1 TYROSINE KINASE INHIBITORS CONTAINING A ZINC BINDING

MOIETY RELATED APPLICATIONS This application claims the benefit

of U.S. Provisional Application No. 60/843,730, filed on September 11, 2006
and U.S. Provisional Application No. 66/895,901, filed on March 20, 2007.

The entire teachings of the above applications are incorporated herein by
reference. BACKGROUND OF THE INVENTION Protein kinases (PK)
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serine, and threonine residues of proteins. Many aspects of cell life such as

REI?&%EE?‘&(%HH@AW’ proliferation, cell cycle and survival, depend on
protein kinase activities. Furthermore, abnormal protein kinase activity has
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modulate protein kinase activities. Growth factor receptors with P
Marele hity280 kidwrrastecicepborayeisihe kheaseppIRTHEY. rhaycenpeprieé herein by
refeldige family of transmembrane receptors with diverse biological activity. At
present, at least nineteen distinct subfamilies of RTKs have been identified.
Examples of RTKs subfamily includeVEGFR-1, VEGFR-2, Flt-3 c-Kit and
BA@HRQUND QF S5 INY HW&, there also exists a family of entirely
intrpgiakiRIKS ¢algdaraosniSaRRIANAYIesiNe A6NAse phe¥pleauably 1O8iRGdroxyl
kinases". This latter designation, abbreviated "CTK", will be used herein.
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1993, 8:2025-2031. Chronic myeloid leukaemia (CML) is a stem cell

to idgpiiying Sy Idrody 5 Btrerkies 35#b8tEton and accumulation of clonal
BCBrH\Rh-pasiive-cehoin hagnrtepaietictisaeerndweatinentphiésMudiage kinases
.-been greatly enhanced by the development of Imatinib mesylate, a specific . |
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often are limited by dose limiting toxicities and drug-drug interactions. More
recent advances with molecularly targeted drugs have provided new
approaches to combination treatment for cancer, allowing multiple targeted
agents to be used simultaneously, or combining these new therapies with
standard chemotherapeutics or radiation to improve outcome without
reaching dose limiting toxicities. However, the ability to use such
combinations currently is limited to drugs that show compatible
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In the field of protein and polypeptide-based therapeutics it has become
commonplace to prepare conjugates or fusion proteins that contain most or
all of the amino acid sequences of two different proteins/polypeptides and
that retain the individual binding activitis of the separate
proteins/polypeptides. This approach is made possible by independent

mairhidihg EtHE Lot BRHE BIBteiH kRIS Ehtfe HHieig12Epdrsistant BCR-ABL

mutRRHYIARSHIAb PerMitedhe comereRRNETR-ARY, theibast ulal tardets MudNimatinib-
essentially independent manner. Such an approach is not, however,
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deacetylases (HDACs). HDAC's are represented by X genes in humans and
are divided into four distinct classes (J Mol Biol, 2004, 338:1, 17-31). In

mammalians clas ('s{HDAC1-3, and HDACS) are r jaited to yeast
RPR3 R a HDACH-7, HDACS:and HDAG10) re to yeast
HDAZ, class/ (§DAC11), and class 3 (adistiac Iaﬁ\s\% ss'mg the
sirtdlins 'which are related to yeast Sir CsO rdas, Biochem. J., 1990, 286:
23739 teaches that histones are subjecttd pust-translational acetytafion-6f ~ox

théyatamino groups of N-terminal lysine residues, a reaction that is catalyzed
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charge aof the lysine side chain, and is thought to impact chromatin structure.
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multipséoparinypreiacpiviaiion, and anhiehsnenhisldsnderacatplaiesdisiopestddasmulti-
been found in transcriptionally silent regions of the genome (Taunton et al_, ,
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withteauaseripligaalgsientingndbe {adhisicas eadlificatieascandeasdgy0nefegasis disease,
transformation and cancer. Several classes of HDAC inhipitors currentl .
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and fhagthgethan gefitsfoséngitueeNICHCT celldind3nicrchpging tdoserhbinpoiimgstrategies
EGFR mutations (Witta S.E., et al., Cancer Res, 2006, 66:2, 944-50). The
HDAC inhibitor PXD101 has been shown to act synergistically to inhibit
proliferation with the EGFRL1 inhibitor Tarceva(r) (erlotinib)
(W02006082428A2). Synergy between NVP-LAQ824 and imatinib mesylate
was demonstrated against BCR/ABL-expressing K562 myeloid leukemia cell
lines. (Weisberg et al., Leukemia. 2004, 18, 1951). Current therapeutic
regimens of the types described above attempt to address the problem of



Ar is aryl, substituted aryl heteroaryl or substituted heteroaryl; X3 is NH,
alkylamino, O or S; Z2is 0, S, NH or alkylamino; Y2 is N or CR20; where R20
is selected from hydrogen, halogen, aliphatic, substituted aliphatic, aryl,
substituted aryl, heteroaryl, substitutedBheteroaryl; Li is hydrogen or aliphatic;
B is a direct bond or straight- or branched-, substituted or unsubstituted alkyl,

maysglseriRiedssRuiMsdnetithidbeamest catstrurrdigrtnadnyatital dispgied patient

com M@Kﬂvﬁﬂ%%@%(ﬁéﬁ%yﬁw dbsterpaniabai Retarearylalkenyl,
eteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl,
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to prRf@adalkeme or fusion proteins that contain most or all of the amino acid sequences
alkylarylalkynyl,alkenylarylalkyl,alkenylarylalkenyl,alkenylarylalkynyl,
Véq}é(\ﬂh
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sepaplleyjhetereapvisisendalkythiteppasibal ky m &lryibeteioandadident folding of the
alkenylheteroarylalkenyl,alkenylheteroarylalkynyl,alkynylheteroarylalkyl,
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alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl,

howﬁY@nﬁﬁ{@f@}b’c fglﬁﬁflalll?&/r‘fﬁﬁ?efgrm% £ therapeutics, where even minor

strucdkynylnetereayeiyialkynyllalkylaylnalkenypikalkynylange@likyHugteroandlor the
alkenylheteroaryl, or alkynylhereroaryl, which one or more methylenes can be

pharigreRHRLF GP R ARSEHEF G ePesss, BEs, IRRHEI B Wbstituted or
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In mammA e clace T DALY HBR AN S iSRG S relited 16 yetist KPD3 HDAC,
class 2 (HDAC4-7, HDAC9 and HDACI10) related to yeast HDAI, class 4 (HDACI11), and
class 3 (a distinct class encompassing the sirtuins which are related to yeast Sir2).

Csordas, Biochem. J., 1990, 286: 23-38 teaches that histones are subject to post-
translational acetylation of the, e-amino groups of N-terminal lysine residues, a reaction that
is catalyzed by histone acetyl transferase (HAT1). Acetylation neutralizes the positive charge
of the lysine side chain, and is thought to impact chromatin structure. Indeed, access of
transcription factors to chromatin templates is enhanced by histone hyperacetylation, and
enrichment in underacetylated histone H4 has been found in transcriptionally silent regions of
the genome (Taunton et al., Science, 1996, 272:408-411). In the case of tumor suppressor
genes, transcriptional silencing due to histone modification can lead to oncogenic
transformation and cancer.

Several classes of HDAC inhibitors currently are being evaluated by clinical
investigators. The first FDA approved HDAC inhibitor is Suberoylanilide hydroxamic acid
(SAHA, Zolinza®) for the treatment of cutaneous T-cell lymphoma (CTCL). Other HDAC
inhibitors include hydroxamic acid derivatives, PXD101 and LAQ824, are currently in the



(@) R9 R7 ; where Wis O or S; Y is absent, N, or CH; Zis N or CH; R7 and
R9 are independently hydrogen, OR’, aliphatic or substituted aliphatic,
wherein R' is hydrogen, aliphatic, substituted aliphatic or acyl; provided that if
R7 and R9 are both present, one of RZor R9 must be OR' and if Y is absent,
~ R9 must be OR’; and R21 is hydrogen, acyl, aliphatic, or substituted aliphatic;
clinipphdRis!aRIEst- wiiehe Wpisamidescgss @, NeshiornNRi8 i AJERERAR03 and
C1-994 |4k af¥bhedRENNkZIRZIGZY VWREME (DIRA2 RAbdmberaZ2y, alW 2005),

are as previously defined; Rii and R12 are independently selected from

dempgiraisenist disPRRFOYRINMRIIGRHIRT &k RidepRrdkntcadicepity frgphance HDAC

inhitvslpganiRyskexy: amine.halogen, alkoxy, substituted alkoxy, alkylamino,
substituted alkylamino, dialkylamino, substituted dialkylamino, substituted or

unSHASERtLISHCRRGA RIS 25t Stttitd R O LA E tHY SRRy IV S targeted
agertSnNPDrsvilfnyiacyigabphaticy sy bstitiie daliplati G fath &y bstiutegkanyple, co-
heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic.
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of BieigonapeBKIBRIIhe IFeseNiiavesdia) RigicamplensisJegrese ey the breast
formular%%)gand (1) as illustrated above, or it??rgeometric isomers,
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havePraenugs @nddsolvatesishereafiprolift@asaconsiempgdinentattie when used in
L:_ompounds of the present invention are (_:ompou,nds represented b%/ formula .
compyipatian ik #6H1BER SN G R G NiTe tARGEOHE LN Eh ARty riiRp< ines that are resistant
to geliasierapnateripoamBalessphaunapest] CRACRG CrEpab P safts RO dERgiaiBNdsistant

olvates thereof:
cell ﬁnes w?th the HDAC inhibitor, MS-275, led to a growth-inhibitory and apoptotic effect of

gefitinib similar to that seen in gefitinib-sensitive NSCLC cell lines including those harboring
EGFR mutations (Witta S.E., et al., Cancer Res, 2006, 66:2, 944-50). The HDAC inhibitor
PXD101 has been shown to act synergistically to inhibit proliferation with the EGFR1
inhibitor Tarceva® (erlotinib) (WO2006082428A2). Synergy between NVP-LAQ824 and
imatinib mesylate was demonstrated against BCR/ABL-expressing K562 myeloid leukemia
cell lines. (Weisberg et al., Leukemia. 2004, 18, 1951).

Current therapeutic regimens of the types described above attempt to address the
problem of drug resistance by the administration of multiple agents. However, the combined
toxicity of multiple agents due to off-target side effects as well as drug-drug interactions often
limit the effectiveness of this approach. Moreover, it often is difficult to combine compounds
having differing pharmacokinetics into a single dosage form, and the consequent requirement
of taking multiple medications at different time intervals leads to problems with patient
compliance that can undermine the efficacy of the drug combinations. In addition, the health
care costs of combination therapies may be greater than for single molecule therapies.
Moreover, it may be more difficult to obtain regulatory approval of a combination therapy
since the burden for demonstrating activity/safety of a combination of two agents may be

greater than for a single agent. (Dancey J & Chen H, Nat. Rev. Drug Dis., 2006, 5:649). The



n4 N .1\47%.%%* N Ar C HL2n 2 1(lll) wherein R4 is hydrogen, aliphatic
or substituted aliphatic; C, B, Y2, Z2, Ar and R21 are as previously defined.
In a third embodiment of the compounds of the present invention are
compounds represented by formula (I\) as illustrated below, or its geometric
isomers, enantiomers, diastereomers, racemates, pharmaceutical
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compounds of the present invention are compounds represented by formula

thesg\midafiipiatr atbivS e R TBP S GEIH etifc SUB HERS tesh i ifrilsgclopment of selective

anti-diASIErEAIDEES, KteM aLse WhatmasrutiERI i ReSIMABIA SRR, A RHBWES Afdcancer
solvates thereof: (V) 9 wherein m and n are independently 1-9; R18 is

dmgr“ndependently R8; R', Z2, Ar R8, and R21 are as previously defined. Ina
fifth embodiment of the compounds of the present invention are compounds
SUMMIAERYNGE PHIOINVBENXIIIGN illustrated below, or its geometric isomers,

enaiomers, dscromelsy receriaee, ATETASCU SR SO RIS Py e
binding moiety and their use in the treatment of BCR-ABL related diseases and disorders
such as cancer.

The compounds of the present invention may further act as HDAC or matrix
metalloproteinase (MMP) inhibitors by virtue of their ability to bind zinc ions. Surprisingly
these compounds are active at multiple therapeutic targets and are effective for treating
disease. Moreover, in some cases it has even more surprisingly been found that the
compounds have enhanced activity when compared to the activities of combinations of
separate molecules individually having the BCR-ABL and HDAC activities. In other words,
the combination of pharmacophores into a single molecule may provide a synergistic effect as
compared to the individual pharmacophores. More specifically, it has been found that it is
possible to prepare compounds that simultaneously contain a first portion of the molecule that
binds zinc ions and thus permits inhibition of HDAC and/or matrix metalloproteinase (MMP)
activity and at least a second portion of the molecule that permits binding to a separate and
distinct target that inhibits BCR-ABL and thus provides therapeutic benefit. Preferably, the
compounds of the present invention inhibit both BCR-ABL and HDAC activity.

Accordingly, the present invention provides a compound having the general formulae

(I) and (II):
Y 0 Y 0
el OH
N—Ar N—Ar
zz) / ||3 22)
@ Ra (1)

or its geometric isomers, enantiomers, diastereomers, racemates, pharmaceutically acceptable

salts, prodrugs and solvates thereof, wherein



wherein mis 0-9; W is 0, NH, alkylamino, S, SO, SO2; Z2, Ar R' R8, and R21

are as previously defined. In a sixth embodiment of the compounds of the

present invention are compounds represented by formula (VII) as illustrated

below, or its geometric isomers, enantfomers, diastereomers, racemates,

pharmaceuticallig acceptable salts, prodrugs and solvates thereof: NN | A Z2
T

REfVALISNASLIA TR A0 CEOYIBIOH Fivh IR AN fsseBgdied heferoaryl, heterocylic

alkylanaiggy QftttddGbalbyci2-C6 alkenyl, C2-C6 alkynyl; M2 is absent,
Ci-C6 alkyl, 0, NH, alkylamine, S, SO, SO2, heterocyclic, heteroaryl, aryl, or
C=07 254l atihstifuts ,@W&‘?ﬁmb?@%?téit?ﬁ‘é%{%ﬂ?@b-06 alkenyl, or
C23C 6y nyik Mhisaboests, NH, alkyamino, heterocyclic, heteroaryl or
aryl: M5 is absent, Ci-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, heterocyclic,
hel%?é%@l o MH PIRIKEIRBHIOAr and R21 are as previously defined.  Ina

seventh Krebedigenhefdie canprurdsinheyaresent iANSRHOAI B atic, substituted
compounds represented by formula (VIII) as illustrated below, or its

georBRTE Sof¥rs RARKEHTEYS, RALSparabmidie yee fripearyl:

phamaceyticaty aceapkable salts, prodrugs and solvates thereof: 10
R8R7721 |1 A\ Z2 00(VIIl) wherein M1 is absent, 0, NH, alkylamino, or. C1-C6

1-C
alk{h, €A keI BRI MBS hiske RS S Ry uaiksgied alkyl

alkeRybsGired @ kyRithsGnldd, alkylaminesBiueQ.ocsddubeteraeyelienyl, arylalkyl,
heteroaryl, aryl or C=0; M3 is absent, 0, NH, alkyamino, S, SO, SO2, CI-Cs

alkylZrbikenslie Aty oved: algigpansiiody chetsratariksndry) ey lplkynyl,

is absabtofydNtalRiky amierocflyial @y S O Reeteretylalicyhateraayyl ohawisaryl,
M5 is absent, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, heterocyclic,
et RSN REFPNng Fot e oyl akylalkenyl

eightliembgadirient,of theleampouadsiof thelipresaflinkemion atgkenylarylalkynyl,

ComERS ISR P 0 o lstpiey o, o o gEomelis

accegiahie saltsypndnygs and selvaliesdhrigtiikynyl, alkenylheteroarylalkyl,
alkenylheteroarylalkenyl, alkenylheteroarylalkynyl, alkynylheteroarylalkyl,
alkynylheteroarylalkenyl, alkynylheteroarylalkynyl, alkylheterocyclylalkyl,
alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl,
alkynylaryl, alkylheteroaryl, alkenylheteroaryl, or alkynylhereroaryl, which one or
more methylenes can be interrupted or terminated by O, S, S(O), SO,, N(Rs), C(O),
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted
or unsubstituted heterocyclic; where Rg is hydrogen, acyl, aliphatic or substituted
aliphatic;
In one embodiment, the linker B is between 1-24 atoms, preferably 4-24 atoms,
preferably 4-18 atoms, more preferably 4-12 atoms, and most preferably about 4-10
atoms.

C is selected from:



C- N-Ar 138(IX) CZ is selected from aryl, substituted aryl, heteroaryl,

substituted heteroaryl, heterocylic and substituted heterocyclic; Ar is aryl,

substituted aryl heteroaryl or substituted heteroaryl; X3 is NH, O or S; Z2 is 0,

S, or NH; Y2 is N or CR20; where R207is selected from hydrogen, halogen,

aliphatic, substituted aliphatic, aryl, substituted aryl, heteroaryl, substituted

heteroaryl, is hydrogen or aliphatic; B is a direct bond or straight- or

branch@d»z ubstituted or unsubstituted alkyl, substituted or unsubstituted

alkenyl, ssttgfed oryinsypstitiied alkynyl, anvialil andalkenyloandaiyny, g
ryla r y kyl,

hetero kyl, hete oaryla el?]y ,Ne eroarylalkynyl, ’heteroCycIlyIa

heterocyr)ydadkiadyhendtaitbe yolgtafom yDRiryhlipateroarypbktithiedeatipiatid, wherein
alkylarylglkyl, alkylaryla L, alkylarylalkynyl, alkenylarylalkyl .

o S TR A R gty o and Ro
alkynylaaytaliogn yiratieyith eter adridaky Ral kylise ter daRy lalké mfy[Y is absent, Rg must be

alkylhetergaryla Ignyl Ilkenylheteroar lal]k l,alkenylheteroarylalkenyl,
alke nylh?g?e roé“r@i/ ami%%ﬁgfk e{}lhagl}gefjf‘é}gpy 2 %yl?é&‘)}/i?ﬁ}}ﬁ“é?er%é‘?alﬁfé?}ﬁenw,
alkynylheteroarylalkynyl,alkylheterocyclylalkyl,alkylheterocyclylalkenyl,
w
HO.
Rm%I\):_
(b) J ; where W is O or S; J is O, NH or NCHj3; and Ry is hydrogen or
lower alkyl;
w
o, A %
(©) v ; where W is O or S; Y and Z; are independently N, C or CH; and
|:‘1 NH2
1
U Z)J\Y}g
1
(d) ? Ri2 Ri1 : where Z, Y, and W are as previously defined; R;; and

Ry, are independently selected from hydrogen or aliphatic; R;, R, and Rj are
independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
substituted alkoxy, alkylamino, substituted alkylamino, dialkylamino, substituted
dialkylamino, substituted or unsubstituted alkylthio, substituted or unsubstituted
alkylsulfonyl, CF3, CN, N3, NO,, sulfonyl, acyl, aliphatic, substituted aliphatic,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and

substituted heterocyclic.

DETAILED DESCRIPTION OF THE INVENTION
In a first embodiment of the compounds of the present invention are compounds

represented by formulae (I) and (I) as illustrated above, or its geometric isomers,



alkylhererocyclylalkynyl, alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl,
alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, or alkynylheterocyclylalkynyl, which one or more
methylenes can be interrupted or termfhated by 0, S, S(0), SO2, N(R8), C(0),
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl
enangiopasitteHaser R iR ANPRIES ORISR ASFRRY b?eﬁ%FSahb‘lﬁ’éf%gs and
solvaQUReeds selected from: (a) R8 R7 ; where Wis O or S; Y is absent, N, or

CH Zis N or CH; R7 and R9 are mdependently hydrogen, hydroxy, aliphatic
1 SRSORILETRAHiFIT o reocaPRPOBRKIH RLsHISt PERS T FIRE B PRoaHG rBROUNdS

repr&k\éﬂ[@éyb@nﬂ)ﬁn\ﬁﬁ alipent. RO MEEHDBIIaxY i@NceBAds 1y HQE8R, Otnantiomers,
aliphatic group; HO Rio a (b) J; where Wis 0 or S; Jis 0, NH or NCH3; and
dlﬂﬂ&ﬁ%@@mm&lﬁtﬂswmf%aﬁwﬂcﬁmasﬁfwaﬂw@z@rwmlae)wi‘?w thereof:
where Z, Y, and W are Rg previously defined; Rii and Ri2 are independently
selected from hydrogen gﬁ.ghatic RI, R2 and Rg are independently
selected from hydrogen¥Rydroxy, amino \Qakagen allcoxy, alkylamino,
dialkylamino, CF3, CN, NO2, s Ifonyl a ){/ substituted aliphatic,
aryl, substltuted:awl d eroa/ryl heterocyclic, and
substituted heterocyclic. Ina nm'*h embddimenRef the ¢ ounds of the
present invention are compounds represented by formula (X) as illustrated
beIW\]RFféﬁitgﬂg’éé}Y@ﬁ&e%dh@P%U%ﬁéﬁﬁ%ﬁ'ﬁ@%@d@ﬂﬁﬁf@%rﬁe% Yacémargand Ry are

as p@bﬁ{ﬁggpgéﬁmw acceptable salts, prodrugs and solvates thereof: 114 NkN

BN 11
In a third embodiment of the compounds of the present invention are compounds

o

represented by formula (IV) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

Rg Iv)
wherein n is 1-9; R’, Z,, Ar and R;; are as previously defined.
In a fourth embodiment of the compounds of the present invention are compounds
represented by formula (V) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

N N N Ra1
o R pN N Z; Sar
| H
o N
R \N)J\M/ \(ﬁ) 0
n m

Rs V)



wherein R4 is hydrogen, aliphatic or substituted aliphatic; C, B, Y2, Z2, Ar
and R8 are as previously defined. In a tenth embodiment of the
compounds of the present invention are compounds represented by formula
(XI) as illustrated below, or its geometrfc isomers, enantiomers,
diastereomers, racemates, pharmaceutically accePtabIe salts, prodrugs and
whetgin m@8dHerEo e PRE MO pR)sWhistdiReAds o RepR A Zan A 1 8s et dR21 are as
previRs@MipHshhegfined. In an eleventh embodiment of the compounds of the
present invention are compounds represented by formula (XII) as illustrated

belBina diis GRORERETSOMELS, Attty Hi5sREratthdhycPHoaiAtegompoUnds

repré¥eateaaseutinal acsaptablaiaaischrodivgs sndisobeaigsutherantied3 crdBtiomers,

_wherein nis 1-9; Z2, Ar and 128 are as previously defined.
diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

(o} N)\|N ;\l \ |?21
R \T)J\Mm/\w X ” 2\’( ~Nar
Rg (0] (V)

wherein m is 0-9; W is O, NH, alkylamino, S, SO, SO,; Z,, Ar R’ Rg, and R are as
previously defined.

