug thereof, and the second active
agents to a patient can occur simultaneously or sequentially by the same or different routes
of administration. The suitability of a particular route of administration employed for a
particular active agent will depend on the active agent itself (e.g., whether it can be
administered orally without decomposing prior to entering the blood stream) and the disease
being treated. One of administration for compounds provided herein is oral. Routes of
administration for the second active agents or ingredients are known to those of ordinary
skill in the art. See, e.g., Physicians’ Desk Reference (60™ ed., 2006).
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113.7,116.5, 116.7, 120.7, 121.5, 122.3, 127.2, 133.3, 137.0, 141.3, 151.2, 154.7, 165.0, 166.6,
170.0, 172.8; Anal. Calcd for C20H16N206: C, 63.16; H, 4.24; N, 7.37. Found: C, 63.00; H, 4.24; N,
7.29. OH 11681A 250mL-3N-RBF was charged with 3-(4-amino-1-oxoisoindolin-2-
yl)piperidine-2,6-dione and H20 (10 vol) and cooled to 0-5 C. NaNO2 (1.1 eq) and HC1 (1.1 eq) were

added, and the1Tjixture wakn sk ehbot k) M assSond WAV imiia sdRSR SRR tavERRIFdor 2

hours. The mixture was cooled to room temperature, filtered apd dried in vacug (18 h, 35-40 C). The
crude produc%if/%gtl?%nlfﬁ é@ B’&‘gp?%%?ﬁfﬁﬁ’&g%ﬂ[hm&?w %@%&hﬁﬁgéﬁ: iaoéﬁtﬁ’MeCN
isocratic, 60 HrbfmabdioW iaedepr&i0cgefemiabdimE)-3Gibuin) I600ive artfaifabitet 50lid 6840x mg, 2.4%,
99.5 HPLC AR); 2 -HPLC: Hynetsil DBS,C8.5m column, 250 x 4.6 mm, 35.C; 99:1 to 85:15
Gradient CH?I%RI% ] |§%§%&@i{5%5% ‘B%FB? NG ‘ﬁii‘ﬁ'ﬁlegéf?‘}‘.‘gd"rlnﬁ? 3@?%5}??&%‘?% 210/240
nm: 111-NMRs@EMBOyae iidise7s¢ beingrated arm@ndgdst, she B84 riHant stage ol disedseZ 481 (hed, d),
5.09 (1H, A0 BB bediinBoRAd A5 e lefs SR:AA0 o) AR PR YA PM: 13C-NMIR
(DMSO-dG):172.85}(1j;:)L.O4, %8.27@1%52.55, 133.4%3, 12 .4%,1127.%4, 117.97, 113.&1,@51.59, 45.09,
31.22, 22.42 PP gdounisiarrd £ hspatient-Analysis, caled for C131112N204: C, 60.00%; H,

4.65%; N, 10{168p. Found:A3, B &A%, dite #1308 tiehbid, QI8 Unc EriplRIE i3 a method of reducing,

4-Benzyloxy-?ré ir?édaig o}pgpe%gg{pn_g 51){1' éiggigrd I?I!I%-G%h%- L%?e%tg gssHoc?atI%% \:va:ith conventional therapy
including, but not limited to, surgery, chemotherapy, radiation therapy, hormonal therapy,
biological therapy and immunotherapy. Compounds provided herein and other active
ingredients can be administered to a patient prior to, during, or after the occurrence of the
adverse effect associated with conventional therapy.

44  Cycling Therapy

{119] In certain embodiments, the prophylactic or therapeutic agents provided
herein are cyclically administered to a patient. Cycling therapy involves the administration
of an active agent for a period of time, followed by a rest (i.e., discontinuation of the
administration) for a peribd of time, and repeating this sequential 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 improve the efficacy of the treatment.
[120] Consequently, in one embodiment, a compound provided herein is
administered daily in a single or divided doses in a four to six week cycle with a rest period
of about a week or two weeks. Cycling therapy further allows the frequency, number, and
length of dosing cycles to be increased. Thus, another embodiment encompasses the
administration of a compound provided herein for more cycles than are typical when it is
administered alone. In yet another embodiment, a compound provided herein is
administered for a greater number of cycles than would typically cause dose-limiting
toxicity in a patient to whom a second active ingredient is not also being administered.
[121] 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 rest of one or two weeks. In other embodiments, the dose can be from
about 1 mg to about 300 mg, from about 0.1 mg to about 150 mg, from about 1 mg to about
200 mg, from about 10 mg to about 100 mg, from about 0.1 mg to about 50 mg, from about
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[169] A mixture of 3-hydroxyphthalic anhydride (4.96 g, 30.2 nunol) in methanol (60 mL) was refluxed
for 3 h, cooled to room temperature, and the solvent was evaporated under vacuum. The residue and
sodium bicarbonate (7.11 g, 84.6 mrnol) were suspended in DMF (40 mL). lodomethane (4.53 mL,
72.5 mmol) was added and the reaction mixture was heated at 50 C for 2 h. The solvent was removed

under vacuurhiagtothbote i uesyecnpabilione ehpebuben st eriaietd2Qonh) aneba@ateo (0 mL).

The organic phase was washed with er (2x.100 mL) and evaporated. The residue was
chromatograBﬂ%&muggn%ugﬁfgﬁaﬂgg%% glétfé?é B'Fégi?grﬁ,rﬁhting the product at 6:4 hexanes-ethyl

acetate, 4.83[8281 3- hydrdhyephtatiodigieht)imatinpoastosrinided/hyteiol ahid b 4B (G BEA3) 8 3.89 (s,
311), 3.92 (s;311); (dgl. .= =0 111),.7.09 fdd, J = 8.6 Hz. J =.1.0 Hz, 1H), 7.46 (t,
3o b3 g, e il o IR M LR il fraviaddhertin O
bromide (0.9295WTingZ3RunEH mEretesdued to hessirendswhivio ingfeditntd duxing hitwic efcfouditmethy| ester
(1.35 g, 6.40 RN BME R BbobligaR AR MIKHEBNAS SieR QYesighiAlIgem [pmperature

and then quenched with cold water:(60 mL). The aqueous layer was extracted with ethyl acetate (3 x
40 mL). The SoMRSHYS JumrdieRldradraiaisieacs By iRmevRaes infusion ayey abprbiheimoenL), dried
(MgS04) ana:tas sgblent was evaporated under vacuum. The residue was chromatographed using a
hexanes-eth tate gradient, eluting the product at 7:3 hexapes-ethyl acetate, 1.66 g of .
3-benzyloxy-ihn lic acid #Rlecﬁ‘ﬁ»ég?e’}%l%é@o %8?85, Jpring 1%%%3@?3@%5’@%%?@5 (s, 311),
5.16 (s, 211) adnibigthrad-tBatphiient Wjjl b Bofrddban, dakl)o Al A4 2ye @O frien hbd)t Htepcabslr 1] A
mixture of 3- Y= I] id dimethyl ester (1.64 g, 5.50 mmol) and 3N NaOH (50 mL) in
ethanol (100qr§L )é\l/%&é %%%gé%ht%@}g gﬂ%%{%&g@gﬁo room temperature. The solvent was
removed under vacuum adeStRHARNMAGEKTECA €OMBARITIONS A SAIGHIFORVSI2 (2 x
100 mL) and ggiglified withpg-HEL i i 20 o IR Rr ek ' ? an thy water (100
mL) to give 3%eﬁzylgx%;£hthalic acid ascal\’/%v%?t.é solid (1.10 ge%f}ﬁ gi%ﬁg ; IF%}I{\VA@%B%A%OQEJG) 85.20
(s, 211), 7.29°R&8 (it dosage forms. (Bhaymacesticalcompesitionsisad doses- Fums poyidadharimeid (1.08
g, 4.00 mmolarshieac: donpinag bevisedRRH of Bl ghideh H0 R0 G- RPN idipad 10 mL) was

heated to reflst%x for 4 h. The reaction mixture was ot]gil\ed and the solvent was evaporated under

vacuum. The TSRS ERTA S A Qo A RALiR hereata P amasFHticahtPIRRe AT AR FIRRE 4oR™Ls HC1
(100 mL). Theaorysthin phrape swaseombaneexvifetdte insoluble precipitate and evaporated to dryness.

The resulting;$odd was trit ' hyl acetate (10Q mL), filtered, washed with additional ethyl
acetate (50 rﬁ?#ﬂnd driedy t%%}g%?/dg% %c%}tl%\éf:nc?ﬁw%%%ﬁgg%sé,g%g%nﬁigfgﬁl%p EREEYPLC,
Waters Symftigrise p8e D1omo1seddinonsl pative ingredient24Exampley 60 PHBBNIG:dnd ¢13P04, 7.23
(96.71%); 1144bMRADMBR 6P ei2 9B Rt 12 2iRoR2 UTad). 2.81-2.94 (m, IH), 5.10 (dd, J =
12.6 Hz, J = 5,3 Hz, 111), 5.38 (s, 214), 7.32-7.53 (m, 614), 7.60 (d, J = 8.5 Hz, 1H), 7.83 (t, J = 8.2
Hz, 114), 11.12¢k, 1h):NVHEgISWRitoRses fooms mrgaderherein aye suitableifps @ral pmuposeb e, 128.0,
128.5, 133.3nd&#, Bublidptal 1 banal tocbal 68 RcBP Purdterd Al sbRlaaHE; 200ENRAS: C, 65.93;

H, 4.43; N, 7.69. Found: C,.65.54; H, 4.35; N, 7.63. )
bolus 1yjection, intramuscular, or intraarterial), topical (e.g., eye drops or other ophthalmic

"
-

g

preparations), transdermal 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; dispersions; suppositories; powders; aerosols
(e.g., nasal sprays or inhalers); gels; liquid dosage forms suitable for oral or mucosal
admin’istration to a patient, including suspensions {e.g., aqueous or non-aqueous liquid
suspensions, oil-in-water emulsions, or a water-in-oil liquid emulsions), solutions, and -
elixirs; liquid dosage forms suitable for parenterabadministration 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.
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Example 4 4-(3-Chloro-benzyloxy)-2-(2,6-dioxo-piperidin-3-y1)-isoindole-1,3-dione ClI Step 1:
11731To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.3 g, 6.3 mmol) in acetone
(20 mL) and potassium carbonate (2.1 g, 15.2 mmol) was added 3- chlorobenzyl bromide (1.0 mL, 7.6
mmol) and refluxed overnight. The solvent was evaporated and the residue was partitioned between

water (100 m{IRand ethyl ateiatenidsRion, shape] widshpel ofidasaaéab i iiflQypiciifhagombined
et e LT R G e
the next stepmatheantdinthegepanficatioof oBtep Riofe M jthesadtivie ingfalichts il @tompeingy/thay kphthalic
acid dimethyl 316t &rth%s248n the chronic treatment of the same disease. Similarly, a parenteral
dosage form may contain smaller amounts of one or more of the active ingredients it
comprises than an oral dosage form used to treat the same disease. These and other ways in
which specific dosage forms are used will vary from one another will be readily apparent to
those skilled in the art. See, e.g., Remington’s Pharmaceutical Sciences, 20" ed., Mack
Publishing, Easton PA (2000).
[128) In one embodiment, pharmaceutical compositions and dosage forms
comprise one or more excipients. Suitable excipients are well known to those skilled in the
art of pharmacy, and non-limiting examples of suitable excipients are provided herein.
Whether a particular excipienf is suitable for incorporation into a pharmaceutical
composition or dosage form depends on a variety of factors well known in the art including,
but not limited to, the way in which the dosage form will be administered to a patient. For
example, oral dosage forms such as tablets may contain excipients not suited for use in
parenteral dosage forms. The suitability of a particular excipient may also depend on the
specific active ingredients in the dosage form. For example, the decomposition of some
active ingredients may be accelerated by some excipients such as lactose, or when exposed
to water. Active ingredients that comprise primary or secondary amines are particularly
susceptible to such accelerated decomposition. Consequently, provided are pharmaceutical
compositions and dosage forms that co.ntain little, if any, lactose other mono- or di-
saccharides. As used herein, the term “lactose-free” means that the amount of lactose
present, if any, is insufficient to substantially increase the degradation rate of an active
ingredient.
[129] Lactose-free compositions 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 compaﬁbie and pharmaceutically acceptable amounts. In one
embodiment, lactose-free dosage forms comprise active ingredients, microcrystalline
cellulose, pre-gelatinized starch, and magnesium stearate.
[130] Also provided are 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
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mmol) in reagent alcohol (100 mL) and 3 N sodium hydroxide (60 mL) was refluxed for two hours. The
solution was evaporated and the residue was dissolved in water (100 mL) and washed with methylene
chloride (3 x 100 mL) then acidified to pH around 4. The resulting mixture was extracted with ethyl

acetate (2 x 100 mL) and the combined organic layers was washed with water (2 x 100 mL), dried and

concentratechhargize (3l afloashaneyieof)sphihaliq dcid sermseipditcosdidd Bégm®do yield). The

product was d in.the next step withqut further purification. Step 3: 11751A mixture of
3-(3-chloro-b%%§aﬁ%§§s{c%% a i%sa%l%ﬁal. ar é‘.isﬁaﬁ%‘i’j,"gg -i‘?ﬂﬁ%—ﬁfﬁé‘fﬁﬁiggﬁf%&?ﬁri&e (0.87
g, 5.3 mmol)Garpynisimelnes Sehibitd Svamriget. & Rexonisdy el vEds, Manpel Rrekken NHANESItRIS was
purified by flagh-&gl ' ' m
(3-chioro- o D e et it e SR [ RIS P BNE comppundey o 7o
yield); HPLCTatesefpm ffonster 08 asigrmaation p80 baef great significasapin@orsdsora0d0. 1%

H31304, 6.44miaif9 A8 %nads: - a O0Ra2d; 4-2.62 (m,
2H, CH2), 2.83- 2.]9?1 (m, 1H, or H%% %‘f%ﬁ%ﬁ g 12 %Lﬁcgﬂ%&glégb?g%ﬁg%%)& %’40-7.87 (m,

7H. Ar), 11.15Rne 4645 SERIMMAENR0-d6) 8 21.96, 30.92, 48.77, 69.05, 115.72, 116.69, 120.10,

125.65, 126.@31127.84, 18aW3rcddRSniatdudRallcbimdésilioBsMndlbfalbl, ffRsTan Mebrepakdd, 89,
172.75. Anal Calcd For C201-113N206C1 +0.1 H20: C, 59.96; H, 3.82; N, 6.99; Cl, 8.85. Found: C,
59.93' H. 3 5%_1% r%lls gr Bw&%ﬁ%ﬁ%qgntammg ingfedients’and low moisture or low humidity

444-Chloro-lsengditiory) PhéenackobicapipariisitDnd rigainsigie fbi3adlidiaecGtgi sk HET6GK and atirred

suspension hydr. iG: aqid di 4 , 0. i tone (20.mL.) and
potassiom coror e B R B R B o
refiuxed oveRyRfiantTH caBRes Hithanaistuorndéer Aneitity duwlingamensfpeming pdckegingeand/ater (100
mL) and ethygeeiate(ieldnl) and

{132} An anhydrous pharmaceutical composition should be prepared and stored
such that its anhydrous nature is maintained. Accordingly, anhydrous compositions are, in
one embodirhent, packaged using materials known to prevent exposure to water such that
they can be included in suitable formulary kits. Examples of suitable packaging include,
but are not limited to, hermetically sealed foils, plastics, unit dose containers (e.g., vials},
blister packs, and strip packs. ’

[133] Also provided are pharmaceutical compositions and dosage forms that
comprise oné 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.

[134]) 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 patients. In one embodiment, dosage forms
comprise a compound provided herein in an amount of from about 0.10 to about 500 mg. In
other embodiments, dosage forms comprise a compound provided herein in an amount of
about 0.1, 1, 2,5,7.5, 10, 12.5, 15, 17.5, 20, 25, 50, 100, 150, 200, 250, 300, 350, 400, 450,
or 500 mg.

[135] In other embodiments, dosage forms comprise the second active ingredient in
an amount of 1 to about 1000 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 specifi¢ amount of the second

active agent will depend on the specific agent used, the diseases or disorders being treated
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washed with water (2 x 100 mL). The combined organic phases was dried, concentrated and purified
by flash column chromatography (EtOAc/Hexane) to give 3-(4-chloro-benzyloxy)- phthalic acid dimethyl
ester (2.3 g, 110% crude yield). The product was used in the next step without further purification. Step
2: 11771A solution of 3-(4-chloro-benzyloxy)-phthalic acid dimethyl ester (2.2 g, 6.3 mmol)_ in reagent
alcohol (100 gakn-aaged, %a%%@u&@%@ﬂn&m&lw (GHLRERLRE, WA DRHERHERA SRlIGMIvaS

evaporated and the residue was dissolved in water (100 mL) and washed with methylene chloride (3 x
100 mL) therPENART D BRFUSHHY 2dmpinistereditnbematgnd- was extracted with ethyl acetate (2 x 100
mL) and the combined orgasit |a®AIBDSATEFoyitvnater (2 x 100 mL), dried and concentrated to

give 3-(4-chl nzyloxy)sphthalic aciqd as an off-white solid (1.9 g, 98% yield). The product was used
in the next stﬁp? gﬁthout fu%ﬁ%ﬁﬁﬁ%g OTPTeRET ens 1has #re SHURRE T 97e) A9ERiIRHAR 3R DEphthalic

acid (1.9 g, 6pRonidediys disbrateainiagedionassidt by diachioiatd b.oaBldsugoiwatidine was
refluxed overnj T i S ev rated and,the residue wa rified by flash column
chromatograp % rr)fet_ a%%hﬁ%ﬁ!%n%@ﬁ%ﬁése%g (;ill\/aeV oredssyrup \Sly Sheh éosageyfoms contain

4-(4-chloro-bRisdgtEamjea-tmeutie vf Fsipesittiaralimis cind oleylh8 pricprecd dpmetthedsalfcpibrehag ¥4 9%

ield); HPLC; : ' . CH3CN/0.1%
Lispos. 6,64 00000 s DAl B e R DBt e, 250202

(m, 2H, CH2y ey Yk sd.YiackcPublishing, BrstonP4 (2009% 1H, CH), 5.38 (s, 2H, CH2), 7.48-7.86

(m, 7H, Ar), Y1372 (S, 111,09 )ickake TOMERs (RMARI1 0102 4r8Prdhid 1S dRbEInEEhd 4206, 116.65,
120.16, 128.50, 129.02, 132,52, 133.25, 135.22, 137.03, 155.27, 165.30, 166.74, 169.89, 172.75. Anal

Calcd For CIBSSHENSRR intmals amixture avifh a lgast eneexeiviegt arrordipgta fopveatonal 7.02: cl.
8.72. Exampehrd{Betitiidhiorpheniiyipreghdid@es-divxipipine tshnake/d pvideingode, biSrehese

depending on the form of preparation desired for administration. For example, excipients
suitable for use in oral liquid or aerosol 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-crystailine cellulose, diluents,
granulating agents, lubricants, binders, and disintegrating agents.

[138] In one embodiment, oral dosage forms are tablets or capsules, in which case
solid excipients are employed. In another embodiment, 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.

[139] 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 liguid diluent.

[140] Examples of excipients that can be used in oral dosage forms provided herein
include, but are not limited to, binders, fillers, disintegrants, and lubricants. Binders
suitable for use in pharmaceutical compositions and dosage forms include, but are not

limited to, corn starch, potato starch, or other starches, gelatin, natural and synthetic gums
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0 0 H Step 1: 11791 Triethylamine (2.70 mL, 19.4 trunol) was added to a mixture of 3- hydroxyphthalic
anhydride (3.00 g, 18.3 nunol) and rac-a-aminoglutarimide hydrochloride (3.01 g, 18.3 mmol) in DMF
(60 mL). The reaction mixture was heated to 90 C overnight, then cooled to room temperature and the
solvent was evaporated under vacuum. The residue was stirred in CH2C12 (100 mL) for 30 min and
the solvent wah esmoacix] siiien wginate, dlgieicosid, etheaslginate ipavatencd teazantstho 22l and the

resulting soliwas e RS WIS (GRITI ANALISH. b RIRNERA0 mhyes added

and the reSLﬁﬂﬁlg suspension was stirre tered; the insoluble Mmaterial was reserved. The

filtrate was teehudeseviiciimaosoditincathoarmethy) esltniosexceplyvisylryoelidenasthbbling to 50 C, the

reaction mixtuiias fitered thrnuahCalis and e flienas vanliesk il asdiionat L 29ggoxane (50
mL). The filtrate was combined with the insoluble precipitate and evaporated to dryness. The resulting
solid was tritftidamismRcaysialipe estilate %@W\‘ﬂ?@ﬁ‘é&*&ﬁ%"ﬁried to give

2-(2,6-dioxoqpifagridin-3-y §)iabiedirnis SOMmdRIEsdtEiRRe1 KIS nduBe Huyitielndt Niviied BMSO-d6) 8
1.99-2.06 (m, 1H), 2.45-2.61 (m, 2H), 2.82-2.96 ), = Jz ZpdH),
7.23-7.33 (ifthe matetigls sl 55:”*&5335%:13’1“7% é?lﬁ'gﬁl%%%@f%zﬁ%%}1ﬁ}.§r§#eilﬁ5é:lil80lA
mixture of palysnarslibhofiest FideOytpbasphineniirkargy is¢osanDinotjamd Sidebifeldsrdraeiy| alcohol
(0.65 g, 3.6 mmol).was stirred in THE (10 at0.C. Keepi . t'|9q miggwig , a solution of
diisopropylag_g)o |%’a}ryé‘§x§/?§[én tﬁt‘éﬁsrﬁﬁéfﬁnkn%o ﬁ%ﬁﬁﬁn?%;gm{@/%g%%added dr()_pwt%l(glg
2-(2,6-Dioxoepipeoidinrg-yddivnhattoryisstinbelRsdisnid 13 Y BLAHb) Witdhlken added as a
sold, the reagon MM YA MR B O5 ARG i RUTCEMPRAIO AYETBIEEh The

solvent was evdporated under vacuum and the residue was chromatographed using a
methanol-CH284 RMradient, eluting the product at 95:5 CH2C12-methanol. This material was

dissolved in ?fb:vj acetate £150, o FHIMR RO B kkdASIRIplefnEbafcgRRImpbsitenyasdhen
washed with 10% dilute aqueous sodjum (‘ﬁ%()s%?te 2 X %0 mLF} an Wat%r @rﬁ(cSarobmnlalé ehe solvent
was removedHige fFRSLRIRY 450 BELerR Sl Bt A8 RS B wit-SHEM TIEéreq and afiad to
provide the tijla:a088Repoc&s amibitsetid{fe4tinl 36)pyveld)dreDA6s2 AR CrawR l@GoWaters
Symmetry C-IS, 3.9 x 150 mm, 5 L/min, 240,nm ANV , $20(99.78%);
114 NMR (DRIEBISE)SH6S 31y i‘r%?‘i‘i‘l%%‘-’é‘f” lr}ﬁ?if%%/,é%ézg 296 ?mﬂ“{gﬁ?%gélazﬁ (%?J = 12.6 Hz,
J = 5.4 Hz, 1bib}ied @Bflierahiphara@zBicghroRipsitions (g, i o018 smbodimyng present infigm abouy ).

