CHEMOKINE RECEPTOR MODULATORS This application claims priority to U.S. Provisional
Application No. 61/040,516, filed March 28, 2008, the disclosure of which is hereby incorporated by
reference in its entirety. FIELD OF THE INVENTION The invention provides compounds,
pharmaceutical compositions and methods of use of certain compounds that are antagonists of the
chemokine receptor. The compounds are useful to modulate a medical condition that is mediated by
chemokine receptor activity or signaling, such as diseases and disorders associated with reduced
hematopoietic stern cell mobiligﬁwm%&%ﬁg@m%%ﬁn the treatment or -
prevention of inflammation, the treatment or prevention of human immunodeficiency virus infections
(HIV), or the diagnosis, prevention, and treatment of cancer or cancer related pathologies and side
effects. BACKGROUND Chemokines are considered to be principal mediators in the initiation and

maintenance of inftamspatianon bisisunsrizmit of smalvsecrated muakinesnduss through their

interaction with%EI- rotein-coupled receptors, cytoskeletal rearrangements and directional migration of
several cell 4P %%&p&ﬁeﬂ}%ihéﬁ((i@@ﬁ R IRehsSy 225 Do SR b isHeR HniisButiestsr (2000) Curr
- Opin Immunol 12: 336-341; Zlotnik and ¥§)Shi§ 2,?00 Immunity 12: 121-127). They have also been

found to play an important role in the reguf:a 1o gﬁo HhattiaEPen function, including proliferation,

migration and diff |ati ' ' IS -endothelialization after injury ( ta et al.
(1998)J Biol Cher%f@%%é%{} 12 g%gidgpg#h ?:lﬁggm |?1Tégr%§c%%%rc,0&?§ ]Z?H is g(?v&#lg?r%fs\ﬁ%:\greesearch as
a major coreCeptun fnmpruadiiasfre cafrrapliiopithe MiqPekigs et aptro05) QuigouoedR 28 872-877;
Davis, et ah, (199 FMedLER IS EE0% £alseia st B LRMINALMEG 3, 13004375
Sanchez, et al. (1997)J Biol Chem 272: 27529-27531). T Stromal cell derived factor 1(SDF-1) is a
naturally oct&RHGersfidRrifiscist e rimuspastciigdnmhesdered hamenpsorc stemesllto CXCRA4,

CXCR4 activabgis ot pioteinmedialecsi g i g It4ssis dtexnseasieLLGhes; et al. (1998) Mol
Pharmacol 53: 177-181)thincludin downstream k'!nase pathways such as RasrMAP Kinases and

phosphatid i EEE S A B BB KFARE T ATH AR IREyRIedRIleshes vame RESHiOoietic stem
cells (Bleul (1@}, ¢1 96 Natuie 362:820-333 Hengneb ata(to0F) Mature-BB& RARRAKiigwski, et al.
(2001) Stem e%lf'?eétg: 453-466; Majka, et al. (2001) Folia. Histochent. Cytobiol. 39: 235-244; Sotsios,
et al. (19993 . Immunol. 163: 5954-5963; Vlahakis, et al. (2002) J. Immunol. 169: 5546-5554). In mice
transplanted with human lymph nodes, SDE-Linduces, (XCR4-positive cell migration into the
transplanted lymph node (Blades et al. (2002) immunot 168: 4308-4317). These results imply that the
interaction betweerhSfkrleand CoxGRAditetis sallso thairieansiesywithbiofylevels of SDF-1.

Studies have shown that CXCR4 interactions may regulate the migration of metastatic cells. Hypoxia,
a reductionqﬁlﬁgﬁﬁgg BIRERe LSS HRRFBHVIPS ST heacerian Get ok cadieciitinset solid
tumors andtigia imejartindwitr®ptutsar @ngleg enesisrand theppeutieresisiansg aklypoxia increases

CXCR4 levels (Staller,.et al. (2003) Nature 425: 307-31 1). Mj rgy, apalysis on a sub-population of
cells from a8 8%%’%5%&3%%%92%%?6\7\% ﬁ%f&%se e g%t%%ﬁwa{g%%%%ﬁ% f0AY O o genes
increased if-ahw ok aact Bitchtrd B0 € waIpX ORAu Tl thietitodd | plieraiiprad Siorhid QXOR4 in

isolated cellg,signifigantly;inersasgd the, tatic-activity (Kang,.et al. (2003).Cancer Cell 3:
537-549). In samples coIIectéﬁ'fror%’ vari%§%§%@%§#§%@h@%ﬁr@?&ﬁ %ﬁﬁﬁ%@%f’%l. (2001)
Nature 41095mdBhsbeligitdancine Relatinepsibieretienisitgtionisngriiférpruationsirelagive to normal
mammary gianskereRithelial sellsndheseraswis SHAsertiBalihe BIRSSIRN.PHEXCR4,gn cancer cell
surfaces maé%%ilrect the cancer cells to sites that express high levels of SDF-I. Consistent with this
hypothesis,4 Bl is highly expressed in the most common destinations of breast cancer metastasis

including lymph nodeshdungidivesopest onerua eveMareavandsAReanibpdydreaimenihas been

shown to inhibit metastasis. to region h nodes when compared tg control isotypes that all
metastasiz&d t%%’nﬁ)gh ﬁ%gggeétﬁ%fﬁ %‘? E};{/jllO r?téil‘a(ﬁl% nce 2t Riditon 10 #8gukhthg migration of
- cancer cell$] OXCRAzSWd 186téTastbTRE nTay:segu ate ASeT) vizatien 114GeSSEYSIFamatastasis.