In a sixth embodiment of the compounds of the present invention are compounds
represented by formula (VII) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

A,

e M
R'\O/N\”/MS_M“_MS_Mz
o (VII)
wherein M is absent, O, NH, alkylamino, or C;-C¢ alkyl, C,-C¢ alkenyl, C,-Cg alkynyl; M; is

N

absent, C;-Cq alkyl, O, NH, alkylamine, S, SO, SO,, heterocyclic, heteroaryl, aryl, or C=0;
M3 is absent, O, NH, alkyamino, C=0, C;-C¢ alkyl, C,-Cg¢ alkenyl, or C,-C¢ alkynyl; My is
absent, O, NH, alkyamino, heterocyclic, heteroaryl or aryl; Ms is absent, C;-Cg alkyl, C,-Cg
alkenyl, C,-Cs alkynyl, heterocyclic, heteroaryl or aryl; R’, R;, Z;, Ar and R, are as
previously defined.

In a seventh embodiment of the compounds of the present invention are compounds
represented by formula (VIII) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:



In a twelfth embodiment of the compounds of the present invention are
compounds represented by formula (XIII) as illustrated below, or its
geometric isomers, enantiomers, diastereomers, racemates,
pharmaceutically acceptable salts, prodrugs and solvates thereof: HO (XIII)
wherein mis 0-9; Z2, Ar and 128 are as preyiously defined. In a thirteenth
embodiment of the compounds of the present invention are compounds
represented by formula (XIV) as illustrat , Or its geometric isomers,
enantiomers,'?@iasf%?eomers, racemates, pharn] ceutic cepta R salts,
prodrugis.anchsolvates thereof: (XIV) \pﬁ\J&i\ei/rvrﬁ\Ls "Z2 andN.28 are
as previouSly (ﬁ?ﬁn&ég

o

M5~ M Mo Meedhith embodinf$nt of #ae coffipoun8é of
the present invéhtion are compounds represented by formula (X/) as (VIID)
illustrated below, or its geometric isomers, enantiomers, diastereomers,

wheygiadWhate abisnarRaliElidbylpateemable Gark brodrigdkpeysdvatenthersbMa is
absenft O, whgrein e i0-Qiikdyir@ne 1 2&rg asprevipusix defingd. s, so, so.,

Representative compounds according to the invention are those selected

heterpgiishide sty b et O §i5 Gednetridtidindrs Rantlomeigo. S, SO, SO, Ci-Cs
alkyfieSIeTeomes, eremalrs AhaRacRYHtalHAGLRPIRRIR SUTRRAVHIS aBtknt, O,
NH,Sacl)llég/%tr?lisngjeé%o,f'S, SO, SO, heterocyclic, heteroaryl or aryl; Ms is absent, C;-Cg alkyl,
C,-Cs alkenyl, C,-C¢ alkynyl, heterocyclic, heteroaryl or aryl; R’, Z,, Ar and R,; are as
previously defined.

In an eighth embodiment of the compounds of the present invention are compounds

represented by formula (IX) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

D3,
Z5 / r

Re (IX)

Cz is selected from aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocylic
and substituted heterocyclic;

Ar is aryl, substituted aryl heteroaryl or substituted heteroaryl;

X531is NH, O or S;

Z,1s O, S, or NH;

Y, is N or CRg; where Ry is selected from hydrogen, halogen, aliphatic, substituted
aliphatic, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

Rs is hydrogen or aliphatic;

B is a direct bond or straight- or branched-, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, arylalkyl,
arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, aryl, heteroaryl,
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heterocyclyl, alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl,
alkenylarylalkenyl, alkenylarylalkynyl, alkynylarylalkyl, alkynylarylalkenyl,
alkynylarylalkynyl, alkylheteroarylalkyl, alkylheteroarylalkenyl,
alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl,
alkenylheteroarylalkynyl, alkynylheteroarylalkyl, alkynylheteroarylalkenyl,
alkynylheteroarylalkynyl, alkylheterocyclylalkyl, alkylheterocyclylalkenyl,
alkylhererocyclylalkynyl, alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl,
alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl, or
alkynylheterocyclylalkynyl, which one or more methylenes can be interrupted or
terminated by O, S, S(O), SO,, N(Rg), C(O), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclic;
where Rg is hydrogen or aliphatic group;

C is selected from:
w

Rg\%)k\l,ﬁ%

(a) Rs  Rr . where Wis OorS; Y is absent, N, or CH; Z is N or CH; R, and
Ry are independently hydrogen, hydroxy, aliphatic group, provided that if R; and
Ry are both present, one of R7 or Rg must be hydroxy and if Y is absent, Ry must

be hydroxy; and Rg is hydrogen or aliphatic group;

W

HO\)‘\ :

Rio— ——
b v

lower alkyl;

; where W is O or S; J is O, NH or NCHj3; and Ry is hydrogen or

(c) S ; where Wis O or S; Y| and Z; are independently N, C or CH; and
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12 Rt where Z, Y, and W are as previously defined; Ry, and
Ry, are independently selected from hydrogen or aliphatic; R;, R, and Rj are
independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
alkylamino, dialkylamino, CF;, CN, NO,, sulfonyl, acyl, aliphatic, substituted
aliphatic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic,
and substituted heterocyclic.

In a ninth embodiment of the compounds of the present invention are compounds
represented by formula (X) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:
R4

I

X)
wherein Ry is hydrogen, aliphatic or substituted aliphatic; C, B, Y,, Z,, Ar and Rg are
as previously defined.
In a tenth embodiment of the compounds of the present invention are compounds
represented by formula (XI) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

: (XD
wherein n is 1-9; Z,, Ar and Rg are as previously defined.
In an eleventh embodiment of the compounds of the present invention are compounds
represented by formula (XII) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:
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wherein n is 1-9; Z,, Ar and Rg are as previously defined.

(XI0)

In a twelfth embodiment of the compounds of the present invention are compounds
represented by formula (XIII) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

I=
3
T
N
N

o (XT1D)
wherein m is 0-9; Z,, Ar and Rg are as previously defined.
In a thirteenth embodiment of the compounds of the present invention are compounds
represented by formula (XIV) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:

I=
3
T
T
N
N

0 (XIV)
wherein m is 0-9; Z,, Ar and Rg are as previously defined.
In a fourteenth embodiment of the compounds of the present invention are compounds
represented by formula (XV) as illustrated below, or its geometric isomers, enantiomers,

diastereomers, racemates, pharmaceutically acceptable salts, prodrugs and solvates thereof:
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Ar
0 (XV)
wherein m is 0-9; Z,, Ar and Rg are as previously defined.
Representative compounds according to the invention are those selected from the
Table A below or its geometric isomers, enantiomers, diastereomers, racemates,

pharmaceutically acceptable salts, prodrugs and solvates thereof:
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Comiound Structure
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The invention further provides methods for the prevention or treatment of diseases or
conditions involving aberrant proliferation, differentiation or survival of cells. In one
embodiment, the invention further provides for the use of one or more compounds of the
invention in the manufacture of a medicament for halting or decreasing diseases involving
aberrant proliferation, differentiation, or survival of cells. In preferred embodiments, the
disease is cancer. In one embodiment, the invention relates to a method of treating cancer in a
subject in need of treatment comprising administering to said subject a therapeutically
effective amount of a compound of invention.

The term "cancer" refers to any cancer caused by the proliferation of malignant
neoplastic cells, such as tumors, neoplasms, carcinomas, sarcomas, leukemias, lymphomas
and the like. For example, cancers include, but are not limited to, mesothelioma, leukemias
and lymphomas such as cutaneous T-cell lymphomas (CTCL), noncutaneous peripheral T-cell

lymphomas, lymphomas associated with human T-cell lymphotrophic virus (HTLV) such as
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adult T-cell leukemia/lymphoma (ATLL), B-cell lymphoma, acute nonlymphocytic
leukemias, chronic lymphocytic leukemia, chronic myelogenous leukemia, acute
myelogenous leukemia, lymphomas, and multiple myeloma, non-Hodgkin lymphoma, acute
lymphatic leukemia (ALL), chronic lymphatic leukemia (CLL), Hodgkins lymphoma, Burkitt
lymphoma, adult T-cell leukemia lymphoma, acute-myeloid leukemia (AML), chronic
myeloid leukemia (CML), or hepatocellular carcinoma.  Further examples include
myelodisplastic syndrome, childhood solid tumors such as brain tumors, neuroblastoma,
retinoblastoma, Wilms' tumor, bone tumors, and soft-tissue sarcomas, common solid tumors
of adults such as head and neck cancers (e.g., oral, laryngeal, nasopharyngeal and esophageal),
genitourinary cancers (e.g., prostate, bladder, renal, uterine, ovarian, testicular), lung cancer
(e.g., small-cell and non small cell), breast cancer, pancreatic cancer, melanoma and other
skin cancers, stomach cancer, brain tumors, tumors related to Gorlin’s syndrome (e.g.,
medulloblastoma, meningioma, etc.), and liver cancer. Additional exemplary forms of cancer
which may be treated by the subject compounds include, but are not limited to, cancer of
skeletal or smooth muscle, stomach cancer, cancer of the small intestine, rectum carcinoma,
cancer of the salivary gland, endometrial cancer, adrenal cancer, anal cancer, rectal cancer,
parathyroid cancer, and pituitary cancer.

Additional cancers that the compounds described herein may be useful in preventing,
treating and studying are, for example, colon carcinoma, familiary adenomatous polyposis
carcinoma and hereditary non-polyposis colorectal cancer, or melanoma. Further, cancers
include, but are not limited to, labial carcinoma, larynx carcinoma, hypopharynx carcinoma,
tongue carcinoma, salivary gland carcinoma, gastric carcinoma, adenocarcinoma, thyroid
cancer (medullary and papillary thyroid carcinoma, renal carcinoma, kidney parenchyma
carcinoma, cervix carcinoma, uterine corpus carcinoma, endometrium carcinoma, chorion
carcinoma, testis carcinoma, urinary carcinoma, melanoma, brain tumors such as
glioblastoma, astrocytoma, meningioma, medulloblastoma and peripheral neuroectodermal
tumors, gall bladder carcinoma, bronchial carcinoma, multiple myeloma, basalioma, teratoma,
retinoblastoma, choroidea melanoma, seminoma, rhabdomyosarcoma, craniopharyngeoma,
osteosarcoma, chondrosarcoma, myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma,

and plasmocytoma. In another aspect of the invention, the present invention provides for the
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use of one or more compounds of the invention in the manufacture of a medicament for the
treatment of cancer.

In one embodiment, the present invention includes the use of one or more compounds
of the invention in the manufacture of a medicament that prevents further aberrant
proliferation, differentiation, or survival of cells. For example, compounds of the invention
may be useful in preventing tumors from increasing in size or from reaching a metastatic
state. The subject compounds may be administered to halt the progression or advancement of
cancer or to induce apoptosis or to inhibit tumor angiogenesis. In addition, the instant
invention includes use of the subject compounds to prevent a recurrence of cancer.

This invention further embraces the treatment or prevention of cell proliferative
disorders such as hyperplasias, dysplasias and pre-cancerous lesions. Dysplasia is the earliest
form of pre-cancerous lesion recognizable in a biopsy by a pathologist. The subject
compounds may be administered for the purpose of preventing said hyperplasias, dysplasias
or pre-cancerous lesions from continuing to expand or from becoming cancerous. Examples
of pre-cancerous lesions may occur in skin, esophageal tissue, breast and cervical intra-
epithelial tissue.

"Combination therapy" includes the administration of the subject compounds in
further combination with other biologically active ingredients (such as, but not limited to, a
second and different antineoplastic agent) and non-drug therapies (such as, but not limited to,
surgery or radiation treatment). For instance, the compounds of the invention can be used in
combination with other pharmaceutically active compounds, preferably compounds that are
able to enhance the effect of the compounds of the invention. The compounds of the
invention can be administered simultaneously (as a single preparation or separate preparation)
or sequentially to the other drug therapy. In general, a combination therapy envisions
administration of two or more drugs during a single cycle or course of therapy.

In one aspect of the invention, the subject compounds may be administered in
combination with one or more separate agents that modulate protein kinases involved in
various disease states. = Examples of such kinases may include, but are not limited to:
serine/threonine specific kinases, receptor tyrosine specific kinases and non-receptor tyrosine

specific kinases. Serine/threonine kinases include mitogen activated protein kinases (MAPK),
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meiosis specific kinase (MEK), RAF and aurora kinase. Examples of receptor kinase families
include epidermal growth factor receptor (EGFR) (e.g. HER2/neu, HER3, HER4, ErbB,
ErbB2, ErbB3, ErbB4, Xmrk, DER, Let23); fibroblast growth factor (FGF) receptor (e.g.
FGF-R1,GFF-R2/BEK/CEK3, FGF-R3/CEK2, FGF-R4/TKF, KGF-R); hepatocyte
growth/scatter factor receptor (HGFR) (e.g, MET, RON, SEA, SEX); insulin receptor (e.g.
IGFI-R); Eph (e.g. CEKS, CEKS, EBK, ECK, EEK, EHK-1, EHK-2, ELK, EPH, ERK, HEK,
MDK?2, MDKS, SEK); Axl (e.g. Mer/Nyk, Rse); RET; and platelet-derived growth factor
receptor (PDGFR) (e.g. PDGFa-R, PDGB-R, CSF1-R/FMS, SCF-R/C-KIT, VEGF-R/FLT,
NEK/FLK1, FLT3/FLK2/STK-1). Non-receptor tyrosine kinase families include, but are not
limited to, BCR-ABL (e.g. p43™', ARG); BTK (e.g. ITK/EMT, TEC); CSK, FAK, FPS, JAK,
SRC, BMX, FER, CDK and SYK.

In another aspect of the invention, the subject compounds may be administered in
combination with one or more seperate agents that modulate non-kinase biological targets or
processes. Such targets include histone deacetylases (HDAC), DNA methyltransferase
(DNMT), heat shock proteins (e.g. HSP90), and proteosomes.

In a preferred embodiment, subject compounds may be combined with antineoplastic
agents (e.g. small molecules, monoclonal antibodies, antisense RNA, and fusion proteins) that
inhibit one or more biological targets such as Zolinza, Tarceva, Iressa, Tykerb, Gleevec,
Sutent, Sprycel, Nexavar, Sorafinib, CNF2024, RG108, BMS387032, Affinitak, Avastin,
Herceptin, Erbitux, AG24322, PD325901, ZD6474, PD184322, Obatodax, ABT737 and
AEE788. Such combinations may enhance therapeutic efficacy over efficacy achieved by any
of the agents alone and may prevent or delay the appearance of resistant mutational variants.

In certain preferred embodiments, the compounds of the invention are administered in
combination with a chemotherapeutic agent. Chemotherapeutic agents encompass a wide
range of therapeutic treatments in the field of oncology. These agents are administered at
various stages of the disease for the purposes of shrinking tumors, destroying remaining
cancer cells left over after surgery, inducing remission, maintaining remission and/or
alleviating symptoms relating to the cancer or its treatment. Examples of such agents include,
but are not limited to, alkylating agents such as mustard gas derivatives (Mechlorethamine,

cylophosphamide, chlorambucil, melphalan, ifosfamide), ethylenimines (thiotepa,
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hexamethylmelanine), Alkylsulfonates (Busulfan), Hydrazines and Triazines (Altretamine,
Procarbazine, Dacarbazine and Temozolomide), Nitrosoureas (Carmustine, Lomustine and
Streptozocin), Ifosfamide and metal salts (Carboplatin, Cisplatin, and Oxaliplatin); plant
alkaloids such as Podophyllotoxins (Etoposide and Tenisopide), Taxanes (Paclitaxel and
Docetaxel), Vinca alkaloids (Vincristine, Vinblastine, Vindesine and Vinorelbine), and
Camptothecan analogs (Irinotecan and Topotecan); anti-tumor antibiotics such as
Chromomycins (Dactinomycin and Plicamycin), Anthracyclines (Doxorubicin, Daunorubicin,
Epirubicin, Mitoxantrone, Valrubicin and Idarubicin), and miscellaneous antibiotics such as
Mitomycin, Actinomycin and Bleomycin; anti-metabolites such as folic acid antagonists
(Methotrexate, Pemetrexed, Raltitrexed, Aminopterin), pyrimidine antagonists (5-
Fluorouracil, Floxuridine, Cytarabine, Capecitabine, and Gemcitabine), purine antagonists (6-
Mercaptopurine and 6-Thioguanine) and adenosine deaminase inhibitors (Cladribine,
Fludarabine, Mercaptopurine, Clofarabine, Thioguanine, Nelarabine and Pentostatin);
topoisomerase inhibitors such as topoisomerase I inhibitors (Ironotecan, topotecan) and
topoisomerase Il inhibitors (Amsacrine, etoposide, etoposide phosphate, teniposide);
monoclonal antibodies (Alemtuzumab, Gemtuzumab ozogamicin, Rituximab, Trastuzumab,
Ibritumomab Tioxetan, Cetuximab, Panitumumab, Tositumomab, Bevacizumab); and
miscellaneous anti-neoplastics such as ribonucleotide reductase inhibitors (Hydroxyurea);
adrenocortical steroid inhibitor (Mitotane); enzymes (Asparaginase and Pegaspargase); anti-
microtubule agents (Estramustine); and retinoids (Bexarotene, Isotretinoin, Tretinoin
(ATRA).

In certain preferred embodiments, the compounds of the invention are administered in
combination with a chemoprotective agent. Chemoprotective agents act to protect the body or
minimize the side effects of chemotherapy. Examples of such agents include, but are not
limited to, amfostine, mesna, and dexrazoxane.

It will be appreciated that compounds of the invention can be used in combination
with an immunotherapeutic agent. One form of immunotherapy is the generation of an active
systemic tumor-specific immune response of host origin by administering a vaccine
composition at a site distant from the tumor. Various types of vaccines have been proposed,

including isolated tumor-antigen vaccines and anti-idiotype vaccines. Another approach is to
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use tumor cells from the subject to be treated, or a derivative of such cells (reviewed by
Schirrmacher et al. (1995) J. Cancer Res. Clin. Oncol. 121:487). In U.S. Pat. No. 5,484,596,
Hanna Jr. et al. claim a method for treating a resectable carcinoma to prevent recurrence or
metastases, comprising surgically removing the tumor, dispersing the cells with collagenase,
irradiating the cells, and vaccinating the patient with at least three consecutive doses of about
107 cells.

It will be appreciated that the compounds of the invention may advantageously be
used in conjunction with one or more other therapeutic agents. Examples of suitable agents
for adjunctive therapy include a SHT; agonist, such as a triptan (e.g. sumatriptan or
naratriptan); an adenosine A1 agonist; an EP ligand; an NMDA modulator, such as a glycine
antagonist; a sodium channel blocker (e.g. lamotrigine); a substance P antagonist (e.g. an NK;
antagonist); a cannabinoid; acetaminophen or phenacetin; a 5-lipoxygenase inhibitor; a
leukotriene receptor antagonist; a DMARD (e.g. methotrexate); gabapentin and related
compounds; a tricyclic antidepressant (e.g. amitryptilline); a neurone stabilising antiepileptic
drug; a mono-aminergic uptake inhibitor (e.g. venlafaxine); a matrix metalloproteinase
inhibitor; a nitric oxide synthase (NOS) inhibitor, such as an iNOS or an nNOS inhibitor; an
inhibitor of the release, or action, of tumour necrosis factor .alpha.; an antibody therapy, such
as a monoclonal antibody therapy; an antiviral agent, such as a nucleoside inhibitor (e.g.
lamivudine) or an immune system modulator (e.g. interferon); an opioid analgesic; a local
anaesthetic; a stimulant, including caffeine; an H,-antagonist (e.g. ranitidine); a proton pump
inhibitor (e.g. omeprazole); an antacid (e.g. aluminium or magnesium hydroxide; an
antiflatulent (e.g. simethicone); a decongestant (e.g. phenylephrine, phenylpropanolamine,
pseudoephedrine, oxymetazoline, epinephrine, naphazoline, xylometazoline, propylhexedrine,
or levo-desoxyephedrine); an antitussive (e.g. codeine, hydrocodone, carmiphen,
carbetapentane, or dextramethorphan); a diuretic; or a sedating or non-sedating antihistamine.

In another aspect of the invention, the subject compounds are administered in
combination with radiation therapy.  Radiation is commonly delivered internally
(implantation of radioactive material near cancer site) or externally from a machine that
employs photon (x-ray or gamma-ray) or particle radiation. Where the combination therapy

further comprises radiation treatment, the radiation treatment may be conducted at any
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suitable time so long as a beneficial effect from the co-action of the combination of the
therapeutic agents and radiation treatment is achieved. For example, in appropriate cases, the
beneficial effect is still achieved when the radiation treatment is temporally removed from the
administration of the therapeutic agents, perhaps by days or even weeks.

Matrix metalloproteinases (MMPs) are a family of zinc-dependent neutral
endopeptidases collectively capable of degrading essentially all matrix components. Over 20
MMP modulating agents are in pharmaceutical develop, almost half of which are indicated for
cancer. The University of Toronto researchers have reported that HDACs regulate MMP
expression and activity in 3T3 cells. In particular, inhibition of HDAC by trichostatin A
(TSA), which has been shown to prevent tumorigenesis and metastasis, decreases mRNA as
well as zymographic activity of gelatinase A (MMP2; Type IV collagenase), a matrix
metalloproteinase, which is itself, implicated in tumorigenesis and metastasis (Ailenberg M.,
Silverman M., Biochem Biophys Res Commun. 2002 , 298:110-115). Another recent article
that discusses the relationship of HDAC and MMPs can be found in Young D.A., et al.,
Arthritis Research & Therapy, 2005, 7: 503. Furthermore, the commonality between HDAC
and MMPs inhibitors is their zinc-binding functionality. Therefore, in another aspect of the
invention, compounds of the invention can be used as MMP inhibitors.

In one aspect, the compounds may also be used in the treatment of a disorder
involving, relating to or, associated with dysregulation of histone deacetylase (HDAC).