7.81-7.88 (M. 211 H): | _46): ; H85,(b45.9, 116.8, 120.1,
173, 12,0 B B e e . 5. A, Caice

for C201:114M483C 12+ 0 Bisinmgrantssmayebeisedasn the eompopitigRs| ipreyidgtabic!s ity 6 o9

disintegrate when exposed to an aqueous environment. Tablets that contain too much
disintegrant may disintegrate in storage, while those that contain too little may not
disintegrate at a desired rate or under the desired conditions. Thus, a sufficient amount of
disintegrant that is neither too much nor too little to detrimentally alter the release of the
active ingredients may be used to form solid oral dosage forms. The amount of disintegrant
used varies based upon the type of formulation, and is readily discernible to those of
ordinary skill in the art. In one embodiment, pharmaceutical compositions compnse from
about 0.5 to about 15 weight percent of disintegrant, or from about 1 to about 5 weight
percent of disintegrant.

[144] Disintegrants that can be used in pharmaceutical compositions and dosage
forms 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.
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Example 7 4-(3,5-Diehloro-benzyloxy)-2-(2,6-dioxo-pipetidin-3-y1)-isoindole-1,3-dione 0 O NH CI Step
1 118_11To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (0.5 g, 2.4 mmol),
(3,5-d|chloro-phenyl)-methanol (0.84 g, 4.8 mmol), and polymer-supported triphenyl phosphine (1.5 g,
4.8 mmol) in _THF (30 mL) in ice-bath was slowly added diisopropyl azodicarboxylate (1.0 mL, 4.8
mmol) and sfir4s} at r.t. oyebrigiiits Tha caikter asahinfiharatheauithlconimsidewashdosagth ethyl
acetate (10 ¥1L . The filtrate was evaporated and.the residue w ifi lash Wy
chromatqgraﬁ ys(lg‘taxc%ﬂ)&éaﬁee'}cfto%%\}tg%?%, 4 e Sres %%ﬁzn)}%iﬂﬁ?gﬁlt%a%%di Iiéll(%%eﬂ[ l)ﬂ l(le%}ﬁ-:-r (0.42
g, 48% yieldinifkrlpribdglgtenas sogetbinrtranimlt sedyeivideoaiyerlcpbarighaobn sss 2¢1d1821A
solution of 3(3b-di O RERZMAA) IG.ael hester R4athil diyiieagent alcohol
S SRR b N e

(10 mL) and 3 N so was reffuxed for twd hours. The solution was evaporated

and the residyefloasinis spvamamilvatire ei. eam ol and spekeantaibh StAG AT R 6HYE QX80 mL) then

acidified to Pif1oMREte, 558 ARHHARRNHER VAN QURAA] WA ThacaiR@uhPiEnt) and the

combined organic layers was washed with water (2 x 10 mL), dried and copcentrate '
(3.8 ichioR R S GA SRR I LRI o GEnE, BB BT e Sect was use

in the next step et biurtbbs fustifieationlica (marketed by Degussa Co. of Plano, TX), CAB-O-SIL
(a pyrogenic silicon dioxide product sold by Cabot Co. of Boston, MA), and mixtures

thereof. If used at all, lubricants may be used in an amount of less than about 1 weight
percent of the pharmaceutical compositions or dosage forms into which they are
incorporated.
1146] In one embodiment, a solid oral dosage form comprises a compound
provided herein, anhydrous lactose, microcrystalline cellulose, polyvinylpyrrolidone, stearic
acid, colloidal anhydrous silica, and gelatin.

4.52 CONTROLLED RELEASE DOSAGE FORMS
[147} Active ingredients such as the compounds provided herein can be
administered by controlled release means or by delivery devices that are well known to
those of ordinary skill in the art. Examples include, but are not limited to, those described
in U.S. Patent Nos.: 3,845,770, 3,916,899; 3,536,809; 3,598,123; and 4,008,719,
5,674,533; 5,059,595, 5,591,767; 5,120,548; 5,073,543; 5,639,476; 5,354,556; 5,639,480; -
5,733,566; 5,739,108; 5,891,474; 5,922,356, 5,972,891, 5,980,945; 5,993,855, 6,045,830;
6,087,324: 6,113,943, 6,197,350; 6,248,363; 6,264,970; 6,267,981, 6,376,461; 6,419,961;
6,589,548; 6,613,358; 6,699,500 each of which is incorporated herein by reference. Such
dosage forms can be used to provide slow or controlled release of one or more active
ingredients using, for example, hydropropylmethy! cellulose, other polymer matrices, gels,
permeable membranes, osmotic systems, multilayer coatings, microparticles, liposomes,
microspheres, or a combination thereof to provide the desired release profile in varying
proportions. Suitable controlied release formulations known to those of ordinary skill in the
art, including those described herein, can be readily selected for use with the active
ingredients provided herein. Thus, the compositions provided encompasse single unit
dosage forms suitable for oral administration such as, but not limited to, tablets, capsules,

gelcaps, and caplets that are adapted for controlled release.



Step 3: 11831A mixture of 3-(3,5-dichloro-benzyloxy)-phthalic acid (0.3 g, 0.9 mmol),
alpha-amino-glutarimide hydrochloride (0.15 g, 0.92 mmol) in pyridine (10 mL) was refluxed overnight.
The mixture was evaporated and the residue was purified by flash column chromatography
(methanol/methylene chloride) to give 4-(3,5-dichloro-benzyloxy)-

2-(2,6-dioxofp4sgridin-3-y BHisomsidled Icleaie phatmarsubital potidu@sI0 g, Bé0mirieidypdlBEC: Waters
Symmetry C18, 5gm. 3.9 x,150 mm, 1. mL/min, 240 nm,.70/30 CH3CN/Q.1% H3PO4, 3.6 mjn (98.0%);
B SRRV DA vl vy MPesd m e St Bt R 0
1H, CHH), 58 ¢figh dptisiallp dezighet] Quyrdlad dedel pEBZIBIHH: Mmediqahireriman) i1 1.12 (s, 1H, NH):

13C NMR (D%Qéééﬁ%%%%%g' Heigm éﬁ&@gGQQ%&Zféelﬁe&% IPPILa G LiIC of Edmfby e/ 0, 19925,

134.18, 137.14, 140.61, 154.93, 165.34, 16t 69.88 3”Anal Calcd For C201-114N206C12:
C, 55.45; H, @ndting B amigimensmegy afitimesddmntagesiss: aunisodsd cileass ormpulatiopke 8
4-(3-Fluoro-max@%&éa,&mﬁwpm@ﬁﬂig;%x&éaqiw@eﬂgare&%&@ HceRd sif841To a stired

suspension of 3-hydroxy{)hthali,c acid dimethyl ester (1.4 g, 6
compliance.

n addition, controlled release formulations can be used to affect the time of
onset of action or other characteristics, such as blood levels of the drug, and can thus affect
the occurrence of side (e.g., adverse) effects.

[149] Most controlled release formulations are designed to initially release an
amount of drug (active ingredient) that promptly produces the desired therapeutic effect,
and gradually and continually release of other amounts of drug to maintain this level of
therapeutic or prophylactic effect over an extended period of time. In order to maintain this
constant level of drug in the body, the drug must be released from the dosage form at a rate
that will replace the amount of drug being metabolized and 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, or other physiological conditions or
compounds.

[150] In certain embodiments, the drug may be administéred using intravenous
infusion, an implantable osmotic pump, a transdermal patch, liposomes, or other modes of
administration. In one embodiment, a pump may be used (see, Sefton, CRC Crit. Ref.
Biomed. Eng. 14:201 (1987); Buchwald et al., Surgery 88:507 (1980); Saudek et al., N.
Engl. J Med. 321:574 (1989)). In another embodiment, polymeric materials can be used. In
yet another embodiment, a controlled release system can be placed in a subject at an
appropriate site determined by a practitioner of skill, i.e., thus requiring only a fraction of
the systemic dose (see, e.g., Goodson, Medical Applications of Controlied Release, vol. 2,
pp. 115-138 (1984)). Other controlled release systems are discussed in the review by
Langer (Science 249:1527-1533 (1990)). The active ingredient can be dispersed in a solid
inner matrix, e.g., polymethylmethacrylate, polybutylmethacrylate, plasticized or
unplasticized polyvinylchloride, plasticized nylon, plasticized polyethyleneterephthalate,
natural rubber, polyisoprene, polyisobutylene, polybutadiene, polyethylene, ethylene-
vinylacetate copolymers, silicone rubbers, polydimethylsiloxanes, silicone carbonate
copolymers, hydrophilic polymers such as hydrogels of esters of acrylic and methacrylic

acid, collagen, cross-linked polyvinylaicoho! and cross-linked partially hydrolyzed
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mmol) in acetone (30 mL) and potassium carbonate (2.8 g, 20 mmol) was added 3- fluorobenzyl
bromide (0.89 mL, 7.0 mmol) and refluxed overnight. The solvent was evaporated and the residue was
partitioned between water (100 mL) and ethyl acetate (150 mL) and washed with water (2 x 100 mL).
The combined organic phases was dried, concentrated and purified by flash column chromatography

grEhtOAc/I;ex?r&ytmgjuge&’fqaiﬁmwammﬁy);phﬂnaﬁcmfﬁc'bd@maﬂwhm, €224 politBdaneyde yield).
e product was used in t ext st ithout further purificati t ; ti f
3-(-fuoro. R;gyyifsgyfﬁﬁ;ﬁ%g%af%ﬁ%%ﬁﬁﬁ%&arr S Sk BRAAE, 0 100 m)
and 3 N sodithyleg o ! ¢Blerpbpolyanerefkiliconforubberhqealydithetiyd sioxanpssweapmated and the
residue was %&[V&ﬂoﬁh\ﬁ{@h%&%@@l%?ﬁa&%ﬂﬁﬁaﬁd%&fvﬁéh}{fﬁ&%‘éfﬂeﬁ'&?r{{éé Wi iRhithen

acidified to p1-1 around 4. The résul mixtare Was extracted with ethyl acetate (2 x 100 mL) and the
combined oragateiajarbdens chisided sirenated propYbogniopumealigthylsas fersritb b dfive 343-
i the next Stop o, e SRSt S 5 LLARTA misire o (aormy ety phthalc
in the next step without further purification. Step 3; 61A mixture -(3-fluoro-benzyloxy)-phthalic
acid (1.9 g, EHIFEDY bAoA AP AL AR ERIO e 250) £ A
refluxed ovetnighdy Thedsnithyactias iagsidateict adifiine s eaicighwasoptetfiedymefla sieadicamn
chromatogra{)ha}/ %rl‘netha ol/m thNJenetchlolr{'Ide toe%itve e inoredient i h ¢
4-(3-f|uoro-bennz§; oef(aygf-ﬁa- ?831 1OXO- Fp%’?idm-%-ff)‘f ISOMdoIES Iﬁ%aﬁlgﬁ% S8 White Baiid fﬁa}é g, 89%
yield); HPLCcMviptesis @yrisrhighly Gipebdethon3ie spesFionatutertherend, 340eims do/aeedHd0N/0.1%
H3PO4, 2.2%5%5%0 99.9%); mp, 241- 243C;11-INMR (DMSO-d6) & 2.01-2.08 (m, 1H, CHH), 2.55-2.62
(m, 2H, CH2), 2.83-2.95 (m, 1H, CHH), 5.11 (dd, J = 6, 12 Hz, 1H, CH), 5.40 (s, 2H, CH2), 7.15-7.87
(m, 7H, Ar), 11.12 (s, 1H,498-}); I BARENTERALBOQSASF1 KARMB0> 48.77, 69.11, 113.61, 113.90,
(151} Parenteral dosage forms can be administered to patients by various routes

including, but not limited to, subcutaneous, intravenous (including bolus injection),
intramuscular, and intraarterial. In some embodiments, administration of a parenteral
dosage form bypasses patients’ natural defenses against contaminants, and thus, in these
embodiments, parenteral dosage forms are sterile or capable of being sterilized prior to
administration to a patient. Examples of parenteral dosage forms include, but are not
limited to, solutions ready for injection, dry products ready to be dissolved or suspended in
a pharmaceutically acceptable vehicle for injection, suspensions ready for injection, and
emulsions.

[152] Suitable vehicles that can be used to provide parenteral dosage forms 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 Chloride Injection,
Ringer’s Injection, Dextrose Injection, Dextrose and Sodium Chloride Injection, and
Lactated Ringer’s Injection; water-miscible vehicles such as, but not limited to, ethyl
alcohol, polyethylene glycol, and polypropylene glycol; and non-aqueous vehicles such as,
but not limited to, corn oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate, isopropy!
myristate, and benzyl benzoate.

[153] Compounds that increase the solubility of one or more of the active
ingredients disclosed herein can also be incorporated into the parenteral dosage forms. For
example, cyclodextrin and its derivatives can be used to increase the solubility of a
compound provided herein. See, e.g., U.S. Patent No. 5,134,127, which is incorporated

herein by reference.
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114.52, 114.80, 115.71, 116.70, 120.13, 122.96, 122.99, 130.49, 130.60, 133.25, 137.05, 139.08,
139.18,

45.4 TOPICAL AND MUCOSAL DOSAGE FORMS

[154) . Topical and mucosal dosage forms provided herein include, but are not

limited o, sprays, aerosols, solutions, 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, 16“‘, 18™ and 20" eds., Mack Publishing, Easton PA
(1980, 1990 and 2000); and Introduction to Pharmaceutical Dosage Forms, 4thed., Lea &
Febiger, Philadelphia (1985). Dosage forms suitable for treating mucosal tissues within the
oral cavity can be formulated as mouthwashes or as oral gels.
[155] Suitable excipients (e.g., carriers and diluents) and other materials that can
be used to provide topical and mucosal dosage forms encompassed herein 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. In one embodiment, excipients
include, but are not limited to, water, acetone, ethanol, ethylene glycol, propylene glycol,
butane-1,3-diol, isopropy! myristate, isopropyl palmitate, mineral oil, and mixtures thereof
to form solutions, emulsions or gels, which are non-toxic and pharmaceutically acceptable.
Moisturizers or humectants can also be added to pharmaceutical compositions and dosage
forms. Examples of additional ingredients are well known in the art. See, e.g., Remington's
Pharmaceutical Sciences, 16™,18" and 20" eds., Mack Publishing, Easton PA (1980, 1990
and 2000).
[156] The pH of a pharmaceutical composition or dosage form may also be
adjusted to improve delivery of one or more active ingredients. Also, the polarity of a
solvent carrier, its ionic strength, or tonicity can be adjusted to improve delivery.
Compounds such as stearates can also be added to pharmaceutical compositions or dosage
forms to alter the hydrophilicity or lipophilicity of one or more active ingredients so as to
improve delivery. In other embodiments, stearates can serve as a lipid vehicle for the
formulation, as an emulsifying agent or surfactant, or as a delivery-enhancing or
penetration-enhancing agent. In other embodiments, salts, solvates, prodrugs, clathrates, or
stereoisomers of the active ingredients can be used to further adjust the properties of the
resulting composition.

4.6 KITS
[157] In one embodiment, active ingredients provided herein are not administered
to a patient at the same time or by the same route of administration. In another
embodiment, provided are kits which can simplify the administration of appropriate

amounts of active ingredients.
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155.21, 160.59, 163.81, 165.33, 166.74, 169.89, 172.73. Anal Calcd For C201-115N205F: C, 62.83;

H, 3.95; N, 7.33; F 4.97. Found: C, 62.72; H, 3.75; N, 7.27; F, 5.02. Example 9

4-(3-Bromo-benzyloxy)-2-(2,6-dioxo-piperidin-3-Y1)-isoindole-1,3-dione
[158] In one embodiment, a kit comprises a dosage form of a compound provided
herein. Kits 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, 11.2, IL8,
TL18, Ara-C, vinorelbine, isotretinoin, 13 ¢is-retinoic acid, or a pharmacologically active
mutant or derivative thereof, or a combination thereof. Examples of the additional active
ingredients include, but are not limited to, those disclosed herein (see, e.g., section 4.3).
[159] In other embodiments, kits can further comprise devices that are used to
administer the active ingredients. Examples of such devices include, but are not limited to,
syringes, drip bags, patches, and inhalers.
{160] Kits can further comprise cells or blood for transplantation as well as
pharmaceutically acceptable vehicles that can be used to administer one or more active
ingredients. For example, if an active ingredient is provided in a solid form that must be
reconstituted for parenteral administration, the kit can comprise a sealed container of a
suitable vehicle in which the active ingredient can be dissolved to form a particulate-free
sterile solution that is suitable for parenteral administration. Examples of pharmaceutically
acceptable vehicles include, but are not limited to: Water for Injection USP; aqueous
vehicles such as, but not limited to, Sodium Chloride Injection, Ringer’s Injection, Dextrose
Injection, Dextrose and Sodium Chloride Injection, and Lactated Ringer’s Injection; water-
miscible vehicles such as, but not limited to, ethyl alcohol, polyethylene glycol, and
polypropylene glycol; and non-aqueous vehicles such as, but not limited to, com oil,
cottonseed oil, peanut oil, sesame oil, ethyl oleate, isopropyl myristate, and benzyl
benzoate.

5. EXAMPLES
[161] Certain embodiments of the claimed subject matter are illustrated by the
following non-limiting examples.
‘ Example 1

2-(2,6-Dioxo-piperidin-3v~yi)-4—(2-methoxy-phenoxy)-isoindolewl,3-dione

Step 1:

-48



Step 1: 11871To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.3 g, 6.2 mmol) in
acetone (30 mL) and potassium carbonate (2.5 g, 18.4 mmol) was added 3-1 bromobenzyl bromide
(1.6 g, 6.4 nunol) and refluxed overnight. The solvent was evaporated and the residue was partitioned
betwe_en water (100 mL) and ethyl acetate (150 mL) and washed with water (2 x 100 mL). The
combined ofgézjc phasedsayldbdlieqd0cegteathmoat) pasfiddddytdlastireiumxtakrohdatography

(E0AC/Hexane) 10 de (5 amor PaNARI R IR A5l IEREE Y Lo LR Ml RYDRIEE yield).

tT.
The product aeUsEd iRt nexlgétep without further purification. Step 2: 11881A solution of

3-(3-bromo-Bisifizpbxed mpbith sehipereicigirard iyt avnig veeg e kst inaraibpath artonsP (0o mL) and

3 N sodium pggq{gxi L80,ink) Was deflBRePmyo IS of R SaldOR R TIRBPRIaled, ard the
residue was dissolved in water (100 mL) and washed with methylene chloride (3 x 100 n;#?ﬁt en
ot

acidified to prbsmesExTResd St sFalG s daP e e prepuicRimsese and the
3 bromobe (6 sl (5.0 o 08 S eld). T g

used in the il SIS RSARADUFHRIBHISH: b SRR R TR Dol bE et s
3-(3-bromo-heywdoae); ntehalia adidl (A4 trS §.36eaRH)pha- amino-glutarimide hydrochloride (1.2 g,
7.1_r_nmo|) in pyridine wasﬁrefl xed overnight. The mixture was evaporated and the residue was
purified by flash column c ¥ atography (methanol/methylene chloride) to give

4;(%;oragfgpmloxy)-zamwofﬁmmwm@w. iH6ih(RA8 mB) anecaled wAite afidherdy, 62%
yield); . Waters < A- ' i, 804 /0.1%
L3P, 2.5 B B e e o i $54.2.07
(m, 2H, C112)y UBskiopde 0B, EMHmynelIpatiedds _r@m?nw;&?%ﬂ?f@ﬁ?%%é’éﬁipi',“CH2), 7.37-7.88
(m, 711, A0, dhd2ibs bbb o ehoRR(ERIEOe61 B HB6wa0: 80481 AAIGE DN T oc@aiell16.69,

at room temperature. After 2 h, the mixture was neutralized by the addition of solid sodium
bicarbonate, and the resulting mixture was extracted with ethyl acetate (3 x 150 mL) and the
combined extracts were washed with water (5 x 250 mL), were dried (MgS0O4) and
evaporated, providing 11.3 g of 3-aminophthalic acid dimethyl ester as a yellow oil, in 86%
yield; "H NMR (CDCls) 5 3.84 (s, 3H), 3.86 (s, 3H), 5.20 (br, 2H), 6.78 (dd, J=8.5Hz, J =
1.0 Hz, 1H), 6.90(dd, 1H,J=7.3 Hz, J=1.0Hz, 1H), 7.24 (t, ] =78 Hz, 1H).
Step 3:

[164] A solution of 3-aminophthalic acid dimethyl ester (9.5 g, 45.4 mmol) in 1:1
water-conc. HCI (300 mL) was cooled to 0 °C; during cooling, a precicipitate formed. A
solution of NaNOj; (3.5 g, 50.0 mmol) in 10 mL water was then added slowly, maintaining
the temperature between 0 — 5 °C throughout the addition. Following completion of the
addition, the mixture was stirred at this temperature for 10 minutes before adding a solution
of KI(11.3 g, 68.3 mmol) in 30 mL of 1:1 water-conc. HCL. This solution was added all at
once, and then the reaction flask was transferred immediately to an oil bath preheated to 65

~ °C. The mixture stirred with heating for 10 minutes, and was then cooled in an ice bath.
The mixture was extracted with CH,Cl; (3 x 150 mL) and the combined organic extracts
were washed with water (3 x 150 mL), were dried (MgSQa) and evaporated, and the residue
was chromatographed using with hexanes-ethyl acetate gradient. The product, which eluted
at 17:3 hexanes-ethyl acetate, was a light purple solid, and was then triturated with hexanes,

filtered, and dried to give 9.7 g (67%) of 3-iodophthalic acid dimethyl ester, as a colorless
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120.10, 121.76, 126.05, 129.75, 130.69, 130.74, 133.26, 137.07, 138.99, 155.19, 165.31, 166.74,
169.89, 172.74. Anal Calcd For C201415N205Br: C, 54.19; H, 3.41; N, 6.32; Br 18.03. Found: C,
54.02; H, 3.22; N, 6.27; Br, 17.81. Example 10
2-(2,6-Dioxo-piperidin-3-y1)-4-(3-methyl-benzyloxy)-isoindole-1,3-dione Step 1: [1901To a stirred
suspension sflax\edddR (OTxdiBE e Biadifse By, 698138y, 7612 (uhely i Heetdhed(8D (@L)aAd
potassium Cﬁ%b te (2.7 g, 19.3 nunol) was added 1- bromomethy1-3-methyl-benzene (0.91 mL, 6.7
mmol) and refluXed overnight. The solvent was evaporated and the residue was partitioned between
water (100 mL) and ethyl 3teptéte (150 mL) and washed with water (2 x 100 mL). The combined

organic pha as dried ﬂ&&@t@tgga i ehromaiae ey Ei@Ac/Hexane)
to give 3-(3-m ifésl‘r\iyl benzﬁgg %yphtha IC aﬁcl:?glgyrr?gfﬁdé)eys%gﬁ?lf?g, 11590 cru Id) he product was
f

de yie
used in the meRebcandsadbemibydridedQriie afeH0telispersica Yoo BiuabrnoH00 0 ml. pyriine was

3-(3-methyl-henzyiResnplibaligiacd dlimeivopsien. 9 mislusies A hild eaganyadsehol (100
mid) and 3 N sodium hydrOX|de (60 mL) was refluxed for two hours, The Smkﬁ?‘;‘lé’vaga El orated and

the residue W8 &iésoREw} h%%%ﬁ%’ﬁ&%%’éﬁ%ﬁ]%fﬂﬁ%@té FL) then
acidified to i@k Recobial ne&u&mgmpéwﬁwaﬁdaméact&d Wtﬂxeﬂdyllmetﬁtea(@:mﬁﬁmfmgland the

(r?é?k?;rebgr?z@%nﬁcfgyizﬁ%ﬁ }’v"‘?}a%:%%‘(’)‘(f'% W'ﬁ ite sc% \ (I)) resi % gﬁ? n§ ylelc‘il‘j %%hggggfﬂvv?/js(ied

in the next stepweithdiltife eipeops FHCHLO. 18tgprat ethyl acetate (100 mL), and the aqueous phase
was extracted with ethyl acetate (100 mL). The combined organic extracts were washed
with dilute aqueous HC} (2 x 100 mL), saturated Na,CO; (2 x 100 mL), again with dilute
aqueous HCI (2 x 100 mL) and finally with water (100 mL), and were evaporated.
Chromatography in hexanes-ethyl acetate gradient provided 0.75 g of 3-(2-methoxy-
phenoxy)-phthalic acid dimethyl ester, eluting at 25-30% ethyl acetate, in 38% yield; '"H
NMR (CDCly) 8 3.79 (s, 3H), 3.91 (s, 3H), 3.95 (s, 3H), 6.86-6.91 (m, 1H), 6.93-7.01 (m,
2H), 7.05 (dd, J = 7.9 Hz, J = 1.6 Hz, 1H), 7.13-7.20 (m, 1H), 7.30 (t, 1= 8.0 Hz, 1H), 7.66-
7.69 (m, 1H).