Blocking ei -1 interaction ignaling, inhibit GE- ent

neovascula%ﬂlgt%g??éﬁe% ?géu%%najgg?e%ﬁfgg@%@%ﬁ% g%rrll re(%s% gﬁaﬁél?nﬁgggj}gtgrﬁs that are

regulators arEwRlbtivetialite theppbiybabsistand srgitgdhesith NHGROUS BtudiBF hahiadshown that

VEGF and MMfRs aciively caniibyig o %@W&QE&S&'g}g)aé%@g@eﬁh%ﬁm§imen%‘%%6§eﬁu”e““y the
, the

second leading cause of death in developed nations. In American Cancer Society estimated

that approxiffately Erlenfisrss/ Saséd et -dnslrbae danmpscurskintenpatingapprbamately
565,000 depihs/nceuredduadpieapect ¢Nmesiean kaacerbeciett: haneshbasts & Figures 2008).
Metastasis, the spread and growth of tumor cells to distant organs, is the most devastating attribute of
cancer. Most morbidity and mortality associated with certain types of cancer, such as breast cancer,.is
associated with disease caused by metastatic cells rather than by the primary tumor. Therapy for
metastasis currently relies on a combination of early diagnosis and aggressive treatment of the
primary tumor. The establishment and growth of metastases at distant sites is thought to depend

on interactions between tumor cells and the host environment. Although a number of mediators have -
hean imnlicated in the metactacic nf cancarce crich ac hreact cancer the nrecice mechanieme



Schering Corporation, WO 04/059285 to Protein Design Labs, Inc., and WO 04/024178 to Burger
generally describe methods of treating diseases and specifically inhibiting metastasis by blocking

chemokine SCERIRY ﬂgaaling. Although advances have been made, Wﬁ% %ﬁg rption,
E ors have

distribution, metabolism, excretion or toxicity properties of peptide inhibit imited their clinical

use. Sma'|ﬂ%1&$ﬁ£@%grﬁgﬁn@ﬁ%ﬁo?ems@mgéﬁiﬂﬁkP@%’Pﬁ&'&%:@@%ﬁ@@ﬁﬁbis area. At
the present time, the metal-chelatinégdcgclams and bicyclams represent one of the few reported
I

non-peptid2ihdlebihd {187 Faetvely hrotk RARP Ul 4Rk 5662 Frehad®harmacol Sci
23: 459-46¥igk), QaE ehtheseneperiide: Noleees s BHMDELGR:udich antesed)ciinical trials as an

anti-HIV drug that blocks CX - iated viral nzella, e al af Med 4: 72-77;
Hatse, et aﬁ%ﬁ%‘) %53%(5%%%’7@%%%?6% ?—%ﬁ%&é a%’.D ’(%86135%%%?%%?%@%%3‘ Bfugs 12:
185-195; Schotdaetdhv{thIen)Antivipaldléss 3FDEA7ahi6ys HoWReposittlinichl stgdyishowed
cardiac-relgted si t of high.i C its,;withd | inical elopment
(Scozzafa\%,ggrﬁéé%%é(g%%%}fl% I‘Eﬁ%ﬁ%}%%%sl\?e%% en%) 1ﬁ7ljl’%:%5(;,5/9%%7 ZV%)%%H%%%%iggﬁa (gz%%lﬁ ?J%cé)urnal of
Acquired Iismnbné&aBfdidaegOpitiomesSPR2) pud C¥iRérditasyeslednthimegbitgsikitholecules have
also been deyelopad,agXCR4 antagonists. European Patent Publication No. 1431290 and PCT
Publication No. WO 02/094261 to Kureha Chemical Industry Co., Ltd cover CXCR4 inhibitors that are
potentially useful FPfHsatiAE vAAYIL e S HtfiRrRETMMANTRt8ts, the Mipstiphad septiitication No.

2004/025422 1 terphaman adiu it iR ISeHIoHgesGRmnatInds ancddise ibeneekiodieaioadous diseases
including HIV infections t acg are CXCR4 antagonists. The compounds are of Hﬁ%general Formula:
i i P GBS

A(CH2) 1 OFSE ORI S50 RIGH 15 ATHNOR BOYeAT )Rl SRR 8stituted,
mono- or pelyeyatic, Heterdanomatics QIS dticikiifaGiri seaki(ifle3b oador ACTRR)(R3)L).RI, R2, and
R3 can be pptionally substituted hydrocarbon groups;.-W is an optignally substituted hydrogarbon or
netorocy ol G R T SRR St PO aRa N e E Qb
aromatic ringtakdinieayity siRGTIRY vatio NEWOBIEET29 thadigiStaPatEinNEp6 750,348 to
AnorMED geseribersertain feterasyslic Smalbmolesuie, GXER4 binding amRayRRs.Jeaching that

these are useful for the protection against HIV infection. The comfounds are of the general Formula: X
Y-W(CRIRERFCRBIERIRESteRERA) R8O Wit \Wedah bt httogerbrleamdrcidiie™ is absent or
is hydrogeRafchioRdbCande hydmgenakstaighiibnanched @ueyrehctA: £ alkylsBBrismisubstituted
heterocycli¢c or aromatic group; Ar 5\%1 aromatic or heteroaromatic ring; ancl Xis speciglled ring

structure. PSP BTRESSRINGY VO 854 B BAB 1S RIGHARD 8IS §58e HBRT BEf AR bstituted
nitrogen casiteping dlaripo Thds: that bindde: € XERKeregepidrs ofExtMpounds-arke it esdilzed as

having the effect of increasing progenitor cells and/ar.stem cells,.enhanci raduction. of white blood
coll, an PG S e B s S Wb oo a TRt KB HED ateo
discloses sutystibgséd Hetelgeidic Cot@Rbahim oz whichoardesiastiine @ by wstfaheeralleviate
'“f'ar_“m?‘toﬂ}’e&%gi@'9{&%&%g&‘gﬁtﬁo‘a{éégﬁﬁé_‘;oIiG&J,'%qé%anQ%ﬁﬁ&@ﬂ.'?ﬁ&@%r?@k%ﬁti@ﬁy'ar'y’ PCT
Publication No. WO 2004/106493 to AnorMED describes heterocyclic compounds that bindto CXCR4
and CCRS5 Fegieptaraae SRensting afie esHiHRes i aloms Supd Unaeh it rsbepspamaterbups, wherein
two of the yaePREEA! GRS RiaspIgiRmblY hpnzisudazivhrae iyl anddetrahydigauinolyl, and the

third pendant group contains nitrogen and optionally contajns additional rings. The.compounds
demonstrate protStAtE el EcaY RIS MBS bFArdsnS By Rneitar TSR A EnCy virus
(HIV). PéliRatest Aaplicaior RGIAIH0 616060604, Hiled thaniudey 8X2006SUesChiles.aamain
compounds far the treatment of. medi isorders mediated by CXCR4. These compounds include
w0 iroger T ot SE S GH & G Ao BeCI A Thotor WP o "l gt o
the fact thati@Reiokiried repeptibrs ardiimplicamsl thimstasalicosigialidgthg ialaltlas a number of other
pathogenic,candiiens, I isdmRaiaaL R Isenib ey ailesive dhemokine tesepipnpgglators. — Itis
therefore an object of the invention to provide new compounds, methods and compositions that
modulate cHérdkisfavelaapioreancer Iﬁ@éﬁ@iﬂfﬁ@ﬁ}éﬁ%ﬂf%e invention to provide compounds,