There are a number of disorders that have been implicated by or known to be mediated
at least in part by HDAC activity, where HDAC activity is known to play a role in triggering
disease onset, or whose symptoms are known or have been shown to be alleviated by HDAC
inhibitors. Disorders of this type that would be expected to be amenable to treatment with the
compounds of the invention include the following but not limited to: Anti-proliferative
disorders (e.g. cancers); Neurodegenerative diseases including Huntington's Disease,
Polyglutamine disease, Parkinson's Disease, Alzheimer's Disease, Seizures, Striatonigral
degeneration, Progressive supranuclear palsy, Torsion dystonia, Spasmodic torticollis and
dyskinesis, Familial tremor, Gilles de la Tourette syndrome, Diffuse Lewy body disease,
Progressive supranuclear palsy, Pick's disease, intracerebral hemorrhage, Primary lateral

sclerosis, Spinal muscular atrophy, Amyotrophic lateral sclerosis, Hypertrophic interstitial
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polyneuropathy, Retinitis pigmentosa, Hereditary optic atrophy, Hereditary spastic paraplegia,
Progressive ataxia and Shy-Drager syndrome; Metabolic diseases including Type 2 diabetes;
Degenerative Diseases of the Eye including Glaucoma, Age-related macular degeneration,
Rubeotic glaucoma; Inflammatory diseases and/or Immune system disorders including
Rheumatoid Arthritis (RA), Osteoarthritis, Juvenile chronic arthritis, Graft versus Host
disease, Psoriasis, Asthma, Spondyloarthropathy, psoriasis, Crohn's Disease, inflammatory
bowel disease Colitis Ulcerosa, Alcoholic hepatitis, Diabetes, Sjoegrens's syndrome, Multiple
Sclerosis, Ankylosing spondylitis, Membranous glomerulopathy, Discogenic pain, Systemic
Lupus Erythematosus; Disease involving angiogenesis including cancer, psoriasis, rheumatoid
arthritis; Psychological disorders including bipolar disease, schizophrenia, mania, depression
and dementia; Cardiovascular Diseases including heart failure, restenosis and arteriosclerosis;
Fibrotic diseases including liver fibrosis, cystic fibrosis and angiofibroma; Infectious diseases
including Fungal infections, such as Candida Albicans, Bacterial infections, Viral infections,
such as Herpes Simplex, Protozoal infections, such as Malaria, Leishmania infection,
Trypanosoma brucei infection, Toxoplasmosis and coccidiosis and Haematopoietic disorders
including thalassemia, anemia and sickle cell anemia.

In one embodiment compounds of the invention can be used to induce or inhibit
apoptosis, a physiological cell death process critical for normal development and homeostasis.
Alterations of apoptotic pathways contribute to the pathogenesis of a variety of human
diseases. Compounds of the invention, as modulators of apoptosis, will be useful in the
treatment of a variety of human diseases with aberrations in apoptosis including cancer
(particularly, but not limited to, follicular lymphomas, carcinomas with p53 mutations,
hormone dependent tumors of the breast, prostate and ovary, and precancerous lesions such as
familial adenomatous polyposis), viral infections (including, but not limited to, herpesvirus,
poxvirus, Epstein-Barr virus, Sindbis virus and adenovirus), autoimmune diseases (including,
but not limited to, systemic lupus, erythematosus, immune mediated glomerulonephritis,
rheumatoid arthritis, psoriasis, inflammatory bowel diseases, and autoimmune diabetes
mellitus), neurodegenerative disorders (including, but not limited to, Alzheimer's disease,
AIDS-related dementia, Parkinson's disease, amyotrophic lateral sclerosis, retinitis

pigmentosa, spinal muscular atrophy and cerebellar degeneration), AIDS, myelodysplastic
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syndromes, aplastic anemia, ischemic injury associated myocardial infarctions, stroke and
reperfusion injury, arrhythmia, atherosclerosis, toxin-induced or alcohol induced liver
diseases, hematological diseases (including, but not limited to, chronic anemia and aplastic
anemia), degenerative diseases of the musculoskeletal system (including, but not limited to,
osteoporosis and arthritis), aspirin-sensitive rhinosinusitis, cystic fibrosis, multiple sclerosis,
kidney diseases, and cancer pain.

In another aspect, the invention provides the use of compounds of the invention for the
treatment and/or prevention of immune response or immune-mediated responses and diseases,
such as the prevention or treatment of rejection following transplantation of synthetic or
organic grafting materials, cells, organs or tissue to replace all or part of the function of
tissues, such as heart, kidney, liver, bone marrow, skin, cornea, vessels, lung, pancreas,
intestine, limb, muscle, nerve tissue, duodenum, small-bowel, pancreatic-islet-cell, including
xeno-transplants, etc.; to treat or prevent graft-versus-host disease, autoimmune diseases, such
as rheumatoid arthritis, systemic lupus erythematosus, thyroiditis, Hashimoto's thyroiditis,
multiple sclerosis, myasthenia gravis, type I diabetes uveitis, juvenile-onset or recent-onset
diabetes mellitus, uveitis, Graves disease, psoriasis, atopic dermatitis, Crohn's disease,
ulcerative colitis, vasculitis, auto-antibody mediated diseases, aplastic anemia, Evan's
syndrome, autoimmune hemolytic anemia, and the like; and further to treat infectious diseases
causing aberrant immune response and/or activation, such as traumatic or pathogen induced
immune disregulation, including for example, that which are caused by hepatitis B and C
infections, HIV, staphylococcus aureus infection, viral encephalitis, sepsis, parasitic diseases
wherein damage is induced by an inflammatory response (e.g., leprosy); and to prevent or
treat circulatory diseases, such as arteriosclerosis, atherosclerosis, vasculitis, polyarteritis
nodosa and myocarditis. In addition, the present invention may be used to prevent/suppress
an immune response associated with a gene therapy treatment, such as the introduction of
foreign genes into autologous cells and expression of the encoded product. Thus in one
embodiment, the invention relates to a method of treating an immune response disease or
disorder or an immune-mediated response or disorder in a subject in need of treatment
comprising administering to said subject a therapeutically effective amount of a compound of

the invention.
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In another aspect, the invention provides the use of compounds of the invention in the
treatment of a variety of neurodegenerative diseases, a non-exhaustive list of which is: L
Disorders characterized by progressive dementia in the absence of other prominent neurologic
signs, such as Alzheimer's disease; Senile dementia of the Alzheimer type; and Pick's disease
(lobar atrophy); II. Syndromes combining progressive dementia with other prominent
neurologic abnormalities such as A) syndromes appearing mainly in adults (e.g., Huntington's
disease, Multiple system atrophy combining dementia with ataxia and/or manifestations of
Parkinson's disease, Progressive supranuclear palsy (Steel-Richardson-Olszewski), diffuse
Lewy body disease, and corticodentatonigral degeneration); and B) syndromes appearing
mainly in children or young adults (e.g., Hallervorden-Spatz disease and progressive familial
myoclonic epilepsy); III. Syndromes of gradually developing abnormalities of posture and
movement such as paralysis agitans (Parkinson's disease), striatonigral degeneration,
progressive supranuclear palsy, torsion dystonia (torsion spasm; dystonia musculorum
deformans), spasmodic torticollis and other dyskinesis, familial tremor, and Gilles de la
Tourette syndrome; IV. Syndromes of progressive ataxia such as cerebellar degenerations
(e.g., cerebellar cortical degeneration and olivopontocerebellar atrophy (OPCA)); and
spinocerebellar degeneration (Friedreich's atazia and related disorders); V. Syndrome of
central autonomic nervous system failure (Shy-Drager syndrome); VI. Syndromes of
muscular weakness and wasting without sensory changes (motoneuron disease such as
amyotrophic lateral sclerosis, spinal muscular atrophy (e.g., infantile spinal muscular atrophy
(Werdnig-Hoffman), juvenile spinal muscular atrophy (Wohlfart-Kugelberg-Welander) and
other forms of familial spinal muscular atrophy), primary lateral sclerosis, and hereditary
spastic paraplegia; VII. Syndromes combining muscular weakness and wasting with sensory
changes (progressive neural muscular atrophy; chronic familial polyneuropathies) such as
peritoneal muscular atrophy (Charcot-Marie-Tooth), hypertrophic interstitial polyneuropathy
(Dejerine-Sottas), and miscellaneous forms of chronic progressive neuropathy; VIII
Syndromes of progressive visual loss such as pigmentary degeneration of the retina (retinitis
pigmentosa), and hereditary optic atrophy (Leber's disease). Furthermore, compounds of the

invention can be implicated in chromatin remodeling.
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plasmocytoma. In another aspect of the invention, the present invention

provides for the 21 use of one or more compounds of the invention in the

manufacture of a medicament for the treatment of cancer. In one

embodiment, the present invention includes the use of one or more

compounds of the invention in the manufacture of a medicament that
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myocardial infarctions, stroke and reperfusion injury, arrhythmia,
atherosclerosis, toxin-induced or alcohol induced liver diseases,
hematological diseases (including, but not limited to, chronic anemia and
aplastic anemia), degenerative diseases of the musculoskeletal system
(including, but not limited to, osteoporosis and arthritis), aspirin-sensitive
rhinosinusitis, cystic fibrosis, multiple sclerosis, kidney diseases, and cancer



30 Fcy dependent production of TNFoc. The ability to inhibit Fcy receptor
dependent neutrophil, monocyte and macrophage responses would result in
additional anti-inflammatory activity for the present compounds in addition to
their effects on T cells. This activity wadld be especially of value, for example,
in the treatment of inflammatory diseases, such as arthritis or inflammatory

inclyhingesaliragad bufiigraddmietia cefatmBlestahif/ kitssd80suct £5T9lyynd animal,
vegddBUB LM hatpREiant s hahpiE, rrearfobindidseddesiantiaéian 6f maste oil,

cells and basophils that plays an important role in asthma, allergic rhinitis

sunflovebiier AibraME dikeasy: FORYERRLRIrSUSRSRHANT S By drSidegl Tollowing

comPORRAtEXes. sthicampenndsdf the presenbinvapiaoMavinBibibenCExed oils,
induced degranulation responses. The ability to inhibit FCE receptor

polygiydiiieabithist BBIFSHREL SIS SPYTReS Y Fes T IRtCaRMiYHAY: antibacterial

agendtiuBilamamaiery artbrty fer theupyesRrierRIpalnasdaaponacthal aftegbrnatid or
cells. Theinventionencompassespharmaceuticalcompositionscomprisin

sodipmapiialidiicanlrane dseitteushd i EBTEBURGLC BrARe ndeitiCRIAEA); buffers

suchd@s bt abavatckher ipuestianes]sthencempassasdhamasemticlionicity such as
.compasitions comprising hydrates of the compounds of the invention. The

sodiygp, thloridsorilatiathut i A ntited 6 REMiSlr3Eh nisitsngarlases. such as

hydridinerrtecidibydsaieramngdhrsitee. The invention further encompasses
pharmaceutical compositions comprising any solid aor. liquid physical form of
thel RAHHARTBE FRTROSHESS S BIBRH RO RE S RIPSUNdE-Barffs iy gornstarch,

gelaGhiy Fatbio@dorathyn @maaopsatosiim angdaave aipy Padticlessizey drbeypasiiglagethyl
ay be mjcronized, or may be agglomerated, particulate granules, powders, . .
celliqss. ARy ltsen AL gL AY %ﬁ%ﬁsf@r%’c?P%B?f&rB]P’li&?}ﬂ}Opﬁ%‘fEaF‘i%W%E acid, silicon
dioxihe Gorpensltsefdaainyeripoyandd euivatives, stagimeatisclapplagate, Primogel),
homologs. pharmaceutically acceptable salts or hydrate thereof can be .
b“ff?ﬁ%‘?&o’rgfg&ﬁio Bﬁ%?ﬁ?aB%‘ﬁ&P&gﬁfp%So?# 58&%%8%%&86@%?%%%@%%&{5 such as

albutpgethafewiin sophaimacssiicpliyraccspialle casiepaitexeipieMy&uch0, Tween 80,
compositions typically comprise a therapeutically effective amount of any of

e el i S S i et e A i N

pernibgrieffectiveaaceant swhevilizaatinggancer (isan aghsndleffaailvetbylene  glycerol,
selectively induce terminal djfferentiation qf suitable neoplastic cells and less .

eyl AR o DAL n LS T EIFIT A k. S0 OUEBin b dmqBOT R 2cid
sodiifnventiobisdiitbeaayinstéretidy anyost)iabieilneanse mclidingx yyitbeylt cellulose,

h Iimitatiog‘ﬁﬁ rjnte@aléoin ravenous, intramuscular, su cutane‘b?us, im I@ntgt'ﬁonl.

VOg R GNG ) BILOAT st B IS P RS A% SRR Vg el Sicon
dioxieetabtiayld dedinssneic@sat agiministraticinsedt thedikesutapisakhspuminisirationc acid),
favan also itnvolve the use Oft tran%d%%]al z?dtministration f?uc:h.as transdernt"lal

WVOIIEHESTLP (SiitopIBRSEIE B eHY PrUY e S AT e SEPAHGH RET S A ves (e-g-

Thirsalidakebeisolidadedigujdpareparatidottablet, pefiet steackeaddpsutgnesium stearate,
syppository, cream, ointment, aerosol, powder, liquid, emulsion, suspensiqgn, .

Pl GBI oy EBiil S LBbOL Fthe sbentiN A gl Deide).

plastivipedierte,. gvhickhidshslitagihith donselediatyinodarafeadninisis#iion. [kegne carbomer,

h Glrexmbodin)ent,uthle har ?%elu}i%a}l oml?otsi);[iong.l are radmiFlinsterid orallgloand s or

YRR fofmutated ina form suitabie 1or ordl Admmistration; i.e Sash soid or
poloadiiniek prepaaatign. Mditafilen sofiatroiag foagmlatiofesgncludytahidis] capsulay)ates,

ol EI‘QFP %ra?a%%%gg/lIetgd.%%ghgts and effervescent, powders, and the like.

POLY B itable iqurd oral férmuiations include solutions, suspensions, dispersions,
emulsions, oils and the like. In one embodiment of the present invention, the
composition is formulated in a capsule. In accordance with this embodiment,
the compositions of the present invention comprise in addition to the active
compound and the inert carrier or diluent, a hard gelatin capsule. Any
inert excipient that is commonly used as a carrier or diluent may be used in
the formulations of the present invention, such as for example, a gum, a
starch, a sugar, a cellulosic material, an acrylate, or mixtures thereof. A
preferred diluent is microcrystalline cellulose. The compositions may further



The pharmaceutical compositions can be included in a container, pack, or
dispenser together with instructions for administration. Daily
administration may be repeated continuously for a period of several days to
several years. Oral treatment may corithue for between one week and the

life of the patient. Preferably the administration may take place for five
conl8eistivd sl sife tREHIcHVirRe e HikieHE RARPBES €V aithataEIFs SR it @rotect

the Eéﬁf&ﬁﬁ@dﬁgﬂﬂﬁﬂaﬁ@mSe'lﬁﬁuiﬁﬁ@nTh%ﬁdmizni%aﬁp%‘@ﬂ Pe GORHRAHENS O elease
intermittent, I.e., treatment for a number of consecutive days followed by a

formyglatigRridRe HHBL SRARIBLIARTSF TRISTSRESART HRIBhRSI HTRY DY isainidtigdgradable,
bioctHIFMEANOUBHIRRetRe dist slayueédreatarents Wwithypiad admjnistatien Yoidihydrides,

second day and all consecutive days thereafter. 34 The preparation of

polyghyshtia dsiticallassib aatsnarsteed athPely ietiveretin MR igfepreparation of

suchURGETSIARshinvie B deppxamplendiy REXIRE, B IaingTRE taaletidmaiigalso be
processes. The active therapeutic ingredient is often mixed with excipients
obtatped SAMBRRAYERRAY 4t SRSt I dRb Bt BTBARRACH SISl dnc.  Liposomal
suspbigiesienhchnli gy ali pekvinistiatiane dhe aati@eadents arhniedyih.pddiib@ses to
. customary for this purpose, such as vehicles, stabilizers, or inert diluents, and
viralo gRUSERSY 63 caSB Ny HEAD RO SERARE Y oFSEREP S rifiSatioSSchan be
prepaiteliessdeeaie chtaniatskhakt @ saftgstatinicanssles, agusaushlalcahRierted in
oily solutions and the like as detailed above. The amount of the
U'S'c}?ﬂﬁlb@uﬁé%?dﬁ‘}ihistered to the patient is less than an amount that would
causestexpettiaily theévpatigabukneefdaiutmrbedineftsotheamaumgthenit form for
compound that is administered to_the patient is less than the amount that

easec:%mu%‘?s@lalé%?fé%‘hﬁ%ﬁ&’? PR S BtSE i IR patO pTAdMUSES dqtiP difers to
physexgeediteectoxiaigvaliefdhs compounssBeeferalily, thejeaneenl atigncaf theh unit
compound in the patient's plasma is maintained gt about 10 nM. In one )
COm@r‘?fBéo%nRé‘Fﬂ?"t?Fé“&%‘ﬁ’i&H [&n° fgtﬂévﬁo%ﬂ’ﬂi‘BﬁHﬂaﬁ?ﬁ%%&if’eﬁ?@ﬁi&%ﬁ?a% desired
therdpainitaites aimbaotdb oMy ith ahe eqbadipeninthetaceatraioMbktpecification
ompound in the patient's plasma is maintained at about 50 nM. In one
for {5FhBaHEfe Rt KB e GtOn St PN htr BAERL pHagridst on the
unigmaitiainaeratiab@ft (He00i el reome i e e, fheicolacantiapentiof Hitect to be
.compound in the patient's plasma_is maintained at about 500 nM. In one
i Gt R LR AR B B LS pUREA IS PSRt L fegound fo
the troadintainefliadiabdialsL000 nM. In one embodiment, the concentration of the
corzggomizﬁd in the tpaa[LAlent's lasma is m%intair]§§i %t about 2500 nM. In one ..
embaTiPHAHE A LoH CRIHAIO8S tHd CPEUTE b (SRR Bridmagispenser
togethaivtain ad taiakouttbDMhiiMstFheptimal amount of the compound that
shtﬁjlq be dministtered to the patierEt(@ln the .practi etof the gres n invent'ﬁog
will dEpe A SR & B AHIE A & oirisdliTia TEEE AHE thd B fePot Ranter beitiy “aYs t©
seveitgateds DEFINIEIONSt may siednbel6w beerdefinitionsok wadabs Ldens thsgthtient.
Prer{ QSRS s Inventon, Thepe definifions appli [0 the tegms a3 Eale e ine
ed throughout tnis specification’ and claims; Unless otherwise limited ih
patiespeatfibdrstaneed, teitheenndividUaltther aparitoft@ieirgegiedp. The #iministration
"aliphatic group”.or "aliphatic" is non-aromatic moiety that may be. saturat
can pg SoRmyeus S s mtentn e ISl T BRTRSn SOBR UE g tiowed
by aansl/petivgdle Hondsnpourdh aliphapcegroumyaatidrensisatghidrthaniseate diamehedbusly
or cyclic, contain carbon, .hydrogen ar,.optionally, one or morg heterogtoms .
on B B R e e PR i SR ol L 5 S Recutve
daysabnteafisbetween about 1 and about 24 atoms, more preferably between
about 4 to about 24 atoms, more preferably between about 4-12 atoms, more
typically between about 4 and about 8 atoms. The term "acyl" refers to
hydrogen, alkyl, partially saturated or fully saturated cycloalkyl, partially
saturated or fully saturated heterocycle, aryl, and heteroaryl substituted
carbonyl groups. For example, acyl includes groups such as (Ci-C6)alkanoyl
(e.g., formyl, acetyl, propionyl, butyryl, valeryl, caproyl, t-butylacetyl, etc.),
(C3-C6)cycloalkylcarbonyl (e.g., cyclopropylcarbonyl, cyclobutylcarbonyl,



The term "cycloalkyl" embraces saturated carbocyclic radicals having three to
about twelve carbon atoms. The term "cycloalkyl" embraces saturated
carbocyclic radicals having three to about twelve carbon atoms. More
preferred cycloalkyl radicals are "lowes4ycloalkyl" radicals having three to
about eight carbon atoms. Examples of such radicals include cyclopropyl, _
cyclOBAPRIISPSHtPPAHBACTEISHEGAMPOSHIRASARA COPTARRAGIEnTBFARRRCN! is

wellRafdigosasatiiatad ¢arkeaxsie, radigalaiavinmiMesdoiwebIe 48FRRA processes.
atoms. Cycloalkenyl radicals that are partially unsaturated carbocyclic 37

The agijug Shrapeyifdietiiicds dbiaison s tdatihy srinis b oRfagRRsgy tically

accep@ibleeagallesmpyainalkigiany! adviese ipigired cysloalkenyniadi¢alsithe active
"lower cycloalkenyl!" radicals having four to about eight carbon atoms.

agents, ae el WlBrAAdifiers SHUORET b SRIe RYIPESEl SPeh iy FRigls. stabilizers, or

inerCiAl@exemd. convEhedansusaiexy’ prhoasa el bRy aoahiedor administration,
oXxy-containing radicals each having alkyl portions of one to about twent

suche 3SR B bRl B torSHotit RaE e AL Aahotic o oily

soluRbatesradirlkmeysaticalsdareoewer alkoxy" radicals having one to about ten
carbon atoms and more preferably having one to about eight carbon atoms.

ExanfpRB BN GEHI SRR AERETERY [ R6:8A I pSXy SRty Agount that
woul@tduéasyicity ihnBpaiendlKoxyalkyh @nvaaaes alkykradisals dfayingoaieid that
. mare alkoxy radicals attached to the alkyl radical, that is, to form .
is adRURHRSLYRIKYP it ehaIKOXTRIPRRdiCafmountTHaLSANSeS g lEHRTBlRR of the
componndinatige, merRnssaashacyslieqapnoatisxsysie MCankainiogedns, i @mpound.

three rings wherein such rings may be attached together in a pendent.