Step 5:
[166] A mixture of 3-(2-methoxy-phenoxy)-phthalic acid dimethyl ester (0.75 g,
2.4 mmol) and 3N NaOH (50 mL) in ethanol (100 mL) was heated to reflux for 2 h. The
mixture was cooled and the solvent was removed under vacuum. The residue was dissolved
in water (100 mL) and washed with CH,Cl, (2 x 100 mL), acidified (HCI), and extracted
with ethyl acetate (3 x 75 mL). The combined organic extracts were washed with water (3 x
75 mL), dried (MgS0,), and evaporated, providing 0.53 g of 3-(2-methoxy-phenoxy)-
phthalic acid, in 78% yield; "H NMR (DMSO-dg) & 3.76 (s, 3H), 6.82(dd, J =84 Hz, ] =
0.9 Hz, 1H), 6.95-6.98 (m, 2H), 7.16-7.23 (m, 2H), 7.39 (t, ] = 8.0 Hz, 1H), 7.58 (d, J = 8.2
Hz, 1H).
Step 6:

[167] A mixture of 3-(2-methoxy-phenoxy)-phthalic acid (0.51 g, 1.8 mmol) and
rac-a-aminoglutarimide hydrochloride (0.29 g, 1.8 mmol} in pyridine (10 mL}) was heated
to reflux for 16 h. The mixture was cooled and evaporated under vacuum. The residue was
dissolved in ethyl acetate (100 mL) and washed with dilute aqueous HCI (2 x 100 mL) and

water (100 mL), and was evaporated. The residue was chromatographed using a CH;Cl-
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11921A mixture of 3-(3-methyl-benzyloxy)-phthalic acid (1.8 g, 6.4 mrnol), alpha- amino-glutarimide
hydrochloride (1.1 g, 6.8 mmol) in pyridine was refluxed overnight. The mixture was evaporated and
the residue was purified by flash column chromatography (methanol/methylene chloride) to give
2-(2,6-dioxo-piperidin-3-yl)-4-(3-methylbenzyloxy)-isoindole-1,3-dione as a white solid (1.2 g, 48%
yield); HPLGm\Mamt}%ﬁ;ﬁmneﬂmiﬁ:gﬂle&hm cBrﬁpoﬂrﬁDatr%tﬁl(}Hb_%im@W@mhﬁ 894 @¥¥BCN/0.1%

H3PO4, 3. 16 %%{ué_' 859%\% ofd %2{1‘%&@/@5 Pgd€)8, 2 5)6)&975% WHn A, 2483 (s, 3H,

CH3), 25458 il 21z 1H, CH) 5.33 (s, 2H,
CH2), 7.15- m54@f607f9ﬂm1)1/<11 YHP P 6&511923@%] m&t@a@@ﬂm $6-3d 14mobHyg 74,

70.08, 115.405 élé%i’gml%ﬁz’l?’sizz%‘b%nﬁm% 3284011 3816Qad 3262, moﬁvlﬁmﬁuw 64,
155.53, 165.30, 166.77, 16 Anal Calcd For C211-118N203: C. 66, 6 41_{9 N, 7.40.
Found: C, 66:80(&4 )75 Ne. 26} 7.06 (t, J = 7.3 Hz, 11,22 114-34 (m, 3H), 754 (4,

2-(2,6- Dioxorpipe/r'rﬁiir(ﬁﬂﬂ)T@fﬂzmemanewtmﬂ)p@wmxmm%ﬁ B1diphE0S1819,157931T0 a
Potassium oo Bt 18 Nahap s adedir o1 eSS izene (16
potassium c y1-4-1i t ariésulfonYl-berizene

g, 6.4 mmol)1864,reflbet7ogemightChkve Sal el whisry & 6iatéd Bt 2heNesidilielonadaititioned
between watg.)r égjo mlz) aﬁdﬁ yl acetate (150 mL) and washed with water (2 x 100 mL). The

combined or ases was dried, concentrated and purified by flash column chromatography
(EtOAc/Hexane) to give 3-(4-methanesulfony1-b&xappig\d-phthalic acid dimethyl ester (2.4 g, 104%

crude yield). JThe gt 1aa HoRsiRN. 9B SieRMEhuRHper purification. Step 2:

Qi{r

[168] A 250mL-3N-RBF was charged with 3-(4-amino-1-oxoisoindolin-2-
yl)piperidine-2,6-dione and H,O (10 vol) and cooled to 0-5 °C. NaNO» (1.1 eq) and HCl1
(1.1 eq) were added, and the mixture was stirred for 30 minutess. The mixture was then
heated to 75-80 °C for 2 hours. The mixture was cooled to room temperature, filtered and
dried in vacuo (18 h, 35-40 °C). The crude product was purified by prep-HPLC (Conditions:
C18 Symmetry Column, 90:10 H,0: MeCN isocratic, 60 mL/min flow rate, product
retention time ~30 min) to give an off-white solid (240 mg, 2.4%, 99.5 HPLC AP); mp
296.39 °C; HPLC: Hypersil DBS C8 5m column, 250 x 4.6 mm, 35 °C; 99:1 to 85:13
Gradient CH;CN/10 mM aq. KH,PO4 , 1.0 mL/min over 20 minutes; 7.60 min, 99.5% AP at
210/240 nm: '"H-NMR (DMSO-ds): 10.97 (18, br s), 10.11 (1H, br s}, 7.34 (1H, 1}, 7.17
(1H, d), 7.03 (1H, d), 5.09 (1H, dd), 4.25 (2H, dd), 2.97-2.85 (1H, m), 2.62-2.36 (2H, m),
2.03-1.96 (1H, m) ppm; *C-NMR (DMSO-dy):172.85, 171.04, 168.27, 152.55, 133.41,

129.44, 127.94,117.97, 113.71, 51.59, 45.09,31.22, 22.42 ppm; LC-MS EST (M+1) 261,
CHN-Analysis, calcd for C;3HiaN2Oa: C, 60.00%; H, 4.65%: N, 10.76%. Found: C,
59.54%: H, 4.88%; N, 10.48%. ‘
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11941A solution of 3-(4-methanesulfonyl-benzyloxy)-phthalic acid dimethyl ester (2.3 g, 6.1 nunol) in
reagent alcohol (140 mL) and 3 N sodium hydroxide (70 mL) was refluxed for two hours. The solution
was evaporated and the residue was dissolved in water (100 mL) and washed with methylene chloride
(3 x 100 mL) then acidified to pH around 4 The resulting mixture was extracted with ethyl acetate (2 x
100 mL) and the combined organic layers was Weeiregladh water (2 x 100 mL), dried and

concentrate ive 3-(4- methanesulfonyl-benz )= li¢ acid as an off-white solid (2.15 g,
101% crude%g?gfy%é %Fg%ﬁ'cgt%vxg's-% gﬁéﬁ%%yﬁgéyggg%ﬁég}%&%her purification. Step 3: [1951A

mixture of 3-(4-methanesulfonyl-benzyloxy)-phthalic (£1 &.6.% mmol), alpha-amino-glutarimide
hydrochloride (1.1 g, 6.4 mrnol) in pyridine wag;fefiyseq Q@Q The mixture was evaporated and
. anol/methylene chloride) to give

2-(2,6-dioxo-piperidin-3-y1)-4-(4- meth
0, 47% yield); HPLC: Waters Symmetry C8; , 3.9 x 150 mm, 1 mL/min, 240 urn, 35/65
CH3CN/0.1% H3PO4, 2.(%% m'11n_ (99.9%); mp, 293-295C; NMR (DMSO-d6) 8 2.03-2.07 (m, 1H, CHH),
2.54- 2.63 (m, 2H, CH2), 85-2.90 (m, 1H, CHH), 3.23 (s, 3H, CH3S02), 5.11 (dd, J = 6, 12 Hz, 1H,
CH), 5.52 (s[1#8] CH2), 7 Amixtoenf 37aydeayyphthalieqanbmdrids (4195 NOR TmMB @ methanch 97,

30.91, 43.46:48,18. 2 Ok -’21 & doled eDrddmidigchattd - Bed A36BedBad Quagtitatl 142.17,
155.12, 165.30, 166.73, 169.89, 172.75. Anal Calcd For C21Hi8N202S + 0.2 H20: C, 56.55; H, 4.16;

N, 6.28; 5,7. 99 gaperre, Bis sesidue gnggodiugm bacasbpngie €14l 846 mmol) were suspended in
2(2,6-Dioxo-pipgridip iy licddd<maiRqeyspesmylos/ niseiydale alidedlipdahsieacfion mixture was

heated at 50 °C for 2 h. The solvent was removed under vacuum and the residue was
partitioned between ethyl acetate (120 mL) and water (100 mL). The organic phase was
washed with water (2 x 100 mL) and evaporated. The residue was chromatographed using a
hexanes-ethyl acetate gradient, eluting the product at 6:4 hexanes-ethyl acetate, 4.83 g of 3-
hydroxy-phthalic acid dimethyl ester, in 76% yield; "H NMR (CDCl3) 5 3.89 (s, 3H), 3.92
(s, 3H), 6.97 (dd, J = 7.9 Hz, J = 0.9 Hz, 1H), 7.09 (dd, J = 8.6 Hz, J = 1.0 Hz, 1H), 7.46 (1,
J=28.3 Hz, 1H), 10.58 (s, 1H).

Step 2:
[170] Potassium carbonate (1.78 g, 12.9 mmol) and benzyl bromide (0.92 mL, 7.7
mmol) were added to a stirred solution of 3-hydroxy-phthalic acid dimethyl ester (1 35,
6.40 mmol) in DMF (15 mL). The reaction mixture was stirred overnight at room
temperature and then quenched with cold water (60 mL). The aqueous layer was extracted
with ethyl acetate (3 x 40 mL). The combined organic layers were washed with water 4x
50 mL) and brine (50 mL), dried (MgSOs4) and the solvent was evaporated under vacuum.
The residue was chromatographed using a hexanes-ethyl acetate gradient, eluting the
product at 7:3 hexanes-ethyl acetate, 1.66 g of 3-benzyloxy-phthalic acid dimethyl ester, in
86% yield; 'H NMR (CDCls) 8 3.89 (s, 3H), 3.95 (s, 3H), 5.16 (5, 2H), 7.15 (d, ] = 8.4 He,
1H), 7.28-7.41 (m, 6H), 7.62 (d, ] = 7.9 Hz, [H).

Step 3:
714 A mixture of 3-benzyloxy-phthalic acid dimethyl ester (1.64 g, 5.50 mmol)
and 3N NaOH (50 mL) in ethanol (100 mL) was heated to reflux for 1 h and cooled to room
temperature. The solvent was removed under vacuum and the residue was dissolved in
water (100 mL), washed with CHxCl; (2 x 100 mL) and acidified with 6N HCl to pH 1-2.
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11961To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.1 g, 5.2 nunol) in acetone
(45 mL) and potassium carbonate (2.2 g, 15.7 nunol) was added 1- bromomethy1-3-methoxy-benzene
(0.77 mL, 5.5 mmol) and refluxed for three hours. The solvent was evaporated and the residue was
partitioned between water (50 inL) and ethyl acetate (80 mL) and washed with water (2 x 50 inL). The
combined orgagigddisians wasitlad, aeheastisdtediancipul i) lagive Glberzyosgrphthaiiaphy

(EtOAc/Hexane) to give. 3-(3- -henzyloxy) J id _dimethyl gester % crude
yield). The p?g'@m&%)g%‘ﬁsggﬁﬁﬁﬁe%%gbew fﬁ%@f@ﬁ%?@t?oéﬁgéb%ﬁféﬁﬁo ution of
3-(3-methoxgHben2y08XY3; 2kthalic acid dimethyl ester (2.0 g crude, 5.5 mmol) in reagent alcohol (100

mL) and 3 N sodium hydrg@ %,(35 mL) was refluxed for two hours. The solution was evaporated and

the residue was dissolved in'w ater (80 mL) and washed with methylene chloride (3 x 70 mL) then
acidified to pH{73lound 4. Phavisestifc rhermriexyarhthaliaecid (1ifl &t/ P senab prdreo-mL) and the

combined Or%mséﬁ}f&f&%%y‘@%ﬁgﬂﬁié?m@%t Momﬁ,;g@@%@@mmmmmive 3-(3-

methoxy-benzyloxy)-phthalic acid as an off-white solid (1.6 8% crude yield). The product was used

in the next stSPRitME AtFuHMr AR BIRRISIEY 2o rdamd ik ANasE YR8 SHRRNBIE HEAS loxy)-phthalic
acid (1.5 g, Sy2-oumoiihalRbrhawaosakptaded de didractilecidzo(0a89) gnd washebWith pitugine was

refluxed overnight. T, ixture evaporated and the residue was purifie flash column
chromatograW?er%@%@M@%“&EWFd@ R §ga 2~ ,g{‘?ﬁ&?}ﬁgﬁéﬁ C |g“5g-ey959ﬁl-}z§% te and
methoxy-bengydpotards aindtotess, Fhkorsubiing sulidevaslidi(@as gyidiPéhylelcaidR L dters Symmetry
C18, 5pm, 3.9, x 150.m ml./min., 240 nm, 60/40 C 0,1% : 90)smp,
T57201C: LA OREOME Ehps i et o Caia bing 6L ISt ™0
CHM, 3.77 (<] 316 gC84%), Beld);(aig, 28 8- 340 SCHUPLLL WoasrsSymngmetry £-843)7 5. 88078, fvmeH ) Ar),

1111 (s, 113 N9, 13CHMR EM5RIENIPLAT; 3092 9 06 ARILISRIMN A5958.448.27, 11555
116.66, 119.17, 120.21, 129.61, 133.25, 136.98, 1§7.74, 155.42, 159.35, 165,32, 166.77, 169.90,

172.74. Anal COAHBIRC P 21472 69 6m. 3H) 12 8b:-2946m6 PP AGEINT 7 6368z &3 6%u0. 1,
4.40; N, 7.0011), 5.38 (s, 2H), 7.32-7.53 (m, 6H), 7.60 (d, J = 8.5 Hz, 1H), 7.83 (t, J = 8.2 Hz, 1H),

11.12 (s, 1H); °C NMR (DMSO-dq) § 22.0, 30.9, 48.8, 70.0, 115.6, 116.6, 120.2, 1273,
128.0, 128.5, 133.3, 136.2, 137.0, 155.5, 165.3, 166.8, 169.9, 172.8; Anal. Calcd for
CaoH1N;0s: C, 65.93; H, 4.43; N, 7.69. Found: C, 65.54; H, 4.35; N, 7.63.

Example 4
4-(3-Chloro-benzyloxy)-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione

Step 1:
[173] To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.3 g, 6.3
mmol) in acetone (20 mL) and potassium carbonate (2.1 g, 15.2 mmol) was added 3-
chlorobenzy! bromide (1.0 mL, 7.6 mmol) and refluxed overnight. The solvent was
evaporated and the residue was partitioned between water (100 mL) and ethyl acetate (150
mL), and washed with water (2 x 100 mL). The combined organic phases was dried,
concentrated and purified by flash column chromatography (EtOAc/Hexane) to give 3-(3-
chloro-benzyloxy)-phthalic acid dimethyl ester (1.9 g, 92% yield). The product was used in

the next step without further purification.
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Example 13 4-(Benzo11,31dioxol-5-ylmethoxy)-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione Step 1:
[1991To a stirred suspension of 3-hydroxyphthalic acid dhnethyl ester (1.0 g, 4.8 mmol),
benzo[1,3]dioxol-5-yl-methanol (1.4 g, 9.5 mmol), and polymer-supported triphenyl phosphine (3.0 g,
9.5 mmol) in THF (30 mL) in an ice-bath was slowly added diisopropyl azodicarboxylate (1.9 mL, 9.5
mmol) and stirred at r.t. o®&épight. The mixture was filtered and the filter was washed with ethyl

acetate (10 The filtrate was evapgrated and, the residue.was. purified by.flash cojumn
chromatooralTIE A S B G SRR SR i o P TR Gty
ester (1.7 g, 002 oruckesriedjodi € [Hbolidtands hbsulinnthieydentidedpOvithpuaiurtfexglfification.
Step 2: [20 ' f i - t -Rhthaki id; el .6 g crude,
4.8 mmol) i%ﬁ%@g@g@ﬁ%ﬁﬁ%ﬁ% %éﬁ\léds%ﬂu%n% Egﬁ%ﬁés( @ﬁ%@%@%ﬁ%&@%ﬁwo hours.
The solutionadwasizgsovate nethylene ehistide (Was1 @b sdi dhemagidifiedgo i granadfadiied with
methylene chlgy £8) hamasidilied i, ¢- 1b0SHEPMNABh YR 3B a{kacted with
é@ﬂﬂﬁg% s phananng 153 SeH g%ii

ethyl acetate (2 x 60 mL) and the combined organic layers was washed with water (2 x 70 mL), dried

and concent!AYSE tagiveshedprith srategchotiEmimcmnekand reRsrrizaisd 19ive SHAnFHeSolid (1.2 g,
80% crude yisdghy IbR¢)REUEE Wae assedofi- ki Restigtenondiisows fuelaprpurificatienvatendid201] A

mixture of 3-(penzo[1,3]digxol-5-yimethoxy)-phthalic acid (1.2 g, 3.8 mmol), alpha-amino-glutarimide
R R AR

hydrochlorid Lrefluxed overnight. The mixture was evaporated and
the residue was purified bg#ash column chromatography (methanol/methylene chloride) to give

(005 o 25he i, HLCRaiare 8 SRR S RIS o S S WOl o
CH3CN/0.1%rise3gtarioddn hydosBosida(p, 872823 ranal) nnRridine ses adlusedovenysiim, 1H,

CHH), 2.55-2rG¢ (el wiab @ arofited 2t (Y didubiils E&Q}éﬁ%ﬁﬂiﬁr efubie HrbrhdiD %&9 (s, 2H,
CH2), 6.03 (s, 2H. CH2). 6.95-7.85 (m. 611, An. 1111 (8, 111 NH); 13C NMR (DM50d6) § 21.95,

30.91, 48.74(metbanclmethslersshloridega givers(d ,hi%er@f{@é@’?%%?l@ﬁz%?ﬁ%gimi‘iigﬁzdk136.95,
147.04, 147 .3@iddne41 3 1603 Qs 46616 <468 09417 3 7%, iea).GRGCFOV Aedsl S1ARMNGSY (G, 61.77; H,
(2.6 Bioxo M S i he A0 5 (AR G HA G min (99.8%6) mp,

249-251°C; 'H NMR (DMSO-dg) & 2.02-2.07 (m, 1H, CHH), 2.54-2.62 (m, 2H, CHy), 2.83-

2.91 (m, 1H, CHH), 5.12 (dd, J = 6, 12 Hz, 1H, CH), 5.39 (s, 2H, CHy), 7.40-7.87 (m, 7TH,

Ar), 11.12 (s, 1H, NH); *C NMR (DMSO-ds) 3 21.96, 30.92, 48.77, 69.05, 115.72, 116.69,

120.10, 125,65, 126.85, 127.84, 130.42, 133.18, 133.26, 137.07, 138.76, 155.19, 165.32,

166.74, 169.89, 172.75. Anal Caled For CaoHjsNOsCl +0.1 H0: C, 59.96; H, 3.82; N,

6.99; Cl, 8.85. Found: C, 59.93; H, 3.54; N, 6.91; Cl, 9.00.