methods and compegitiansthatiindde-chemeking eartoreandd s MithitheinRinding to their
native ligands. It is also an_object of the invention to provide new compounds, methods and
compositiof s MRS HReatATENt BTG THRREAS A% GRR S PP ok Wel AR SHREMEET inflammatory
and prolifedtiyeosigandeed) SLHMEY IAR Ypproxihetpesentahst oty e arovitds: eonaposinds and
compositions that anfagonize shemokine tecepionsianaling. e, compoynds described. opein, are
particularly USETUr 1o the trestiment of prevention of"a |soro8 i associated With ehiemokine receptor
binding or activation. These compounds can be gsed to treat diseases and disorders that are
associated with chemokine activation, including diseases and disorders associated with reduced
hematopoietic stem cell mobilization. Methods for the treatment of inflammatory, proliferative or
infectious diseases and disorders mediated by chemokine signaling are also provided, including the
prevention of symptoms associated with certain chemotherapeutics. The compounds and

compositions are particularly useful in disorders associated with the chemolcine CXCR4 receptor.
In acenaral embodimente the comnniinde combnocitinne and mMmethode nf the dieeclaciire are of EAarmaiila



R2 MN, X (i) or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester
thereof, wherein: R1 and R2 are each independently H, optionally substituted alkyl, optionally

substituted %ggf#%§ﬁ%£ally substituted alkynyl, optionally substitutedufg%%rﬁgy‘w; /'Héggﬂgling

alkoxyalky!l 3, halogen, hydroxy, amino, optionally substit alkyl or diallcyl amino,

optionally gbsfiyted alicaxy, hysdroxyalayl aptionalaHRsiisiae or\WRer. Most morbidity _
2009/121063PCT/US2009/038805 aminoalkyl, optionally substituted carbocyclyl, optionally substituted

heterocyclynbpesibiysttsatichattanaisin SH5e QAR SEh s et PR RINCRIBRRYC d&H Biffonally

substitutedjalkaxyearee Byl melaRrtiorally substitdies,andpasaiano MR- R R Zadakesidogether with

the carbon atomﬁﬁtg hich they are show a‘ii? hed, foiui %_f?ubstituted or unsu?stituted carbocyclyl or
, L

a substitut&d B AN EPHRNSROEP) PN L35SR 389 pesfgssiySiiyatnent of e IR | 3 4re
each indepandently selected from the group consisting of a covalent bond, substituted or unsubstituted
alleyl enc. substityted or unsubstituted alkenyl, substituted or unsubstituted all |, substituted or
unsubstituted car%rg%)%g/ qgﬁggﬁﬁ&%ﬁg\(ﬁ)}rc}l%lr%eﬁ%qzﬁﬁ%ggdgg grglfc%)%lﬁg? Oug%t‘%gr)&(%g%%? Yare
independentiyrbttiNR ik« Rinalogbrang B8, leptiomdtignsisnstiftbelalky neptionzpestitistituted

alkenyl, opfinnally.subsiitutestalunbanul carbeoi ORlianalbrsubsliiutedialisaugarbonyl, optionally

substituted aminocarbonyl, optionally substituted alkyl- or diallcylaminocarbonyl, cyano, optionally
substitute dPHERNGEPSIJRRTIIT pE Hrradiyestipat i b erd ByRsesn, ipavitelds sriarsetSstuted

carbocyclyl,supstitmtes e urRsubsitedhatRmayiclinderstaidingI6ctRe Horting arodmieamsisting of H,
NI2012b, -OR0, substituted or unsubstituted carbocyclyl, and substituée for unsubstituted heterocyclyl;

Rs and RbAfE @SS RESERES T SHECHRH HOIWPTRS GRS COMBRIIAG O St bEHtRtEY o
unsubstitutechadkytingicim inydnstibstituted endinsubstituted carbocyclyt, substituted or unsubstituted

carbocyclylalkyl, §Jbsti uted or unsub%titutagvhleter%%/cl Ialk¥lll,e tar%ltd tsubstituted r g#suabgituted
| |

everal stratesies hav COon ODC redic anc. Ivasion of 1 nan
heterocyclyk or Raand' %, ?oge?her W nitrogen atom {5 Wivich gy are’s &wn attached form

asu b_stitutedlisrbwnsgwgti.ngedhhs'b@roﬁyn@dtheliall@élis@éﬂ entém)dimrthéhgs@pmdm@iéﬁr{geof H,
substitutedcgr UnsyRstiutes NSRS, ol syligiuied daigraated; substitytad gr ingybstituted

carbocyclyl, substitutéd or unsubstitutcd hetcrocyclyl, substituted or unsubstituted carbocyclylalkyl,

substitutedfet rkt i st ket hetdrobputpraicyp commesigbtateeyhehPtREI b ap Ybtdisting of a

covalent b, AleME BV Bl Relis - C(0)-0-, -NRd-, and -C(0)-; Rd is selected from the group
consisting of H, alkyl, and substituted or substituted a}?éjalkyl; Qis CR, or N; Re is selected from

the group consistint G, kgt #05, L rinned b wHEem e SRRy EHo R Y Hlloalky!, |
hydroxyl, apehallamgland thedsseleaie et thengslupCPRsising of BCovalenibond, a kylene, -C(0)-,

-C(0)- 0-, - - %d-' . ¥V is selected from the grou ISt a lent bond and a
substitured or UHA b S R o FY A0 B MR 10 el ired from the
group consigtiag.ddddcshibstiblte T lor Hesybsttated BaylilyStistitaied BIrdblsshuitadieteroaryl,
S“bs“tuFEds‘?ge!sh”%'l S NG SHOSUHACHRS HasH Betiied Alkenvdh Andssupstitiad of o
unsubstituted alkynyl; or

million new HIV infections occurred worldwide during 2007 and approximately 40,000 new

HIV infections occur each year in the United States.