Preferaltethgraonsr HEHR AT e RO PRUSBLSBIRSIR Fagialellsdnapgbout
10 nphenid, siapbitiybdiateahydieo bapitinyhtios atatancopipbenylin thel P&itaIrs plasma is
C"carbonyl", whether ysed alone or wjth other terms, such as "alkoxycarbonyl",
maingEHEE ) 23 Mg G e CAT B HE (O SO b Lhor in the
patidermslasuiehi amaarynabaneyhyal Byl nMenatesC{@Pstiment, Tihe tfiBsntration of the
"heterocyclyl”, "heterocycle" "heterocyclic” or "heterocyclo’ embrace )
compaiEh B IS AT SRS TRl ARSH LB Bfori et fpbgiment. the
condéng=sivapsttiadinalsowtioh thapaisactke taliedisheigtedyelyit, about 500 nM. In one
"heterocycloalkenyl" and "heteroaryl" correspondingly, where the . .
e b b PSS S L O TS DG AL S PURTLA EsAfaiEd giabout
100GaMratadohetenteydilykradibalsdinaludetsal wiated @ topoumnée inbdecpatient's plasma is
. heteromonocyclic gr ontaining 1 to 4 nitrogen atoms. (e. rrolidinyl, .
iR AT AU e DB KRE . SOR Rt 8 N EyaAron in the
patidngteptimanocyahin giaeyh actiauniHQND tVP ORygeptatnmmanatlofotkenitiogetnd that

ms (e.g..morpholinyl, etc.); satyrated 3.to 6= membered .heteromongcyclic
shou T 0% MG B e 0. AR PR ey o dpend on
the thiazaoldioyiy@icnd Es@hapteshot garvaldynoesatingtedadaaierocyclyl radicals
include dihydrothiophene, dihydropyran, dihydrofuran and dihydrothiazole.
DERHet€ro8yslyl radicals 38 may include a pentavalent nitrogen, such as in

tetrazoli nd pyridinium radicals..The term "heterocycle”.alsg.embraces

R WRErS RS Tadicaare ARt Wi Aok Ayciuaicyl e hese

defiriitians plgg pfs dehtéuse dubibyylica adidalsringbcle BenzpéarBegtion and claims, unless

nzqothiophene, and the like, . The term "heteroaryl’ embraces
ot B e, i R S R A AR b O R o
ungatdiadipbaB¢@®mpémberbphastéromoneuyolidigrowpctotitaimngy betoagurated (e.g.

i t for ex 0 i imida alyl. pyridyl

sing B T SR YA W Wtls.
1H-1,2,3-triazolyl, 2H1,2,3-triazolyl, etc.) tetrazolyl (e.g. 1H-tetrazolyl,
2H-tetrazolyl, etc.), etc.; unsaturated condensed heterocyclyl group

containing 1 to 5 nitrogen atoms, for example, indolyl, isoindolyl, indolizinyl,
benzimidazolyl, quinolyl, isoquinolyl, indazolyl, benzotriazolyl,

tetrazolopyridazinyl (e.g., tetrazolo[1,5-b]pyridazinyl, etc.), etc.; unsaturated 3

to 6-membered heteromonocyclic group containing an oxygen atom, for

o



The term "aryloxy" embraces aryl radicals attached through an oxygen atom
to other radicals. The terms "aralkoxy" or arylalkoxy" embrace aralkyl
radicals attached through an oxygen atom to other radicals. The term
"aminoalkyl" embraces alkyl radicals stfbstituted with amino radicals.
Preferred aminoalkyl radicals have alkyl radicals having about one to about

aliphglich 8F U IBRAYaRS & g refaiagsly berrebsheb yElis v ePBEHRoFRERS a1 idiggen o,

optid&fgrreseaspinpaikubiadiaalaaradlanerrminraliwtdtiahavssatiidsadigalgiphatic
havi% one to about ten carbon atoms. Most preferred are aminoalkyl radicals

SrOURRARL TRREX oAk Ra RIS HadhRY brie?fts! gAY CArb 810 Bt TR IR ETRRI Bbetween

abouUghibadiseals Mmclydeaminameidydeasninpathybnansbiiiedife. atonlshent8FN typically
"alkylamino" denotes amino groups which are substituted with one or two

betwerd photichrprRegR Ry Iamino radicals have alkyl radicals having about
ongtR abait twgty GRRORARNERENPIElieyRbPAraMRytos AReAEAVEIV EuEiR BQRIrated

atoms. More preferred alkylamino radicals are "lower alkylamino” that have

cyclaply bRt hSotG Aol Wb Rt ed BeiRratsrls. Mivstaprbistiegasys substituted
carbaik| andine: radcalsa g adgwarcalkyl ragiepissiaNing aedpaRentAighl., formyl,

carbon atoms, Suitable lower alkylaming mgly be monosubstituted

acetyha REBIATRG FUIENb SRR NRZRY 1 ArRHBTasEih SN niEmbargalkylcarbonyl
(e.g.N-eibMpropiec b didimetylabatyRs b dirdlietbytaspineyitainerdide. cyclohbeyleimonyl,

"linker" means an organic moiety that connects two parts of a compound.
ete.)y inREFErRANily OMSAEE a Gitect HOREPBAENISIEMSch R¥ R denaBesufarbonyl,
pipeﬂdﬂ?]mw@bggs,NB%eﬁ@ﬁyﬁg@%ﬁﬂg@f&ﬁi@?drgﬁa&ﬂ%&mﬁméne@é.a,tt()jm@yl (e.g.,
such as substituted or unsubstituted alkyl, substituted or unsubstitute
benzgﬂ@n%dsd&?&e&é%vbﬁa&u&tﬂalesayé&mk%x}raﬁvep&wmkﬁ% QRpIb IR Y1-2-
carbbgjeroarylaliyhyhstemssyhdlkenyl, irpigraanylalksyrmin heterocyelyfalikyl-3-carbonyl,

heteracyclylalkenyl, heterocyclylalkynyl, aryl, heteroary|, heterqcyclyl,
benz&f@?&‘&%ﬁ‘gﬁ ToAHEAH ol 15%?@93%?&?3@&%% sk skcypgycle, aryl and

heteadkgmyamitalkyfl tdOacyl group may be any one of the groups described in the respective

. alkenylarylalkenyl,alkenylarylalkynyl,alkynylarylalkyl alkynylarylalkenyl,
T D T AN
unsubktytinete o anylatkymylsubstituted with one or more substituents (typically, one to three

alkenylheteroarylalkyl,alkenylheteroarylalkenyl,alkenylheteroarylalkynyl .
subs ISR Qe T Oa R <y PSS Egmyplow in the
defiIaPhydhKeﬁ}eTsxﬂwiyhlﬁ?ylllg(ﬁIl&)dlhﬂk@ﬂ%cydwalﬂgeirﬁffbybrmeﬁ@ﬂymﬂalldsl)tﬁ)dryl portion of
alkenylheterocyc , alkenylhetero alkenyl, .
the agl)lﬁ H%%C%&é]%ﬁééﬁ{ﬁ, ﬁ%éﬁ@?ﬁ%’?e‘%@é@ﬂ& E@lﬁ preferred and more preferred list
of sulkynigiitetecoyelytdikenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl,

alkynylaryl, alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or
oo CIRTIEH AR B Crn e by G ety A be
univalfd), stbsiitatedhoietinsulesgitutddtydrybrsubstitytes omuhsulbsiituieseties under the
heteroaryl, substituted gr unsubstituted hete lic; where R8 is hydrogen,, ;
DD G AT B ST AL 1 e RN ch R Eoqan " alky
moidigtwaebel i2&ataims, preferabijedt 24 ditaing;. praféfalliid)18maionashendnstances, a
._preferably 4-12 atoms, and most.preferably about 4-1Q.atom The ter
oival R R o b R Sy S B R B el Sftanc
the ajfkyénosheuctlireanthr-iieah@ica) €f 1, IpHeiicdsob Hity@intdlaiudiny; utnbikylene."
._limjted to,.halo, alkyl, alkenyl, alkynyl, aryl,.heterocyclyl..thiol, alkylthio, .
sim R ST S RS o SRR GRS Bited as bein
“alkaxyl5uttdkylatkiylo 3l Kaxyloasyloxylkatelkoxy aaytiinObemdyomyll”, “heterocyclic”, “alkyl”
alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl, aryloxycarbonyl,
haloalkyl, amino, trifluoromethyl, cyano, nitro, alkylamino, arylamino,
alkylaminoalkyl, arylaminoalkyl, aminoalkylamino, hydroxy, alkoxyalkyl,
carboxyalkyl, alkoxycarbonylalkyl, aminocarbonylalkyl, acyl,
aralkoxycarbonyl, carboxylic acid, sulfonic acid, sulfonyl, phosphonic acid,
aryl, heteroaryl, heterocyclic, and aliphatic. It is understood that the
substituents listed above may be further substituted. The term "halogen”



The term apoptosis" as used herein refers to programmed cell death as

signaled by the nuclei in normally functioning human and animal cells when

age or state of cell health and condition dictates. An "apoptosis inducing

agent" triggers the process of prograndmed cell death. The term "cancer

as used herein denotes a class of diseases or disorders characterized by
“alkemdontrdisey bivisipbitiehancy thentitylity Beinekitieis theirvayil gthdqrstand that
the dipgdaskeierQxkdisaaherowth ipig adigtsihiissuahrouab dyasion ‘MeRy¥ocyclic”,
... implantation into distant sites by metastasis. The term "compound”is

alk¥efindldtidtein 1rbilide BheRrtscetticaNs erikabtapier daithe sorataanding divalent

moidtydrates, polymorphs, enantiomers, diastereoisomers, racemates and the

like of the compounds having a formula as set forth herein. The term

"deliSe @ity FytipmnHeea et Mpishschsdicalbharieeieas Hoahpidwenty

carbb? RS Orapperdiavlar dapatiamodtawelvAS 4566 NOIBIN MdetprafcredSRIRSIdadicals
refers to abnormal cell growth, and typically refers to the earliest form of

are Jpaven Alero @ deabnidB m2asR AU HIBRSFEP HaRvIOgRT. PrefaEedsug lower

alkyhesgibalthedaip wiéediveaimeiynt thtbersukiast ompewdss” ilh reseest ficlude
the subject method of treatment, refers to an amount of the subject

methydnfiBYnd WREN WP R ErEH s AR BY LSl B FeBiNEnP BRIt siso-amyl.
hexydlkadte.gké change in the rate of cell proliferation and/or state of
differentiation and/or rate of survival of a cell to clinjcally acceptable

stahBaraE TS IMbUFHP REASPIUIAF (RBTREB b ekt 'ame Urlfiste Rt figbon-

carbSHIPEBIBH6h@ Sreelasiasbisordent inelushiad ok isrnetdiaipr fowd)eshistiavelve
in the numper of cancer cells; 2) reduction in tumor sjze; 3]),inhibition (i.e.,

carbafh Ay Yo YoHePEkeTtd R b A Upitis) JPRShABF LI ikt stis ke two to

abopesipbataloigans an) WbieiieTeiadlySIBYinemvie tsabeuexieht cpriedarabhis. Examples
topping). of tumaQr metastasis; 4) inhibition, to some extent, of tymor growth;

of a5 TR GNER b P 5 A LALEHPER: PSRBT GRS The terms

"alk@sgociaied witkthekdisardemandora)icalieyingngr reducing thensitdedafeeisons, or

1 assocjate ,,\Nitgt,l%e, administration of anticancer agents. The term

alternalN &R aKiadd s £ BHFEERNSrefers to excessive cell division or growth.

Thaphtase aakimyluaetiecapeuberageniinafedsridiagetsviseditt:ikansiecarbon-

the immunity of an immune donor, e.g., another person or an animal, tq a
carbpR IR} RGR RO FRa RGBT AL e SR s PRI O YR DBl ve
carboantaimingNleréopmédradthikgiss produteskby laneiheatkindividudi el ahanimatyo to

oS SIS AT, Al S SR LR e

of alkgaymhemiiodla tiskakegryiherdpy pragents thatipehide hostynecolatiomaf and 1-
senlsitized lymphocytes, transfer factor, immune RNA, or antibodies in serum

pentgr%amma globulin. The term "inhibition,” in the context of neoplasia,
tunitie gromtHoge foutkoi 'Cethgraseths maytdie @ssesgdit hydielbyaavappdatanoeabout
ewel s RAANY. oF S gg%é}’nﬁu@oér%’a@PWeéjmdb?X%?%E&‘E ntof primar e SN ving
tumors, decreased occurrente o ﬂﬁmary or secondary tumors; siowed or
threclecabasetvsbuetityboh seaandsiyre fisdtsofl digdask yarrelstatt trmtogrowtieloalkyl”

radil ha {Sdéf’slﬁr{‘eé)ft%”ﬁ out el ar Sis. I dne §F{§5’Q§s Cé’é“&l%ﬁﬁr'“ NOHIOD clude
iS referred’to herein as prevehtion or chemopreventi 4 e term
cyclopretasdiasidpbasylisadlopeaty] ratbcydmbegyhigration of cancer cells from the
original, umar site Hrough e bloed and ymehyessels (o produee caneers fying
other tissues. Metastasts afso 1s the Perm uSed Tor & secondary cancer
thregyrowirgvatcartistanosise Cyclohhetgtnudnedpthsnategausedly heseinrateterartwcyclic
an abnormal mass of tissue that results from excessive cell division.
Neoplasms may be benign (not cancerous), or malignant (cancerous) and
may also be called a tumor. The term "neoplasia” is the pathological process
that results in tumor formation. As used herein, the term
"pre-cancerous'refers to a condition that is not malignant, but is likely to
become malignant if left untreated. The term "proliferation” refers to cells

undergoing mitosis. The phrase a "radiotherapeutic agent" refers to the



The term "treatment” refers to any process, action, application, therapy, or
the like, wherein a mammal, including a human being, is subject to medical
aid with the object of improving the mammal's condition, directly or indirectly.
The term "vaccine" includes agents thaf induce the patient's immune system
to mount an immune response against the tumor by attacking cells that

radics) (Bak SRR 426 ciatbe itiyls ehet Anes) or ma; iRlebeneRBieaifd e be called
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method of treatment, refers to an amount of the sub'lect compound which,
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survival of a cell to clinically acceptable standards. This amount may further
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atomsoN AP BH earLaleatbintticalorhtd PUFpHERIOrgMticals iRt (1@ about ten

carbdd SOWNGImSSBrefieBly IrafRiabhe StopRHg LiehtuneoMai@stasisamhples of such
.inhibition, to some extent, of tumor growth; 5) relieving or reducing to some

radicalsdnlyde Beohe: SHAYPRIB Bhera e Y disorder; and/or 6)
relfeNing:An redeiygIe i eitectsiraspeiriad withniheadormRiFatarney radicals
antijcancer agents, As used herein, the term "pharmaceutically acceptable

attachgtodhs alty tradsdatheihithigre Wﬂﬂﬂﬁ‘%%@&!éaﬁf%ﬂ%’% iafadicals.
judgreersnfuitable, faldire of ¢ONEBRIDNLNOAS liRsmeSOLht aRSianddmaeE system
animals without undue toxicity, irritation, allergic response and the er, and

containing AieNEUPAE R R BT SUSHABISUS B ALUMHDR YR IR ARkl @ pendent

manAECeRtanty SaltsaeIWeh&newn intfe aihbrareexamiplaiS ddiddrrgacktal. phenyl,
describes pharmaceutically acceptable salts in detail in J. Pharmaceutical

naphdhyl jeisa! g%‘t:ofgf%t%%i?ﬁﬂa?ﬁé‘ G)HEPIE%W e prepared in situ during the final
isofptitontant pusifitbation  of W empeeadsiinthe dnvention otiicseparagly digh  as

. ., reacting the free bas Cejy ction with a suitable organic acid or inorganic acid.

alk%?/afﬁ{%%é‘gﬁf ﬂﬂé?%sag Ttidally acceptable nontoxic acid addition salts
incibige, fauiharecatidimjted tahselts oflisrl aming: groupwatiedhsithtsrarganiech  as
Y cids such as hydrochlor;j id, hydrobromic acid, phosphoric acid, sulfuric
ary%@f a&%ﬁﬁ@ or (?Iéoctﬁfgg( rganic acids such as acetic acid, maleic
acifthtartans aticteairicBtid, steainicyatit! |sotahmmidiatidor headasigdcidamibrace

by ysin o%ﬂer methods used in the art sych as ion exchange. Other. :
satordled DA ARER AR e Do A G R g radials.
whicllgirate, abeorliate, asiedrtateetbenzengsulféhatepbpnagiatayybisutiade, bosai®aryl”
bu%/rgie,lcam horaltlg, cam horsulfonarf)e, ciErate, q;r/clopentanepro?onat%,
comerRRISUHAYe, HEHE e I St AR RSB AR SRR fllifas e SuTtur and’ oxygen.
Exagleohejftoratiaaglycaraptiasphaterglicabnaiechdmistfaiscie@anoaté- membered

hexanoate, hydroiodide,.2-hydroxy-ethanesulfonate, lactobiopate, lactate, .. ..
hete Sy S TS ot RO ASEE A e 3ol
piperidphithpileresinifbnete); niotitaie3 nitrétmcolbate] bxalatmopabyilatesroup containing
1 PAIMORLS, pectinaley persulale, :phenylpropionale, PROSPNAIE) PICiAlGd 3 1o 6-

plvaf ,proplona{le, stéarate’ stcainate, surfate, tarrate. iocydnate,
menfb¢ciddresolionatie;dicdacapcateaimter dteos2lis] fandttheslikel RepResantgtivatoms

alkali or.alkaline earth, metal salts include sodium, lithiym, potassium,.. .
e T R e T R S A e et dgeroce
dihyihrokhdspheine ndppdogniase, nbhyoxedaanmaniudihylrateraany .afecooiyelybnddicals

amine cations formed using 45 counterions such as halide, hydroxide,

carboxylate, sulfate, phosphate, nitrate, alkyl having from 1 to 6 carbon

atoms, sulfonate and aryl sulfonate. As used herein, the term

"pharmaceutically acceptable ester" refers to esters which hydrolyze in vivo

and include those that break down readily in the human body to leave the

parent compound or a salt thereof. Suitable ester groups include, for

example, those derived from pharmaceutically acceptable aliphatic carboxylic



The compounds of this invention may be modified by appending appropriate
functionalities to enhance selective biological properties. Such modifications
are known in the art and may include those which increase biological
penetration into a given biological systém (e.g., blood, lymphatic system,
central nervous system), increase oral availability, increase solubility to allow
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or formulation auxiliary of any type. Some examples of materials which can
serve as pharmaceutically acceptable carriers are sugars such as lactose,
glucose and sucrose; cyclodextrins such as alpha- (a), beta- (B) and gamma-
(7) cyclodextrins; starches such as corn starch and potato starch; cellulose
and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose
and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients
such as cocoa butter and suppository waxes; oils such as peanut olil,



Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is
mixed with at least one 50 inert, pharmaceutically acceptable excipient or
carrier such as sodium citrate or dicalé®m phosphate and/or: a) fillers or
extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic
alkylipig’ pdirabeha dnennsiaabexairibrarterigrmdtapicririrowss armkyddio radicals
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administration e.g., inhalation into the respiratory system. Solid or liquid
particulate forms of the active compound prepared for practicing the present
invention include particles of respirable size: that is, particles of a size
sufficiently small to pass through the mouth and larynx upon inhalation and
into the bronchi and alveoli of the lungs. Delivery of aerosolized therapeutics,

particularly aerosolized antibiotics, is known in the art (see, for example U.S.
Pat. No. 5,767,068 to VanDevanter et al., U.S. Pat. No. 5,508,269 to Smith et



53 Lower or higher doses than those recited above may be required.
Specific dosage and treatment regimens for any particular patient will depend
upon a variety of factors, including the activity of the specific compound
employed, the age, body weight, genefal health status, sex, diet, time of
administration, rate of excretion, drug combination, the severity and course of

alkepylagylalkenyleonditidhs Spsyistbmigltne patiénylaigkdiition to ks Wsbyytalkenyl,
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compounds. Suitable processes for making certain intermediates include, for
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subs60R81666 luanebdiifaie GhAM sdihidutkd20r Npcessanilankingsnaierialssmayd or
be obtained by standard procedures of organic chemistry. The preparation of
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one EXBOMIESAIIRITIALVER REsassEY SRrtingnivapesiatiejopiainahie My ferably 4-18
analogous f%rocedures to thosecglustrate% which are within the ordinary skill of

atomg. JHeffiiRte rab%%é“é@rﬁ}?&ﬂ%&& R P& &ably 6‘ré(%émfﬂ~?vention will be
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alkytheskepg, of ditgrigyention. héehalieme 1thi€ll .lalNNtio,). %xyHhdo, NAIRAthToalkyl,
aryltgioalkyl, alkylsulfonyl, alkylsulfonylalkyl, arylsulfonylalkyl, alkoxy, aryloxy, aralkoxy,
aminocarbonyl, alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl, aryloxycarbonyl,
haloalkyl, amino, trifluoromethyl, cyano, nitro, alkylamino, arylamino, alkylaminoalkyl,
arylaminoalkyl, aminoalkylamino, hydroxy, alkoxyalkyl, carboxyalkyl, alkoxycarbonylalkyl,
aminocarbonylalkyl, acyl, aralkoxycarbonyl, carboxylic acid, sulfonic acid, sulfonyl,
phosphonic acid, aryl, heteroaryl, heterocyclic, and aliphatic. It is understood that the
substituents listed above may be further substituted.

The term "halogen" or “halo” as used herein, refers to an atom selected from fluorine,
chlorine, bromine and iodine.

As used herein, the term “aberrant proliferation” refers to abnormal cell growth.

The phrase "adjunctive therapy" encompasses treatment of a subject with agents that
reduce or avoid side effects associated with the combination therapy of the present invention,
including, but not limited to, those agents, for example, that reduce the toxic effect of

anticancer drugs, e.g., bone resorption inhibitors, cardioprotective agents; prevent or reduce
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the incidence of nausea and vomiting associated with chemotherapy, radiotherapy or
operation; or reduce the incidence of infection associated with the administration of
myelosuppressive anticancer drugs.

The term ‘“angiogenesis,” as used herein, refers to the formation of blood vessels.
Specifically, angiogenesis is a multi-step process in which endothelial cells focally degrade
and invade through their own basement membrane, migrate through interstitial stroma toward
an angiogenic stimulus, proliferate proximal to the migrating tip, organize into blood vessels,
and reattach to newly synthesized basement membrane (see Folkman et al., Adv. Cancer Res.,
Vol. 43, pp. 175-203 (1985)). Anti-angiogenic agents interfere with this process. Examples
of agents that interfere with several of these steps include thrombospondin-1, angiostatin,
endostatin, interferon alpha and compounds such as matrix metalloproteinase (MMP)
inhibitors that block the actions of enzymes that clear and create paths for newly forming
blood vessels to follow; compounds, such as .alpha.v.beta.3 inhibitors, that interfere with
molecules that blood vessel cells use to bridge between a parent blood vessel and a tumor;
agents, such as specific COX-2 inhibitors, that prevent the growth of cells that form new
blood vessels; and protein-based compounds that simultaneously interfere with several of
these targets.

The term “apoptosis” as used herein refers to programmed cell death as signaled by
the nuclei in normally functioning human and animal cells when age or state of cell health and
condition dictates. An “apoptosis inducing agent” triggers the process of programmed cell
death.

The term “cancer” as used herein denotes a class of diseases or disorders characterized
by uncontrolled division of cells and the ability of these cells to invade other tissues, either by
direct growth into adjacent tissue through invasion or by implantation into distant sites by
metastasis.

The term “compound” is defined herein to include pharmaceutically acceptable salts,
solvates, hydrates, polymorphs, enantiomers, diastereoisomers, racemates and the like of the
compounds having a formula as set forth herein.

The term "devices" refers to any appliance, usually mechanical or electrical, designed

to perform a particular function.
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As used herein, the term ‘“dysplasia” refers to abnormal cell growth, and typically
refers to the earliest form of pre-cancerous lesion recognizable in a biopsy by a pathologist.