Exampie 3
4-(4-Chloro-benzyloxy)-2-(2,6-dioxo-piperidin-3-yl)-isoindele-1,3-dione

Step 1:
[176] To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.3 g, 6.3
mmol) in acetone (20 mL) and potassium carbonate (2.6 g, 19 mmol) was added 4-
chlorobenzyl chloride (1.1 g, 6.6 mmol) and refluxed overnight. The solvent was evaporated

and the residue was partitioned between water (100 mL) and ethyl acetate {150 mL) and
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OH [202] A mixture of triphenylphosphine (1.15 g, 4.40 mmol) and 2- naphthalenemethanol (0.58 g, 3.6
mmol) was stirred in THF (10 mL) at 0 C. Keeping the reaction mixture at 0 C, a solution of
diisopropylazodicarboxylate (0.87 mL, 4.4 mmol) in THF (2.1 mL) was added dropwise.
2-(2,6-Dioxo-piperidin-3-y1)-4-hydroxy-isoindole-1,3- dione (1.00 g, 3.60 mmol) was then added as a
solid, the reaeishedaii e sttt 0 Thdebhbimachipen aphassnviesjrizdtvseceuenteglid he
precipitate was.filtered,, washed with additional, T 0 and dried. resultin id ywas stirred
in hexane (%’ﬂﬂ f%}’ gaﬁﬁl ﬁﬁ?e“Pe‘H %hr{an&?% a?‘%?é etsu ?%L%gﬁaqvéglﬁ%-g&%ct%??re(ﬁB%(r}szr? l;rgxe anol (50
mL) for 1 h, filtdeedit arid dineethtyl aster d2tHeg prbdfiiatradesyiolde Budipr(diuts wasasdyie by, nexi > 260 C;

HPLC, WaterspSﬁ%pﬁt%-é{gﬂgg%tgo 0 mm, 5 um, | mL/min, 240 nm, 50/50 CH3CN/0.1 % H3PO4,
6.20 (99.48‘%51, I - .02-2.07 (m, IH), 2.44-2.62 (m, 2H), 2.82-2.97 (m, IH), 5.12 (dd,
J=12.5Hz, J = 5.3 Hz, 18p5254 (s, 2H), 7.46-8.05 (m, 10H), 11.13 (s, IH); 13C NMR (DM50-d6) 8

22.0, 31.0, 485 70.3, 11560 HABx{ 0 3QActidR DehZfiokydihtBald Geld didethyl &1, (228:26 332.6,
132.7, 133.3, 133.8, 137.0, 155.6, 165.4, 166.8, 169.9, 172.8; Anal. Calcd for C2414184\|t%062 C, 69.39;

H. 4.02: N, gTnolrsurragent alpeiol G100 e hgud Y god dugxide (60 mL) was refluxed for

2(2,6-Dioxo-iafiris: Ihd sotutsin valinedapbraesh ax iseiritiie a3 -dlieob 1 Grvaia 100 mL)

soluion was B SO BSHOAGE G S A a L RN SRt ShA B bt of 20
minutes. Theesdlting ofivate maeertemiteldnatictthy atetaied 2va s (dvebo ratd theTvantsedurrsenis dissolved
in ethyl acetate (75 mL) and washed.wi r - i 9204) evapaked, providing
1.8 g of quin%aIYr?g§y§[/?-smeaf?1H§|’?o fﬁ‘%%%yﬁ'%%/g%‘é%&@%dg %ﬁ.geg%, 2H), 7.53 (et(\!t J= 7.1 Hz, 1H),
7.64-7.71 (mhenetyloxg7phthalic acid as an off-white solid (1.9 g, 98% yield). The product was used in

the next step without further purification.

Step 3:
[178] A mixture of 3-(4-chloro-benzyloxy)-phthalic acid (1.9 g, 6.2 mmol), alpha-
amino-glutarimide hydrochloride (1.1 g, 6.5 mmol) in pyridine was refluxed overnight. The
mixture was evaporated and the residue was purified by flash column chromatography
(methanol/methylene chloride) to give 4-(4-chloro-benzyloxy)-2-(2,6-dioxo-piperidin-3-yl)-
isoindole-1,3-dione as a white solid (1.2 g, 49% yield); HPLC: Waters Symmetry Cis, Spm,
3.9 x 150 mm, | mL/min, 240 nm, 50/50 CH3;CN/0.1% H3POy4, 6.64 min (99.9%); mp, 239-
241°C; 'H NMR (DMSO-dg) 6 2.00-2.07 (m, 1H, CHH), 2.54-2.62 (m, 2H, CH>), 2.83-2.95
(m, 1H, CHH), 5.12 (dd, ] = 6, 12 Hz, 1H, CH), 5.38 (s, 2H, CH), 7.48-7.86 (m, 7H, Ar),
11.12 (s, 1H, NH); *C NMR (DMSO-ds) 8 21.96, 30.91, 48.75, 69.18, 115.66, 116.65,
120.16, 128.50, 129.02, 132.52, 133.25, 135.22, 137.03, 155.27, 165.30, 166.74, 169.89,
172.75. Anal Caled For CpoHsN20sCl: C, 60.24; H, 3.79; N, 7.02; Cl, 8.89. Found: C,
60.41; H, 3.63; N, 7.02; Cl, 8.72.

Example 6

4-(3,4-Dichloro-benzyloxy)-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione

: 0 0
L
(8]
Ci 0
Step 1

[179] Triethylamine (2.70 mL, 19.4 mmol) was added to a mixture of 3-
hydroxyphthalic anhydride (3.00 g, 18.3 mmol) and rac-a-aminoglutarimide hydrochloride
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(d, J =8.2 Hz, 1H), 8.04-8.12 (m, 2H), 8.83 (d, J = 2.0 Hz, 1H). Step 2: 12041A mixture of
polymer-supported PPh3 (3.1 g, 9.5 mmol) and quinolin-3-yl- methanol (0.76 g, 4.8 =not) in 20 mL
THF was cooled to 0 C under N2. Diisopropyl azodicarboxylate (1.9 g, 9.5 mmol) was added dropwise,
and subsequently 3-hydroxyphthalic acid dimethyl ester (1.0 g, 4.8 mmol) was added as a solid. The
mixture stirrezicfog arg adelitiondhMIMFa60 SLanThyasatiion sliswecwesiearadtitorddif wremeghture. After

stirring for 16 h, the, mixture was filtered. The filter v M\{%P? 2 the
cqmbined fil}rgfie%o%égremer\(/)gp%r%?ep& T a&ép@t&ggj‘%%eﬁﬁgg%m uct@%ﬁ%@éﬁé v%? (g?ss%glgved ina
mixture of 3nvdY a@ted HOCHhr(d Wtnaliofor1TDmin wnd ke el YeRUNRIJSRAYES AISE YasuEe tBheeflux for

2 h. The mixtur t nAGH iduWasn@p dissolved
in water (10%%%@35%9 %ﬁeﬁlﬁﬁ%%ﬁ%)gﬁ%%ﬁg ggc!%%%ed to *gﬁfg%%%’) The I’eSlIJS|'[Si 2gve

precipitate waighfitvetesd Whm i askatriont 4doierans RRerbhwes addsth grddbedes Wi dried under

vacuum. Step 4. 1206] TheGrdera 0g uoiHiameRign® s fatenamkinagldsaisided Mo ahtatde (0.78

g, 4.8 mmol) in pyridine (10 mL) was heated tg reflux for 16 h. The mjixtyr s cooled and. gvaporated
under vacuuls Hsatsd Stahelee %PB&%@%@@%W@?@%%fﬁ?ﬁ&ﬁaﬁ%@?g %‘"ﬁ, ce’zclgu ing the

title compourd, #cedbt{ohiAdddreneis dneked. BirogginCaiite yiel the fete8 wtspsssingl 268:265 C; HPLC,
e
gﬁs) H82,4 ]él_?s 5161:\(@82&&;1Yoﬁ_:h(desi.iﬁezm;iﬁgl}pﬁma?.ﬁml(tﬂpéM}W?WWQ@%,(IZQQ){Y@IBO-&OS (m,
68.3, 1159ﬁgg%ﬁiﬁ;&%i#ﬁ%@%k‘%%égﬁ%%@%3@91'142%4%%& %%%%%)518 e 120.3
155.3, 165.3g,1666%1460, HAMRARMS Stk 0 B5Moftnodlh 243500 a8 +8% 280N 0.04.
Found: C, 63,351, .08, 9922 BNPIe s Hz, 1H), 7.23-7.33 (m, 2H), 7.66 (dd, J = 8.2 Hz, ] =
2-(2,6-Dioxo-piperidin-3- I)-4-équmolln-2- Imethoxy)-isoindole-1,3-dione

7.2 Hz, 1H), 11.10 (s, 1H), 11.19 (s, 1H).

Step 2:
[180] A mixture of polymer-supported triphenylphosphine (1.46 g, ~ 4.4 mmol)
‘ and 3,4-dichlorobenzyl alcoho! (0.65 g, 3.6 mmol) was stirred in THF (10 ml) at 0 °C.

Keeping the reaction mixture at 0 °C, a solution of diisopropylazodicarboxylate (0.87 mL;

4.4 mmol) in THF (2.1 mL) was added dropwise. 2-(2,6-Dioxo-piperidin-3-yl)-4-hydroxy-

isoindole-1,3-dione (1.00 g, 3.60 mmol) was then added as a solid, the reaction mixture was

stirred at 0 °C for 1 h and then at room temperature overnight. The solvent was evaporated

under vacuum and the residue was chromatographed using a methanol-CHxCl; gradient,

eluting the product at 95:5 CH,Cl-methanol. This material was dissolved in ethyl acetate

(150 mL) and water (100 mL) was added. The organic phase was then washed with 10%

dilute aqueous sodium carbonate (2 x 50 mL) and water (3 x 50 mL). The solvent was

removed under vacuum and the resulting solid was triturated with ether, filtered and dried to

provide the title compound as a white solid (0.41 g, 26% yield); mp 245-247 °C; HPLC,

Waters Symmetry C-18, 3.9 x 150 mm, 5 pm, 1 mL/min, 240 nm, 60/40 CH3CN/0.1 %

H,PO4, 3.50 (99.78%); 'H NMR (DMSO-dg) 8 2.02-2.07 (m, 1H), 2.45-2.62 (m, 2H), 2.82-

2.96 (m, 1H), 5.12(dd, J = 12.6 Hz, ] = 5.4 Hz, 1H), 5.38 (s, 2H), 7.49-7.51 (m, 2H), 7.57

(d, J=8.5 Hz, 1H), 7.71 (d, ] = 8.2 Hz, 1H), 7.81-7.88 (m, 2H), 11.12 (5, 1H); B3¢ NMR

(DMSO-ds) § 22.0, 30.9, 48.8, 68.5, 115.9, 116.8, 120.1, 127.3, 129.0, 130.5, 130.8, 131.2,

133.3, 137.1, 137.5, 155.1, 165.3, 166.8, 169.9, 172.8; Anal. Calcd for CaoHaN20sCly + 0.3

H,0: C, 54.76; H, 3.35; N, 6.39. Found: C, 54.48; H, 3.07; N, 6.29.
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0 O H Step 1: 120712-Quinolinecarbaldehyde (2.00 g, 12.7 mmol) was dissolved in 25 mL of methanol.
To this solution was added sodium borohydride (0.24 g, 6.4 mmol) in small portions over a period of 20
minutes. Then 2 mL of water were added and the mixture was evaporated. The residue was dissolved
in ethyl acetate (75 mL) and washed with water (3 x 75 mL) and evaporated. The residue was
chromatographed in CH2C12-methanol gradiensiniplg The product at 97:3 CH2C12-methanol, and
providing 1.7 %f Inelin-2-yl- %*7"0 [ield. NMR. 84S 2H), 7.26 (d, J =
511 1z, 1 D e S e o a0 -
8.4 Hz, 1H), 8.13 (d, J = 8.5 Hz, IH). Step 2: 12081A rh re of polymer-supported PPh3 (3.1 g, 9.5
MO mb THF was cooled to O C under N2.
Diisopropylazodicarboxylate (1.9 g, 9.5 i ee-dropwise, and subsequently 3-
hydroxy-phthalic acid dimethyl ester (%Q ¢
additional hour at 0 C and was thery allowed to warm to room temperature. After stirring for 16 h, the
mixture was filtered. The fikgr Was washed with ethyl acetate (25 mL) and the combined filtrates were

evaporated. igp 3: [2091F5¢ Ginda RIGARCIFRIPigaaxyRmdinedMaciimanpieues fS3h NeOH (50
mmol), (3,5-dichloro-phenyl)-methanol (0.84 g, 4.8 mmol), and polymer-supported
triphenyl phosphine (1.5 g, 4.8 mmol) in THF (30 mL) in ice-bath was slowly added

diisopropy! azodicarboxylate (1.0 mL, 4.8 mmol) and stirred at r.t. overnight. The mixture

was filtered and the solid was washed with ethyl acetate (10 mL). The filtrate was
evaporated and the residue was purified by flash column chromatography (EtOAc/Hexane)
to give 3-(3,5-dichloro-benzyloxy)-phthalic acid dimethyl ester (0.42 g, 48% yield). The
product was used in the next step without further purification.

. Step 2:
[182] A solution of 3-(3,5-dichloro-benzyloxy)-phthalic acid dimethyl ester (0.42
g, 1.2 mmol) in reagent alcoho! (10 mL) and 3 N sodium hydroxide (10 mL) was refluxed
for two hours. The solution was evaporated and the residue was dissolved in water (10 mL)
and washed with methylene chloride (2 x 10 mL) then acidified to pH around 4. The
resulting mixture was extracted with ethyl acetate (2 x 10 mL) and the combined organic
layers was washed with water (2 x 10 mL), dried and concentrated to give 3-(3,5-dichloro-
benzyloxy)-phthalic acid as an off-white solid (0.34 g, 88% yield). The product was used in
the next step without further purification.

Step 3:

[183] " A mixture of 3-(3,5-dichloro-benzyloxy)-phthalic acid (0.3 g, 0.9 mmol),
alpha-amino-glutarimide hydrochloride (0.15 g, 0.92 mmol) in pyridine {10 mL) was
refluxed overnight. The mixture was evaporated and the residue was purified by flash
column chromatography (methanol/methylene chloride) to give 4-(3,5-dichloro-benzyloxy)-
2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione as a white solid (0.30 g, 84% yield);
HPLC: Waters Symmetry Cyg, Spm, 3.9 x 150 mm, 1 mL/min, 240 nm, 70/30 CH-CN/0.1%
H3PO4, 3.6 min (98.0%); mp, 278-280°C; 'HNMR (DMSO-de) & 2.01-2.08 (m, IH, CHH),
2.54-2.63 (m, 2H, CH>), 2.84-2.96 (m, 1H, CHH), 5.13 (dd, ] = 6, 12 Hz, 1H, CH), 5.40 (s,
2H, CHy), 7.50-7.89 (m, 6H, Ar), 11.12 (s, 1H, NH); 3¢ NMR (DMSO-ds) § 21.95, 30.92,
48.79, 68.37, 115.90, 116.79, 120.02, 125.58, 127.45, 133.25, 134.18, 137.14, 140.61,
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mL) and ethanol (100 mL), and the resulting solution was heated to reflux for 2 h. The mixture was
cooled and the solvent was removed under vacuum. The residue was dissolved in water (100 mL) and
washed with CH2C12 (3 x 100 mL), acidified to pH 2-3 (HC1). The resulting precipitate was filtered
and washed with additional water and then ethyl acetate, and dried under vacuum. Step 4: [210]The -
product from $té5,3 ek d6hm T3miaBG8itariRiideAnal Gaatb FaeGaHal,; As€lm fotP ikSpiHidiae: (10 mL)
was heated { gejl-;o@priggﬁ F‘ggﬁd:r@(tggezwaﬁ %opjeg, adwgse\@}p%aggd under vacuum. The residue was
chromatographed Usifg a CH2C12-methanol gradiént, eiuting the product at 95:5 CH2C12-methanol.
This material was triturated in DMF (5 mL), filter&x#mal9Bshed with additional 2 mL of DMF, and dried

under VaCUUIU(BTﬂéo'FIﬁB’eH Wasihqa mmﬂ%tpaparmwahﬁ’miuamm@b"e phase of 35/65
acetonitrilewater, providing 75 mg of the title compound in 4% yield over 3 steps; mp 254-256 C;

HPLC, Waters Symmetry C-18, 3.9 x 150 mm, 5 um, q rﬁn 240 nm, 30/70 CH3CN/0.1% H3PO4,
7.02 (94.00%): 1FINMR (DM50-d6) 62.03-2.08 G (m, 2H), 2.85-2.96 (m, 1H), 5.13
(dd, J = 12.2 Hz, J = 4.9 Hz, IH), 5.62 (s.2H), RS6e J 2\2¥ Hz, 1H), 7.62-7.66 {m, 2H), 7.77-7.87
(m, 3H), 8.00-8.03 (m, 2H), 8.48 (d, J = 31), 10.13 (s, 1H): 13C NMR (DM50-d6) 8 22.0, 31.0,
48.8, 71.4, 115.8, 116.8, 119.1, 120.3" 126.7, 127.2, 128.0, 128.5, 130.0, 133.3, 137.1, 137.2, 146.9,
155.3, 156.7, 165.4, 166.81%%5.9 172.8: Anal. Calcd for C231-1172,1305 1.6 H20: C, 62.19: H, 4.58;
N, 9.46. Foufug4f, 62.20; Td)ﬁsﬂ?rz&ls&‘éélsion of 3- hydroxyphthaliExa?mﬁlméIﬁyl ester (1.4 g, 6.7

*-(Benzofural. 2 melhon) Q% Py A GRS SRS o] A G 2044 Siep

fluorobenzyl bromide (0.89 mL, 7.0 mmol) and refluxed overnight. The solvent was

evaporated and the residue was partitioned between water (100 mL) and ethyl acetate (150
mL) and washed with water (2 x 100 mL). The combined organic phases was dried,
concentrated and purified by flash column chromatography (EtOAc/Hexane) to give 3-(3-
fluoro-benzyloxy)-phthalic acid dimethyl ester (2.4 g, 113% crude yield). The product was
used in the next step without further purification.

Step 2:
[185] A solution of 3-(3-flucro-benzyloxy)-phthalic acid dimethyl ester (2.4 g
crude, 6.7 mmol) in reagent alcohol (100 mL) and 3 N sodium hydroxide (60 mL) was
refluxed for two hours. The solution was evaporated and the residue was dissolved in water
(100 mL) and washed with methylene chloride (3 x 100 mL) then acidified to pH around 4.
The resulting mixture was extracted with ethy! acetate (2 x 100 mL) and the combined
organic layers was washed with water (2 x 100 mL}), dried and concentrated to give 3-(3-
fluoro-benzyloxy)-phthalic acid as an off-white solid (1.9 g, 101% crude yield). The product
was used in the next step without further purification.

Step 3:
[186) A mixture of 3-(3-fluoro-benzyloxy)-phthalic acid (1.9 g, 6.7 mmol), alpha-
amino-glutarimide hydrochloride (1.2 g, 7.0 mmol) in pyridine was refluxed overnight. The
mixture was evaporated and the residue was purified by flash column chromatography
{methanol/methylene chloride) to give 4-(3-fluoro-benzyloxy)-2-(2,6-dioxo-piperidin-3-yl)-
isoindole-1,3-dione as a white solid (2.3 g, 89% yield); HPLC: Waters Symmetry Ciz, Spm,
3.9 x 150 mm, 1 mL/min, 240 nm, 60/40 CH3;CN/0.1% H;3PO,, 2.22 min (99.9%); mp, 241-
243°C; "H NMR (DMSO-dg) & 2.01-2.08 (m, 1H, CHH), 2.55-2.62 (m, 2H, CH>), 2.83-2.95
(m, 1H, CHH), 5.11 (dd, I = 6, 12 Hz, 1H, CH), 5.40 (s, 2H, CHy), 7.15-7.87 (m, 7H, Ar),
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121112-Benzofurancarbaldehyde (2.2 g, 15 nunol) was dissolved in 25 mL of methanol. To this
solution was added sodium borohydride (0.28 g, 7.5 mmol) in small portions over a period of 20
minutes. Then 2 mL of water were added and the mixture was evaporated. The residue was dissolved
in ethyl acetate (75 mL) and washed with water (3 x 75 mL), dried (MgSO4) and evaporated, providing
2.1 g of bentbﬂaa(s,-mymetHé@mMqus@de)mWwﬁcﬂzmﬁa‘;mmialh3=6&1H?QH) 4.77 (d, J
~ 0L 112, 21 P30 (P 3601 151 g%}‘a%'?371§§€6592%91'r§ei&?1370%6 (M3Bd)157am 2: 12121A

mixture of polymet- supporte PI—” I g, 9.5’'mmol) and benzofitran-2- yI- methanol (0. 70 g, 4.8

mmol) in 20 A 08 E3R:48.dd6184 t’cﬁ@@ Lﬂr@élN?ﬁ%}%d&@ﬂﬁ}alﬁ?o@aﬂﬂax%a@@ @a&dQFBrmmol) was
added dropwise; aqhspbecghigntiy 35 JaysioxypiHhsic asichdinetyi BEnR (1500, AR rRIsRwas
added as a solid. The mixture stirred for an additional hoyr at 0 C and was then allowed to warm to
room temperature. After stirring for 16 h, the mixkiBis%iltered. The filter was washed with ethyl
acetate (25 qid-BroiiecrenRymrep fizaroxerpipvanindad)-ibindaidLa-divasissolved in 75 mL ethyl
acetate and washed with Na2CO3 (2 x 75 mL) and water (2 x 75 mL), dried (MgSO4), and evaporated.
Step 3: 12131The crude product from Step 2 was dissolved in a mixture of 3N NaOH (50 mL) and
ethanol (100 mL), and the resulting solution was heatd % rglux for 2 h. The mixture was cooled and
lyed in water (100 mL) and washed
extractedwith ethyl acetate (3 x 75 mL). The
combined organic extracts Were Washe witPwater (3x 75 mL), dried (Mg504) and evaporated,
providing 0.86 g of 3-(benzofuran-2- yﬁnethoxy) phthalic acid, in 57% yield over two steps; IFINMR
(DM50-d6) 8 5.35 (s, 211)§ SR0% (s, 1H), 7.22-7.37 (m, 211), 7.45-7.67 (m, SH). Step 4:
[187} To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1 3g 62

mmol) in acetone (30 mL) and potassium carbonate (2.5 g, 18.4 mmol) was added 3-
bromobenzy! bromide (1.6 g, 6.4 mmol) and refluxed overnight. The solvent was
evaporated and the residue was partitioned between water (100 mL) and ethyl acetate (150
mL) and washed with water (2 x 100 mL). The combined organic phases was dried,
concentrated and purified by flash column chromatography (EtOAc/Hexane) to give 3-(3-
bromo-benzyloxy)-phthalic acid dimethyl ester (2.5 g, 109% crude yield). The product was
used in the next step without further purification.

Step 2:
[188] A solution of 3-(3-bromo-benzyloxy)-phthalic acid dimethyl ester (1.9 g, 5.8
mmol) in reagent alcohol (100 mL) and 3 N sodium hydroxide (60 mL) was refluxed for
two hours. The solution was evaporated and the residue was dissolved in water (100 mL)
and washed with methylene chloride (3 x 100 mL) then acidified to pH around 4. The
resulting mixture was extracted with ethyl acetate (2 x 100 ml) and the combined extracts
was washed with water (2 x 100 mL), dried and concentrated to give 3-(3-bromo-
benzyloxy)-phthalic acid as an off-white solid (2.5 g, 109% crude yield). The product was
used in the next step without further purification.