HIV entry within the target cells involves a series of molecular events. The three main

steps of virus entry within the cell are: (i) attachment of the virus to the host cells; (i1}

interaction of the virus with the co-receptors; (iil) fusion of the virus and host cell

membranes. Considering the complexity of the molecular events involved in viral infection,

all three of these steps have been considered for the drug design of HIV entry inhibitors. The

T-lymphocyte cell surface protein CD4 is the primary receptor involved in the interaction

with the viral glycoprotein gp120, but a cellular co-receptor is also needed for the successful

entry of the virus within the cell. At least two types of such co-receptors have been identified

so far, both of which are chemokine receptors. These chemokine receptors are therefore

gateways for HIV entry, determinants of viral tropism and sensitivity.
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R3 and R4, taken together with the carbon atoms to which they are shown attached, form a substituted
or unsubstituted carbocyclyl or a substituted or unsubstituted heterocyclyl; R5 and R6 are each

' independenwﬂsﬂ&ggﬂ)ggom the group consisting of substituted or unsubﬁgzﬁ?yﬁyﬁ?@cyl,

substituted or unsubstituted carbocycLyl, substituted or unsubstituted ca yl, substituted or

unsubstituted hetegaeyaiyhssubstiiiedenrunsisiuied REIsEaGEIakYr Alonalkgryirand alkynyl; or

-L2-Y and R6, together with the atoms to which they are shown attached form a fused substituted or
unsubstitutSEHg SRS 8 HRGIR-STIBHER &Pt AR BohieltsieridiPtas e showhddhded form a
substitutedNgy. gr9stituiaadaeirieeyelyliceuticRTJS selegirtbiemthfigiasintosisiingef H,
substituted or stituted alkyl, substituted or stituted aminoalkyl, substituted or unsubstitutcd
carhocycly oG BB e BT e Sy B TLBESY Thid e E3Pbolydylancy
and substitetbHatiamsiobstitute b 6Eré tochiciylaliddfforson Un2v¥ranydiRrioggibetidvith hee@torfis to which
they are shown bonded form, a fused substituted or unsubstity ring;.and n are each
Independen B e e e ey e o0
substituted@f@nﬁé@i@ﬁtﬁtwm@,ﬂ@m@mm@ﬁ fqlaRil_ﬂRyﬂ md»@qg,eaﬁa efk&A1 with the proviso that
only one of M, E g ihé@?&t%&as@o@@@w&wp@f@ iR ANIIEd A Sompeynd AhRArTuIa 1A-1 or 1A-3:

or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester thereof, wherein:
R1 and R2GArEaEFsHE IR Pttt Siion i sibstiatetd alkdripapptioram): &ifttuted
alkynyl, ODBQfﬁitgyﬁb@sﬁh@I%QBlftie{oaﬂg?-'&r?@mﬂiamﬂ@m- _ Itll@ﬂﬁﬂaégawgaQiE&iﬂath@ﬁﬂemlfgr?xy,
amino, optijona stituted a r dialkyl amino, gptionally supstituted alkoxy, roxyalkyl,
optionally SO R GTOAR | Sic Al CHNATACH A O PODTOT ChASLAIBEM heterocycly,
optionally subshitadizitalkykl eptigmaly sdilistitiiteoearyiatcil] "cdrboxy aaeylg aptionaibyistlksdtituted
allcoxycar r-pptionally substi minocagbonyl; ar -~ R1 an ) Jakentogether with the
carbon atoqnzg?g%vﬁgﬁﬁlgfl%%th(tg%vgngg{)tazgé gg;a%? %'su%%ﬂ%% ugf%%ugﬁﬂgggédq(%rbocyclyl ora
substitutedcompnsubbtisiten hiktardeyuiytcase itsledmddandd sachiindbpenddmigreaigicted from the

aroup consistingof e elER oA alkyleneaubsulecho yosbottuied Yemaybtituted or

unsubstituted _alkyn(gggsubstltuted or unsubstituted carbocycyl, and substituted or unsubstituted
heterocyclyesic rigid YibraomRisiseraritiy 1, andrarmcate0Y HIBherhicEs leptiofrifyisubstituted
alicyl, optiopalivsehetitadalsgoynprtignativ subsitetad ataxm o gyl sa0BaxyuRRtignally

substituted alkoxycarbonyl, optionally substituted aminacarbonyl, optignally substituted alkgl- or
diallcylaminS¢aPSRgHO NoPHBEHy LoBEtABH e oLy chisty s Sttt Sobatiined
carbocyclytanylcsdibgtitutoeh es-iinsybsitupetearo0 6y3iyl 548 bsthutediar Pnsubstititedshekerocyclyl;
12", and RR are.each independently selected, from the onsisting of H. .substituted or

s sttt S SN TH ST SOL S o S ER L o bR B Etitec
carbocyclyRdigr; Sobstititéd toouhs UbstiRapdthetarotiichitalky Hamensiirstite ddsonhassigbstituted

heterocyclyl. 9f . chRa:R0 RRiAA9EIPREWER IR/ NIFARR AP IOWHCH TROVRRG SRAVR Ajached form
a substituted or unsubstituted heterocyclyl; R, is selected from the groug consisting of H,

substituted'® EgsHbEHHTEaHY AR BaH SRR RIPHAS ARSERTISE HEOHKY t&efor unsubstituted

carbocyclyl,sigtivtad o ungubsiitutes. igterocyclyl, substituted or unsubstituted carbocyclylalkyl,
substituted or unsubstituted heterocyclylalkyl; Q is CR., or N; Re is selected from the group

consisting of H, alAcTHREBI &b A e TSGRttt P e HECSRth b Oh ¥ ™R X oBI9P % droxyl, and
alkoxyl; an#tatent Publication Nos. 1286684 and 1061944 to the University of British Columbia cover

methods of treatment of diseases, including metastasis, using modified peptide CXCR4
antagonists derived from the native SDF-1 ligand. PCT Publication No. WO 04/020462 to
Takeda Chemical Industries, Lid. provides peptide CXCR4 antagonists for treatment and
prevention of breast cancer and chronic rheumatoid arthritis. U.S. Patent Application No.
2004/0132642 to the U.S. Dept. of Health & Human Services in part covers methods of
mhibiting metastasis or growth of a tumor cell with a polypeptide CXCR4 inhibitor.