As used herein, the term “effective amount of the subject compounds,” with respect to
the subject method of treatment, refers to an amount of the subject compound which, when
delivered as part of desired dose regimen, brings about, e.g. a change in the rate of cell
proliferation and/or state of differentiation and/or rate of survival of a cell to clinically
acceptable standards. This amount may further relieve to some extent one or more of the
symptoms of a neoplasia disorder, including, but is not limited to: 1) reduction in the number
of cancer cells; 2) reduction in tumor size; 3) inhibition (i.e., slowing to some extent,
preferably stopping) of cancer cell infiltration into peripheral organs; 3) inhibition (i.e.,
slowing to some extent, preferably stopping) of tumor metastasis; 4) inhibition, to some
extent, of tumor growth; 5) relieving or reducing to some extent one or more of the symptoms
associated with the disorder; and/or 6) relieving or reducing the side effects associated with
the administration of anticancer agents.

The term “hyperplasia,” as used herein, refers to excessive cell division or growth.

The phrase an "immunotherapeutic agent" refers to agents used to transfer the
immunity of an immune donor, e.g., another person or an animal, to a host by inoculation.
The term embraces the use of serum or gamma globulin containing performed antibodies
produced by another individual or an animal; nonspecific systemic stimulation; adjuvants;
active specific immunotherapy; and adoptive immunotherapy. Adoptive immunotherapy
refers to the treatment of a disease by therapy or agents that include host inoculation of
sensitized lymphocytes, transfer factor, immune RNA, or antibodies in serum or gamma
globulin.

The term "inhibition," in the context of neoplasia, tumor growth or tumor cell growth,
may be assessed by delayed appearance of primary or secondary tumors, slowed development
of primary or secondary tumors, decreased occurrence of primary or secondary tumors,
slowed or decreased severity of secondary effects of disease, arrested tumor growth and
regression of tumors, among others. In the extreme, complete inhibition, is referred to herein

as prevention or chemoprevention.
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The term “metastasis,” as used herein, refers to the migration of cancer cells from the
original tumor site through the blood and lymph vessels to produce cancers in other tissues.
Metastasis also is the term used for a secondary cancer growing at a distant site.

The term “neoplasm,” as used herein, refers to an abnormal mass of tissue that results
from excessive cell division. Neoplasms may be benign (not cancerous), or malignant
(cancerous) and may also be called a tumor. The term “neoplasia” is the pathological process
that results in tumor formation.

As used herein, the term “pre-cancerous” refers to a condition that is not malignant,
but is likely to become malignant if left untreated.

The term “proliferation” refers to cells undergoing mitosis.

The phrase a '"radiotherapeutic agent" refers to the use of electromagnetic or
particulate radiation in the treatment of neoplasia.

The term “recurrence” as used herein refers to the return of cancer after a period of
remission. This may be due to incomplete removal of cells from the initial cancer and may
occur locally (the same site of initial cancer), regionally (in vicinity of initial cancer, possibly
in the lymph nodes or tissue), and/or distally as a result of metastasis.

The term "treatment" refers to any process, action, application, therapy, or the like,
wherein a mammal, including a human being, is subject to medical aid with the object of
improving the mammal's condition, directly or indirectly.

The term "vaccine" includes agents that induce the patient's immune system to mount
an immune response against the tumor by attacking cells that express tumor associated
antigens (TAAs).

As used herein, the term “effective amount of the subject compounds,” with respect to
the subject method of treatment, refers to an amount of the subject compound which, when
delivered as part of desired dose regimen, brings about, e.g. a change in the rate of cell
proliferation and/or state of differentiation and/or rate of survival of a cell to clinically
acceptable standards. This amount may further relieve to some extent one or more of the
symptoms of a neoplasia disorder, including, but is not limited to: 1) reduction in the number
of cancer cells; 2) reduction in tumor size; 3) inhibition (i.e., slowing to some extent,

preferably stopping) of cancer cell infiltration into peripheral organs; 3) inhibition (i.e.,



EXAMPLES The compounds and processes of the present invention will
be better understood in connection with the following examples, which are
intended as an illustration only and not 57 limiting of the scope of the
invention. Various changes and modiffehtions to the disclosed embodiments
will be apparent to those skilled in the art and such changes and
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stirred. at -78 C for 15 minutes and then treated with a solutign of . . )

hydr b&ﬂf&%—%ﬁ eﬂ?ﬁtﬁ&ﬁ’ﬁlié&gyéﬁ 1695 A PR PRI AR SR i qganic acids

suchwsastiieddat - maleidatczdheartarigueiGhadivititigatuairdcagtie qusdbitdficl acid or
warmed to rQom temperature agg ffJartiti ned between EtOAc .and H20. The

Al A |Sh Qe Wt Wep QT MWRSHE I With Britle, AfiethtRa¥stos) Qvgange.  Other
pharageentiaiedssegebuasuumchafioisharellow solidd ibeadipde piRduet Wasorbate,

urified by colum chroma%a hy to give, compoyund 103 as a pale yellow

o5y (0 SPGB T S: HBE k11 D EAAGVIR [VRS O By D 25 Phorate
camBidysdlR4re, 2Hitfaddl (ddoytlofedadepdPidhaclH), Sighadsnditl), 1Qdd:(Sisulfate,
th 1I—é%5te[9 lc, f hept. t

ethay S BRA - o RIS o-FtiyAShen A YRIER oy BRSSIRRAAEBSS . glyoonace
hemBatfoxamigeniCoe) poaxaddhd4d) hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, palmoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium,
calcium, magnesium, and the like. Further pharmaceutically acceptable salts include, when

appropriate, nontoxic ammonium, quaternary ammonium, and amine cations formed using



A solution of 2-chloro-N-(2-chloro-6-methylphenyl)thiazole (103) (0.57 g, 2.0
mmol ) in DMF (5 mL) was treated with 60% NaH (2.4 mmol) and stirred at
room temperature for 30 minutes. The mixture was treated with
4-methoxybenzyl chloride (0.38 g, 2.44hmol) and tetrabutylammonium iodide
(0.15 mg, 0.40 mmol), and then stirred at room temperature for 16 h. The

counigsifite Wels Hahitidse8uskarisen (i sHa e PhashhRe mitTate phikyb having

fromMag SLARBMEBoRSHBEONAIR BtingsyllveEliNa2SO4) and concentrated under
vacuum. The crude product was purified by column chromatography to give

corfipdtise pewias R LRoi SIS EcB0arcERif A8 MR g eRiRVhich
hydroBMSH1960) ankP ihl@des thidfsh (R BSal3lbws- AGEH Y 1B StidmahtHho®yA8(Rave the
J=14.1 Hz,1H), 6.79 (d, J= 8.4 Hz, 2H), 7.11 (d, J=8.7 Hz, 2H ), 7.29 (d,J=_
parept geppaunq onysplt dheal) Stikapla cstesentes Rusioldfidimmcatingg derived
frond PRAMPALEHIAAE) Acseiuting ol phbrdichlom-diongthydpysmidin(FAm 28O 8ikenoic,
120 mmol) was placed. in a tube with ammaonium hydroxide (50 mL) The tube
cyclgaliceaginagd alkprssdiolcaacids vy o cagh iyl O pdicasbigict e thatapequsty
has @RENeE: anshtBe saaatian mixtuse (gs1assss puhie iy steds) MWasdidlraiede@iydddimited
the product compound 106 as a white solid (12.4 g, 70%). LCMS: 144 [M+1]+
0, fOIPRIFIFLEHIS BLOBINAED DYYEasH PEYUEAAEHTYISECE LS ) | Step le.
2-((6:€ hbere - 2pme thydpy eIt N AypmBih yh-NrZrehigy onbeheibndphestls - - (those

4- methoxybenzyl)thiazole-5-carboxamide (Compound 107) . 4-Amino-
prodgugs 8f o BRAB Rl (REFSTHLANY SRS YHIREER WakingHsgspope of sound
medRAltiQagHe@, suspensin aiNakt ek digpareianse3d el didE*ermhimals

_.at 0 C for 30 mjnutes and then treated with compound 104 (41.0 mg, 0.10
with s A0 RIoREHAR RLEgI RS HRsk e FifuIBMERBURL dahad gasonable
benefd@sienie e eafaneh difuiat aiith iR 13ehs Whie anikit vevvasi aaidifbeshs, where

ith 1 N HC1 (5 mL) and. extracted with EtQAc (3x10 mL), The organic layer
POSS%&% d’%&%lﬁ&%@@zf;dén‘% é@%é’éf’é‘f&& IR Plde PrOYHE was Bﬁg QY means a
compolmidnvwaticamategiaehyble give somippunetidibiiasnepade (¢allovysblidi@lisiey, o a

80%); 1}—I 59, lH& 5.19}_*}1, J=13.8 Hz,1H), 6.81ém,%H , 7.14 E‘?d J=8.4 Hz, )
comppyyd 135 FVSLiPR LAY ,0?1.121%0(69 adugs de oy 7 1)o7 gx3gples as
discuissdal S Bublddadid 0 {ds, Ddgignteyd iProdrugs, Elsevier (1985); Widder, et al. (ed.),

e
"DesignSananaglp diasolved Paodddas|f PextbChk26E g Medigmas] iteatddpitndriflicipter 5,

[ , 67.5mmol). The reaction mixture was stirred at.room
113 980 L ST S TR Rt R RS b 1992
Bundhen&sllivfgPhatidasasicallSciencby, filtragoretoseptalo gmHosntilf&iaedla (eds.)

Il lid (5.6 g, 87%). 1H NMR ( DMSO-d6) : (5.2. .aH (s,
Prod e T el AR Gz 9k QUL B CHS T8 (735 e
Testgs, & H)pdchihy (N:[allbt,)_.“thihdgzsN_- I_ﬁ-_(]:)ﬂago&nm@lngﬂi)hgnmetﬂ)olism: _Chemistry,
Bl TR SOUN O O et T of Dk OB 00 .6 rmely.

pipAkazsed (et g, EGtnmanraaiypigtassipmbiardoriate {{i8Rglci3t@ mehal} ang and

DMEF (15 mL) was stirred at 135 C for 12 hours. The solyent was evaporated
Yo S AL R U b B WBk SRR and
absogphyhatdtyie drapemstauabthnlike titmpeaihpowitt fh8ascapald yéllani salitbn, such

as st%]fi; 64(@—}“ CeMv§ : é"r4 4 '\1ﬁ+aﬂl-|é' CS tr?P Ish aErghXI cribed in the most recent edition of
-tf—%%xfgg “chibro6he yfp eny?ca%amoye%mzoﬂé-yfamlno)s-zr-
RemingthylpyPimidinedwyeplpSraziced -yl)steadatd (Compoanctdl@alyhe fRldixwneh is
of compound 109 (0.31 g, 0.70 mmol), ethyl 2-bromoacetate (117 mg, 0.70
mmol), triethylamine (0.28 g, 0.70 mmol) and DMF (5 mL) was stirred at 35 C
for 2 minutes. The solvent was evaporated under reduce pressure to give the
titte compound 110-1 as a white solid (333 mg, 90%) which was used directly
to the next step without further purification: LCMS: 530 [M+1]+. Step .
N-(2-Chloro-6-methylpheny1)-2-(6-(4-(2-(hydroxyamino)-2-
oxoethyl)piperazin- 1- y1)- 2-methylpyrimi din-4- ylamino)thiazole-5-



60 To a stirred solution of hydroxylamine hydrochloride (4.67 g, 67.0
mmol) in methanol (24mL) at 0 C was added a solution of potassium
hydroxide (5.61g, 100.0 mmol) in methanol (14mL) After addition, the mixture
was stirred for 30 minutes at 0 C, and4as allowed to stand at 0 C. The
resulting precipitate was isolated, and the solution was prepared to give free

InCORRRYRYSE RETAHEDY Tefpria st Ve ipaiSHIGaplereef Ky ahssTasHing dBNsRbhips!gde, but
are HBH1ithBE8IMBIAVWASsRIARES b TofllafinCamBONOdtlioh, (333 58 HAAEn serum

mmol) was added to this solution under ultrasonic for 10 minutes. The

albupaigefidROSPRRSA AL HHOHRBTE Y By ctiscusihasingd e kvaen alie ezetsduiine use of

such?fRiif26iti N WATShphSRRLRNBIEY UREeE radiempressuielT ReFRaidHehe art.
was purified by preparative HPLC to give the title compound 1 as a white

Excepigs@ormy 216sop cefingabbmediparpeeny iy EMRRES Ot fis 23t ¢ompound,

use B38dBIBH) ahiHidht)i 20 (EmdHled 534ph14iHdnB:924sii ko RERUs 2 also
_7.37(m, 1H), 8.20(s, 1H), 8.80(s, 1H), 9.86(s, 1H), 10.47(s, 1H), 11.46(s, 1H).

be ineIRRBEE DI PREEATREN BPN- (2-chloro-6-methylpheny1)-5-(6-(4-(3-

(hydEoxecmisRin3-exoRiaPYhRiRamREdsy R eshy yéieinttat is not malignant,
ylamino)-411-pyrrole-3-carboxamide (Compound 2 ) Step 2a. Methyl

but i3 lthely 1@ hecoi paabgmsthif SHERDIEE4Edmoyethiazol-2-ylamino)-2-
methy pyrim iditbfeste piparazinbyeprapanoatef GampeUunerdt:Bly theTimal is a
titte compound 110-2 was prepared as a pale yellow solid (0.31 g, 74%) from

mamugal VIR 56126 8E o PRI iBWRAS-broMBII AN ATESD 13 revmple,
dogImine))h&3ds Ac v Ipehs] b8l afich s (nithkusisg a procedure similar
to that described for compound 110-1 (Example 1);. CQMS: 5301M+11+. Step .
2b. NS CRRIGEE ridthIShemyBUoY 64y 32 ;}BP&‘{bs iRY)-4ppending - appropriate
funcei¥apliopy hpftrane sdeyiyc bRy piopstined-gaminifiazolerbare known in the

carboxamide ( ﬁgm und.2) B‘iﬁh title compound 2 was prepared as a
ot o L0 TG PO PSR T5P5 C 191 5 AT o el cem
(e.g.picedurenspmitas 3 dteat deseriacfosnosypeund ihéExsenplal by dilbiGySdilcrease
1 l\/.|+11+'11H NMR (DMSO-dG? 82.16 (t, J=6.9 @é 2H), Zg%s 61 3H), 2.41
solupdlityyiy Sley fMUMNTEIR by PIeEigTo s S An AKoEs ofisy o8
(M TRE)syhhésiaedLEhmpounds can be separated from a reaction mixture and further
purified by a method such as column chromatography, high pressure liquid chromatography,
or recrystallization. As can be appreciated by the skilled artisan, further methods of
synthesizing the compounds of the formulae herein will be evident to those of ordinary skill
in the art. Additionally, the various synthetic steps may be performed in an alternate
sequence or order to give the desired compounds. Synthetic chemistry transformations and
protecting group methodologies (protection and deprotection) useful in synthesizing the
compounds described herein are known in the art and include, for example, those such as
described in R. Larock, Comprehensive Organic Transformations, VCH Publishers (1989);
T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 2d. Ed., John Wiley

and Sons (1991); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for Organic Synthesis,

John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents for Organic

Synthesis, John Wiley and Sons (1995), and subsequent editions thereof.



8.23 (s, 1H), 8.88 (s, 1H), 9.90 (s, 1H), 10.42 (s, 1H), 11.51 (s, 1H).
EXAMPLE 3: Preparation of
N-(2-chloro-6-methylpheny1)-2-(6-(4-(4-(hydroxyamino)-
4-oxobutyl)piperazin-I-y1)-2-methylpydhidin-4-ylamino)thiazole-5-
earboxamide (Compound 3) Step 3a Ethyl
4-(Ahe 98Pt seHBRKY ey ROABEh RS thidB I Ay YA Bjcocenters and thus
give et RGN YeRINS@A Y dhbusanre atetoRBMQuNELEHBht malhR Weined,

compound 110-3 was prepared as a pale grellow solid (0.22 g, 71%) from

in te&‘@mﬁ%wlmsfef%lﬁel@l%ywﬁﬁéﬁ) ethyP berﬁ%QB?ar%é “(EPigging ggids. The

presEiMaleRibaAs(hdmmOtPiablmenal) and PH4EHR MbhURINGRIPGSANE SAIAIC and
to that descrlbed for compound 110-1 (Example 1): LCMS: 558 !M+1]+ Step

opt1<§%ly|\pu(9 eHIsro %p%é]tﬁmﬁﬂ:)yzbe(@r?aar@l f(rwam%ym iye optically active

prec@?é@byw)@lﬁeﬁ?&ed&es described above, or by resolving the racemic mixtures. The
E; )-2-methylpyrimidin-4- ylamlno)thlazole -5- carboxamlde (Compound 3)
reso

B BiBETIAY vl BreRreaca<h WS INHIH BRI nBY £Asgsfgasaphy or by

repe&RMBAUAMITLAHE0R 2By SHrkk4Q BTN S BT I @CeaitigeS MHRh A ENaown to those
described for compound 1 (Example 1): LCMS: 545 [M+1[+; 1H NMR

skilled s By 8)ts 1 BY AT defp Gig&“l}@g g lytions) cambqsfogng B atsqaugs e al.,
Enari8mekt), Raddn{iifes ihd 2 55 (@i &) J3ta2 Wile a) S 61061 68 13 HW KedSid c8hpounds

736(m 1H), 8.23(s, 1H), 8.70(s, 1H), 9.90(s, 1H), 10.37(s, 1H), 11.50(s, 1H).
descE @y Cﬁ%aﬁﬁr ngf double ‘bonds, other’ 'unsaturation, ‘or other centérs of

georbtcCilofontmethtphanyd) sgd@fléd(ottieydiexyaminajtended that the compounds
5-ox0ﬁ§ntyppl erazin-l-y1)-2-methylpyrimidin-4-ylamino)thiazole-5-

inclqélgrBB Fm'a]éi( @ﬁ%ﬂﬁ& E’)@Féﬁ %cmea[m,ltmﬁhﬁomers Likewise, all tautomeric
fornﬁ-é‘ﬂe(ﬁs@ﬁll’eﬁh&lf&ﬁﬂﬁﬁmﬂéhe%@w&ﬁgﬁwtlﬂiﬁaﬂhﬁyﬁmmbon double bond
2-me yrimid |pera2|r1-l yepentan te (Com d 110-4) The
PP L ITD ARG G0 SR LRI G P EFLSG i gy paricula
confipumempalsdd 109 (Ex24sg, Qhdsmmad), aneiitydS-dareoioprRtsasobsad0ck2garbon-
0.60 m D1EA (1.54 and DMF (3 mL) usln a procedure
hetcATE 54 R R Fer CPOU CEEID 3 (EUATAHAR T SR e Mixtre of
the tidtid]4nySeeEpéhidd- (2- chloro-6- methylphenyl)-2- (6- (4- (5-
Ph h glrlcl)xg/ iIn0)-5-. oxopentyl)piperazin- 1 -

=4-ylamino)thiazole-5-carboxamide (Compound 4) 62
Thalidlpleompauitidd wasporepaiedatha pvbételsﬁiiélﬁﬁemnq&%e)afrtshmapeutlcally

ompound 11 120m mmol) usm roc dure S|m lar to that
effe‘ﬁb&ﬁ@é’&%l"gc?né dﬁldoﬁfé?ﬁp‘i’éei?nf_ gfﬂ{}ﬁ‘i °Q {IPReHR With one or
mord¢[PMEarca)i8ald (oepdit)e TaDhefls dr%ﬁcﬁ)iehztsZH) 2.22 (s, 3H) 2 26 (t,J =
6.9 Hz, 2|&| 237@ 7%[%)347m4H 725‘§ 737t(dd
3= 2% e e i L) CfPISa EI‘-_”5¢ S1RISAfadiBFS 2
non—ﬁiﬁb(ﬁa&hlwheﬁmﬂsﬁhhmﬁh)iﬂ(fﬂl@ (B}(lhyd rency@Ruil0)rg material or formulation

auxi 1a9x0 eX erazg,nomg 02 carm thylPyrlgé?fas4\¥fl?&lQ:%}}hslgrzv%lea? pharmaceutically
car oxam (Q?ompoun

acceﬁtﬁb}é&éﬁr(asclafer@u@ameﬁhyﬂpheﬂwomhagmmmmzblsﬁeydﬁmmmladextrms such as
alph&rln e(toc IBXr?Ilr_nl( '?é%ﬁ’egplﬁﬁ{gz{?)légzc]hﬁé(%%%?testg: %msp s(,)#crﬂlda]s'lc%r?l starch and potato

starch; cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose

and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter

and suppository waxes; oils such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive



The title compound 110-5 was prepared as a brown solid (120 mg, 41% )
from compound 109 (0.22g, 0.495 mol), ethyl 6-bromohexanoate (0.12 g,
0.495 mmol), potassium carbonate (0.22 g, 1.60 mmol) and DMF (5 mL)
using a procedure similar to that descABed for compound 110-1 (Example 1):
LCMS: 586 [M+1]+. Step 5b.
oil, q@r&oé §@?ﬁéwb[gém§ @Jfé | _Qg)m%}%g\}mn@ﬁtgs such as ethyl oleate and
ethypl%ﬁﬂﬁt)éyQgﬂi’efﬁif&lﬂg'ﬁééﬁsWH)&P%H@M&H YAPIRQIENAZQIRNBinum hydroxide;

carboxamide (Compound 5) The title compound 5 was pr ﬁ)%;ed as a white

algngsna%% R OEBYdY SFor e JBRIARIY 18Enel 2BIRGSTDS 26PHHY g &lcohol, and

W@%f%ﬁmllﬁidﬁ’sﬂﬁt\QSﬁ%&Qﬂﬁé‘Ph@ﬁ’%&wB&ﬂpﬁﬁﬁ%ﬂﬁlﬁl&ﬁﬂk@d‘éﬁ&@ggdlum
[M+1]+; 1H NMR (DMSO-d6) 81.26 (m, 2H), 1.49 (m, 4H), 1.93 (t, J = 7.2 Hz,

laurﬁl-ﬂﬂ tf’za{éi BgnosHNSlgaLayey ‘iflzwéllli)aszcﬁ?ﬂﬂg ?Sﬁn%' 4?16??1%5‘?38“(5?1 &‘Ratmg

agentd] bwled@iling 2 oridg b pEbfudhaik (Seckth), S&Lmtiley, B B8 S0 kidAnk0eds also
(s, 1H), 10.33 (s, 1H). EXAMPLE 6: Preparation of

be P’f\f’fs("?tdﬁlﬁ}% C@Iﬁié{ﬂﬂfﬁhémﬂr ding teothe sy ahiiolesslaiihylamino)
ethylampnaimateativdpwimisisrdonlamineitbiazaifton Caipexamigdeninistered orally,
(Compound.7) Step 6a

Pareét?@‘éiz hﬁ?&ﬁyﬂ%%ﬁyz Ry A Ao DURERD Yenagially or via an
implaiféayekanylithineripticahoxamideiGamponng 2dbind3radorobitiafction. The

compound 108 (3.0.g, 7.6 mmol). in ethane-1,2-diamine (50 mL) was heated

PharfBagé%Céhocgm?QH%Pid)ﬂc}B}% KSR AW TARh EohPRYSLE AR gRen-toxic

pharﬁ@@éum:ﬂmmlﬁ&w@eawa@aomymﬁ@ etweasl &2 0nasentet QASesT HBeEIBAGE the
hase was separated, washed with brine, dried (Na2%04 ) and concentrate

RIS RO YRt th P BBFRBS I A0N. ASCERABIRSHIRY sy Cadytyfers to

enhdn@e%@ sfhlbﬁ?h[Mtﬂ]:he Mﬁté@m&ﬁh (@ ksSfelis.c2i o2 TS, 1) pdrdhteral as
Hz, 2H), 2.76 (t, J = 6.0 Hz, 2H), 3.15 (s Cil#; ), 5.88

PEARr () 1
used Bergipy ife f%s%—cl)ltafl?flfd&fl ﬁaguéage(aus,, S RISIPNEy, 1B iggicular,
1ntra31fﬂér18tejmtﬁb;yﬁmyil intrasternal, intrathecal, intralesional and intracranial injection or

" g %}61 2-chloro-6-methylphenylcarbamoyethiazol-2-ylamino)-2-
infusiolyy i}’r‘ﬂgh‘?am -4-y1 amino)ethylamino)acetate (Compound 202-7) A

solutpndfdeengpotirch? Obi( i) GdinthixwaatHnibiidd sharavaasieddedcceptable
thyl 2- bromoa etate 1.2 mmol .and K2CO3 0.3 The
ey oA st S 0GP 2 TR s SO N Rt PafS it the
actineacorpoainds thie: regidd el vsagepisifie chiy coluain ﬁfﬁi@ﬂl&i@gﬁﬁ&hﬂmﬁﬂtﬁhﬂs&ﬂl&n the
nd 202-7 as a ale ye low splid (110, mg, 22%): LC-MS; 504
art sgxignpg)% 5 ?E

OB B R SR R0 W&ﬁﬁﬂoﬁnﬁul M Such as
ethyb)@ﬂemhylamnpl)@ipylammo] ZemgthyﬂwﬁmmtéjnedhylaaumbéhlammSalcohol benzyl

benzg)g%\ol\)}(aigﬁxﬂfa Q%L;o byfd u Itllgeg ycopoglmeth\l\f?orlgr%e%red als a(%apartlcular

cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl

o

alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides
inert diluents, the oral compositions can also include adjuvants such as wetting agents,
emulsifying and suspending agents, sweetening, flavoring, and perfuming agents.

Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions, may be formulated according to the known art using suitable dispersing or

wetting agents and suspending agents. The sterile injectable preparation may also be a sterile



compound 202-7 (110 mg, 0.29 mmol) using a procedure similar to that
described for compound 1 (Example 1): LC-MS: 491 [M+1]+, H-NMR
(DMSO-d6): (5 2.21 (s, 3H), 2.34 (s, 3H ), 2.60 (t, J = 6 Hz, 2H), 3.03 (s, 2H),
3.11 (t, J = 5.7 Hz, 2H), 5.86 (s, 1H), A22 (m, 2H), 7.36 (dd, J= 2.1, J=7.2
. Hz, 1H), 8.18 (s, 1H), 9.83 (s, 1H). EXAMPLE 7: Preparation of )
injeqUple SRISHDB- ERRANABIEDNEION (- (haRsLTSnipSHr 0o REssable diluent or
solvelRereZ Bklnvipt-methyimwsnidin-fyiaminQiiiazaledreaneoxaditidle vehicles and
(Compound 6) Step 7a. ethyl ) ' ] ) ] )
solventy (g grE chforeBlanethyhshRtAtafbasfyethldZeR2 YidrRing)dhisotonic sodium

chloMRARYIEMEMIdN-ArYRRPIRANR; ydohepianRate AN kb 63dad a Ih€ent or
title. compound 110-6 was prepared as a brown solid (176 mg, 59 %) from

] . g ] )
suspgpipp UREIE: (0B Jhis St rRAEIRthlardrdridnePisABabs @mpldyed.dpguding
syntReMOthdiisonr apyletbytRing (Bdddion 11a@yminal) and RMAde adid Usingséd in the

procedure similar to that described for compound 110-1 (Example 1): LCMS:
prepashioRh ineeiallesy,

N-(Bhehlae-Gitretoyipnanyis-ab #é-(etnvdmxyrreinmpleoxshemidion through a

piperazin- 1- y1)-2-methylpyrimi din-4- ylamino)thiazole-5- carboxamide . )
bactepgleiaiiiuesilternarihe BNPORINg Wadlrosareents B Wiitdosali@!2erig, solid

comBas b fEOWh &Miaa ddldsd1 Ged OMags J2,06T imeh] ¢Sing:A @rogeguiiersiénitgéctable
to that described for compound 1 (Example 1): LC-MS: 587 [M+1]+; 1H NMR

mediHRRETdR)UES: 24 (m, 4H), 1.44 (m, 4H), 1.92 (t, J = 7.2 Hz, 2H), 2.22 (s, 3H),
2.26) (Grder16. grbionghile 23&(ds, o7 ibh 3. A 8s(BFtehH e B $o Skl T16alFbrption of
2H), 7.37 (m, 1H), 8.19 (s, 1H), 8.63 (ds, 1H), 9.83 (s, 1H), 10.28 (s, 1H)

the dﬂ}_ %C(gl’ S_HQYPE‘R%HH%‘{%@?@}BW&EHH%PO“- This'may be accompﬁshed by the use

of a Nef@rChipfRBitetTytphemyhl 21(@ridr{@ous material with poor water solubility. The
e {PSsATING) 2 orprapamnO)etuAaming) 2 el YD Y B ey
depedd 2ufforfS(Z-<thl otirb-methylghehyicadeammnoydibiazol-aylamin@d2 absorption of a

methylpyrimidin-4-ylaminp)ethylamino)propanoate(Compound 202-8) The .
b B S W e RO CHOE G s s e drog in
an oflovepiely)d L (dbR8dgp s Goting) areattivledbbrasnabiganieaten@pgkhig, ddrices of the

mmal) and K2CO3 (0.44 mg, 5.2 mmol) usin rocedure. similay. to that .
g 7 R SOB e P B BT vis e iR pfen the ratio
of dif(PMPOdNYr (@ (A2 fanBtihf 213G (sti Ak)r ddvinfer EmE @ ¢dz th2hk)ie209Ar{ig Felease
can Eff_%:ggl%z)}l%g)i g% ’gél(gf %Eﬁelﬁé{jé%é*%&gdgglésf)cﬁgll)dezézl?lc({l?desggly%b%%ég’ters) and
polyNu(Rydhildeo-6Ibepthyilpbenil) 2+ au(adtSathyd ralxyairipaed-by entrapping the drug in
T o>§g§)ro lamino elth%lartzlino -2-meth%l$%/rimitgilg-4(11- Itamino)thiazole-S-
POEAMEORAMIGETCD Sﬁ Uh %) © CTRBYN eec‘glmpo(ﬁ SRAIES prepared as a off

whTesphdi (30 gy 66 e4) drormgiaah panniel 22iéh (5t mgfa A0ymnpplpdigirigsawhich

rocedure similar to. that described for c ound 1 (Example 1); LCMS 505. .
can B SR N (RS OLes B2 P ) e IS, 390 (e hon g
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the
rectum or vaginal cavity and release the active compound.
Solid dosage forms for oral administration include capsules, tablets, pills, powders,

and granules. In such solid dosage forms, the active compound is mixed with at least one



3H), 2.36 (s, 3H), 2.70 (t, J = 6.6 Hz, 2H), 2.77 (t, J = 6.9 Hz, 2H), 5.87 (s,

1H), 7.21(m, 3H), 7.39 (m, 1H), 8.19 (s, 1H), 9.84 (s, 1H). EXAMPLE 9:

Preparation of N-(2-chloro-6-methylpheny1)-2-(6-(2-(6-

(hydroxyamino)-6-oxohexylamino)ethyldmino)-2-methylpyrimidin-4-ylamino)th
_lazole-5- earboxamide(Compound 11) Step 9a. Ethyl _ _ o
inertg Rbé{@lﬁf‘s@&lﬁﬂlwr%@ﬁf@hﬁ/lEﬁéﬁgﬂehfﬂa?ﬁﬁw such as sodium citrate or dicalcium

phodhiazohetdamin@l2sroetxnadmisiorday|amipaic tavianeinaex@n@asse, mannitol,
Compound 202-11) The title compound 202-11 was prepared as a pale

and GifdgyasifidRLBEIRE, 1986 3HEoh EHREbEIBOF e b Yicalvlnter)algiRgicstgalatin,
polyOiRy RN RIAIIPRIS S Sankt AR ANEh1E @RS ifth MOg 9@ M@ dusiepating
procedure similar to that described for compound 202-7 (Example 6): H-NMR
agen(e FRERZYS @247 44 CBIGIT 44TANBR)PALHY @ [Biigc2 Sareh. jalginis 3gid, certain
silic#ted, 2Rt {Sdlidkh) carBOntiie 3E)) s@diot, dtar@irlgHiteRH) s B tpdratfin! PlZabsorption
2H), 3.37 (m, 2H), 4.11 (q, J= 7.2 Hz, 2H), 5.46 (ds, 1H), 5.70(s, 1H), 7.16(m,
accehrﬁtpﬁzglcﬁlp’ gﬂ)g@mylm@%@b compounds, g) wetting agents such as, for
exanhpl2 -€har k& B tivd iRy ) AdBokeA Rrd MO absBERR)s eh as kaolin and bentonite
oxohexylamino)ethylaming)-2-methylpyrimidin-4-ylamino)thiazole-5-
clay capg dxANMIERRD SO ALE) CHFHETNEUBHipBERRct T Maleprdifarat hobsihylene

glycwibiteranlid (B4 yNeu1Bae/aniam ey tienchR0Rr 14 1LArog cihdd sninmmiletising pills,
a procedure similar to that described for compound 1 (Example 1): LCMS

the dorgeg | My AL PAUSOYETBL2E8 f, 2H), 1.47 (m, 4H), 1.95 (1, J =
7.299% REHnBcdtitshsBt)a 2BTl{StyPd)mdy/ B bee®Adyad 2k YiI %R, sbff £8 hard-

. Hz, 2H), 3.42 (ds, 1H), 5.90 (s, 1H), 7.22 (m, 4H), 8.19 (s,1H), 9.8 (s,1H),

fllleq_éejlaw%czﬁﬁq)ﬂeé%ﬂmlﬁhl@(% A Jﬁf e or milk sugar as‘'well as high’molecular

weigNt @ BlioRacBeResbylparmYHg 12:(6-(6- o o
e e e g Ry e A SRS can e
prepMedhyi6-(6-(n@2-ehibsheBsrathyiphemteasbanngy eliiazble? dainigioywell known in

o ST SIS NSO o
also 3ObMMokhpadtivatityk thamierhexanroatav® bfpradicdtGy samohrpastsidiaally, in a
for 12 h at 120 C. The reaction.mixture was, diluted with water, filtered and )
cert G G (RS i BB 55 £l S SRS AT 8 e bedding
compOSiojondibbr wiashesed dirrtilyetpotexiesie pubithatdsfuithea perification. LCMS:
503, [M+l] Step 10p. N-(2-chloro-6-methylphenyl)-2-(6-(6-(hydroxyamino)-6- .
o Ao T A AR G SR Ao oo Bour of thi

invef@ompocinde2 Jjintidenmistypss et canyaaundi3dn3 ¢8B,meywides meohl)iand sprays,

) reshly prepared NH20OH methanol solution (1.77 M, 2.10 mL). was stjrred for .
mhagﬂ%iér{lra?a}%ﬁﬁ%'te%%r%%?@ ﬁ%“elpr%‘i%&résmf‘aéné’é‘fg{ls?e“ % %ﬁ%‘)él‘f.c?% JiRESH 2
pharanddingcsiivetyyasbie conéd. e rasuligsespdesewasves rifie thifecolasnmay be

hromat hy to give the ftitl d 23 hit der (25 mg,
o SETRERRL R0 5 AL 2 8 A RS TR e
contd] QeBagshelir) n86id (Be SbpBaE This,identibss (dd, 1H, J=2.1, .1= 7.2 Hz),

7.25(m, 2H), 7.12 (m, 1H), 5.83 (s, 1H), 3.13 (brs, 2 ?j 2.34% H), 2.22 (s, .
ST By, MR a8 S Rt e T A b cive
compbRechibrdus-metmylphenydipRi{6- such as animal and vegetable fats, oils, waxes,
parafﬁehg;{)sg%’f% %@é@@oﬁtggzgﬁg@% a@g}é’%" lfe{/] gﬁg&%i@”ﬂg'Q'y“éé’l'&r‘&'ﬂgéﬁ@f}%%&b5nites,
silici¢- 615 +(2e cinld ron6-onatbydp neimylces lanyethiazol-2-ylamino)
-2-methylpyrimidin-4-ylamino)heptanoate (Compound 301-24) The title
compound 301-24 was prepared as a crude pale yellow solid (120 mg, 38 %)
from compound 108 (240 mg, 0.61 mmol), DMAC (15 mL), KOH (170 mg,
3.05mmol) and methyl 7-aminoheptanoate (596 mg, 3.05 mmol) using a
procedure similar to that described for compound 301-23 (Example 10):
LCMS: 517 [M+]] Step 11b.
N-(2-chloro-6-methylpheny1)-2-(6-(7-(hydroxyamino)-7-



67 (decomp.), LCMS: 518 [M+1] +; 1H NMR (DMSO-d6) (5 11.37 (s, 1H),

10.33 (s, 1H), 9.85 (s, 1H), 8.66 (s, 1H), 8.18 (s, 1H), 7.39 (dd, 1H, J=2.1, J=

7.2 Hz), 7.26 (m, 2H), 7.19 (m, 1H), 5.82 (s, 1H), 3.14 (brs, 2H), 2.34 (s, 3H),
2.22 (s, 3H), 1.92 (m, 2H), 1.47 (m, 4R), 1.27 (m, 4H). Biological Assays:

As stated hereinbefore the derivatives defined in the present invention .
podSdeEh A IFERAYGATR ERDIRINT He W fitkRe Hie itn s BRPHEdE Yo Hhifpfnvention,

excifXaPIgcSIBaRR6s0f thR Pracaduser] Sel @HIRAOWydAdAd IncitRASSAkates and
which determines the ability of a test compound to inhibit a tyrosine kinase.

polyRilgHRY B cofipBUNEETD Rihibi G rouhiE Rfitase REM SIEc-Kitidprplly contain
custGRBFRRIBEhACMIY 5 AssaarbHpabthRtM. TM Receptor Kinase Assay

Kits (Cell Signaling Technologies, Danvers, MA). Abll tyrosine kinase is

obthiRRHHPARAIRP BURE i e e mighdeProsisingrecairaliccdvery of a

comPHRAHICROHSBEdS. basiR VLS @X BEESSI QRS YS! @M dEORY AROBISHICLEXREPERINE the
human Abll (Pro118-Ser553) (GenBank Accession No. NM 005157) with an

comp e PR REARS SRy IS nGRBRRCR DERRiRkE s Jartdmy artrsdhe flux

of tiierevbhpbufaSIcidnasefugian prateinhish ik ool Usingithapriodibg a rate
expression system from a construct expressing full length human Src

contyRAiRAS BERBEI VBT AHRP AL HI6 T NP R 3B 8 2Ly RHHR Bridhgterminal
GHotaaardtibityraginerkinageispeatainethpbpiadiatly prriieeniasmifresimulated and
GST-kinase fusion pratein which is produced using a baculovirus expression

admigjstencdiforiig eaReHud SXt sty liRmERR (%%HX-%&@%%&H%M -8

inhaRMBAOiaEMiRal feSplrdastyPBGEER-bstsdyrasingkingseivar@rqdueedifsihg active
baculovirus expression system from a construct containing a hum

e n . .
COmMpRYAG Rﬁ%ﬁ%-%i\ﬂa(%]@w@aﬁﬁ RESEBSB FEOR M%B%@@Wéiin?% fgspirable size:
that (Arghiiclesudfl Q6Ji amineriteemigaiy duses pass Gt e Thiambimalaamageupon

) ite. The proteins are purifie ope-step affinity chromatography usi )
inha H?Qtﬁﬂfﬁ’élé%2?8Eé?%ﬁlaﬁﬂ?’?ﬁ%gﬁn%fﬁgém‘&%d%%bYSWaP ﬁ‘f’n‘g)égb, o therapeutics,
partiPuTayTyl Q6o lised! taisiteisphodptevylatiomefhiotieylated suhaprieU.S. Pat. No.
ides (Ahll and Src, Bjotjn-Signal Tra tion Protein (Tyr160). ¢-Kit

5T R ot Fh6ly L RS, Dbkt I ¢ sgeth WO 98/43.650
by Moayvaideyaciivityfiswiiiechis GAcpbHERBRramdy Mgletd& mMAMasdidsion of

200 68.jiM ATP, 1.25 mM DTT, 3 jiM Na3VvO4, 1.5 mM pepfide, 50n
Pl UESETEY RImARROBECP M) TS dBrbt b ang DA ok 2)ipgrated
here{PBrkiatoiree. Wellesley, MA) consisting of DELFIA(r) Europium-labeled

Anti-moyse IgG (PerkinElmer, #AD0124), DELFIA(r) Enhancement Solution

(PO PR S5 SES ADREAL ) SHEBAER DSt Beage Meant an
amotfatef(fEerkinmippend AWKIND 0005} kltaepeaticecarteasuied wenad\sibjedC at a

Victor 2 plate reader and reported as relative fluorescence, units (RFU). Data
reascyit IS RERBTILING CHSpRBMRREIIR (0% B3 K TS0 (e st g drce may
be obigmpiddl.dosaaesparisergwsvmdittisg @lgasitken). or sbdéstcdmgoendsatgeet gives an
... dissolved in dimethylsulphgxide (DMSO) to give a 20 mM working sto
g S Y Sy A0 SO A MG ] R B T KB L above may
rangadctenl 4bal2® Inth & KM sainsitaieOpeptikie. preke mtikiurers abitwted tovithodH20 i/K g.

2.5mltom X ATP/substrate cocktail ([ATP]=400 mM, [substrate] =3 .. ...
Bt s ST L TG oo dE T SO o5 ey ity
of callougediithavworpines. Thevitliktunadsmerddenxifiegedi drikél yoatl 4131ty boragg of the

liguid, to the bottom.of the vig|l and returned immedi to,ice, 10 R1 of DTT .
comp RN 1873 2ot AW SRS PR At i0e P endine
physieMnHE P& Stk dope 20 sodhdvig &1l 213 0dpivtMn Thel el dNB@Bytoaaiakeffective

DTT/Kinase buffer. 1.25 ml of DTT/Kinase buffer is transferred to enzyme

tube to make a 4X reaction cocktail ((enzyme] = 4 ng/RL in 4X reaction

cocktail). 12.5 R1 of the 4X reaction cocktail is incubated with 12.5 Rl/well of

prediluted compound of interest (usually around 10 RM) for 5 minutes at

room temperature. 25 R1 of 2X ATP/substrate cocktail is added to 25

preincubated reaction cocktail/compound. The reaction plate is incubated at
room temperature for 30 minutes. 50 Rl/well Stop Buffer (50 mM EDTA, pH



The following TABLE B lists compounds representative of the invention and
their activity in HDAC,SRC,c-Kit, PDGF and ABL assays. In these assays,
the following grading was used: 1? 10 RM, 10 RM > 11 > 1 RM, 1 RM > Il >
0.1 RM, and IV < 0.1 04 for IC50. TABI2E B Compound No. HDAC ABL SRC

c-Kit PDGFb Lyn Lck 111 IV IV IV ) ) )
dose level for any particular patient will depend upon a variety of factors including the

o

disorder being treated and the severity of the disorder; the activity of the specific compound
employed; the specific composition employed; the age, body weight, general health, sex and
diet of the patient; the time of administration, route of administration, and rate of excretion of
the specific compound employed; the duration of the treatment; drugs used in combination or
contemporaneously with the specific compound employed; and like factors well known in the
medical arts.

The total daily dose of the compounds of this invention administered to a human or
other animal in single or in divided doses can be in amounts, for example, from 0.01 to 50
mg/kg body weight or more usually from 0.1 to 25 mg/kg body weight. Single dose
compositions may contain such amounts or submultiples thereof to make up the daily dose.
In general, treatment regimens according to the present invention comprise administration to a
patient in need of such treatment from about 10 mg to about 1000 mg of the compound(s) of
this invention per day in single or multiple doses.

The compounds of the formulae described herein can, for example, be administered by
injection, intravenously, intraarterially, subdermally, intraperitoneally, intramuscularly, or
subcutaneously; or orally, buccally, nasally, transmucosally, topically, in an ophthalmic
preparation, or by inhalation, with a dosage ranging from about 0.1 to about 500 mg/kg of
body weight, alternatively dosages between 1 mg and 1000 mg/dose, every 4 to 120 hours, or
according to the requirements of the particular drug. The methods herein contemplate
administration of an effective amount of compound or compound composition to achieve the
desired or stated effect. Typically, the pharmaceutical compositions of this invention will be
administered from about 1 to about 6 times per day or alternatively, as a continuous infusion.
Such administration can be used as a chronic or acute therapy. The amount of active
ingredient that may be combined with pharmaceutically excipients or carriers to produce a
single dosage form will vary depending upon the host treated and the particular mode of
administration. A typical preparation will contain from about 5% to about 95% active
compound (w/w). Alternatively, such preparations may contain from about 20% to about 80%

active compound.
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Lower or higher doses than those recited above may be required. Specific dosage and
treatment regimens for any particular patient will depend upon a variety of factors, including
the activity of the specific compound employed, the age, body weight, general health status,
sex, diet, time of administration, rate of excretion, drug combination, the severity and course
of the disease, condition or symptoms, the patient’s disposition to the disease, condition or
symptoms, and the judgment of the treating physician.

Upon improvement of a patient’s condition, a maintenance dose of a compound,
composition or combination of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced, as a
function of the symptoms, to a level at which the improved condition is retained when the
symptoms have been alleviated to the desired level. Patients may, however, require

intermittent treatment on a long-term basis upon any recurrence of disease symptoms.

SYNTHETIC METHODS

The compounds of the invention may be prepared by any process known to be
applicable to the preparation of chemically-related compounds. Suitable processes for making
certain intermediates include, for example, those illustrated references such as, J. Med. Chem.
2004, 47, 6658-6661 and J. Org. Chem. 1952, 1320. Necessary starting materials may be
obtained by standard procedures of organic chemistry. The preparation of such starting
materials is described within the accompanying non-limiting Examples. Alternatively
necessary starting materials are obtainable by analogous procedures to those illustrated which
are within the ordinary skill of a chemist.