Step 3:
[189] A mixture of 3-(3-bromo-benzyloxy)-phthalic acid (2.4 g, 6.7 mmol), alpha-
amino-glutarimide hydrochloride (1.2 g, 7.1 mmol} in pyridine was refluxed overnight. The
mixture was evaporated and the residue was purified by flash column chromatography
(methaﬁol/methylene chloride) to give 4-(3-bromo-benzyloxy)-2-(2,6-dioxo-piperidin-3-yl)-
isoindole-1,3-dione as a white solid (1.8 g, 62% yield); HPLC: Waters Symmetry Cys, Spm,
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12141A mixture of 3-(benzofuran-2-ylmethoxy)-phthalic acid (0.55 g, 1.8 mmol) and
rac-a-aminoglutarimide hydrochloride (0.30g, 1.8 nunol) in pyridine (10 mL) was heated to reflux for 16
h. The mixture was cooled and evaporated under vacuum. The residue was dissolved in CH2CI2 (100
mL) and washed with dilute aqueous HO (2 x 100 mL) and water (2 x 100 mL) and was evaporated.
The residue 3vas ¢hoamajdgrdpinge 24ingna IARCTREN/H At HaPAHIEhS Sehitin @294t ez, d#pound at

120 mm. 5 pok S R B THE B e B G B b0-d0) o
é.gg-é.o;H()m:?;aum),m,Mg (d;i,, 254, 23122195 (H)15139, 6,081(@11‘13),5.15-.7.&82(&1, ammzal.zl, 11)H)7 o
ooa o' RS BRI A Tokist JpdEes, 38 A b B0V T o oe; &
23.9, 30.9, 4828, 183 12110 126193, 329.15.930.68,730709.2 3822661 300871 1388 15548, 1633338, 137.0,

152.0, 154.6146501863%.1395, A Luk34: A SREBIPC FRIIACHIINOG 1520 C, 64.91;
11,4.04; N, 6.88. Found: C, 64.89; H, 3.99; N, 6. Example 18

84.
4-(Benzo[b]tH%BW@QF@@M}%—@@Q%ﬁ@Hﬁérikﬂﬁ‘-@-yl)-isoindole-1,3-dione OO0H Step 1:
12151A mixture of polymer-supported PPh3 (3.1pgathplé¥pol) and 1- benzothiophen-2-yl-methanol
(2.0 g, 6.1 rrynql).in. 20 mL, THE, was coqled to OC under N2. Diisppropylazadicarboxylate (1.9 g, 9.5
mmol) was a%ﬁ%&'g)r%gg’,%ﬁ’d%%ﬁiggﬁﬁwg’y %&?& MH%{TPEP‘%E'% %M&ﬁ ester (1.0 g, 4.8
mmol) was added as a solid. The mixture stirred for an additional hour at 0 C and was then allowed to
warm to room temperature. After stirring for 16 h, the mi@urq_iwas filtered. The filter was washed with

ethyl acetate (25 mL) and the combined fiItratezfie\@gin)uid.
N 0
LTS

(190} To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.4 g, 6.4

Step 1:

mmol) in acetone (30 mL) and potassium carbonate (2.7 g, 19.3 mmol) was added 1-
bromomethyl-3-methyl-benzene (0.91 mL, 6.7 mmol) and refluxed overnight. The solvent
was evaporated and the residue was partitioned between water (100 mL) and ethyl acetate
(150 mL) and washed with water (2 x 100 mL). The combined organic phases was dried,
concentrated and purified by flash column chromatography (EtOAc/Hexane) to give 3-(3-
methyl-benzyloxy)-phthalic acid dimethyl ester (2.3 g, 115% crude yield). The product was
used in the next step without further purification.

Step 2:
[191] A solution of 3-(3-methyl-benzyloxy)-phthalic acid dimethyl ester (2.0 g
crude, 6.4 mmol) in reagent alcohol (100 mL) and 3 N sodium hydroxide (60 mL) was
refluxed for two hours. The solution was evaporated and the residue was dissolved in water
(100 mL) and washed with methylene chloride (3 x 100 mL) then acidified to pH around 4.
The resulting mixture was extracted with ethyl acetate (2 x 100 mL}) and the combined
organic layers was washed with water (2 x 100 mL), dried and concentrated to give 3-(3-
methyl-benzyloxy)-phthalic acid as an off-white solid (3.0 g, 130% crude yield). The
product was used in the next step without further purification.

Step 3:
[192} A mixture of 3-(3-methyl-benzyloxy)-phthalic acid (1.8 g, 6.4 mmol), alpha-
amino-glutarimide hydrochloride (1.1 g, 6.8 mmol) in pyridine was refluxed overnight. The
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Step 2: (2161The crude product from Step 1 was dissolved in a mixture of 3N NaOH (50 mL) and
ethanol (100 mL), and the resulting solution was heated to reflux for 2 h. The mixture was cooled and
the solvent was removed under vacuum. The residue was dissolved in water (100 mL) and washed
with CH2CI2 (3 x 100 mL), acidified (HC1), and extracted into ethyl acetate (3 x 75 mL). The combined
organic extrattswerenasipechiedangd sher¢s dug svasipunified| (v Rsiod)umnichvepeiestabhStep 3:

[217]The cr % S%%g d ét%éjig%gﬁ%?gg&ngmg@dmg[%m%'dﬁé&ﬂo g, 2.5 mmol) in

pyridine (10 was heated to re € mixture was cooled and evz%orated under vacuum.

The residue wazytprpiisagipt cidiensguacriiic solidibth &n 68 G aigldhn HGrgNAESroduct at 95:5

CHZClZ-meé*gfaﬂﬁén@r@ rQiding Q- AhGiim 30HLVigle, OemInsiaNs0 DRLN/RIS PRl S.1§Vaters
Symmetry C-18, 3.9 1%30 mm, 5 Inn, 1 mL/min, 240 nm, 50/50 CH3CN/0.1% H3F?O4,4’5.68

(100.00%): IMINE2-BMISm.dEF 92D MR (RAISndspsd (02 S1i6ms B3, S5 e85 8H0 (dd, J
=426 M2, J € 3ol ool e OH), 7825824 AHORTHIOS(th 2 14 B2 I, TG 1H), 7.68

220,305, 463 GosbLakn, 1S G300 4 h s 193 6 155 87040 DAk IV 53 W30 6.
139.5, 154.921.96, 30.92, 48.74, 70.08, 115.49, 116.58, 120.19, 124.40, 127.85, 128.40, 128.60, 133.26,
136.03, 136.98, 137.64, 155.53, 165.30, 166.77, 169.91, 172.75. Anal Caled For
CyH;sN20s: C, 66.66; H, 4.79; N, 7.40. Found: C, 66.50; H, 4.79; N, 7.34.
_ Example 11
2-(2,6-Dioxo-piperidin-3-yl)-4-(4-methanesulfonyl-benzyloxy)-isoindole-1,3-dione

o 0
N
e @i"‘{)“)

[193] To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.3 g, 6.1

Step 1:

mmol) in acetone (25 mL) and potassium carbonate (2.5 g, 18 mmol) was added 1-
bromomethyl-4-methanesulfonyl-benzene (1.6 g, 6.4 mmol) and refluxed overnight. The
solvent was evaporated and the residue was partitioned between water (100 mL) and ethy!
acetate (150 mL) and washed with water (2 x 100 mL). The combined organic phases was
dried, concentrated and purified by flash column chromatography (EtOAc/Hexane) to give
3-(4-methanesulfonyl-benzyloxy);phthalic acid dimethyl ester (2.4 g, 104% crude yield).
The product was used in the next step without further purification.

Step 2
[194] A solution of 3-(4-methanesulfonyl-benzyloxy)-phthalic acid dimethyl ester
(2.3 g, 6.1 mmol) in reagent alcohol (140 mL) and 3 N sodium hydroxide (70 mL) was
refluxed for two hours. The solution was evaporated and the residue was dissolved in water
(100 mL) and washed with methylene chloride (3 x 100 mL) theﬂ acidified to pH around 4.
The resulting mixture was extracted with ethyl acetate (2 x 100 mL) and the combined
organic layers was washed with water (2 x 100 mL), dried and concentrated to give 3-(4-
methanesulfonyl-benzyloxy)-phthalic acid as an off-white solid (2.15 g, 101% crude yield)."

The product was used in the next step without further purification.
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165.2, 166.7, 169.9, 172.8; Anal. Calcd for C221-116N203S: C, 62.85; H, 3.84; N, 6.66. Found: C,
62.88; H, 3.46; N, 6.57. Example 19
2-(2,6-Dioxo-piperidin-3-y0-4-(furan-2-ylmethoxy)-isoindole-1,3-dioae 0 0 H 12181To a solution of

triphenylphosphine (630 mg, 2.4 mmol) and furan-2-yl- methanol (0.17 mL, 2.0 mmol) in THF (10 mL)
was added a solution of CH#R3:(0.38 mL, 2.4 mmol) in THF (0.6 inL) at 0 C. After 5 min,

4'hydroxy'21(1%§;di°X°(3';9Eﬂ@%@ﬁq@%@ﬂ%&&ﬁ&%ééﬁ%my)@iﬂﬁm@&W%IS; Geldgtldp, the

mixture. The m

ure was allowed to warm to room temperature and

The oil was ghurigshinTetiaigld daselddonah indive Rguapensigt-Rbewuapansinmpas filter
washed with methanol (20 mL) to give 2-(2,6-dioxo-piperidin-

3-y0-4-(furarf B SpRieaTansy

ept for 4h. The solvent was

removed in Wrhramine teltesinide hydeo ehinride Byl @ I6hmemb eryEfipmy eSS

) to give an oil.

ed and

Sawihanndmethyigne cilogdR B w¥S R Gt imip-Ripgds iy b (*re4-186 C:

IH NMR (DMiéehaiis 8 f@Q-Be04v(0xy it ofabitiRy, 1234&iohéds (wRitk o)) 3.8042985 {¢d)1HPTXEIH), 5.07

(dd, J=5,1
7.47 (d, J =

G RIPH Lo 7 38 A3 B P T LR LU K

(DMSO-d6) 21096i3Q583%); mp, 293-295°C; '"H NMR (DMSO-dy) & 2.03-2.07 (m, 1H, CHH), 2.54-

2.63 (m, 2H, CH,), 2.85-2.90 (m, 1H, CHH), 3.23 (s, 3H, CH:S0), 5.11 (dd, J =6, 12 Hz,
1H, CH), 5.52 (s, 2H, CHa), 7.49-8.00 (m, 7H, Ar), 11.13 (s, IH, N&); *C NMR (DMSO-
ds) 8 21.97, 30.91, 43.46, 48.78, 69.09, 115.82, 116.73, 120.11, 127.21, 127.62, 133.28,
137.10, 140.26, 142.17, 155.12, 165.30, 166.73, 169.89, 172.75. Anal Calcd For
Ca HeN-048 + 0.2 H;0: C, 56.55; H,4.16; N, 6.28; §, 7.19. Found: C, 56.32; H, 3.80; N,
6.16; S, 7.20.

Example 12
2-(2,6-Dioxo-piperidin-3-yl)-4-(3-methoxy-benzyloxy)-isoindole-1,3-diene

O O ﬁ
-
QJO ©
Step 1:
[196] To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.1 g, 5.2

mmol) in acetone (45 mL) and potassium carbonate (2.2 g, 15.7 mmol) was added 1-
bromomethyl-3-methoxy-benzene (0.77 mL, 5.5 mmol) and refluxed for three hours. The
solvent was evaporated and the residue was partitioned between water (30 mL) and ethyl
acetate (80 mL) and washed with water (2 x 50 mL). The combined organic phases was
dried, concentrated and purified by flash column chromatography (EtOAc/Hexane) to give
3-(3-methoxy-benzyloxy)-phthalic acid dimethyl ester (2.1 g, 118% crude yield). The
product was used in the next step without further purification.

Step 2:
[197] A solution of 3-(3-methoxy-benzyloxy)-phthalic acid dimethyl ester (2.0 g
crude, 5.5 mmol) in reagent alcohol (100 mL) and 3 N sodium hydroxide (35 mL) was

refluxed for two hours. The solution was evaporated and the residue was dissolved in water
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48.77, 62.55, 110.72, 111.38, 115.72, 116.64, 120.35, 133.35, 136.89, 143.99, 149.15, 155.12,
165.21, 166.73, 169.88, 172.76; Anal Calcd for C281-04N206+ 0.1 H20: C, 60.71; H, 4.02; N, 7.87;
H20, 0.51. Found: C, 60.47; H, 3.97; N, 7.73; H20, 0.38. Example 20
4-(3-Chloro-benzo[b]thiophen-2-ylmethoxy)-2-(2,6-dioxo-piperidin-3-y0- isoindole-1,3-dione CI Step 1:
12191To a 8lutiad) aidveisierd Wwith actiyisae bkloed Cubdhyhit )athioh (Ridified GoGohhryolind 4THF (40 mL)
at 0C was added drop-wise 1 M borane in THFE (33 mL 2 mmol) via.a ing.funnel. The mixture
was stirred gtﬂ refltr%ﬁ/utgr%’i% H}x_x%rg Teae f(grna‘\:r/%v%ls‘alueﬁ%ﬁeab\%%he é?g{ pg\?\n%lella‘l %ﬂ%ﬁgﬁc&%\{/’ﬁg (6 mL).
Solvent wascegapolayets iwasacashethwithwatssithre Waslpadhikshand senserdratsdtiasgidiem@arbonate and

ethyl acetate, Jhe,aqueous Bhasemas exiractatwileiybageias, (366, ki riggragined organic

phases was washed with"water’(3 x 100 mL), dried and concentrated to give
(3-chloro-beReasithvepHead Jyhe pextisaorEBaMiBIhrE MW RGPS 4 g, 103% crude yield); 111INMR
(DMSO-d6) 8 4.8 (d, J = &§tz, 2H, CH20H), 5.87 (t, J = 5.8 Hz, 1H, CH20H), 7.42-8.04 (m, 411, Ar).
The prOdUCt[VfgsS} used in the next step without further purification. Step 2:

A mixture of 3-(3-methoxy-benzyloxy)-phthalic aci<21'(1 .5 g, 5.2 mmol),
alpha-amino-glutarimide hydrochloride (0.89 g, 5.4 mmot) in pyridine was refluxed
overnight. The mixture was evaporated and the residue was purified by flash column
chromatography (methanol/methylene chloride) to give 2-(2,6-dioxo-piperidin-3-yl)-4-(3-
methoxy-benzyloxy)-isoindole-1,3-dione as a white solid (0.25 g, 12% yield); HPLC:
Waters Symmetry Cyg, Spm, 3.9 x 150 mm, 1 mL/min, 240 nm, 60/40 CH;CN/0.1% H3PO,,
2.41 min (99.1%); mp, 197-201°C; '"H NMR (DMSO-ds) & 2.02-2.06 (m, 1H, CHH), 2.59-
2.62 (m, 2H, CH>), 2.83-2.90 (m, 1H, CHH), 3.77 (s, 3H, CH;), 5.10 (dd, J = 6, 12 Hz, 1H,
CH), 5.35 (s, 2H, CHa), 6.89-7.85 (m, 7TH, Ar), 11.11 (s, 1H, NH); 3C NMR (DMSO-d;) &
21.95, 30.92, 48.75, 55.01, 69.80, 112.72, 113.27, 115.55, 116.66, 119.17, 120.21, 129.61,
133.25, 136.98, 137.74, 155.42, 159.35, 165.32, 166.77, 169.90, 172.74. Anal Calcd For
C21H1sN206 + 0.1 Hy0: C, 63.67; H, 4.63; N, 7.07. Found: C, 63.49; H, 4.40; N, 7.00.

Example 13
4-(Benzo{1,3]dioxol-5-ylmethoxy)-2-(2,6-diexo-piperidin-3-yl)-isoindole-1,3-dione

0 0 K

N
o @N_GO
<o:©\,0 0

[199] To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.0 g, 4.8

Step 1:

mmol), benzo{1,3]dioxol-5-yl-methanol (1.4 g, 9.5 mmol), and polymer-supported triphenyl
phosphine (3.0 g, 9.5 mmol) in THF (30 mL) in an ice-bath was slowly added diisopropyl
azodicarboxylate (1.9 mL, 9.5 mmol) and stirred at r.t. overnight. The mixture was filtered
and the filter was washed with ethyl acetate (10 mL). The filtrate was evaporated and the
residue was purified by flash column chromatography (EtOAc/Hexane) to give 3-
(benzo[1,3]dioxol-5-yimethoxy)-phthalic acid dimethyl ester (1.7 g, 102% crude yield). The

product was used in the next step without further purification.
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[220] To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.0 g, 4.8 mmol),
(3-chloro-benzol[b]thiophen-2-y1)-methanol (1.9 g, 9.5 mmol), and polymer-supported triphenyl
phosphine (3.0 g, 9.5 mmol) in THF (30 mL) in an ice-bath was slowly added diisopropyl
azodicarboxylate (1.9 mL, 9.5 mmol) and stirred at r.t. overnight. The mixture was filtered and the solid
was washed with ethyl ac@ﬂqte(lo mL). The filtrate was evaporated and the residue was purified by

3-(3-chioro Ao b opne S SN PRl Y S RRiE o e g B elc). The

3-(3-chloro- [b]thiop e%‘u iﬂﬂ]%
product was(lisegldmdecdrerirstd pinvithgenfakthiss! L6 caltipan iy Sidiiaf hyArecideiid qnﬁL)

3-(3-chl t
conol (120 L S R e TR s s AR b A IO oo
evaporated artert{8tadidgaduashipdswitemethilene chioidm(d w0 mhsHen oridihedtoypharerndride (3 x

100 mL) theq agjgd llf@glttﬁé)ﬁhi‘fﬂér\gaﬁeI@Ec{ngtﬂ%‘M%?aWi‘? exvarisdiMeiblnratate (2 x 100
mL) and the comblned organic a%/ers was washed ateré x 100 mL), dried and concentrated to

give 3-(3-chiBi&HHE XI5 HAS Yiithetsn R snif ank)adie é%‘?’]cﬁﬁc\ﬁﬂﬁl%@dﬁcg(‘ieég 92% vyield).
The prod uctwa@bﬁeﬂdﬁbﬂaﬂ-ﬂ%ﬁﬁtﬁwtb@ﬁhﬁéfﬁhﬁf wlsﬁwﬁn&andﬁl(l eovveisage of

3-(3-chloro- be h|o Imethoxy)-phthalic aci alpha-amino-glutarimide
hydrochlorid& {7 gﬁ Hg St ﬁaﬁ% DFAL &R gbo(% }PEC#W{Ure was evaporated and
the residue was purlfled bSrtﬂ[aSh column chromatography (methanol/methylene chloride) to give
4-(3-chlorob [b]thlop Imet ¥ as a white
solid (0.764, yleld) Wea‘t)ers@2=l nﬁa }g@%@‘%ﬁ%%%% i 9%?%& 3%%0:%0 nrn, 60/40
CH3CN/o.1%amenﬁbt@~mmm(g@rmemxdrm@om2@ ROVER 4O msOUE) serging ‘@as(wﬂtm_i CHM,
2.54-2.62 (m, %%@&&%@We%r&d%%%@éue »@a%ﬁ;h‘ﬁem fod dlt;gboﬁiéﬂ cotlfhks, 2H, CH2),

7.49-8.10 (m 7H, 11.12 (s, 1H, NH); 13C NMR (DMSO-d6 90, 48.79, 63.99, 116.26,
116.98, chromatography (methanol/methylenc chlorxdc) to give 4- (benzo[l 3]dioxol-5-ylmethoxy)-

2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione as a white solid (0.45 g, 29% yield);
HPLC: Waters Symmetry Cjg, Spm, 3.9 x 150 mm, 1 mL/min, 240 nm, 50/50 CH3CN/0.1%
H3PO., 4.06 min (98.6%); mp, 229-231°C; "H NMR (DMSO-dg) § 2.02-2.05 (m, 1H, CHH),
2.55-2.62 (m, 2H, CH,), 2.82-2.94 (m, 1H, CHH), 5.10 (dd, ] = 6, 12 Hz, 1H, CH), 5.26 (s,
2H, CHy), 6.03 (s, 2H, CHy), 6.93-7.85 (m, 6H, Ar), 11.11 (s, 1H, NH); ’C NMR (DMSO-
ds) §21.95, 30.91, 48.74, 70.00, 101.05, 108.10, 108.18, 115.49, 116.61, 120.28, 121.25,
129.78, 133.24, 136.95, 147.04, 147.38, 155.44, 165.30, 166.76, 169.89, 172.74. Anal
Caled For Cy HigN207: C, 61.77; H, 3.95; N, 6.86. Found: C, 61.44; H, 3.72; N, 6.79.

Example 14
2-(2,6-Dioxo-piperidin-3-yl)-4-(naphthalene-2-ylmethoxy)-isoindole-1,3-dione

o Q

o) O

[202] A mixture of triphenylphosphine (1.15 g, 4.40 mmol) and 2-
naphthalenemethanol (0.58 g, 3.6 mmol) was stirred in THF (10 mL) at 0 °C. Keeping the
reaction mixture at 0 °C, a solution of diisopropylazodicarboxylate (0.87 mL, 4.4 mmol) in
THF (2.1 mL) was added dropwise. 2-(2,6-Dioxo-piperidin-3-yl)-4-hydroxy-isoindoie-1,3-
dione (1.00 g, 3.60 mmol) was then added as a solid, the reaction mixture was stirred at 0 °C
for 1 h and then at room temperature overnight. The precipitate was filtered, washed with
additional THF (10 mL) and dried. The resulting solid was stirred in hexane (50 mL) for 2
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118.36, 120.46, 121.39, 123.36, 125.57, 126.19, 132.93, 133.34, 135.42, 136.91, 137.04, 154.62,
165.05, 166.64,

h, filtered and dried. The resulting solid was heated to reflux in methanol (50 mL) for 1 h,
filtered and dried to afford the product as a white solid (0.46 g, 30% yield); mp > 260 °C;
HPLC, Waters Symmetry C-18, 3.9 x 150 mm, 5 um, 1 mL/min, 240 nm, 50/50 CH;CN/0.1
% H3POq, 6.20 (99.48%); 'H NMR (DMSO-dy) § 2.02-2.07 (m, 1H), 2.44-2.62 (m, 2H),
2.82-2.97 (m, 1H), 5.12 (dd, J = 12.5 Hz, J = 5.3 Hz, 1H), 5.54 (s, 2H), 7.46-8.05 (m, 10H),
11.13 (s, 1H); *C NMR (DMSO-dq) § 22.0, 31.0, 48.8,70.3, 115.6, 116.7, 120.4, 125.3,
126.1, 126.3, 126.4, 127.7, 127.8, 128.2, 132.6, 132.7, 133.3, 133.8, 137.0, 155.6, 165.4,
166.8, 169.9, 172.8; Anal. Calcd for Cp4H;3N20s: C, 69.39; H, 4.02; N, 6.61. Found: C,
69.56; H, 4.38, N, 6.76.

Exampie 15
2-(2,6-Dioxo-piperidin-3-yl)-4-(quinolin-3-ylmethexy)-isoindole-1,3-dione

O 0O N
N

[203] 3-Quinolinecarbaldehyde (2.00 g, 12,7 mmol) was dissolved in 25 mL of

methanol. To this solution was added sodium borohydride (0.24 g, 6.4 mmol) in small

Step 1:

portions over a period of 20 minutes. Then 2 mL of water were added and the mixture was
evaporated. The residue was dissolved in ethyl acetate (75 mL) and washed with water (3 x
75 mL), dried (MgSQ,) and evaporated, providing 1.8 g of quinolin-3-yl-methanol in 90%
yield; '"H NMR (DMSO-ds) 5 4.89 (s, 2H), 7.53 (t, J = 7.1 Hz, 1H), 7.64-7.71 (m, 1H), 7.77
(d,] = 8.2 Hz, 1H), 8.04-8.12 (m, 2H), 8.83 (d, ] = 2.0 Hz, 1H).