" Several groups have now also identified chemokines including CXCR4 as a target for

treatment of metastatic cancers. For example, PCT Publication Nos. WO (1/38352 to
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A and B are each independently one or more substituents selected from the group consisting of H,
alkyl, halo, substituted or unsubstituted amino, cyano, nitro, haloalkyl, hydroxyl, and alkoxyl,
wherein "al rz%ﬁ%g 2H?Gisaturated straight or branched, primary, secongeW %la%shydrocarbon

of C1to C2 V(\?hIC may be unsubstituted or substituted with halo, trifluoromet[]f%{/?? %y:éfroXyl, amino,

allcylaminay Apylamingn Ak VY Ys SIE0 (S BANOmYUGRICIARd 15U ITR1G \DBASHHONG BEId,

phosphate, or phosphonate; ~_ wherein "alkylene" refersto an organic radical of the Formula:
-C(RR)-, WHEESTERUR Al gt srdhrite bwsipcairreaa RORCHFaHyGBRIDHES TPEIaFER, amino,
cyano, nitrgy allkekihdlkasRine r@damingasyifate, sulfonic acid, phosphonic acid, phosphate, or
phosphonate. In.another aspect, there is provided a pharmaceutical composition comprising a
Compound as defHUPUEbUR B FIRTARERR eI AL R s OB B ReR LitPeoisomer,
and/or estextheieotranddtpharmeacsutigaly dceiiable lexeipieittd theincieidainentadiments, the
presentdis&g_sur i!?r%%d%%e%mrpgundosl_, com ongig?cnga (@tgerrpu%gr&odr% iné:ﬁlryqdinngltpre following Formulae:
or a pharmac fifca f“;/ ac “eptagie sa?é, SOivates. tautomers. stered isomers, andior esters thereof,
wherein variablesMrtédafised asdobhFoetaldeh tlating ychntai i dieyspecificreesbodimentdethe present
disclosure Rrovides cOMRYPADLS. CRTRPASLINSANA Mehedseudingdhg dolioning rqamae: Ay 1A-1

orlA-2, or a pharmaceutically acce%}able salts, solvates, tautomers, stereoisomers, and/or esters

thereof, wHeF&i VAiaates are défhet@d foy Komelabers sormecridp sutierants 1tHEVHPS4ER disclosure is

directed toghRipasRace UliaRLERIMRASIHR BEOMNISNg Atieastiereeamnasng:af Fermuia (), or a
pharmaceutically acceptable salt solvate%ocirug, tautomer, or ester thereof, and ?é%]armaceutically

acceptable BRETHERE & (1YY NetoHedr e b ditiant: ﬁﬁé‘ip@@%rpﬁﬁ&ﬁ&ﬂr&é directed T

pharmaceutiaal(Com3pasiionCamprising dilgasvonescormpdeidsofformosa )Yy o¥ienpRay3mceutically

acceptableﬁ?ltl, lvate, prodrug, tautomer, or ester thereof, and a pharmaceutically acceptable

excipient, and at least one additional pharmaceutically active compound. In still another

embodiment, the present disclosure is directed to a methomreating a disorder, symptom or disease

in a patient in need of such treatment, c?rﬁzlising administering.to the patient an effective amount of at
Il ¥

least one compound of Foimula (I). Typiga hods of ;ﬁof the present disclosure are directed
[Sp am o diggdase that is modulated by chemokine

towards treatment or prophylaxis of a isordeg S

~ receptor activity or signaling. Disorderst@ bgtfeated genekqlly,hre those in which inhibition of
chemokine signaling, particularly that oquQ(CFM receptor, is desirable. In certain embodiments, the
compounds are administered to a patient at risk of or suffering from a disorder causing a reduction in
lymphocytes or myeloid cells. DETAILED DES@&RIPTI®N OF THE INVENTION  The compounds,

methods, ansleomposilions atilaRigsgnrhimwention-gammasiuiaie thereffeot hchempleine receptors.
These compounds can be used to treat diseases and disorders that are associated with CXCR4
activation, TAEHGHITY HOSHEY S0 GIEBFaETS YU REG SO fatu chal HeMatoboréti stéfibcell
mobilizatiometh@igition cmetionsehineatenent Di@Eisorders’ inCliding-limei natagiasis or any other
disease, p%rt]j]%g}arlé)g I%@?proliferative diseases involving chemokine receptors are provided. The
compoundsyc'a'n aigo Sed to treat or prevent HIY infection, reduce viral load, or alleviate progr,
ession towards, detine symptomseinAScirlac mogeinhebavthdredicen de@doppdundSddstribed herein
have the capagl i B@EIBh shonaknieesPiars A pgiEnialinpiRh eepiey signaling. The

compounds or the present invention have increased bioavailability and efficacy in inhibiting chemokine

receptors. 020Xt ug iHBtBSdisanispithetsithesd Ebanyeuhad Frhin hbitors chatais apierdas such as

metastasis,farpugh el copasibydenbini-Rhfd rehemeking receptor interactions, which can
decrease cell tar etir:?, and may also reduce VEGF-dependent endothelial cell morphogenesis and

angiogenesis. ThiseridttREREPUet grA 4 Rey eveit intmenida sty slipmsidd®efinitions

compounds and use thereof to treat various diseases including HIV infections that are

CXCR4 antagonists. The compounds are of the general Formula:

D
A—(CHgh—W=x —CHry—N{
b
(?HZ)nE 2
B



The term "organism," "host," or "patient" are used interchangeably to refer to any living entity
comprised of at least one cell. A living organism can be as simple as, for example, a single eulcaryotic

cell or as cong%%ﬂQammal, including a human being. In certain emPeg}%&}%m&grganism isa
human in need of treatment. 11 The term "chemokine receptor modulator” means a substance

including butpetlimited faa-R@leculs. ipalpeptids: folwrualagtidenhibitorsRelypuclectide, or siRNA,
that interferes or inhibits the biological activity of the chemokine receptors including, but not limited to,
the bindind®BFSIfGANF T MELS SoFTOPiEiR® EhdhriokRR Teptde £ritgBhist Kdtma™ polypeptide
that specifiralyoiedstonalsharrakinedregaptarbpagicutariy aobepiisieshabaittaot an antibody.