The compounds and processes of the present invention will be better understood in
connection with the following representative synthetic scheme that illustrate the methods by
which the compounds of the invention may be prepared, which are intended as an illustration

only and not limiting of the scope of the invention.
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Scheme 1
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Scheme 2
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Scheme 4

Scheme 5
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EXAMPLES

The compounds and processes of the present invention will be better understood in

connection with the following examples, which are intended as an illustration only and not



The patent and scientific literature referred to herein establishes the
knowledge that is available to those with skill in the art. All United States
patents and published or unpublished United States patent applications cited
herein are incorporated by reference. All published foreign patents and patent
applications cited herein are hereby incorporated by reference. All other

limiting g rerRentdbe doXamteRtsY Arimiseingeari s araditicattepartrdhsidipclosed

embDEHAIM A NERDYPASP RS ARANKIBEAraNAR: art MR HIHANYENHUAA Rddifications
been particularly shown and described with references to preferred

inclyginge diido HEREBH D withsecuABleF 8 o Py iR oSReainRl] FTHSE Lt thaptbstituents,

deri ANRYS MG HIR famRNddrsalsonawk bavaadm thereipavithastwieRaitiagparting

from the scope of the invention encompassed by the appended claims. 71
fromctho\RIEURHAE i EFRHRATS s eRRS HRRIARISTRASSHEEDY formula (1) or (Il):
EXA?I{/IF’IZJ%HZ &-’ﬁgp]é]ﬁzlt]ion of N-(2-chloro-6-methylphenyl)-2-(6-(4-(2-

(hydroxyamino)-2-oxoethyl)piperazin-1-yl)-2-methylpyrimidin-4-
ylamino)thiazole-5-carboxamide (Compound 1 )

Step 1a. 2-Chlorothiazole (Compound 102)

A solution of 2-aminothiazole (101) (20.0 g, 200.0 mmol) in saturated aqueous NaCl (20
mL) and HCI (60 mL) was maintained in a room-temperature bath. It was then treated with
NaNO; (250 mmol) in H,O (50 mL) and concentrated HCI (20 mL) dropwise simultaneously.
The reaction was stirred at room temperature for 1 hour, extracted with ether and concentrated

at 1 atm. The product was obtained by distilled under vacuum to give 102 as a pale yellow
liquid (10.7 g, 45%): '"H NMR (CDCl; ) 6 7.24 (d, J = 3.6 Hz, 1H), 7.57 (d, J = 3.3

Hz,1H).
Step 1b. 2-Chloro-N-(2-chloro-6-methylphenyl)thiazole-5-carboxamide (Compound 103)

A solution of 2-chlorothiazole (102) (480 mg, 4.0 mmol) in THF (10 mL) was cooled to -78
°C and treated dropwise with 2.5 M n-butyllithium in hexanes (1.68 mL, 4.2 mmol) over a
period of 20 minutes while keeping the temperature below -75 °C. After the addition was
complete, the mixture was stirred at -78 °C for 15 minutes and then treated with a solution of
2-chloro-6-methylphenylisocyanate (4.4 mmol) in THF (5 mL). The mixture was stirred at -
78 °C for 2 hours, quenched with saturated aqueous NH4Cl, warmed to room temperature and
partitioned between EtOAc and H,O. The EtOAc phase was separated, washed with brine,
dried (Na,SO,4) and concentrated under vacuum to afford a yellow solid. The crude product

was purified by column chromatography to give compound 103 as a pale yellow solid (0.95 g,
83%). LCMS: 286 [M+1]*. "H NMR ( DMSO-d;s ) : & 2.22 (s, 3H), 7.29 (m, 2H), 7.41 (dd, J

=6.3,J=3.0 Hz, 1H), 8.45 (s, 1H), 10.40 (s, 1H).
Step 1c. 2-Chloro-N-(2-chloro-6-methylphenyl)-N-(4-methoxybenzyl)thiazole-5-



(I1) or a pharmaceutically acceptable salt thereof, wherein Cz is pyrimidine or
substituted pyrimidine; Ar is aryl, substituted aryl, heteroaryl or substituted
heteroaryl; X3 is NH, alkylamino, 0 or S; Z2 is 0, S, NH or alkylamino; Y2 is N
or CR20; where R20 is selected from b§drogen, halogen, aliphatic,
substltuted aliphatic, aryl, substituted aryl, heteroaryl, and substituted
hetefgRAA AT ﬁg&%@‘éﬂ%r Qftphatic; B is a direct bond or straight- or

A RANGHR S §L@ﬁ@%ﬁiﬁﬁ@fcﬁnﬁblQﬁ%@iﬁflﬁ%ﬁ&rl%ﬁbﬁ&é@@(BB wpsybstituteehmol ) in
alkenyl, substituted or unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl,

DM dpePotytatitesete ridh e ikeNoF Ha b Bangl Ryh iRt Emy mperature for 30

mmtﬁ@ieWQ{MWIK&”W&@%‘@J@GYGJMﬁlkmth@%&ﬁtﬁ@ﬁf&hd&et@r@@)@')ﬂ 4 mmol) and
cycloalkyl, cycloalkenyl alkylarylal alkylarylalkenyl alkylarylalkynyl,

tetragmgmml ﬂ%@?} I1 a{ﬂ&rglfl aW}QImISt %dﬂﬂg“&rnperature for

16 hatkypyardatkenyl patkimdaaybatioea ry hrteraandalikilthen the EtOAc phase was
alkylheteroarylalkenyl, all%lheteroa t%,?alky gl alken Iheteroarylalkyl

sepaggiethyshsS A IRERS! iledh ANGIISORGE ISl o aRyiThe crude

prod@thwHﬂ@tﬁrﬁa(ﬂylﬁ})k&ﬂmnnYZhwmﬁ@ﬁwwy@&y%@wmqmwwwéﬂ@w solid
alkylheterocyclylalkenyl, alkylheterocycloalkynyl, alkenylheterocyclylalkyl,

(0. SQIgemhtbm&lﬂaﬂ(WNaﬂReﬁﬂﬂdeyWSMD 0 1.73 (s, 3H), 3.60 (s, 3H),
alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl,

4 48atkynyihetemacyeiylakpoyla ajkyipayl, @kenylary alkynylanyhialkytheterparyl.; = 8.7

alkenylheteroaryl, or alkynylhereroaryl in which one or more methylenes can
t rter y S(0 2, N(R8), C(0), substituted or
Hz, Eﬁslﬂb%ls’t%bo{eéjgrylgs sfltﬁg o§r) u%gré %‘Tﬁp d heteroaryl, substituted or
u ted he clie; whe R8 droge aliphatic or
Stepuﬂ?) BS&H&) g ? ntl%[ r11’n1 cte daFlOIIig @( i 31?63

substitute allphatlc is sele are independently hydrogen,
so@RmeﬁHﬁrdlchkmbsafm@ehiyhiuamtmnWh@iél(@(ROig, hyrogen])aliphaticed in a tube

w1ths%ﬁ§§3ﬂf§%w&hﬁgr et%éh%éf Egafb'HjaR(? ﬁ‘é%@&%{?dﬁg BN %r 10
or IS absent must an 8i1s as

hourpreMibustpaafingh tube was opened and the reaction mixture (coarse, white crystals)
was filtrated, giving the product compound 106 as a white solid (12.4 g, 70%). LCMS: 144

[M+1]* "HNMR ( DMSO-d; ) : 6 2.27 (s, 3H), 6.24 (s, 1H), 7.08 (s, 2H ) .

Step le. 2-((6-Chloro-2-methylpyrimidin-4-yl)methyl)-N-(2-chloro-6-methylphenyl)-N-(4-
methoxybenzyl)thiazole-5-carboxamide (Compound 107)

4-Amino- 6-chloro-2-methylpyrimidine (106) (14.0 mg, 0.10 mmol) was added in
portions to a suspension of NaH (60% dispersion, 0.30 mmol) in THF (30 mL) at 0 °C for 30
minutes and then treated with compound 104 (41.0 mg, 0.10 mmol) in portions. The resulting
mixture was at reflux for 4 hours, cooled to room temperature and diluted with H;O (10 mL).
The mixture was acidified with 1 N HCI (5 mL) and extracted with EtOAc (3x10 mL). The
organic layer was dried (Na;SOs) and evaporated. The crude product was purified by column

chromatography to give compound 107 as a pale yellow solid (41 mg, 80%): 'H
NMR ( DMSO-d¢ ) : 0 1.72 (s,3H), 2.45 (s,3H), 3.71 (s, 3H ), 440 (d, J=14.1 Hz,



lower alkyl; (C); where Wis 0 or S; Y1 and Z1 are independently N, C or CH;
and NH2 R2 H 1)2? 1l (d)R12 R11 ; where Z, Y, and W are as previously
defined; Ril and R12 are independently selected from hydrogen or aliphatic;
RI, R2 and R3 are 73 independently $élected from hydrogen, hydroxy,
amino, halogen, alkoxy, substituted alkoxy, alkylamino, substituted

1H Jatkyta@inos diakkHanbhy s8ibstitGidy diddkyldamiacg dubstizbied, 6r29 ( d, J = 7.5 Hz,
unsubstituted alkylthio, substituted or unsubstituted alkylsulfonyl, CF3, CN,

1H >N37 NOg, pulfpgyliacyiyalinhatic gybstiyted plinhatig, ary) Suagitaerpryl.

heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic.

Step?1{ NE-CRORRUNY. ARGAYHHG: o GHaim iaREsSentechiv dos e (APkcRA M A ole-5-
carngzaﬁlnide (Compound 108)

A solution of compound 107 (10.0 g, 19.5 mmol) dissolved in 50% TFA in CH,Cl, (50 mL)
was treated with triflic acid (10.0 g, 67.5mmol). The reaction mixture was stirred at room
temperature for 24 hours. The mixture was poured into crushed ice (150g). The resulting

solid was collected by filtration to obtain compound 108 as a yellow solid (5.6 g, 87%). 'H

NMR ( DMSO-dg ) : 5 2.21 (s,3H), 2.39 (s,3H),6.07 (m, 1H), 7.26 (m,2H), 7.37 ( d,

J=6.6Hz,1H ), 820 (s, 1H),9.85 (s, 1H), 11.47 (s, I1H ) .

Step 1g. N-(2-Chloro-6-methylphenyl)-2-(2-methyl-6-(piperazin-1-yl)pyrimidin-4-
ylamino)thiazole-5-carboxamide (Compound 109)

A mixture of compound 108 (2.60 g, 6.6 mmol), piperazine (5.60 g, 66.0 mmol),
potassium carbonate (1.82 g, 13.2 mmol) and DMF (15 mL) was stirred at 135 °C for 12
hours. The solvent was evaporated under reduce pressure and the residue was washed with
water, acetone and ethyl acetate in turn to obtain the title compound 109 as a pale yellow solid
(1.8 g, 64%): LCMS: 444 [M+1]".

Step 1h. Ethyl 2-(4-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-2-
methylpyrimidin-4-yl)piperazin-1-yl)acetate (Compound 110-1)

A mixture of compound 109 (0.31 g, 0.70 mmol), ethyl 2-bromoacetate (117 mg, 0.70
mmol), triethylamine (0.28 g, 0.70 mmol) and DMF (5 mL) was stirred at 35 °C for 2 minutes.
The solvent was evaporated under reduce pressure to give the title compound 110-1 as a white
solid (333 mg, 90%) which was used directly to the next step without further purification:
LCMS: 530 [M+1]".

Step 1li. N-(2-Chloro-6-methylphenyl)-2-(6-(4-(2-(hydroxyamino)-2-

oxoethyl)piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-carboxamide

(Compound 1)
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to give free hydroxylamine.

The above freshly prepared hydroxylamine solution (0.5 mL, 0.89 mmol) was placed
in 5 mL flask. Compound 110-1 (333 mg, 0.63 mmol) was added to this solution under
ultrasonic for 10 minutes. The reaction process was monitored by TLC. The mixture was
neutralized with acetic acid and was then concentrated under reduce pressure. The residue
was purified by preparative HPLC to give the title compound 1 as a white solid (50 mg, 16%):
LCMS: 517 [M+1]"; "H NMR (DMSO-dg) & 2.20 (s, 3H), 2.38 (s, 3H), 2.58 (m, 4H), 2.90(s,
2H), 3.51(m, 4H), 6.02(s, 1H), 7.26(m, 2H), 7.37(m, 1H), 8.20(s, 1H), 8.80(s, 1H), 9.86(s,
1H), 10.47(s, 1H), 11.46(s, 1H).

EXAMPLE 2: Preparation of N-(2-chloro-6-methylphenyl)-5-(6-(4-(3-
(hydroxyamino)-3-oxopropyl)piperazin-1-yl)-2-methylpyrimidin-4-

ylamino)-4H-pyrrole-3-carboxamide (Compound 2 )

Step 2a. Methyl 3-(4-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-2-
methylpyrimidin-4-yl)piperazin-1-yl)propanoate (Compound 110-2)

The title compound 110-2 was prepared as a pale yellow solid (0.31 g, 74%) from
compound 109 (0.35 g, 0.79 mmol), methyl 3-bromopropanoate (0.13 g, 0.78 mmol), DIEA
(0.21 g, 1.58 mmol) and DMF (5 mL) using a procedure similar to that described for
compound 110-1 (Example 1): LCMS: 530[M+1]".

Step 2b. N-(2-Chloro-6-methylphenyl)-2-(6-(4-(3-(hydroxyamino)-3-
oxopropyl)piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-

carboxamide ( Compound 2 )

The title compound 2 was prepared as a white solid (60 mg, 19%) from compound
110-2 ( 0.31 g, 0.59 mmol) using a procedure similar to that described for compound 1
(Example 1): LCMS: 531 [M+1]"; '"H NMR (DMSO-ds) 62.16 (t, J = 6.9 Hz, 2H), 2.24 (s,
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110-3 (0.22 g, 0.40 mmol) using a procedure similar to that described for compound 1
(Example 1): LCMS: 545 [M+1]"; '"H NMR (DMSO-ds) §1.69 (m, 2H), 2.01 (t, J = 6.6 Hz,
2H), 2.25 (s, 3H), 2.30 (t, J = 6.9, 2H), 2.41 (m, 4H), 2.55 (s, 3H), 3.52 (m, 4H) , 6.06 (s, 1H),
7.25(m, 2H), 7.36(m, 1H), 8.23(s, 1H), 8.70(s, 1H), 9.90(s, 1H), 10.37(s, 1H), 11.50(s, 1H).
EXAMPLE 4: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-(4-(5-(hydroxyamino)-
5-oxopentyl)piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide (Compound 4)
Step 4a. Methyl methyl 5-(4-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-
2-methylpyrimidin-4-yl)piperazin-1-yl)pentanoate (Compound 110-4)

The title compound 110-4 was prepared as a pale yellow solid (120 mg, 39%) from
compound 109 (0.24 g, 0.54 mmol), methyl 5-bromopentanoate (0.12g, 0.60 mmol), DIEA (
1.54 g, 1.20 mmol) and DMF ( 3 mL) using a procedure similar to that described for
compound 110-1 (Example 1): LCMS: 558 [M+1]".

Step 4b. N-(2-chloro-6-methylphenyl)-2-(6-(4-(5-(hydroxyamino)-5-oxopentyl)piperazin-1-
yl)-2-methylpyrimidin-4-ylamino)thiazole-5-carboxamide (Compound 4)
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The title compound 4 was prepared as a white solid (30 mg, 25% ) from compound

110-4 (120mg, 0.22 mmol) using a procedure similar to that described for compound 1

(Example 1): LCMS: 559 [M+1]"; '"H NMR (DMSO-ds) §1.44 (m, 4H), 1.95 (t, J = 7.5 Hz,

2H), 2.22 (s, 3H), 2.26 (t, J = 6.9 Hz, 2H), 2.37 (m, 7H), 3.47 (m, 4H), 6.07 (s, 1H), 7.25 (m,
2H), 7.37 (dd, J = 2.1 Hz, J = 7.2 Hz, 2H), 8.23(s, 1H), 9.93(s, 1H).

EXAMPLE 5: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-(4-(6-(hydroxyamino)-
6-oxohexyl)piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide (Compound 5)

Step Sa. Ethyl 6-(4-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-2-

methylpyrimidin-4-yl)piperazin-1-yl)hexanoate (Compound 110-5)

The title compound 110-5 was prepared as a brown solid (120 mg, 41% ) from
compound 109 (0.22¢g, 0.495 mol), ethyl 6-bromohexanoate (0.12 g, 0.495 mmol), potassium
carbonate (0.22 g, 1.60 mmol) and DMF (5 mL) using a procedure similar to that described
for compound 110-1 (Example 1): LCMS: 586 [M+1]".

Step Sb. N-(2-Chloro-6-methylphenyl)-2-(6-(4-(6-(hydroxyamino)-6-
oxohexyl)piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide (Compound 5)

The title compound 5 was prepared as a white solid (30 mg, 26%) from
compound 110-5 (120mg, 0.20 mmol) using a procedure similar to that described for
compound 1 (Example 1): LC-MS: 573 [M+1]"; '"H NMR (DMSO-dg) 61.26 (m, 2H), 1.49
(m, 4H), 1.93 (t, J = 7.2 Hz, 2H), 2.22 (s, 3H), 2.26 (t, J = 7.2 Hz, 2H), 2.48 (m, 7H), 3.47 (m,
4H), 6.04 (s, 1H), 7.26 (m, 2H), 7.37 (m, 2H), 8.21 (s, 1H), 8.66 (s, 1H), 9.88 (s, 1H), 10.33
(s, 1H), 10.33 (s, 1H).

EXAMPLE 6: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-(2-(2-(hydroxyamino)-
2-oxoethylamino) ethylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide (Compound 7)

Step 6a. 2-(6-(2-Aminoethylamino)-2-methylpyrimidin-4-ylamino)-N-(2-chloro-6-

methylphenyl)thiazole-5-carboxamide (Compound 201)
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A solution of compound 108 (3.0 g, 7.6 mmol) in ethane-1,2-diamine (50 mL) was heated
to 80 °C and stirred for 10 hours. The reaction was then concentrated under vacuum and the
residue was partitioned between H,O and EtOAc. The EtOAc phase was separated, washed
with brine, dried (Na;SO,) and concentrated under vacuum to yield the title compound 201 as

a brown solid (1.3 g, 40%). LC-MS: 418 [M+1]", H-NMR (DMSO-dg): 6 1.86 (s, 2H), 2.22
(s, 3H), 2.36 (s, 3H ) , 2.48 (t, J = 6.0 Hz, 2H), 2.76 (t, J = 6.0 Hz, 2H), 3.15 (s, 1H), 5.88 (s,

1H), 7.26 (m, 2H), 7.37 (dd, J = 2.4, J = 6.9 Hz, 1H), 8.19 (s, 1H), 9.83 (s, 1H).
Step 6b. Ethyl 2-(2-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-2-
methylpyrimidin -4-yl amino)ethylamino)acetate (Compound 202-7)

A solution of compound 201 (0.50 g, 1.2 mmol) in DMF (15 mL) was added ethyl 2-
bromoacetate (0.2 g, 1.2 mmol) and K,COs3 (41 mg, 0.3 mmol). The reaction was stirred at 30
°C for 2 hours. The mixture was concentrated under vacuum and the residue was purified by
column chromatograph to obtain title compound 202-7 as a pale yellow solid (110 mg, 22%):
LC-MS: 504 [M+1]".

Step 6¢. N-(2-Chloro-6-methylphenyl)-2-(6-(2-(2-(hydroxyamino)-2-
oxoethylamino)ethylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide (Compound 7)
The title compound 7 was prepared as a pale yellow solid (42 mg, 37%) from
compound 202-7 (110 mg, 0.29 mmol) using a procedure similar to that described for

compound 1 (Example 1): LC-MS: 491 [M+1]*, H-NMR (DMSO-d): 6 2.21 (s, 3H), 2.34 (s,
3H),2.60 (t,J =6 Hz, 2H), 3.03 (s, 2H), 3.11 (t, J = 5.7 Hz, 2H), 5.86 (s, 1H), 7.22 (m, 2H),

7.36 (dd, J=2.1,J=7.2 Hz, 1H), 8.18 (s, 1H), 9.83 (s, 1H).

EXAMPLE 7: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-(4-(7-(hydroxyamino)-
7-oxoheptyl) piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-carboxamide
(Compound 6)

Step 7a. ethyl 7-(4-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-2-
methylpyrimidin-4-yl)piperazin-1-yl)heptanoate (Compound 110-6)



NNN HH 6 Cl OH ONHPi 441 -----c--N'tNN it_ 0 H 7 CI Fl-c-7'NN? a "it<,,y it_
SO OHNN HO, JL__11)HNH

64 °

The title compound 110-6 was prepared as a brown solid (176 mg, 59 %) from compound
109 (0.22 g, 0.50 mmol), ethyl 7-bromoheptanoate (0.12 g, 0.506 mmol),
diisopropylethylamine (0.13 g, 1.00 mmol) and DMF (5 mL) using a procedure similar to that
described for compound 110-1 (Example 1): LCMS: 600 [M+1]".
Step 7b. N-(2-chloro-6-methylphenyl)-2-(6-(4-(6-(hydroxyamino)-7-oxoheptyl)

piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-5-carboxamide

(Compound 6)

The title compound 6 was prepared as a white solid (32 mg, 82 %) from compound 110-6
(40 mg, 0.067 mmol) using a procedure similar to that described for compound 1 (Example
1): LC-MS: 587 [M+1]*; '"H NMR (DMSO-ds) §1.24 (m, 4H), 1.44 (m, 4H), 1.92 (t, J = 7.2
Hz, 2H), 2.22 (s, 3H), 2.26 (t, J/ = 6.3 Hz, 2H), 2.38 (ds, 7H), 3.48 (m, 4H), 6.03 (s, 1H), 7.26
(m, 2H), 7.37 (m, 1H), 8.19 (s, 1H), 8.63 (ds, 1H), 9.83 (s, 1H), 10.28 (s, 1H), 11.43 (s, 1H).

EXAMPLE 8: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-(2-(3-
(hydroxyamino)-3-oxopropylamino)ethylamino)-2-methylpyrimidin-4-ylamino)thiazole-
5-carboxamide(Compound 8)

Step 8a. Methyl 3-(2-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-2-
methylpyrimidin-4-ylamino)ethylamino)propanoate(Compound 202-8)

The title compound 202-8 was prepared as a white solid (400 mg, 31% ) from
compound 201 (1.08 g, 2.6 mol), methyl 4-bromobutanoate (0.44 g, 2.6 mmol) and K,COs3
(0.44 mg, 5.2 mmol) using a procedure similar to that described for compound 202-7
(Example 6): LCMS 504 [M+1]" . H-NMR ((DMSO-ds): 6 2.22 (s, 3H), 2.38 (s, 3H), 2.64 (t, J
=69 Hz, 2H), 2.93 (t, J=6.0 Hz, 2H), 3.03 (t, J =6.6 Hz, 2H), 3.61 (s, 3H), 7.26 (m, 3H),
7.39 (m, 1H), 8.22 (s, 1H), 9.88 (s, 1H).