Step 2:
[204] A mixture of polymer-supported PPh; (3.1 g, ~ 9.5 mmol) and quinolin-3-yl-
methanol (0.76 g, 4.8 mmol) in 20 mL THF was cooled to 0 °C under N,. Diisopropyl
azodicarboxylate (1.9 g, 9.5 mmol) was added dropwise, and subsequently 3-hydroxy-
phthalic acid dimethyl ester (1.0 g, 4.8 mmol) was added as a solid. The mixture stirred for
an additional hour at 0 °C and was then allowed to warm to room temperature. After

stirring for 16 h, the mixture was filtered. The filter was washed with ethy! acetate (25 mL)

and the combined filtrates were evaporated.
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169.85, 172.73. Anal Calcd For C221-115N205SC1+ 0.1 H20: C, 58.09; H, 3.32; N, 6.16; S, 7.05; Cl,
7.79. Found: C, 57.77; H, 3.06; N, 6.08; S. 6.87; Cl, 8.05. Example 21

242 ,6-Dioxo-piperidin-3-y1)-4-(4-fluoro-benzo [hi thiophen-2-ylmethoxy)- isoindole-1,3-dione Step 1.:
12231To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.1 g, 5.2 mmol),
(4-fluoro-benzo[b]thiophedted30-methanol (0.96 g, 10 5 mmol), and polymer-supported triphenyl

phosphine ( , 10.5 mmol).in ;L i iCe: I i
azodicarboxtﬁga (2.1 mLL,ﬁf[ef)).c %erﬁg?)%%tg? g#r%?%ﬁa%%gﬁﬁgﬁﬁg\ﬁe%ﬁ% r%%vjfg%gzgsgnd the

solid was washgend/itthastol/(198etdtd and the yesohéng seluiomyaskgstnd teaeiher §oe 38sidbe was purified

by flash colymp, chromatodeaniay (hIQAF/EEXARSLHd S¥&inder vacuum. The residue was dissolved
3-(4-fluoro-benzo[b]thiophen-2-yImethoxy)-phthalic acid dimethyl ester é1.5 16% }Yéqld)TiTg]e product

was used in ithe#iest R plvigistyasheb ettt 8P snlsh aaidifie IEﬂiB%" gr> (HCD.
3444m0r0-%§@£@é?§@&$%@@d&1ﬁt@@%@%&mﬁﬁ ditaatbydiosiesr(dnd thed Hynaocidtereagent
alcohol (120 mL) and 3 N sodium hydroxide (60 mL) was refluxed for two hours. The solution was
evaporated AR THEGLULRFL &AM Yissolved in watet (100 mL) and washed with methylene chloride (3 x

100 mL) then acidified to ptdpag¢ound 4. The resulting mixture was extracted with ethyl acetate (2 x 100

mL) and the Q3 bined orglzj\lnicr{l ers &E%Sr}%@gg?#%&ggh(ﬁ&@#mp& adigngentrated to

[
give 3-(4-fluoro- enzo[b]thloepf'uen-iy me alic acid as an off-white solid (1.2 g, 84% vyield).
The product (0848 gséd mutied) irepystBpe (it ok urah depedife ik Defpd. The mixture was

cooled and evaporated under vacuum. The residue was chromatographed using a CHyClz-
methanol gradient, eluting the title compound at 95:5 CH,Cl,-methanol, 0.37 g, in 20%
yield bver 3 steps; mp 263-265 °C; HPLC, Waters Symmetry C-18, 3.9 x 150 mm, 5 pm, 1
mL/min, 240 nm, 40/60 CH;CN/water, 3.75 (97.84%), TH NMR (DMSO-de) 8 2.02-2.06
(m, 1H), 2.55-2.62 (m, 2H), 2.81-2.90 (m, 1H), 5.11 (dd, J = 12.3 Hz,J = 5.3 Hz, 1H), 5.61
(s, 2H), 7.51 (d, J = 7.2 Hz, 1H), 7.62-7.71 (m, 2H), 7.77-7.90 (m, 2H), 8.00-8.08 (m, 2H),
8.48 (s, 1H), 9.04 (d, J = 1.8 Hz, 1H), 11.12 (s, 1H); 3¢ NMR (DMSO0-dy) § 22.0, 30.9,
48.8, 68.3,115.9,116.8, 120.4, 127.1, 127.2, 128.1, 128.8, 129.3, 129.8, 133.3, 134.5,
137.1, 147.3, 150.3, 155.3, 165.3, 166.8, 169.9, 172.8; Anal. Caled for C23HisN3;05 - 0.4
H,0: C, 65.37; H, 4.25; N, 9.94. Found: C; 65.35; H, 4.06; N, 9.92.

Example 16
2-(2,6-Dioxo«-piperidin-S-yl)-ni-(quinoiin«Z-ylmethoxy)-isoindole-1,3-dione

O 0 H
‘ N
N 0
X
O
\N (8]
Step 1:

{207] 2-Quinolinecarbaldehyde (2.00 g, 12.7 mmol) was dissolved in 25 mL of
methanol. To this solution was added sodium borohydride (0.24 g, 6.4 mmol) in small
portions over a period of 20 minutes. Then 2 mL of water were added and the mixture was
evaporated. The residue was dissotved in ethy! acetate (75 mL) and washed with water (3 x
75 mL) and evaporated. The residue was chromatographed in CH;Cl;-methanol gradient,
eluting the product at 97:3 CH;Cly-methanol, and providing 1.7 g of quinolin-2-yl-methanol
in 85% yield; "H NMR (CDCl3) § 4.92 (s, 2H), 7.26 (d, = 2.1 Hz, 1H), 7.30-7.57 (m, 1H),
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[225] A mixture of 3-(4-fluoro-benzo[b]thiophen-2-ylmethoxy)-phthalic acid (1.2 g, 3.4 mrnol),
alpha-amino-glutarimide hydrochloride (0.58 g, 3.6 mrnol) in pyridine was refluxed overnight. The
mixture was evaporated and the residue was purified by flash column chromatography
(methanol/methylene chloride) to give 2-(2,6-dioxo-piperidin-3-
y1)-4-(4-fluct&$Hariadin]thibp Ad2- Qg hetBOdEisoifdbiz] 138K 44 4 whitd o ido%B3ddau% yield);
HPLC: Wate;ﬁ_r;8 ﬁ'%”i?f y Cl a, 5inn, 3.9 x 150 mm, 1 mL/min, 240 nm, 60/40 CH3CN/0.1% H3PO4,
3.08 min (97.5%); mp, 264-266C;111 NMR (DMSO-d6) 8 2.01-2.08 (m, 1H, CHH), 2.54-2.95 (m, 2H,
CHHCH2), 5.11 (dd, J = 62z, 1H, CH), 5.73 (s, 2H, CH2), 7.18-7.88 (m, 7H, Ar), 11.12 (s, 1H,
NH): 13C NGSDMS0-d6) GE4 S8 i hSntR Ao BRAPIIST o109 Blmid) Wd Glindln 211,02
119.02, 119.07,'120.37, 125.98, 126.08, 127.39, 127.65, 133.38, 137.02, 140.81, 141.98, 142.06,
154.81, 155methany @76 gt mugr)7 i A§ebil HY yascooled tolck #BA% D1 13N203SF: C, 60.27; H,

3.45; NI, 6-3%i§oﬁrﬁ$y1&oﬁaaéﬁ6wa$ @J%-G.Q;MSI)?ﬁhi\la(ﬁi@dﬁpMé; aﬁmdlkﬂigequent}y 3-
Example 22 4-(5-Chlqro-thiophen-2-ylmethoxy)-2-(2,6-dioxa-piperidin-3-yl)-isoindgle-1.3-dione Step
1: 1226170 B W@H@ﬁ%ﬁ%@%ﬁ%ﬂ%ﬁﬂ Iﬁ(?ga%ﬁﬁ‘%}n“g%ﬁﬁggg‘?e%é%?}gq'6%?%%%’% acetone
(70 mL) andspieted S am eddddmeich(RuBag( 20 anhelsvias atldec®tchvero 5o ooy demadighitiophene
O o oA e e O MO RME sTIR £ HArRNAS QI ARGIE deaiilc vas

partitioned betweén w and ethyl acetate (150 mL) and washed with water (2 x 100 mL).
The combind@sordarindthasemiiasddiltwtasomersryapseriedd purified by flash column chromatography
(EtOAc/Hexane) to give 3-§§épc§1_loro-thiophen-2-ylmethoxy)-phthalic acid dimethyl ester (2.3 g, 100%

crude vield). The product was used in the next step without further purification. )
yield) [209] P The crude product from Steg 2 was dissolved I?l a mixture o? %%PI\?&OH (50

mL) and ethanol (100 mL), and the resulting solution was heated to reflux for 2h. The
mixture was cooled and the solvent was removed under vacuum. The residue was dissolved
in water (100 mL) and washed with CH,Cls (3 x 100 mL), acidified to pH 2-3 (HCI). The

resulting precipitate was filtered and washed with additional water and then ethyl acetate,

and dried under vacuum.
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[2271A solution of 3-(5-chloro-thiophen-2-ylmethoxy)-phthalic acid dimethyl ester (2.3 g, 6.7 mmol) in
reagent alcohol (100 mL) and 3 N sodium hydroxide (60 mL) was refluxed for two hours. The solution
was evaporated and the residue was dissolved in water (100 mL) and washed with methylene chloride
(3 x 100 mL) then acidified to pH around 4. The resulting mixture was extracted with ethyl acetate (2 x
100 mL) and the combin&i@rganic layers was washed with water (2 x 100 mL), dried and

concentrate?rzt%flve 3- (Sﬁ1 umoggr%rg g%@%gk%ﬂ%ﬁm ag;,&fgc\ﬂ{y{.gdé e}g 6 g, 76%

yield). The product was use e next ste out further p tep 3: 228] mixture of

3-(5-chloro- tﬁ&pmmz:ymvedm@owiﬁanesdmwm 5Bt fornl61h. ol aniriFowRt eakatRnd
hydrochloridg (&8l arAdnmaiin. YRS NRSWA ke aaraiieh Jiik™ @Mexyval%tﬁmorated and

the residue was purified by flash column chromatography (methanol/methylene chloride) to

4-(5-chloro-tETaHieRh SWiRgdhsapsiust @ B3cfidxHabibaneiianey 1 b mefsrak atioeatedd solld
(0.76 g, 36% yiglih, hiRtg aMdataERAWRIM QY Gkl DU &*@m?s}xamma RN iacad.r amib0/40

C o e S R RSO Bl
CH2), 7.07- %8l prodidinAn)s hig b (s fitls %H))pdﬁﬁﬂNM%()@Mﬂ@edﬁ)S&‘?ﬂ 9139 364925618075, 65.38,
16077, 160 HELE7 AErASIRS éaé%%é@ﬁ?&%“ S LA O DT80,
8.76. Found:CH:5AD) %4 HaRy, .08, 65 8)7%)6 AN IR gWISO-ds) § 2.03-2.08 (m, 1ERapleZ®
2-(2,6-Dioxorpiperidlin-gs Lyl -taphhalesa2; 3 ey yi-ispindplerins gipng, oM Sep): 1 =

7.1 Hz, 1H), 7.62-7.66 (m, 2H), 7.77-7.87 (m, 3H), 8.00-8.03 (m, 2H), 8.48 (d, J = 8.5 Hz,

1H), 11.13 (s, 1H); °C NMR (DMSO-d¢) § 22.0, 31.0, 48.8, 71.4, 115.8, 116.8,119.1,

120.3, 126.7, 127.2, 128.0, 128.5, 130.0, 133.3, 137.1, 137.2, 146.9, 155.3, 156.7, 165.4,

166.8, 169.9, 172.8; Anal. Caled for C23H;9N30s - 1.6 H,0: C, 62.19; H, 4.58; N, 9.46.

Found: C, 62.20; H, 3.97; N, 9.15.

Example 17
4-(Benzofuran-2-ylmethoxy)-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione

0 0 y
i N
Syt
\ o |
o O
Step 1:

[211] 2-Benzofurancarbaldehyde (2.2 g, 15 mmol) was dissolved in 25 mL of
methanol. To this solution was added sodium borohydride (0.28 g, 7.5 mmol}) in small
portions over a period of 20 minutes. Then 2 mL of water were added and the mixture was
evaporated, The residue was dissolved in ethyl acetate (75 mL) and washed with water (3 x
75 mL), dried (MgSQs) and evaporated, providing 2.1 g of benzofuran-2-yl-methanol, in
95% yield; "H NMR (CDCl3) 8 2.03 (t, J = 6.1 Hz, 1H), 4.77 (d, J = 6.1 Hz, 2H), 6.66 (s,
1H), 7.19-7.32 (m, 2H), 7.45-7.50 (m, 1H), 7.53-7.57 (m, 1H).

Step 2: '
[212] A mixture of polymer-supported PPh; (3.1 g, ~ 9.5 mmol) and benzofuran-2-
yl-methanol (0.70 g, 4.8 mmol) in 20 mL THF was cooled to 0 °C under N,.

Diisopropylazodicarboxylate (1.9 g, 9.5 mmol) was added dropwise, and subsequently 3-
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[2291A mixture of polymer-supported PPh3 (3.1 g, 9.5 mmol) and a-methyl-2- naphthalenemethanol
(0.82 g, 4.8 mmol) in 20 mL THF was cooled to 0 C under N2. Diisopropylazodicarboxylate (1.9 g, 9.5
mmol) was added dropwise, and subsequently 3- hydroxy-phthalic acid dimethyl ester (1.0 g, 4.8
nunol) was added as a solid. The mixture stirred for an additional hour at 0 C and was then allowed to
warm to roohydeospephthuaiic Adiéditiethyd dsted d 19, ghé. Smixnol) wasalidedas. aFodidiltdhovmdmashed with
ethyl acetatg L o4 ArSsRerglnG § ﬁaog%%gxaagwés% T 85 i asehipRaatographed

in hexanes- e Tacetate gradi ent utlng 12g 1-naphthalen-2-yl- ethog&-phthalic acid
dimethyl estérftar strog dasthG hatestmixtheo9s i}lé%ﬁle'NM Rltgsmrepvshed b byt acetaiez 311),

3.88 (s, 3H)(ﬁ59§ﬂga§me5cé&ﬁﬁle& AlG et etd By £h oG, JThidrdsidee Wai dlsddvéd 78 A1z, 1H),
7.42-7.53 (m, 4H), 7.76-7.84 (m, 411). Step 2: [230]A mixture of 3-(1-naphthalen- Zle -ethoxy)-phthalic

acid dmeth;ﬂ@%&éﬁ"{@@ @@"?ﬂlﬁ%ﬁ‘%“z@ﬁﬂ f90 1 PR R fOX (RoB AL Rsdd M ER Rt 1o reflux

for 2 h. The Jpixduagomasacooled and the solvent was removed under vacuum. The residue was
dissolved in water (100 ma ar&? washed with CH2C12 (3 x 100 mL), acidified (HC1), and extracted
with ethyl acetate (3 x 75 RMtH.°The combined organic extracts were washed with water (3 x 75 mL),

dried (Mgsqzzmnd evapd‘rl&ted;d&rmddimgf@oﬁOSgeprv(asmqshthalén{Qﬂ)dme}bbNﬁ%dﬂbid, in

60% vyield; 1FI 8 5. 79 31 (m, 2H),
7.38 (dd, J = ﬁg ? %(i@ élcbm?rg?u mng\’;’ﬁgg §3wa§ fcrﬁt%% Sti‘é}% %Z?f]i mixture of
3-(1 - naphthateﬂuieymmﬂgp)iphm&mdmw\’%rgmm@fﬂnm&) speivas- Lbedrsiietanhdigeolved
hydrochloridg, (Q.18-91 doQuymaah #aehedding @ éeh) Wﬁ%’@ﬂiﬁsi SRRt (QthE 4vd HRerABixdUre was

u

cooled and evaporated undeér vacuum. The residue was dissolved in ethyl acetate (100 mL) and

washed with withtetid @esats I@O@L”(SZTRLJ)OWL%%%%gWﬁ@f%Wﬁrﬁlﬁ?%\ﬂM@a{efﬁ?é’?esndue

was Chfomat?? QKL MEB %Zdis&mld angeiadliand. sduting iiecarotuahal-Yhmbthoxy)-

CH2C12-methanal, '0.27 g, |n06 % ield; mp 174-17 9 x 150

mm, 5 am, 1RABRHESSGThd 6B YRR APS, %M@%&g@%@;&lﬁ g%\i/?r-'z (ﬁ\ﬁ%o -d6) 8 1.71

(d, J = 6.0 Hz¥BH).22.9%B2:@9, 0H), TH)5-2.61@65HM, 2H), 2.84-2.97 (m, 1H), 5.13 (dd, J = 12.5 Hz, J =

5.3 Hz, 1H), 6.00 (g, J = 69 pé,ilH) 7.39(d, J = 7.2 Hz, 1H), 7.44-7.53 (m, 3H), 7.62 (d, J = 8.5 Hz,
H), 7

1H), 7.69 (t, J-7.9Hz, 1 7.96 (m, 3H), 8.00 (s, 1H), 11.15 (s, IH); 13C NMR (DMSO-do) 8
22.0, 23.7, 31204118.8, 76.3, mixture of 3-(benzofuran-2-ylmethoxy)-phthalic acid (0.55 g, 1.8 mmol)

and rac-a-aminoglutarimide hydrochloride (0.30g, 1.8 mmol) in pyridine (10 mL) was

heated to reflux for 16 h. The mixture was cooled and evaporated under vacuum. The
residue was dissolved in CH,Cl; (100 mL) and washed with dilute aqueous HCI (2 x 100
mL) and water (2 x 100 mL) and was evaporated. The residue was chromatographed using
a CH,Cl,-methanol gradient, eluting the title compound at 95:5 CH,Cl,-methanol, 0.46 g, in 7
65% yield; mp 234-236 °C; HPLC, Waters Symmetry C-18, 3.9 x 150 mm, 5 pum, 1
mL/min, 240 nm, 50/50 CH3CN/0.1% H3POy4, 4.16 (98.58%); 'H NMR (DMSO-d) & 1.99-
2.04 (m, 1H), 2.43-2.61 (m, 2H), 2.81-2.95 {m, 1H), 5.08 (dd, ] = 12.7 Hz, J = 5.3 Hz, 1H),
5.55 (s, 2H), 7.14 (s, 1H), 7.23-7.37 (m, 2H), 7.50 (d, J = 7.0 Hz, 1H), 7.60 (d, ] = 8.1 Hz,
1H), 7.68 (d, ] = 7.5 Hz, 1H), 7.74 (d, ] = 8.5 Hz, 1H), 7.86 (t, ] = 7.8 Hz, 1H), 11.11 (s,
1H); *C NMR (DMSO-ds) 5 23.9, 30.9, 48.8, 63.1, 107.4, 111.3, 1159, 116.7, 120.2,
121.6, 123.1, 125.0, 127.5, 133.3, 137.0, 152.0, 154.6, 155.0, 165.2, 166.7, 169.9, 172.7,
Anal. Caled for CyoH1gN2Og - 0.15 H,0: C, 64.91; H, 4.04; N, 6.88. Found: C, 64.89; H,
3.99; N, 6.84.
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1155, 117.2,121.5, 123.6, 124.5, 126.2, 126.4, 127.6, 127.8, 128.5, 132.5, 132.7, 133.4, 136.7,
139.4, 154.8, 165.3,

Example 18
4-(Benzo{b]thiophen-2-yimethoxy)-2-(2,6-dioxo-piperidin-3-yl)-isoindole-1,3-dione

0 0
N
S\ o ©

[215] A mixture of polymer-supported PPh; (3.1 g, ~ 9.5 mmol) and 1-
benzothiophen-2-yl-methanol (1.0 g, 6.1 mmol) in 20 mL THF was cooled to 0 °C under N».

Step 1t

Diisopropylazodicarboxylate (1.9 g, 9.5 mmol) was added dropwise, and subsequently 3-
hydroxy-phthalic acid dimethyl ester (1.0 g, 4.8 mmol) was added as a solid. The mixture
stirred for an additional hour at 0 °C and was then allowed to warm to room temperature,
After stirring for 16 h, the mixture was filtered. The filter was washed with ethyl acetate
(25 mL) and the combined filtrates were evaporated.

Step 2:
[216] The crude product from Step 1 was dissolved in a mixture of 3N NaOH (50
mL) and ethanol (100 mL), and the resulting solution was heated io reflux for 2 h. The
mixture was cooled and the solvent was removed under vacuum. The residue was dissolved
in water (100 mL) and washed with CH,Cl, (3 x 100 mL), acidified (HCI), and extracted
into ethy! acetate (3 x 75 mL). The combined organic extracts were washed with water (3 x
75 mL), dried (MgS0,), and evaporated.

Step 3:
[217) The crude product from Step 2 and rac-g-aminoglutarimide hydrochloride
(0.40 g, 2.5 mmol) in pyridine (10 mL) was heated to reflux for 16 h. The mixture was
cooled and evaporated under vacuum. The residue was chromatographed using a CH;Cl-
methanol gradient, eluting the product at 95:5 CHCly-methanel, and providing 0.40 g in
30% yield over 3 steps; mp 247-249 °C; HPLC, Waters Symmetry C-18,39x 150 mm, 5
pm, 1 mL/min, 240 nm, 50/50 CH3CN/0.1% H3POs, 5.68 (100.00%); 'H NMR (DMSO-ds)
§ 2.01-2.06 (m, 1H), 2.44-2.61 (m, 2H), 2.82-2.96 (m, 1H), 5.10 (dd, J ='12.6 Hz, ] =5.3
Hz, 1H), 5.71 (s, 2H), 7.32-7.42 (m, 2H), 749 (d, J = 7.1 Hz, 1H), 7.58 (s, 1H), 7.68 (d, ] =
8.5 Hz, 1H), 7.80-7.87 (m, 2H), 7.96 (d, ] = 8.2 Hz, 1H), 11.11 (5, 1H); °C NMR (DMSO-
de) §22.0,30.9,48.8,66.1, 1159, 116.9, 120.4, 122.6, 123.8,123.9,124.5, 124.7, 133.3,
136.9, 138.9, 139.5, 154,9, 165.2, 166.7, 169.9, 172.8; Anal. Calcd for C»HeN20sS: C,
62.85; H, 3.84; N, 6.66. Found: C, 62.88; H, 3.46; N, 6.57.
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166.7, 170.0, 172.8; Anal. Calcd for C25H20N205: C, 70.08; H, 4.71; N, 6.54. Found: C, 69.71; H,
4.51; N, 6.28. Example 24 2-(2,6-Dioxo-piperidin-3-yl)-4-(4-methoxy-benzyloxy)-isoindole-1,3-dione O
0 NH Step!: [232]A stirred mixture of 3-hydroxyphthalic anhydride (20.5 g, 125 mmol) in
Example 19
2-(2,6-Dioxo-piperidin-3-yh)-4-(furan-2-ylmethoxy)-isoindole-1,3-dione
0 0

-
N o
[218] To a solution of triphenylphosphine (630 mg, 2.4 mmol) and furan-2-yl-
methanol (0.17 mL, 2.0 mmol) in THF (10 mL) was added a solution of DEAD (0.38 mL,
2.4 mmol) in THF (0.6 mL) at 0 °C. After 5 min, 4-hydroxy-2-(2,6-dioxo(3-
piperidyl))isoindoline-1,3-dione (550 mg, 2.0 mmol) was added to the mixture. The
mixture was ailowed to warm to room temperature and kept for 4h. The solvent was
removed in vacuo, and the residue was purified by column chromatography (Silca Gel) to
give an oil. The oil was sturried in methanol (10 mL) for 3h to give a suspension. The
suspension was filtered and washed with methanol (20 mL) to give 2-(2,6-dioxo-piperidin-
3-yl)-4-(furan-2-ylmethoxy)-isoindole-1,3-dione as a yellow solid (310 mg, 44 % yield):
mp, 184-186 °C; 'H NMR (DMSO0-dg) 8 1.99-2.04 (m, 1H, CHH), 2.42-2.61 (m, 2H, CHy),
2.80-2.95 (m, 1H, CHH), 5.07 (dd, J = 5, 13 Hz, 1H, NCH), 5.35 (s, 2H, CH;), 6.49(dd, I =
2,3 Hz, 1H, Ar), 6.68 (d, ] = 8 Hz, 1H, Ar), 7.47 (d, ] = 7 Hz, 1H, Ar), 7.68-7.71 (m, 2H,
Ar), 7.83 (t, J = 8 Hz, 1H, Ar), 11.10 (s, 1H, NH); BC NMR (DMSO-dg) § 21.96, 30.93,
48.77,62.55, 110.72, 111.38, 115.72, 116.64, 120.35, 133.35, 136.89, 143.99, 149.15,
155.12, 165.21, 166,73, 169.88, 172.76; Anal Caled for C13H4N2Os + 0.1 H20: C, 60.71;
H, 4.02; N, 7.87; H;0, 0.51. Found: C, 60.47; H, 3.97; N, 7.73; H;0, 0.38.