Representative chemokine peptide antagonists inglyde T140 and deriyatives of T140. Exemplary
doratived S LA G uy 16 ToE M 1T 106 1401 BT F el as those
found in Tathahwithaldolstatl@rgoBmimabLhemmidc3656-3662, 2003, which is incorporated by

reference herein g S Eqitel, no OB SIARTHLCRIEiegte AMAUL Al Sffggive amount’

as used herein, means an amount of a compound or composition which'is sufficient enough to
significantlylcasidbp esitire hetamgifylihssthmbsid o t shtiierrotapbengedeaeh(peghas tbidele a
positive clinicalkasnsnaR) s AiieLMeAMAURNEQLRR gV InpaRig Y usedha-pharmacedutical
composition will vary with Itjhe particular condition being treated, the severity of the condition, the
duration ofipE"tBatment, the nature of concurrent therapy, and the particular active ingredient(s) being
employed, and like factors within the Xnowledge and expertise of the attending physician. For
example, in reference to cancer opw@w@@gs&%g@,ﬁ&w%q@g cell division, a therapeutically
effective amount refers to that amount which fias the effect of (1) réducing the size of a tumor, (2)
inhibiting (that is, slowing to some ex?ent, preferably stopping) aberrant cell division, for example
cancer cellidiwvisigny{3)ipbe veritingenroregdaingive; irdtadtasisooficanteroelk! itioan(¥) relieving to
Some exte (L, AISIERl, SUIINAING) QNA.E AT IRIBASRACKIE WL B o100y elated to
or caused |r¥pa|Pt y unre uféte or aberrant céfftilar division, including for exa?’np e, cancer, or
angiogenesisn\itrerespett to asternaticraokifiratsmativ effectivé dnsonetifsdaffiginicrimprove
improve stem celbpphilization A ISR WR 191 SHADAIR.MN AR INGaasealbeRresence of and/or

activity of blood cell types including those of myeloid (monoaigs and macrophages, neutrophils,
basophils, B8StHEpHitaggtherpa xenarRuMs SrbRmHetl b mrshtorellde sHarsERfhphoid

:cine:geg (Taﬁéﬁl%cgb?@% ﬁ%n@&ﬂ%)ﬁﬂ%@%%ﬁé%aimsg ﬁ@gaﬂﬂmgd esanst a@mimgyiaﬂmzf@ﬁgnes are
urther described below, however these can be subject. to adjustment in individual patients.A
pharmeacel R LSRR SR SEAEFS B E AR PALBF BT G bATENBH e or BLAHO G ARE herein,
or pharmac@otcaihg HeeepiabM Baltdsthéke fsewittibetinge ¢ hetanealotiorapaiiehiaguelsassypivpsiologically
acceptable cariers and SXCIRIENSS, QN6 PUR0SS o Phaimaceutical composition,is q fagiltate
administration of a compound to an organism. AL Used erein, a“pf‘na fceuﬁcaﬁy acceptable
carrier" or “péihemeabietibalilcaticoprabl8imibipie BC Telebditatme hividl Or XMdeHittHs: Woes not cause
significant ixtitatipR o an ArANism and dogs Aok abiRgBie e diRledicalasiiy aagproperties of the
administered compound. An "excipient” refers to an inert substance added to a pharmaceutical
compositioPPRYGREET faiTittaraghn iFRmaHBRWHadOMEE ERSUE RS FntBYE B AtioR{HBents,
coatings, digipteatrits Jillers ocilyrmtsaflaversiaolersiuheanis dubdeaniarffaseryativesasorbitans,
and sweeteners. Examples, withqut limitation, of cxcipients include calcium, carbgnate, calcium
phosphate 5T SgEPSRFTHBE S GPEEA AR CRIBIEE HErEHRAs BRI FedBfable oils and
polyethylenemgieals demdildeadingooctittesinenizaha disesisadochiaes reventingrihe disease from
occurring in an ar:ji:[nfal .t_rrliat may 3 ]Q)edisposed to the disease but does not yet experience or exhibit
symptoms ofthe ¢ |§e1g§ecélp‘r%pﬁ actic¢ treatment), inhibiting the disease (slowing or arresting its
development), prévidiRgteatidpiroratie Rypteind Hitsitidisidetsiofythe2b{¥e dseclibeduditgrpalliative
treatment), 3nd eligyinp ihe.dispRse eausing srgrassion ahibeidizecsr) Withsegar gV or

cancer, these terms can mean that the life expectancy of an individual affected with'HIV or cancer will
be increasé@-bhdmﬁwmﬁ%eéf%i%ﬁhl?ﬁﬁélﬁﬁ%%ﬂ%/ﬁéC&@éﬁéﬁ%ﬁ*@é?@dﬁé@@?ﬂ OfThe term
"prodrug"” rg@%rl%gg{g;\p agent, including nucleic acids and polypeptides, which is converted into a
biologically active form in vivo. Prodrugs are often useful because, in some situations, they may be
easier to administer than the parent compound. They may, for instance, be bioavailable by oral
administration whereas the parent compound is not. The prodrug may also have improved solubility in
pharmaceutical compositions over the parent drug. A prodrug may be converted into the parent drug
by various mechanisms, including enzymatic pregcesses and metabolic hydrolysis. Harper, N.J. (1962).
Drug Latentiation in Jucker, ed. Progress in Drug Research, 4:221-294; Morozowich et al. (1977).
Application of Physical Organic Principles to Prodntg Design in E. B. Roche ed. Design of
Biopharmaceutical Properties through Prodrugs and Analogs, APhA; Acad. Phaiin. Sci.; E. B. Rocke,
ed. (1977). Bioreversible Carriers in Drug in Drug Design, Theory and Application, APhA; H.

Bundgaard, 15 ed. (1985) Design of Prodrugs, Elsevier; Wang et al. (1999) Prodrug approaches to the
imnroved delivveryy of naentide dAriid Crirr Pharm Deciaon RIAY:2RER_-2927- Pariletti et al (1Q0Q7)



or more alkyl, aryl, heteroaryl, arylallcyl, or heteroarylalkyl groups, the alkyl, aryl, heteroaryl, arylalkyl,
or hetcroarylalkyl groups can be unsubstituted or substituted. The terms "allcylamino” of "arylamino”
refer to an amino group that has one or two alkyl or aryl substituents, respectively. The terms
"arylalkylamino” or "heteroarylallcylamino” refer to an amino group that has one or two arylalkyl or
heteroaryl alkyl grdupghresfiediicetyadnhamplknsianegiorvdrichifieoralenceaffasempound is drawn in
error in this @gﬂl&ge}it% t@reo¥%% cha‘j[ to be corr. 1:cted b}y. including and/or excluding a hydrogen.