Step 8b. N-(2-chloro-6-methylphenyl)-2-(6-(2-(3-(hydroxyamino)-3-
oxopropylamino)ethylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide(Compound 8)

The title compound 8 was prepared as a off white solid (30 mg, 60 %) from compound

202-8 (51 mg, 0.10 mmol) using a procedure similar to that described for compound 1

(Example 1): LCMS 505 [M+1]"; '"H NMR (DMSO-dg), & 2.13 (t, J = 6.9 Hz 2H), 2.22 (s,
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3H), 2.36 (s, 3H), 2.70 (t, J/ = 6.6 Hz, 2H), 2.77 (t, J = 6.9 Hz, 2H), 5.87 (s, 1H), 7.21(m, 3H),
7.39 (m, 1H), 8.19 (s, 1H), 9.84 (s, 1H).

EXAMPLE 9: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-(2-(6-

(hydroxyamino)-6-oxohexylamino)ethylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-

carboxamide(Compound 11)

Step 9a. Ethyl 6-(2-(6-(5-(2-chloro-6-methylphenylcarbamoyl)
thiazol-2-ylamino)-2-methylpyrimidin-4-ylamino)ethylamino)hexanoate

(Compound 202-11)

The title compound 202-11 was prepared as a pale yellow solid (100 mg, 17% ) from
compound 201 (0.50 g, 1.2 mol), ethyl ethyl 6-bromohexanoate (0.27 g, 1.2 mmol) and
K,CO;3 (41 mg, 0.3 mmol) using a procedure similar to that described for compound 202-7
(Example 6): H-NMR (CDCl3): 6 1.24 (m, 5H), 1.41 (m, 2H), 1.57 (m, 2H), 2.23 (t, J = 7.2
Hz, 2H),2.34 (s, 3H), 2.50 (s, 3H), 2.57 (t, J = 5.7 Hz, 2H), 2.84 (t, J = 5.7 Hz, 2H), 3.37 (m,
2H), 4.11 (q, J = 7.2 Hz, 2H), 5.46 (ds, 1H), 5.70 (s, 1H), 7.16 (m, 1H), 7.29(m, 3H), 8.15 (s,
1H).

Step 9b. N-(2-chloro-6-methylphenyl)-2-(6-(2-(6-(hydroxyamino)- 6-
oxohexylamino)ethylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide(Compound 11)

The title compound 11 was prepared as a off white solid (34 mg, 33 %) from compound
202-11 (100 mg, 0.18 mmol) using a procedure similar to that described for compound 1
(Example 1): LCMS 547 [M+1]"; "H NMR (DMSO-dg), & 1.25 (m, 2H), 1.47 (m, 4H), 1.95
(t, J=7.2 Hz 2H), 2.21 (s, 3H), 2.37 (s, 3H), 2.75 (t, J = 6.9 Hz, 2H), 2.91(t, J = 6.6 Hz, 2H),
3.42 (ds, 1H), 5.90 (s, 1H), 7.22 (m, 4H), 8.19 (s,1H), 9.8 (s,1H), 10.4 (ds, 1H).

EXAMPLE 10: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-(6-
(hydroxyamino)-6-oxohexylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide (Compound 23)

Step 10a. Methyl6-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)-
2-methylpyrimidin-4-ylamino)hexanoate (Compound 301-23)
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A solution of compound 108 (240 mg, 0.61 mmol), DMAC (15 mL), KOH (170 mg,
3.05mmol) and methyl 6-aminohexanoate (554 mg, 3.05 mmol) was stirred for 12 h at 120 °C.
The reaction mixture was diluted with water, filtered and dried to give the crude compound
301-23 as a pale yellow powder (88 mg, 30%) which was used directly to next step without
further purification. LCMS: 503 [M+1] *.

Step 10b. N-(2-chloro-6-methylphenyl)-2-(6-(6-(hydroxyamino)-6-
oxohexylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-carboxamide (Compound 23)

A mixture of compound 301-23 (88 mg, 0.18 mmol) and freshly prepared NH,OH
methanol solution (1.77 M, 2.10 mL) was stirred for 30 min at room temperature. The mixture
was adjusted to pH=7.0 with AcOH and the solvent was removed. The resulting residue was
purified by column chromatography to give the title compound 23 as a white powder (25 mg,
29%): LCMS: 504 [M+1] *; "H NMR (DMSO-ds) 6 11.30 (s, 1H), 10.29 (s, 1H), 9.80 (s, 1H),
8.60 (s, 1H), 8.17 (s, 1H), 7.38 (dd, 1H, J=2.1, J= 7.2 Hz), 7.25 (m, 2H), 7.12 (m, 1H), 5.83
(s, 1H), 3.13 (brs, 2H), 2.34 (s, 3H), 2.22 (s, 3H), 1.93 (m, 2H), 1.50 (m, 1H), 1.26 (m, 2H).

EXAMPLE 11: Preparation of N-(2-chloro-6-methylphenyl)-2-(6-
(7-(hydroxyamino)-7-oxoheptylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-
carboxamide (Compound 24)

Step 11a. Methyl 7-(6-(5-(2-chloro-6-methylphenylcarbamoyl)thiazol-2-ylamino)
-2-methylpyrimidin-4-ylamino)heptanoate (Compound 301-24)

The title compound 301-24 was prepared as a crude pale yellow solid (120 mg, 38 %)
from compound 108 (240 mg, 0.61 mmol), DMAC (15 mL), KOH (170 mg, 3.05mmol) and
methyl 7-aminoheptanoate (596 mg, 3.05 mmol) using a procedure similar to that described
for compound 301-23 (Example 10): LCMS: 517 [M+1] *.

Step 11b. N-(2-chloro-6-methylphenyl)-2-(6-(7-(hydroxyamino)-7-
oxoheptylamino)-2-methylpyrimidin-4-ylamino)thiazole-5-carboxamide
(Compound 24)

The title compound 24 was prepared as a white solid (35 mg, 30 %) from compound 301-

24 (120 mg, 0.23 mmol) and freshly prepared hydroxylamine methanol solution (1.77 M, 3.28

mL) using a procedure similar to that described for compound 23 (Example 10): m.p. 150.7
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°C (decomp.), LCMS: 518 [M+1] *; "H NMR (DMSO-dg) § 11.37 (s, 1H), 10.33 (s, 1H), 9.85
(s, 1H), 8.66 (s, 1H), 8.18 (s, 1H), 7.39 (dd, 1H, J=2.1, J= 7.2 Hz), 7.26 (m, 2H), 7.19 (m,
1H), 5.82 (s, 1H), 3.14 (brs, 2H), 2.34 (s, 3H), 2.22 (s, 3H), 1.92 (m, 2H), 1.47 (m, 4H), 1.27

(m, 4H).

Biological Assays:

As stated hereinbefore the derivatives defined in the present invention possess anti-
proliferation activity. These properties may be assessed, for example, using one of the
procedures set out below:

(a) An in vitro assay which determines the ability of a test compound to inhibit a tyrosine

Kinase.

The ability of compounds to inhibit tyrosine kinase (Abl1, Src, c-Kit, and PDGFR-beta)
activity is assayed using HTScan ™ Receptor Kinase Assay Kits (Cell Signaling
Technologies, Danvers, MA). Abll tyrosine kinase is obtained in partially purified form from
GST-kinase fusion protein which is produced using a baculovirus expression system from a
construct expressing human Abll (Prol18-Ser553) (GenBank Accession No. NM_005157)
with an amino-terminal GST tag. Src tyrosine kinase is obtained in partially purified form
from GST-kinase fusion protein which is produced using a baculovirus expression system
from a construct expressing full length human Src (Metl-Leu536) (GenBank Accession No.
NM_005417) with an amino-terminal GST tag. c-Kit tyrosine kinase is obtained in partially
purified form from GST-kinase fusion protein which is produced using a baculovirus
expression system from a construct expressing human c-Kit (Thr544-Val976) with an amino-
terminal GST tag. PDGFR-beta tyrosine kinase was produced using a baculovirus expression
system from a construct containing a human PDGFR-beta c-DNA (GenBank Accession No.
NM_002609) fragment (Arg561-Leul106) amino-terminally fused to a GST-HIS6-Thrombin
cleavage site.The proteins are purified by one-step affinity chromatography using glutathione-
agarose. An anti-phosphotyrosine monoclonal antibody, P-Tyr-100, is used to detect
phosphorylation of biotinylated substrate peptides (Abll and Src, Biotin-Signal Transduction
Protein (Tyr160); c-Kit, Biotinylated-KDR (Tyr996); PDGFR-, Biotinylated-FLT3
(Tyr589)). Enzymatic activity is tested in 60 mM HEPES, 5 mM MgCl2 5 mM MnCl12 200



H 0 16 CI OFr- Nri a 00.-1,-J-LNSO H 78 17 CI H H a HO--In1,1--'NN---- / )L_,
)" 0,"-=---,0----.11S0 H 18 ClI

68 °
uM ATP, 1.25 mM DTT, 3 uM Na3VO4, 1.5 mM peptide, and 50 ng EGF Recpetor Kinase.
Bound antibody is detected using the DELFIA system (PerkinElmer, Wellesley, MA)
consisting of DELFIA® Europium-labeled Anti-mouse IgG (PerkinElmer, #AD0124),
DELFIA® Enhancement Solution (PerkinElmer, #1244-105), and a DELFIA® Streptavidin
coated, 96-well Plate (PerkinElmer, AAAND-0005). Fluorescence is measured on a
WALLAC Victor 2 plate reader and reported as relative fluorescence units (RFU). Data are
plotted using GraphPad Prism (v4.0a) and IC50’s are calculated using a sigmoidal dose
response curve fitting algorithm.

Test compounds are dissolved in dimethylsulphoxide (DMSO) to give a 20 mM
working stock concentration. Each assay is setup as follows: 100 pl of 10 mM ATP is added
to 1.25 ml 6 mM substrate peptide. The mixture is diluted with dH,0 to 2.5 ml to make 2X
ATP/substrate cocktail ([ATP]=400 mM, [substrate] =3 mM). The enzyme is immediately
transferred from —80°C to ice. The enzyme is allowed to thaw on ice. The mixture is
microcentrifuged briefly at 4°C to bring liquid to the bottom of the vial and returned
immediately to ice. 10 pl of DTT (1.25 mM) is added to 2.5 ml of 4X HTScanTM Tyrosine
Kinase Buffer (240 mM HEPES pH 7.5, 20 mM MgCl,, 20 mM MnCl, 12 mM NaVOs) to
make DTT/Kinase buffer. 1.25 ml of DTT/Kinase buffer is transferred to enzyme tube to
make a 4X reaction cocktail ([enzyme] = 4 ng/uL in 4X reaction cocktail). 12.5 ul of the 4X
reaction cocktail is incubated with 12.5 pl/well of prediluted compound of interest (usually
around 10 uM) for 5 minutes at room temperature. 25 ul of 2X ATP/substrate cocktail is
added to 25 ul/well preincubated reaction cocktail/compound. The reaction plate is incubated
at room temperature for 30 minutes. 50 pl/well Stop Buffer (50 mM EDTA, pH 8) is added to
stop the reaction. 25 pl of each reaction and 75 ul dH,O/well is transferred to a 96-well
streptavidin-coated plate and incubated at room temperature for 60 minutes. The plate is
washed three times with 200 ul/well PBS/T (PBS, 0.05% Tween-20). The primary antibody,
Phospho-Tyrosine mAb (P-Tyr-100), is diluted 1:1000 in PBS/T with 1% bovine serum
albumin (BSA). 100 pl/well primary antibody is added and the mixture is incubated at room
temperature for 60 minutes. The plates are again washed three times with 200 pl/well PBS/T.
Europium labeled anti-mouse IgG is diluted 1:500 in PBS/T with 1% BSA. 100 pl/well

diluted antibody is added and the mixture is incubated at room temperature for 30 minutes.
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The plate is washed five times with 200 pl/well PBS/T. 100 ul/well DELFIA® Enhancement
Solution is added and the mixture is incubated at room temperature for 5 minutes. 615 nm

fluorescence emission is detected using an appropriate Time-Resolved Plate Reader.

(b) An in vitro assay which determines the ability of a test compound to inhibit HDAC

enzymatic activity.

HDAC inhibitors is screened using an HDAC fluorimetric assay kit (AK-500, Biomol,
Plymouth Meeting, PA). Test compounds are dissolved in dimethylsulphoxide (DMSO) to
give a 20 mM working stock concentration. Fluorescence is measured on a WALLAC Victor
2 plate reader and reported as relative fluorescence units (RFU). Data are plotted using
GraphPad Prism (v4.0a) and IC50’s calculated using a sigmoidal dose response curve fitting
algorithm.

Each assay is setup as follows: Defrost all kit components and kept on ice until use.
Dilute HeLa nuclear extract 1:29 in Assay Buffer (50 mM Tris/Cl, pH 8.0, 137 mM NaCl, 2.7
mM KCI, 1 mM MgCI2). Prepare dilutions of Trichostatin A (TSA, positive control) and
tested compounds in assay buffer (5x of final concentration). Dilute Fluor de LysTM
Substrate in assay buffer to 100 uM (50 fold = 2x final). Dilute Fluor de LysTM developer
concentrate 20-fold (e.g. 50 ul plus 950 pl Assay Buffer) in cold assay buffer. Second, dilute
the 0.2 mM Trichostatin A 100-fold in the 1x Developer (e.g. 10 pl in 1 ml; final Trichostatin
A concentration in the 1x Developer = 2 uM; final concentration after addition to
HDAC/Substrate reaction = 1 uM). Add Assay buffer, dilute trichostatin A or test inhibitor to
appropriate wells of the microtiter plate. Add diluted HeLa extract or other HDAC sample to
all wells except for negative controls. Allow diluted Fluor de LysTM Substrate and the
samples in the microtiter plate to equilibrate to assay temperature (e.g. 25 or 37°C. Initiate
HDAC reactions by adding diluted substrate (25 pl) to each well and mixing thoroughly.
Allow HDAC reactions to proceed for 1 hour and then stopped them by addition of Fluor de
LysTM Developer (50 pl). Incubate plate at room temperature (25°C) for 10-15 min. Read
samples in a microtiter-plate reading fluorimeter capable of excitation at a wavelength in the

range 350- 380 nm and detection of emitted light in the range 440-460 nm.
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The following TABLE B lists compounds representative of the invention and their
activity in HDAC,SRC,c-Kit, PDGF and ABL assays. In these assays, the following grading
was used: I>10puM, 1I0puM >1II>1 uM, 1 uM > III > 0.1 uM, and IV < 0.1 uM for ICs.

TABLE B
Compound | HDAC ABL SRC c-Kit | PDGFb Lyn Lck

No.

1 11 IV IV IV

2 11 IV IV IV

3 11 10\Y% 10\Y%

4 111 IV IV IV

5 10\Y% 10\Y% 10\Y% 10\Y% 10\Y% 1V

6 111 IV IV IV IV v

7 | 10\Y% 10\Y%
11 IV IV IV IV IV IV 14%
23 IV IV IV IV IV IV 1V
24 10\Y% 10\Y% 10\Y% 10\Y% 10\Y% vV v
30 | 111 111

The patent and scientific literature referred to herein establishes the knowledge that is
available to those with skill in the art. All United States patents and published or unpublished
United States patent applications cited herein are incorporated by reference. All published
foreign patents and patent applications cited herein are hereby incorporated by reference. All
other published references, documents, manuscripts and scientific literature cited herein are
hereby incorporated by reference.

While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS
What is claimed is:
1. A compound represented by formula (I) or (II):
Y2 0
am
C_B X3 |
22) N—Ar
/
R21 (D
CERER
|
1
I
/é 22) N—Ar
or c Ra1 (1)

or a pharmaceutically acceptable salt thereof, wherein
Cz is pyrimidine or substituted pyrimidine;
Ar is aryl, substituted aryl, heteroaryl or substituted heteroaryl;
X3 is NH, alkylamino, O or S;
7, 1s O, S, NH or alkylamino;
Y, is N or CRyp; where Ry is selected from hydrogen, halogen, aliphatic, substituted
aliphatic, aryl, substituted aryl, heteroaryl, and substituted heteroaryl;
R»; is hydrogen or aliphatic;

B is a direct bond or straight- or branched-, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, arylalkyl, arylalkenyl,
arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, heterocyclylalkyl,
heterocyclylalkenyl, heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl,
alkenylarylalkenyl, alkenylarylalkynyl, alkynylarylalkyl, alkynylarylalkenyl,
alkynylarylalkynyl, alkylheteroarylalkyl, alkylheteroarylalkenyl,
alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl,
alkenylheteroarylalkynyl, alkynylheteroarylalkyl, alkynylheteroarylalkenyl,
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alkynylheteroarylalkynyl, alkylheterocyclylalkyl, alkylheterocyclylalkenyl,
alkylheterocycloalkynyl, alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl,
alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl,
alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl, alkynylaryl, alkylheteroaryl,
alkenylheteroaryl, or alkynylhereroaryl, in which one or more methylenes can be
interrupted or terminated by O, S, S(O), SO,, N(Rg), C(O), substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclic; where Rg is hydrogen, acyl, aliphatic or substituted aliphatic;

C is selected from:
w

Rg\%)j\\l{)z

(a) Rs Rz . where WisOorS; Y is absent, N, or CH; Z is N or CH; R;and
Ry are independently hydrogen, OR’, aliphatic or substituted aliphatic, wherein
R’ is hydrogen, aliphatic, substituted aliphatic or acyl; provided that if Ry and Ry
are both present, one of R7 or Rg must be OR’ and if Y is absent, Ry must be

OR’; and Rg is as previously defined;

w

HO\)‘\
R %
(b) \J) ; where W is O or S; J is O, NH or NCH3; and Ry is hydrogen or

lower alkyl;

w
Ho\zn)l\.v?2

(©) v ; where W is O or S; Y| and Z; are independently N, C or CH; and

|:‘1 NH2
ﬁ\\ w
-
oy
3
(d) Ri2 Ri1 ; where Z, Y, and W are as previously defined; R and

R

R, are independently selected from hydrogen or aliphatic; Ry, R, and Rz are
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independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
substituted alkoxy, alkylamino, substituted alkylamino, dialkylamino, substituted
dialkylamino, substituted or unsubstituted alkylthio, substituted or unsubstituted
alkylsulfonyl, CF3, CN, N3, NO,, sulfonyl, acyl, aliphatic, substituted aliphatic,

aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and

substituted heterocyclic.

The compound according to Claim 1 represented by formula (II1):

R4
. ;
)N\/|L /K_\\\/(N/Ar
C\B AN . ) /
Ho &2 Ry ()

wherein Ry is hydrogen, aliphatic or substituted aliphatic; and C, B, Y, Z,, Ar and Ry,

are as previously defined in Claim 1.

The compound according to Claim 1 represented by formula (IV):

Re (IV)

wherein n is 1-9; and R’, Z,, Ar and Ry; are as previously defined in Claim 1.

The compound according to Claim 1 represented by formula (V):
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N4i\N N Ry
POV
Ris N Z; \Ar

| H
RO J\(VY \M) °
V)

wherein m and n are independently 1-9; R;g is independently Rg; and R’, Z,, Ar, Rg,

and Ry, are as previously defined in Claim 1.

5. The compound according to Claim 1 represented by formula (VI):

o)

H/O\T/ﬂwﬁ/N\W/L\b/ﬂ\ /ll \ $\Ar

m ﬂ Z;
Rg (0] (V)
wherein m is 0-9; W is O, NH, alkylamino, S, SO, or SO,; and Z,, Ar, R’, Rg, and Ry;

are as previously defined in Claim 1.

6. A compound represented by formula (VII)'

Mx

I
Ms—M,—

R'\O/ \”/

o (VID
wherein M, is absent, O, NH, alkylamino, C;-Cg alkyl, C,-Cs alkenyl, or C,-Cq
alkynyl; M; is absent, C;-Cg alkyl, O, NH, alkylamine, S, SO, SO,, heterocyclic, heteroaryl,
aryl, or C=0; M3 is absent, O, NH, alkylamino, C=0, C;-C¢ alkyl, C,-Cg¢ alkenyl, or C,-Cq
alkynyl; My is absent, O, NH, alkylamino, heterocyclic, heteroaryl or aryl; Ms is absent, C;-Cg
alkyl, C,-Cg alkenyl, C,-Cg alkynyl, heterocyclic, heteroaryl or aryl; R’ is hydrogen, aliphatic,
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substituted aliphatic or acyl; R; is selected from hydrogen, hydroxy, amino, halogen, alkoxy,
substituted alkoxy, alkylamino, substituted alkylamino, dialkylamino, substituted
dialkylamino, substituted or unsubstituted alkylthio, substituted or unsubstituted
alkylsulfonyl, CFs, CN, N3, NO,, sulfonyl, acyl, aliphatic, substituted aliphatic, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic;
7, 1s O, S, NH or alkylamino;

Ar is aryl, substituted aryl, heteroaryl or substituted heteroaryl; and Ry; is hydrogen or

aliphatic.

7. A compound represented by formula (VIII):

i Ly
s Y\Ms—M4—M3—M2\M1)\)\ /< “Sar
\I)( o (VIID)

wherein M, is absent, O, NH, alkylamino, C;-Cg alkyl, C,-Cg alkenyl, or C,-Cq
alkynyl; M, is absent, C;-Cg alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, O, NH, alkylamine, S, SO,
SO, heterocyclic, heteroaryl, aryl or C=0; M3 is absent, O, NH, alkylamino, S, SO, SO,, C;-
Cs alkyl, C,-Cg alkenyl, C,-Cg alkynyl, heterocyclic, heteroaryl, aryl or C=0; My is absent,
O, NH, alkylamino, CO, S, SO, SO, heterocyclic, heteroaryl or aryl; Ms is absent, C;-Cg
alkyl, C,-Cg alkenyl, C,-Cg alkynyl, heterocyclic, heteroaryl or aryl; R’is hydrogen, aliphatic,
substituted aliphatic or acyl; Z, is O, S, NH or alkylamino; Ar is aryl, substituted aryl,

heteroaryl or substituted heteroaryl; and R, is hydrogen or aliphatic.

8. A compound selected from the compounds delineated in Table A or a

pharmaceutically acceptable salt thereof:
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TABLE A
Compound
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A pharmaceutical composition comprising as an active ingredient a compound of

Claim 1 and a pharmaceutical acceptable carrier.