’ Example 20
4-(3-Chloro-benzo[b}thiophen-2-ylmethoxy)-2-(2,6-dioxo-piperidin-3-yl)-

o O
NH
o
S
A0 ©
¢

[219] To a solution of 3-chloro-benzo[b]thiophene-2-carboxylic acid (3.5 g, 16.6
mmol) in THF (40 mL) at 0°C was added drop-wise 1 M borane in THF (33 mL, 33.2

mmol) via a dropping funnel. The mixture was stirred at r.t overnight. The reaction was

isoindole-1,3-dione

Step 1:

quenched with drop-wise addition of water (6 mL). Solvent was evaporated in vacuo and
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methanol (100 mL) was heated to reflux for three hours. The solvent was evaporated in vacua, and the
residue was suspended in sodium bicarbonate (29.4 g, 350 mmol) in DMF (250 mL), followed by
addition of iodomethane (19 mL, 300 mmol) and heating at 55C for four hours. The mixture was cooled
to room temperature, solvent evaporated in vacuo, and the residue was partitioned between water
(200 mL) andetesitneatat @d@0dmed betiveco ipasiadiayecashbomia sinddtvjthavesaer:. [The @p©awt ), dried,
concentrated,i 0,.and then.purifi I §m§; r (SHl alsl;ggﬁg Hexane,
0% gradientgtlégi%o 0 ef?b ?mﬁ?to‘bﬁ\%héﬁ%%%@m&%%? met%%l&élégglréé%g%ﬁ?% yleléj). The
product waswidew#teti{s neQo sedp, diind and penesninatit exigtyeS3eghivrodrsrpiblitinpkansugbension of
> nydroxyPisEAPiE S MBI MRNSOfY i o FIRENIR SRAINNH AR DMSPRg BB garbonate

(2.2 g, 15.7 mmol), was 1- bromomethy1-4-methoxy-behzene (0.79 mL, 5.5 mmol). The mixture

was refluxedfésdiendty € FERERB oM (WS 2 dFbrHte E 1 (HEud, Ehd MRdre dudilddpartitioned
between waigpialt Whd fad £l AcaaS @Rl rlRerYpadniadayer was washed with water (2 x 50

mL), dried, concentrated in vacuo, and purified by flash column chromatography (Silica Gel,
EtOAc/Hexane, 0% gradiéﬁf’?oziOO% 30 mm) to give 3-(4-methoxy-benzyloxy)-phthalic acid dimethyl

ester (2.0 g, [220P6 crude Yield}iifbe wkpensbwasbpdtinbRina S siRbAiayL duidher. pyrididation. Step
ol i rea B LB S O LR b ADEIEL e e L) U FERRAA o hours, The
solution wassapposa texphenyhphiosphickt{ietresidiieumal oiSEER €30imivaive aif8 Oerhbthare wlasted with
exaractod il S e B e L T eter 2 x
70 mL), drienixtwecontiieratbenthtbe sobdwraiveashed widieshl esigip 63 iRt fdEmica¥ain off-white
solid (1.6 g, L0 Geaday idhedl ik F&F%ﬁﬂ%%{ﬁ%ﬂ'&&hﬁ;ﬁ%?ﬁ@t&@k@%‘ {erke/prifisation. Step
4 123514 Sttl(l;rggg}(%qg%lgici-b(j&rgE}é?{gj}gg}?&%};!%g&gg?%ﬁ%%g a%i?d?ﬁaeihyl ester (2.1 g,

109% crude vield). The product was used in the next step without further purification.

Step 3: )

[221] A solution of 3-(3-chloro-benzo[b]thiophen-2-ylmethoxy)-phthalic acid

dimethy! ester (1.9 g, 4.8 mmol) in reagent alcohol (120 mL) and 3 N sodium hydroxide (60

mL) was refluxed for two hours. The solution was evaporated and the residue was dissolved

in water (100 mL) and washed with methylene chloride (3 x 100 mL) then acidified to pH

- around 4. The resulting mixture was extracted with ethyl! acetate (2 x 100 mL) and the

combined organic layers was washed with water (2 x 100 mL), dried and concentrated to

give 3-(3—chloro-benzo{b}thiophen-2-y1methoxy)-phthaiic acid as an off-white solid (1.6 g,

92% vield). The product was used in the next step without further punification.

Step 4:

[222] A mixture of 3-(3-chloro-benzo[blthiophen-2-ylmethoxy)-phthalic acid (1.6

g, 4.4 mmol), alpha-amino-glutarimide hydrochloride (0.76 g, 4.6 mmol) in pyridine was

refluxed overnight. The mixture was evaporated and the residue was purified by flash

column chromatography (methanol/methylene chloride) to give 4-(3-chloro-

benzo{b]thiophen-2-ylmethoxy)-2-(2,6-dioxo-pi;5eridin-3-yl)—isoindole-1,3-dione as a white

solid (0.76 g, 38% yield); HPLC: Waters Symmetry Cig, Spm, 3.9 x 150 mm, | mL/min,

240 nm, 60/40 CH3CN/0.1% H3PO,, 5.26 min (98.7%); mp, 240-242°C; '"H NMR (DMSO-

dg) 8 2.02-2.06 (m, 1H, CHH), 2.54-2.62 (m, 2H, CH,), 2.83-2.95 (m, 1H, CHH), 5.10 (dd,

J=6, 12 Hz, 1H, CH), 5.74 (s, 2H, CH,), 7.49-8.10 (m, 7H, Ar), 11.12 (s, 1H, NH); °C
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mmol), alpha-amino-glutarimide hydrochloride (0.90 g, 5.4 mmol) in pyridine was refluxed overnight.
The mixture was evaporated in vacuo, and the residue was purified by flash column chromatography
(Silica Gel, methanol/methylene chloride, 0% gradient to 10% 30 mm) to give
2-(2,6-dioxo-piperidin-3-yl)-4-(4-methoxy-benzyloxy)-isoindole-1,3-dione as a white solid (0.83 g, 40%
yield); HPLOYMR((@EHSISOrdgn 6t} 84,33 EP0n#8379,63.90, hih,20.nh L6%, 1A8B 6 268450 THBICN/0.1%
H3PO4, RT 4. [ : ; 8 ; 8 .06:(R, H),
251282 (I A O DR T L b TR A B v,
6.95-7.84 (m 62183 AYT278. 14ngd GricdiEpr €3 dNaRsE650-431.928. 98,30 813 43, 1%, 6508, 69.92,
113.88, 11544513655 $Na A2 99, 129.84, 1435 51 3892C1 36087, 159.10, 165.28, 166.77,
169.90, 172.75. Anal Calcd For C2IHI8N206: C, 63.96: H, 4.60: N, 7.10. Found: C, 63.86; H, 4.30; N,
6.92. 5.1 ASSAYS 5.1.1 TNFa Inhibition AssayF¥#misZ]2361Peripheral blood mononuclear cells
(PBMC) from pppmibdepapeaaimobigned Lnineebehidapeidpminmsimdiisagiaway, NJ, USA)
density centrifugation, Cells are cultured in RPMI 1640 (Life Technologies, Grand Island, NY, USA)
supplementdtPIRdo?- 4182 uman serum (Gemini Bio-products, Woodland, CA, USA), 2 mM
L-glutamine, 100 U/ml penicillin, and 100 1.tg/ml streptomycin (Life Technologies). [2371PBMC (2 x
105 cells) are plated in 96-well flat-bottom Costar tissug cujturg plates (Coming, NY, USA) in triplicate.
Cells are stimulated with LPS (from Salmonella gbeyiL: i—8igma cat.no. L-1887, St.Louis, MO,
USA) at 1 ng/ml final in the absence or/t A
dissolved in DMSO (Sigma) and furthe ne in culture medium immediately before use.
The final DMSO concentration in all ag FanbE abolit 0.25%. Compounds are added to cells 1
hour before LPS stimulatigg.Gells are then incubated for 18-20 hours at 37C in 5 % CO2, and
supernatants are then collected, diluted with culture medium and assayed for TNFct levels bzy ELISA
(Endogen, BBE3h, MA, USQ§ seted suspensiomafelhydaog yRitahe arid groctishedrg ol ol >
dose-responagmsoNatfisiach e sptackiefoayyhethandesé g lovsingnayjahtepeiype{GraphPad

Prism V3.02)ét‘59.113Lé%€Ié_ i%p%ggyl}ﬂglagéggh?r{g E’%‘St'g?qﬂ Janc):(ﬁy?n THF (35 mL) in an ice-bath was

stowly added diisopropy] azodicarboxylate (2.1 mL, 10.5 mmol) and stirred at r.t. overnight.

The mixture was filtered and the solid was washed with ethy! acetate (10 mL). The filtrate
was evaporated and the residue was purified by flash column chromatography
(EtOAc/Hexane) to give 3-(4-fluoro-benzo[blthiophen-2-ylmethoxy)-phthalic acid dimethyl
ester (1.5 g, 76% yield). The product was used in the next step without further purification.
Step 2:
[224] A solution of 3-(4-fluoro-benzo[b]thiophen-2-ylmethoxy)-phthalic acid
dimethyl ester (1.5 g, 4.0 mmol) in reagent alcohol (120 mL) and 3 N sodium hydroxide (60
mL) was refluxed for two hours. The solution was evaporated and the residue was dissolved
in water (100 mL) and washed with methylene chloride (3 x 100 mL) then acidified to pH
around 4. The resulting mixture was extracted with ethy! acetate (2 x 100 mL) and the
combined organic layers was washed with water (2 x 100 mL), dried and concentrated to
give 3-(4-fluoro-benzo[b]thiophen-2-ylmethoxy)-phthalic acid as an off-white solid (1.2 g,
84% yield). The product was used in the next step without further purification.
Step 3:
[225] A mixture of 3-(4-fluoro-benzo[b]thiophen-2-yimethoxy)-phthalic acid (1.2
g, 3.4 mmol), alpha-amino-glutarimide hydrochloride (0.58 g, 3.6 mmol) in pyridine was
refluxed overnight. The mixture was evaporated and the residue was purified by flash

column chromatography (methanol/methylene chloride) to give 2-(2,6-dioxo-piperidin-3-
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12381PBMC are depleted of adherent monocytes by placing 1 x 108 PBMC in 10 ml complete medium
(RPMI 1640 supplemented with 10% heat-inactivated fetal bovine serum, 2 mM L-glutamine, 100 U/ml|
penicillin, and 100 pg/m1 streptomycin) per 10 cm tissue culture dish, in 37C, 5 % CO2 incubator for
30-60 minutes. The dish is rinsed with medium to remove all non-adherent PBMC. T cells are purified

by negative gblée{tﬂeﬁuosﬁa@eﬁm[iﬂﬂkﬁmhgmmjﬂmdghéﬁhhimingdﬂ)lahdimmadoeadii@wléd)(&ﬁ,&are for
every 1 x 10 gon: 1 15p.1
anti-CD33, 14{1 5%%? g?ggp %%S%jrﬁ%%}ig%g’% C%%elg%antl "HLAC agszll%bg%%[s%éfnod 56
antiCD14 be@HsCNZ 1061: BOd, Bé&dianﬁ%d%h%r@%%ﬁa@d BANMREPMOrs)30280 -Ai8utes at
4C. Purified [T cg @gx@ﬁg@%%@@ L? hgﬂggp@td’ wcﬁ{y@}%lg q@qytﬁ@% T cells,

87-95% CD3(+ by flow cytometry &sue cult well flat-bottom plates are coated with

anti-CD3 anfiédy TORTB8(B.GHlrhm, PBE todHl NEDwed MdBRMER-d9@ r9%.6084rs, then
washed fourjiasasifs RBIEGORRAINT A0 AR iebbefoony asbooamided G ompounds are

diluted to 20 times of final in a round bottom tissue culture 9 ate. Final concentrations are

about 10 gM 18P et 0 5hA62: ‘Eﬁwl%? P8-rhM- Q?oéﬁ%glrolrﬁbﬁnélézp%vﬁéos}llelré%l% &ﬂﬁt@b 1:50 in
complete forfigs: va,swmdlieum o720 pAYaNCA I wsglanﬁzgegmm boted, H53i4% RY6 DM SO.
Compound ig adde per, 2Q0 O centration of 0.1 %. Cultures
are incubate%’e?t%‘f% ‘19’733‘]6% % Q%ngg/y ;%gsgijgrﬁg gnb Iaa%/l"'éflyz ‘for IL-2 and MIP-3a by ELISA
(R&D Systems). IL-2 and MIP-3a levels are non’ﬁahnqdetd!he amount produced in the presence of an
amount of a nd ptovi alc late ryegr. sigmoidal
dose- respong g1c%tfs ral%rlln ?heél 0] ﬁ“""fg E\%g%ottg'rﬁgt rq&iﬂgj\mlv%%g E%’I%E%%raphPad
Prism v3.02). 5.1.3 Cell Proln‘eratlon Assay [240]Cell lines Namalwa, MUTZ-5, and UT-7 are obtained
from the Deutsche Sanunlung von Milcroorganismenging Zellkulturen GmbH (Braunschweig,
Germany). The cell line KG-I is obtaingd from ghe-awericam®ype Culture Collection (Manassas, VA,
USA). Cell proliferation as indicated by 3H-th @ln Ncdporatitn is measured in all cell lines as
follows. [2411Cells are plated in 96-wel@/ 6000 cells per well in media. The cells

Step 1:
[226] To a stirred suspension of 3-hydroxyphthalic acid dimethyl ester (1.4 g, 6.8
mmo!) in acetone (70 mL) and potassium carbonate (2.8 g, 20 mmol) was added 2-chloro-5-
chloromethy!-thiophene (0.83 mL, 7.1 mmol) and refluxed for two hours. The solvent was
evaporated and the residue was partitioned between water (100 mL) and ethyl acetate (150
mL) and washed with water (2 x 100 mL). The combined organic phases was dried,
concentrated and purified by flash column chromatography (EtOAc/Hexane) to give 3-(5-
chloro-thiophen-2-ylmethoxy)-phthalic acid dimethyl ester (2.3 g, 100% crude yield). The
product was used in the next step without further purification.

Step 2:
[227] A solution of 3-(5-chloro-thiophen-2-ylmethoxy)-phthalic acid dimethyl
ester (2.3 g, 6.7 mmol) in reagent alcohol (100 mL) and 3 N sodium hydroxide (60 mL} was
refluxed for two hours. The solution was evaporated and the residue was dissolved in water
(100 mL) and washed with methylene chloride (3 x 100 mL) then acidified to pH around 4.
The resulting mixture was extracted with ethyl acetate (2 x 100 mL) and the combined
organic layers was washed with water (2 x 100 mL), dried and concentrated to give 3-(5-
chioro-thiophen-2-ylmethoxy)-phthalic acid as an off-white solid (1.6 g, 76% yield). The

product was used in the next step without further purification.
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are pre-treated with compounds at about 100, 10, 1, 0.1, 0.01, 0.001, 0.0001 and 0 gM in a final
concentration of about 0.25 % DMSO in triplicate at 37C in a humidified incubator at 5 % CO2 for 72
hours. One microcurie of 3H-thymidine (Amersham) is then added to each well, and cells are
incubated again at 37C in a humidified incubator at 5 % CO2 for 6 hours. The cells are harvested onto
UniFilter GF/C filter plateStgRerkin EImer) using a cell harvester (Tomtec), and the plates are allowed

to dry overnighg Microscigt 20 (Backards. nielpisaslesleaistplpasdie-aly eg miTopCount

NXT (Packard). Each well is counted for one minute. Percent inhibition of cell Eroliferati alculated

of cell p is
by averaging8IPhigiehacaminet giBRHAISH YRRl 3 srdt ORI RNBAPERRN & Hﬁ{ﬁffund is

tested in eaghaiblineriie thieRsapay alaieimes. finaliGaaspardiealbylinsen ctingononlinear
regression, sigmoidal dose-response, constrainjng the top to 100% and bottom tq,0 %, allowing
variable sloftrERrasRERLY ﬁ%ﬁ%@%&ﬁeﬁ#ﬂﬁﬂﬂ%m %&%ﬁﬁéﬂ%’ﬁﬂ"&%gﬁ%%mmf%amalwa
cells are treatgy gvilis-RMeridin®-Wrisuiidola ichiipae adpraitdadiiiei@iré fpr3b¥aueldhien stimulated
with 10 wm' ' &D Systems) for 30 minytes..Cell lysates are e ' %
immunoprec%gi%wms ﬁ%npé%r:%%é‘rs’,b\ oF ?’egplé?astse: wﬁrfnglj%{leiﬁi %é%g%égggg%%@h{)ﬁlots are
probed with KBRS MAKDISEHTAMTRBUBE ;P HOSMR GMIOréd 7) 2 G b3 OTR SR | He i idAd IRF-1
Abs and analy, 0 ing tware ( cuylar i£8). 5.1.5
Cell Cycle g§§g§?@%%@%%%%mt%}g§%§? f% Eﬂ&)rcrifowun'g8 b%ﬂqc%’rggéun ’%rr'g\%a&)éd herein
overnight. PRipidith), 00t 8TimintoAdell bydiésid Beldhme§ DER EMEP=d BL £ #B&Lion

Dickinson) ageordlipg 1p MAHAGHYESIRIIACehEellawingsstpibing, oalls i spalyzeshy a
FACSCaIibuggf(grvé\ji g)gll't:’(tjgrhete'r uéi?ﬂigljtk I\g/l%dllgittprl’software (Becton Dickinsoglth.l.G Qﬂ? t0Sis

o
[244) Cells ald4rEattebitnI SRABOIEP 3 A6 B Uioal oIS GHFBIRRGEeFANaRs Hine poir

artous tile points,

then washedpyvish mmexion Vewpshiuifers(B BiessiencesioJells. aseN) 6.8R S H/62lhaGhoMN-V binding
protein and propidium iodide (BD Biosciences) %10 ?} tes. Samples are analyzed using flow
cytometry. 5.1.7 Luciferase Assay [245] Namal YBRE 4re transfected with 4of AP1-luciferase

(Stratagene)per,4-BidR6-pipisidng 8 ) WigdinsparntiakR000-dthaxy)gsoimdelgdni-déontding to
manufacturer's instructions. Six hours post-transfection, ggligare treated with DMSO or an amount of a

compound provided herein. Luciferase activity is assayed usi Iﬂciferase lysis buffer and substrate
(Promega) and measured using a luminometer (T Desigis). =0

o 0
Step 1:

(229} A mixture of polymer-supported PPh; (3.1 g, ~ 9.5 mmol) and a-methyl-2-
naphthalenemethanol (0.82 g, 4.8 mmol) in 20 mL THF was cooled to 0 °C under N,.
Diisopropylazodicarboxylate (1.9 g, 9.5 mmol) was added dropwise, and subsequently 3-
hydroxy-phthalic acid dimethyl ester (1.0 g, 4.8 mmol) was added as a solid. The mixture
stirred for an additional hour at 0 °C and was then allowed to warm to room temperature.
After stirring for 16 h, the mixture was filtered. The filter was washed with ethy!} acetate
(20 mL) and the combined filtrates were evaporated. The residue was chromatographed in
hexanes-ethy! acetate gradient, eluting 1.2 g of the 3-(1 -naphthalen-2-yl-ethoxy)-phthalic
acid dimethyl ester at 20-30% ethyl acetate, in 66% yield, 'H NMR (DMSO-ds) 8 1.70 (d, J
= 6.5 Hz, 3H), 3.88 (s, 3H), 4.03 (s, 3H), 5.49 (g. ] = 6.5 Hz, 1H), 6.96 (d, ] = 8.4 Hz, 1H),
7.18 (t, ] = 8.0 Hz, 1H), 7.42-7.53 (m, 4H), 7.76-7.84 (m, 4H).