The -lona "amino" can alSo Include anino groups Substiti:EBRVAPAR 1 Gl e es81ve (0)-alkyl,
-C(0)-aryl, -G@Mietsrsasyor @G)Hatatkyl, -C(0)-0-aryl, -C(0)-0- heteroaryl, -C(0)-N(R)-alkyl,
-C(0)-N(R)-aryl, - - eteroaryl; ] ups such. as -S(0)2-alkyl, -S(0)2-aryl,
-S(O)Z-heteroaryl,CI-IQSFi %Og?é%}-agrk%/?ﬁ 8@%%?5%"“ agr%&éo%? %é]f ﬁ&g%l g?él%@?@)%‘%’(éfzﬁﬂ%l and
-S(0)2-N(R)carpossiayotintrRicdeletrodsghatos (wémtein. R is H, alkyl, aryl, heteroaryl). When the
substituent on the gpmi ! : ety Iso be referred.to as an "amido”
group (i.e., when, tf?erl:Q a%%ﬁﬂgé?&%%@dé%%ﬁ%%ﬂ%%%ﬁﬁ %rc 8CI?i O%ﬂg ’e?lo%%ryc}% ’agd.ﬁ?glgogg&%ﬁy (i.e.,
when the acVFGPBIIIS IR R ysRIeys ey wiih, torir broling R)tirtexdiny liyanisa "urethane”
moiety (i.e., when thie ﬁ@yhﬁr&g@cis)f@{@)nﬁ)eatm,m%&@ﬁm%5&{;(9&195!1%%%8@5&& Unless

stated to the contrary, a substituent is bqund to a structure through the last named moiety of the
substituent. PBIPEYENTSIE T ARe Trataiyi© ﬁb“%liiﬁ%ﬁ?%nbm%&%\gstﬁﬁﬂeﬁéﬁ%ﬁghmfél‘!'afkyl" moiety of
the substituarftammakine tedmroafsianaedidikordsryised herein, means an amino groups bonded to the
parent moiety through an alkyl moiety (i.e., amino-alkyl-), wherein the amino and alkyl portions of the
aminoalkyl are each as defined herein. Non-limiting examples of aminoalkyl include
H2N-(CH2)2-CH2-, H2N-(CH2)-CH2-, (CH3)2Nx I—ﬁ@ CH3-0-CH2CH2NH-CH2-,
aryINH-(CH2)3-CH2-, heteroaryl-NH-(CH2)3-CH2-, -C(0)-NH-(CH2)2-CH2-, etc. The term
aminoallcyl can alspergigetodqulegra seRRINDahRiRIORERATachedia analyiene through the
nitrogen atom of the heterocycle, e.g., pyrrolidine-CH2-, piperidine-CH2CH2-,"morpholine-CH2CH2-,
etc.  The® W%Taﬁﬁf@éﬁ%aegi"%@'%m&éﬁd&m@%mm wesrphTienbalysisrhind:C(0)-,
wherein thethmias:maielyje-aniamine asHesines barein. Non:limiing examples af amjnoacyl include

phenyl-NH-C(0)-, .pi zine-C(0)-, pyrrolidine-C(0)-, (CH3-0- CH2CH2)2N-QO0)-,
pyridine-CH%gK%ﬁE%ﬁo - PRERE: ng’l\?ﬁﬂéwﬁ?‘%&?w SifzeietAndshismaarsyhakyie saweistsd herein,
means aminatT(B}raticyhe avhiensionthechrinodG(@)emmetyiand-allkakmoigh e ag.defined herein.

The term "a ine".as.used herejn,.means.gryl-amino-, wherein the amino moiety is'any amino as -
defined herg?ér? %i?r?lﬁ%ltﬁ%n e%?gnﬁtﬁ{é%% gg&lﬁn%\lg%{nﬁﬁ&%eﬁﬁéﬁm A B Raitituted phenyl-NH-,
etc.  Thevtehisdieterdarpetninotisersessad Hrelermeatistitterdanybamintenatherginathe amino
moiety is a 0o ' in. it les of arylamino include pyrimidine-NH-,
halo su bsti%ﬁtﬁ)ﬁ ;%%?rﬁg%ﬁ%% ﬁg%%?@‘?ﬁ s‘t'%uteg pyrlrﬁl%sle r‘?guaﬁ{%lc ete: Chemﬁee{)%ﬁ?ﬁm'fﬁsrotected" as
used herein2AEUARSEHHHRSRPERNBY TR IRy T oapfuhint dsarfideckesoaialek ygangbaitrogen, or
phosphoruscatamidaarexsnt Wscligrther reaction or for other purposes. A wide variety of oxygen and
nitrogen protecting groups arc known to those skilled in the art of organic synthesis. The term
"aryl", as used her@igcrerabeishadiarinabicomorpedsiicoopasititicyeit mrpdy sfaha distinptising about 6 to
about 14 carhgpatqms, preferably about 6 to about 10 carbon atoms. Non-Limiting examples of
suitable aryl groups include phenyl, biphenyl, or nap&ﬂhyl. The term aryl_ refers to unsubstituted aryl
groups or aryl groups substituted with one oy .10 substituents which may be the same or different.
The aryl group can be substituted with one orimpte suRstituents, including but not limited to
substituents selected from the group consisting, of hydrox I,(ﬁl)‘liol, amino, alkylamino, arylamino,
alkoxy, aryloxy, nitro, cyano, sulfonic acid, halo (F;"Cl i Br), carboxy, ester, acyl, alkyl (i.e., any of the
alkyl groups described herein, such as methyl, etlgyl, propyl, butyl, etc.), alkenyl (i.e., any of the alkenyl
groups desgti [ : 2 ' : |, 1-butenyl, 2-buten etc.g, Ikynyl (i.e., any of
the alkynyl E’?fﬁ’gﬁa??ﬁ&% g%%%@%ﬂjfébgsgf%%@%y ,t° -ﬁb%%ﬁ%%%%?/%ﬁ & ?),g‘ﬁ%%};w (e.
any of the h‘ﬁ‘@&ﬂt‘i‘yl groups described herein), sulfate, sullonate, sulfonic esters and amides,

phosphoric acid, phospenisasids MQM%ISQHPWE‘RE}%&HH% HRpY ﬁgggﬂor protected as

necessary, as known to those skilled in the art, for examplg, as taught in'Greene, et al., Protective
Groups in Cﬁpﬁﬁtﬁti%tgkﬁi%‘?gg}s?%‘?ﬁf*@vi@W@&H@%&é@ﬁ&@@ﬁié‘%@%@ beterpplterm "alkaryl" or
"alkylaryl” refensitoprilatiodlgroumeithyancay suasiiuenidr,oRe R EIBAAIMART g alki Qi alkyl
portion of the %Ialﬁggl iS.a Iogv%{o%lli%%g%ygnﬂimitin% xamples of suitable alkylaryl groups include
o-tolyl, p-tolyl and xyiyl. Thebon & parent oty 8 G RRIGRAHLY subsiBigdm “arallcyl” or
"arylalkyl" refers to an aryl group attached to an alkyl group. In one embodiment, the "alk” or "alkyl"
portion of the arallryl is a lower alkyl group. Non-limiting examples of suitable aralkyl groups include
benzyl, 2-phenethyl and naphthalenylmethyl. The bond to the parent moiety is through the alkyl. The
aryl portion of the arylalkyl group may be substituted or unsubstituted. The term "alkoxy", as used

herein, means alkyl-O-, wherein the alkyl moiety of the alkoxy group is an alkyl group as defined
harain The tearm "ecveloallev™ meane a non-aromatic mono- or miiltievelie fiiced rinAa ovetem