Step 2:
[230] A mixture of 3-(1-naphthalen-2-yl-ethoxy)-phthalic acid dimethy] ester (0.9
g, 2.5 mmol) and 3N NaOH (50 mL) in ethanol (100 mL) was heated to reflux for 2h. The
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5.1.8 TNFct Inhibition and IL-2 Production [246] Using procedures substantially similar to those
provided in Section 5.1.1 above, IC50 values for certain of the compounds provided herein for TNFa
inhibition were determined. The determined IC50 values ranged from less than 0.2 nM to about 10-100
gM. These results show that compounds provided herein are useful as inhibitors of TNFa. 1247]Using
procedures suilsiemtia pasited andalib sskyehe seaiiethiry Slaotider aguia Sbve rdsidse wasubisselVedreain

compounds fraje betain Br: DAL E wei Al deleruinettThedeisipined ECSO

values ranged from (ireater than 1 nM to less than'1 gM. These results show that compounds provided

herein are u¥éthiesysaratagi6t 4f mb) proa rembineforgpmmisexmpis gTe ashed it WalBileXare
intended to bg MEsehEX BRI, ARfldngRRa2kl|edRdNg 8rsuvillJeropanmtralviLIbA 2l ascertain

using no more than routine experimentation. numerous equivalents of \sgg%acific comznél)#gzlggl%n terials,
' ds g]

and proceduP8¥akif &ieninglkratisits HOMRSOMSD W) Withif-ths §edie dFthe ect

matter and apg £1I§)MPassed @y, the),anpedied elaimsiz, [R49] Aliof tHe, patems/aiehHRdhsBations
and publicatiggg refe‘{ d to herein are incorporated herein in their entireties. Citation or identification
of any refereni his“application is not an admission that such reference is available as prior art to
the claimed subject matte&tdhg: full scope of the invention is better understood with reference to the

appended clajy. CLAIMR WORLIS P5imsd Rirdkiorco PPAHER SR RR0.36 g, 1.0 mmot)
and rac-u-aminoglutarimide hydrochloride (0.16 g, 1.0 mmol) in pyridine (10 mL) was
heated to reflux for 16 h. The mixture was cooled and evaporated under vacuum. The
residue was dissolved in ethyl acetate (100 mL) and washed with dilute aqueous HCI (2 x
100 mL) and water (100 mL), and was evaporated. The residue was chromatographed using
a CH,Cly-methanol gradient, eluting the product at 95:5 CH,Clz-methanol, 0.27 g, in 64% .
field; mp 174-176 °C; HPLC, Waters Symmetry C-18, 3.9 x 150 mm, 5 pm, 1 mL/min, 240
nm, 60/40 CH;CN/0.1 % H3PO4, 3.69 (99.65%); 'H NMR (DMSO-dg) 6 1.71 (d, J = 6.0 Hz,
3H), 1.99-2:09 (m, 1H), 2.51-2.65 (m, 2H), 2.84-2.97 (m, 1H), 5.13 (dd, J = 12.5Hz, J =53
Hz, 1H), 6.00 (q, J = 6.0 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.44-7.53 (m, 3H), 7.62 (d, ] =
8.5 Hz, 1H), 7.69 (t, I = 7.9 Hz, 1H), 7.87-7.96 (m, 3H), 8.00 (s, 1H), 11.15 (s, 1H); °C
NMR (DMSO-dq) §22.0,23.7,31.0, 48.8,76.5,115.5, 117.2,121.5, 123.6, 124.5, 126.2,
126.4, 127.6, 127.8, 128.5, 132.5, 132.7, 133.4, 136.7, 139.4, 154.8, 165.3, 166.7, 170.0,
172.8; Anal. Caled for C25sHaoN20s: C, 70.08; H, 4.71; N, 6.54. Found: C, 6971 H, 4.51;
N, 6.28.

Example 24

2-(2,6-Dioxo-piperidin-3-yl)-4-(4-methoxy-benzyloxy)-isoindole-1,3-dione

0 O
NH
I N o)
o}
\QJO 0
Step 1:

[232] A stirred mixture of 3-hydroxyphthalic anhydride (20.5 g, 125 mmol) in
methanol (100 mL) was heated to reflux for three hours. The solvent was evaporated in
vacuo, and the residue was suspended in sodium bicarbonate (29.4 g, 350 mmol) in DMF
(250 mL), followed by addition of iodomethane (19 mL, 300 mmol) and heating at 55°C for

four hours. The mixture was cooled to room temperature, solvent evaporated in vacuo, and
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or a pharmaceutically acceptable salt, solvate, prodrug, clathrate, or stereocisomer thereof, wherein: Y
is C---0 or CH2; and R' is hydrogen, alkyl, alkenyl, alkynyl, aryl, axalkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, heteroarylalkyl, arylaminocarbonyl, allcylcarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkoxycarbonyl, cycloalkylcarbonyl, heteroarylcarbonyl or

heterocyclyltarbeidus aves parttioned bapron avates (880 mierandtistbricaestatore0§rmins Sbfected from
alkoxy, halo %@( Qr%xs &Jﬁﬂé‘m&c@&@"@'x%ﬁﬂﬁf@ﬁw' cm&m@% pilfile, Halendy!,

hydroxy, an ony The compound of claim 1, wherein Y is C=0. 3. The compound of

claim 1, thﬂé‘i gdibydjash Aow chiemaiogmphyiaiiticr GRS/ Hexshr P4 RAFMIRE82 alky !,
5. The Comm@t@@wﬁs{m uihesain difeatyl esen0 1e: 975 eRYNERsElenonocyclic

aryl group he compound of any of, claims 1-5, wherein the aryl group inleisa5 or 6
membered M@RYESLER HeRFIPIUl B“&g'r‘l%?ﬁﬁb‘rigﬁaﬂgféroatoms selected from 0, N and S. 7.

The compound of any of daip®s 1-6, wherein the aryl group in le is a blcycllc aryl or bicyclic heteroaryl

NP, o R TP S e LML 6 SRR 0 L7Y%
mmol) in acetone (45 mL) and potassium caxbonate (2 2 g, 15.7 mmol), was added 1-
bromomethyl-4-methoxy-benzene (0.79 mL, 5.5 mmol). The mixture was refluxed for six
hours. The solvent was evaporated in vacuo, and the residue was partitioned between water
(50 mL) and ethy} acetate (80 mL). The organic layer was washed with water (2 x 50 mL),
dried, concentrated in vacuo, and purified by flash column chromatography (Silica Gel,
EtOAc/Hexane, 0% gradient to 100% 30 min) to give 3-(4-methoxy-benzyloxy)-phthalic
acid dimethyl ester (2.0 g, 115% crude yield). The product was used in the next step
without further purification.

Step 3:
[234] A stirred solution of 3-(4-methoxy-benzyloxy)-phthalic acid dimethyl ester
(2.0 g crude, 5.5 mmol) in reagent alcohol (100 mL) and 3 N sodium hydroxide (35 mL)
was refluxed for two hours. The solution was evaporated in vacuo, and the residue was
dissolved in water (80 mL) and washed with methylene chloride (3 x 70 mL), then acidified
to pH around 4 by HCL. The resulting mixture was extracted with ethyl acetate (2 x 60 mL),
and the combined organic layers was washed with water (2 x 70 mL), dried, and
concentrated in vacuo to give 3-(4-methoxy-benzyloxy)-phthalic acid as an off-white solid
(1.6 g, 100% crude yield). The product was used in the next step without further -
purification.
Step 4:

[235] A stirred mixture of 3-(4-methoxy-benzyloxy)-phthalic acid (1.5 g, 3.2
mmmol), alpha-amino-glutarimide hydrochloride (0.90 g, 5.4 mmol) in pyridine was refluxed
overnight. The mixture was evaporated in vacuo, and the residue was purified by flash
column chromatography (Silica Gel, methanol/methylene chloride, 0% gradient to 10% 30
min) to give 2-(2,6-dioxo-piperidin-3-yl)-4-(4-methoxy-benzyloxy)-isoindole-1,3-dione as a
white solid (0.83 g, 40% yield); HPLC: Waters Symmetry C;g, 5pm, 3.9 x 150 mm, 1
mL/min, 240 nm, 50/50 CH3CN/0.1% H3PO4, RT = 4.17 min (98.6%); mp, 178-180°C;
THNMR (DMSO-ds) §1.99-2.06 (m, 1H, CHH), 2.51-2.82 (m, 2H, CHHCH>), 3.76 (s, 3H,
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9. The compound of any of claims 1-8, wherein le substituted with one or two substituents selected
from methoxy, chloro, bromo, fluoro, methyl and methylsulfonyl. 10. The compound of any of
claims 1-7, wherein Rl is substituted with one or more substituents selected from nitro, amino,
haloalkyl, nitrile, or hydroxy. 11. The compound of claim 1, wherein Rl is phenyl, benzyl,
naphthylmelﬁﬁ;)qﬂiﬁ&@d@éfhﬁ IHz oty BAB1 152 9e 2t gyl eS| S fupEthgr bl thidgimethyl.

12. The comge NARlsi y vl b lh 4- chlorobenzyl
3,4- dlchlorobeﬁzy 35 ic Ior@%ldg ?Igtl;zrd%?r?z?} ggz}%ragsg%é%qn?g%gﬁ? a

4- methylsulfé?ﬁt%ﬁ?ﬁl 28, hEt8xyBBazy il Jabhthifietiy éjqdﬁﬁal"ﬁn*étﬁ% 4 ?ﬁ®|mﬁ189ﬂy|
2-benzofurylmethyl, R:aezRIDIEMET BN, Gz ehlessbian-2-stmethv o Hbimen kerogbien; 2:30methyl,
2-furylmethyl, 5-chlorothien-2- ylmethyl or 1-naphth-2-ylethyl. 13. The compound of claim 1, wherein
the compour%l fideformula: 0 o and wherein R5 is aryl or heteroaryl, optionally substituted with one,
two or three groups seleteglifromagikyysalo, alkoxy, carboxy, alkylamlnocarbonyl alkoxycarbonyl,

nitro, amine, nitrile, haloa§% % [ is 0-5. 14. The compound of claim
13, wherein R5 is selecte benzofuryl, benzothienyl and quinolyl,

optionally sufuted wﬂh%n:@}mrdmﬂc@nbummakeMﬁM@Iﬁmﬂmn}qldﬂmm #hgoro, bromo and
methylsulfony 12, 105 Se0PRyReh of AR BIRR ARG IPOYRY Saitg tana AN

Cells are cultured in RPMI 1640 (Life Technologies, Grand Island, NY, USA)
supplemented with 10% AB-+human serum (Gemini Bio-products, Woodland, CA, USA), 2

mM L-glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin (Life Technologies).
[237] PBMC (2 x 10° cells) are plated in 96-well flat-bottom Costar tissue culture
plates (Corning, NY, USA) in triplicate. Cells are stimulated with LPS (from Salmonella
abortus equi, Sigma cat.no. L-1887, St.Louis, MO, USA) at 1 ng/mi final in the absence or
presence of compounds. Compounds provided herein are dissolved in DMSO (Sigma) and
further dilutions are done in culture medium immediately before use. The final DMSO
concentration in all assays can be about 0.25%. Compounds are added to cells 1 hour
before LPS stimulation. Cells are then incubated for 18-20 hours at 37°C in 5 % CO,, and
supernatants are then collected, diluted with culture medium and assayed for TNFa levels
by ELISA (Endogen, Boston, MA, USA). ICss are calculated using non-linear regression,
sigmoidal dose-response, constraining the top to 100% and bottom to 0%, allowing variable
slope (GraphPad Prism v3.02).

5.1.2 IL-2 and MIP-3¢ Production by T Cells
[238] PBMC are depleted of adherent mohocytes by placing 1 x 108 PBMC in 10
mi complete medium (RPMI 1640 supplemented with 10% heat-inactivated fetal bovine
serum, 2 mM L-glutamine, 100 U/ml penicillin, and 100 pug/ml streptomycin) per 10 cm
tissue culture dish, in 37°C, 5 % CO; incubator for 30-60 minutes. The dish is rinsed with
medium to remove all non-adherent PBMC. T cells are purified by negative selection using
the following antibody (Pharmingen) and Dynabead (Dynal) mixture for every 1 x 10® non-
adherent PBMC: 0.3 ml Sheep anti-mouse IgG beads, 15 pl anti-CD16, 15 pl anti-CD33,
15 ul anti-CD56, 0.23 ml anti-CD19 beads, 0.23 ml anti-HLA class I beads, and 56 ul anti-
CD14 beads. The cells and bead/antibody mixture is rotated end-over-end for 30-60
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16.Th9 compound of claim 1, selected from: Cl CI or a pharmaceutically acceptable salt, solvate or
stereoisomer thereof. 17.The compound of claim 1, selected from:

minutes at 4°C. Purified T cells are removed from beads using a Dynal magnet. Typical
yield is about 50% T cells, 87-95% CD3" by flow cytometry.
{239] Tissue culture 96-well flat-bottom plates are coated with anti-CD3 antibody
OKT3 at 5 pg/mi in PBS, 100 ul per well, incubated at 37°C for 3-6 hours, then washed four
times with complete medium 100 pl/well just before T cells are added. Compounds are
diluted to 20 times of final in a round bottom tissue culture 96-well plate. Final
concentrations are about 10 pM to about 0.00064 uM. A 10 mM stock of compounds
provided herein is diluted 1:50 in complete for the first 20x dilution of 200 pM in 2 %
DMSO and serially diluted 1:5 into 2 % DMSO. Compound is added at 10 pl per 200 ul
culture, to give a final DMSO concentration of 0.1 %. Cultures are incubated at 37°C, 5%
CO; for 2-3 days, and supernatants analyzed for IL-2 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, and ECsgs calculated using non-linear
regression, sigmoidal dose-response, constraining the top to 100 % and bottom to 0 %,
allowing variable slope {GraphPad Prism v3.02).

5.1.3 Cell Proliferation Assay
[240] Cell lines Namalwa, MUTZ-5, and UT-7 are obtained from the Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH (Braunschweig, Germany). The
cell ine KG-1 is obtained from the American Type Culture Collection (Manassas, VA,
USA). Cell proliferation as indicated by 3H-thymidine incorporation is measured in all cell
lines as follows.
[241] Cells are plated in 96-well plates at 6000 cells per well in media. The cells
are pre-treated with compounds at about 100, 10, 1, 0.1, 0.01, 0.001, 0.0001 and 0 pM in a
final concentration of about 0.25 % DMSO in triplicate at 37°C in a humidified incubator at
5 % CO; for 72 hours. One microcurie of *H-thymidine (Amersham) is then added to each
well, and cells are incubated again at 37°C ina humidified incubator at 5 % CO, for 6
hours. 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 pl/well) is added, and plates are anatyzed in TopCount NXT (Packard). Each well is"
counted for one minute. 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 ICsos are calculated using non-
linear regression, sigmoidal dose-response, constraining the top to 100 % and bottom to 0

%, allowing variable slope. (GraphPad Prism v3.02).
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-84 - 18. A pharmaceutical composition comprising a compound of any one of claims 1-17, or
a pharmaceutically acceptable salt, solvate, or stereoisomer thereof. 19. A method of treating,
managing or preventing a disease or disorder comprising administering to a patient a compound of
any one of claims 1-17, or a pharmaceutlcally acceptable salt solvate or stereoisomer thereof,
wherein the disease or di§drdelmmanopres piY da angiogenesis, pain, macular

degeneratiopgsa relatechydram:iR SHin PSR SRR SRl ABopshEsips-related

disorder, a parasitic disease, an inununodeficiency disorder, a CNS disorder, CNS in é{r\{ﬁb
tidus disease,

atheroscleraxievisied hersin danid by RIS Rmsais ‘@1@\9’;9(5?’&’?@5@? R&EI Sy ST

hemoglobingpgthysorRIglRlRE dRQsAPhred &I&ﬁﬁfﬂiﬁiﬁﬂl@bﬁéﬂﬁﬁmed widdEpbecoapiboaliobelaim 19,
further comprising administering one or more additional active a Et ‘Hé%‘ Qe me d of claim
‘é’é vBeRT

20, wherein {FRARSIATIMERARILDY APk & S ﬁ‘@ﬁ&f"é’ 9@3&? P

(Ser473 or Thr308), phospho-Gabl (Y627), Gabl, IRS2, actin and IRF-1 Abs and analyzed

on a Storm 860 Imager using ImageQuant software (Molecular Dynamics).

5.1.5 Cell Cycle Analysis
[243] Cells are treated with DMSO or an amount of a compound provided herein

overnight. Propidium iodide staining for cell cycle is performed using CycleTEST PLUS
(Becton Dickinson) according to manufacturer’s protocol. Following staining, cells are
analyzed by a FACSCalibur flow cytometer using ModFit LT software (Becton Dickinson).

5.1.6 Apoptosis Analysis
[244] Cells are treated with DMSO or an amount of a compound provided herein at
various time points, then washed with annexin-V wash buffer (BD Biosciences). Cells are
incubated with annexin-V binding protein and propidium iodide (BD Biosciences) for 10
minutes. Samples are analyzed using flow cytometry.

5.1.7 Luciferase Assay
[245] Namalwa cells are transfected with 4 ug of AP1-luciferase (Stratagene) per 1
x 10° cells and 3 pl Lipofectamine 2000 (Invitrogen) reagent according to manufacturer’s
instructions. Six hours post-transfection, cells are treated with DMSO or an amount of a
compound provided herein. Luciferase activity is assayed using luciferase lysis buffer and
substrate (Promega) and measured using a luminometer (Turner Designs).

5.1.8 TNFa Inhibition and J1-2 Production

[246] Using procedures substantially similar to those provided in Section 5.1.1

above, ICsp values for certain of the compounds provided herein for TNFe inhibition were
determined. The determined ICs values ranged ﬁo@ less than 0.2 nM to about 10-100 pM.
These results show that compounds provided herein are useful as inhibitors of TNFa.

[247] Using procedures substantially similar to those described in Section 5.1.2.
aiSove, ECs, values of certain compounds provided herein for the production of IL-2 were
also determined. The determined ECsq values ranged from greater than 1 nM to less than 1
uM. These results show that compounds provided herein are useful as stimulators of IL-2

production.
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22. The method of claim 20, wherein the disease is an infectious disease, and the additional active
agent is a vaccine for said infectious disease. 23. The method of claim 19, wherein the compound,
or a pharmaceutically acceptable salt, solvate, or stereoisomer thereof, is administered orally or

parenterally. 24. A single unit dosage form comprising a compound of any one of claims 1- 17, or a
pharmaceutif2#8} acceptabte saibsiinverits dassidxalibovarttiniesied to RemPiedysinempiant aodage form

of claim 24, k%@ﬁll%ﬂ' ﬁll?{x% %?’{Vg{ﬂlrgé %‘tS{%ﬁdJQHﬂﬁé@tb%@ertam%ﬁmyb% siRelensnitdasrae form

of claim 25, w |ch IS suitab oral a nlsfratlon 27. The single unit dosage form of claim 26,
which is a tapteeBmantatjy mumerous equivalents of specific compounds, materials, and procedures.

All such equivalents are considered to be within the scope of the claimed subject matter and
are encompassed by the appended claims.

[249} All of the patents, patent applications and publications referred to herein are
incorporated herein in their entireties. Citation or identification of any reference in this
application is not an admission that such reference is available as prior art to the claimed
subject matter. The full scope of the invention is better understood with reference to the

appended claims.
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CLAIMS

What is claimed is:
1. A compound of formula:
O

o)
NH
N o)
Y

OR' ,
or a pharmaceutically acceptable salt, solvate, prodrug, clathrate, or stereoisomer thereof,
wherein:

Y is C=0 or CHjy; and

R' is hydrogen, alkyl, alkenyl, alkynyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, heteroarylalkyl, arylaminocarbonyl,
alkylcarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkoxycarbonyl,
cycloalkylcarbonyl, heteroarylcarbonyl or heterocyclylcarbonyl;

and where R’ is optionally substituted with one or more groups selected from alkoxy, halo,
alkyl, carboxy, alkylaminocarbonyl, alkoxycarbonyl, nitro, amine, nitrile, haloalkyl,
hydroxy, and alkylsulfonyl.

2. The compound of claim 1, wherein Y is C=0.

3. The compound of claim 1, wherein Y is CHa.

4. The compound of claim 1, wherein R' is aryl, aralky] or heteroarylalkyl.

5. The compound of any of claims 1-4, wherein the aryl group in R'isaSor6
membered monocyclic aryl group.

6. The compound of any of claims 1-5, wherein the ary] group in RlisaSor6
membered monocyclic heteroaryl group containing 1-3 heteroatoms selected from O, N and
S.

7.  The compound of any of claims 1-6, wherein the ary! group in R'isa
bicyclic aryl or bicyclic heteroaryl group.

8. The compound of any of claims 1-7, wherein R' is substituted with one or
more substituents selected from alkoxy, halo, alkyl and alkylsulfonyl.

g. The compound of any of claims 1-8, wherein R! substituted with one or two
substituents selected from methoxy, chloro, bromo, fluoro, methyl and methylsulfonyl.

10.  The compound of any of claims 1-7, wherein R' is substituted with one or

more substituents selected from nitro, amino, haloalkyl, nitrile, or hydroxy.
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I1.  The compound of claim 1, wherein R' is phenyl, benzyl, naphthylmethyl,
quinolylmethyl, benzofurylmethyl, benzothienylmethyl, furylmethyl or thienylmethyl.

12. The compound of claim 1, wherein R!is 2-methoxyphenyl, benzyl, 3-
chlorobenzyl, 4-chlorobenzyl, 3,4-dichlorobenzyl, 3,5-dichlorobenzyl, 3-fluorobenzyl, 3-
bromobenzyl, 3-methylbenzyl, 4-methylsulfonylbenzyl, 3-methoxybenzy!, naphthyimethyl,
3-quinolylmethyl, 2-quinolylmethyl, 2-benzofurylmethyl, 2-benzothienylmethyl, 3-
chlorothien-2-yimethyl, 4-fluorobenzothien-2-ylmethyl, 2-furylmethyl, 5-chlorothien-2-
ylmethyl or 1-naphth-2-ylethyl.

13.  The compound of claim 1, wherein the compound has formula:

(i

RS R
and wherein R’ is aryl or heteroaryl, optionally substituted with one, two or three groups
seleted from alkyl, halo, alkoxy, carboxy, alkylaminocarbonyl, alkoxycarbonyl, nitro,
amine, nitrile, haloalkyl, hydroxy, and alkylsulfonyl; and n, is 0-5.
14.  The compound of claim 13, wherein R’ is selected from phenyl, naphthyl,
furyl, thienyl, benzofuryl, benzothienyl and quinolyl, optionally substituted with one or two
groups selected from methyl, methoxy, chloro, fluoro, bromo and methylsulfonyl.

15.  The compound of claim 1, wherein the compound has formula
0 Q

e
2
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16.  The compound of claim 1, selected from:
0 00
NH 0 0 NH
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or a pharmaceutically acceptable salt, solvate or stereoisomer thereof.

17. The compound of claim 1, selected from:
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18. A pharmaceutical composition comprising a compound of any one of claims
1-17, or a pharmaceutically acceptable salt, solvate, or stereoisomer thereof.

19. A method of treating, managing or preventing a disease or disorder
comprising administering to a patient a compound of any one of claims 1-17, or a
pharmaceutically acceptable salt, solvate, or stereoisomer thereof, wherein the disease or
disorder is cancer, a disorder associated with angiogenesis, pain, macular degeneration or a
related syndrome, a skin disease, a pulmonary disorder, an asbestos-related disorder, a
parasitic disease, an immunodeficiency disorder, a CNS disorder, CNS injury,
atherosclerosis or a related disorder, dysfunctional sleep or a related disorder, an infectious
disease, hemoglobinopathy or a related disorder, or a TNFa related disorder.

20.  The method of claim 19, further comprising administering one or more
additional active agents.

21. The method of claim 20, wherein the disease is cancer, and the additional
active agent is a cancer vaccine.

22. The method of claim 20, wherein the disease is an infectious disease, and the
additional active agent is a vaccine for said infectious disease.

23.  The method of claim 19, wherein the compound, or a pharmaceutically
abceptable salt, solvate, or stereoisomer thereof, is administered orally or parenterally.

24, A single unit dosage form comprising a compound of any one of claims 1-
17, or a pharmaceutically acceptable salt, solvate, or stereoisomer thereof.

25.  The single unit dosage form of élairn 24, which is suitable for oral or
parenteral administration.

26, The single unit dosage form of claim 25, which is suitable for oral
administration.

27.  The single unit dosage form of claim 26, which is a tablet or a capsule.
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