The tem' "hydroxyalkyl", as used herein, means an alkyl group having at least one hydroxy substituent.
Non-limiting examples of hydroxyalkyl groups include hydroxyethyl, 3-hydroxypropyl, 2-hydroxy propyl,
etc. The‘geg%g@hlﬁ%%alkyl", as used herein, means alkyl-0-alkyl-, Whe{?if}lfs@%@ ﬁ;ﬁ%% alkyl

Ivalent alky

moieties is as defined herein. The skilled practitioner will recognize that a group (i.e., an

alkyl group Sengdashio 5%95@@@9&@&@&%%&@51@9;%&%@%%@% TRULNE L IQHRnAI, alkylene
group is an alkyl group_in which one of the C-H bonds is replaced with a covalent'bond to another
moiety. NoRUhTHiAE ek akib satispalRosshsiikpten supakine igeor 4 8colcompenaiby sehsttged H2CH2CH2-,
CH3%H 2'?%ZQMBDHQWGﬁ%IQﬂ?F{gﬁH%&?n%{OBM%&% %nrc]ﬂkfﬁ; ta;]keﬂ_ tt%éﬁf@&?fyll" relfer? to
a carbonyl group (-C(0)-). For example, arylacyl refers to groups such as pheny|-C(0)-, alkylacyl refers
to acetyl, a%‘?n%%é% %2%82%[ o“iﬁf@f&bﬁﬁ\%‘?@%ﬁ?ﬁ@%ﬁ%ﬁ&éﬁ%@@ (LR 2Sﬁiyl, alkyl,
heterocyclytagto}yeid.cvtheibsieiat yt graupsfaonms Hecexarmple, a ketone, a carboxy group, a
carbonate group, &Lill’%ﬁ roup, gzthio ester, etc, the non-carbonyl moiety of the such a group is
selected from stralgh%, ranched; or cyclic alkyl or lower alkyl, alkoxyalkyl including methoxymethyl,
aralkyl including bemgd, -a¥ylebaralkyl such as phenoxymethyl, aryl including phenyl optionally

substituted with halogen, C1 to C4 alkyl or C1 to C4 aikoxy, sulfonate esters such as alkyl or aralkyl

sulphonyl including metlﬁaancs [fonyl, the mono, di or triphogphate estem?ityl or monomethoxytrityl,
substituted benzyl, trialkylsj g. dimethyt-WB’otyIsin;) diphc Ime}%y\lsilllRln one embodiment,

aryl groups in the c |fnpri ea pﬁerw oup. The lermyHower aéf( " refers fo an acyl group in
which the non-carbonyl ol s a lower alkyk 2terr§’|‘“®§arboxy", ashiséd herein, means -C(0)OH or
an ester thereof Thee, term "allwxycarlféiy’, as used hergin, megps -C(0 -B°8lkyl, wherein the alkyl

moiety is any alkyl as defined herein.”  The term "alkylthioalkyl", as used herein, means
alkyl-S-alkyl-, whereikeegithlofiRsasiidapradenis i eefifaHérarpu satiniiiepésamples of

alkylthioalkyhgrounsiRekids tiddseitatd? Gkident RidsentE GHZ GGt 31 Sc a2 GER -
CH3CH2-S-CH2CH2CH2-, tBu-S-CH2CH2-, etc. The Maon "alkylamino”, as used herein, means

alkyl-aminc®® WHERSHIHSE Al Set et PhERY i c BBt e ARSIt Me term "a 5- to

18-memberadsatiatedhateratyglic ring containing at least one nitrogen atom" means a saturated

monocyclic or multicyclic ring system comprisi t atoms as the bers capstituting the ring
system wherein the 5 tosi§n§t§rﬁ§ea{%@%§gﬁt$§%§%ﬁﬁ&rg;frgaﬁé)ﬁ?g% P %‘?%?S&horous and at
least one ofthetifuted kmtomsaardin knbgenictihdteanh encoripasdes abdlBmnemberkdsaduyated
heterocycli% p b & S1OLMOLE, £.9- Nitr ms, The multicyclic rin stem can be
fused or bri gé%%%%&c%%?ﬁgs?xmé §_o i%91gl-%rﬁoélrah e%r{ébﬁt_t é%%ﬁ?a%gﬁg%élé%@él?g {?f%lgﬁ }één optionally be
substituted #tafisdvdtitheibiebolvpogadionihg wna heterodis mbbiraeUpscneiidites substituted or
unsubstitutggaky{&asthydroxyaly halaal %@K@@%{%@J&&J&é‘@ﬂ%@f@ﬁ! SOXQAIINE (as.
defined herein, e.g., -NH2, amido, sulfonamido, urea moiety, urethane moiety), aminoacyl (as defined
herein), amiReamRiRsd Bféﬁ?‘i’éﬁcﬁé'rein), amino-S(0)9-, alkyl-S(0)9-, arylamino (as defined herein),
hetcroarylamino (asiglefisaeireseim. atadpningstas defnedirreior alkmwaalisagycarbonyl, aryloxy,
nitro, cyano, aryl, heteroaryl, carboxy. (as defined herein), sulfonic acid, sulfate, phosphonic acid,
phosphate, BF PHELHR ﬁ%{%,ogﬁﬁ%raﬂyﬂé@tgg% ;O é’t%’aeé)gﬂ%ré’égg}i’r]y, as known to those skilled
in the art. Non-limRing:éRamplesbiritbstitistel) ol ertsd fistided:teuo dodspemhengdsabitratad
heterocyclic rings.containing at least one nitr atom include the following: . (-1 97-,s7-, \-Ny K,N,/
vy (NPT LR R e B R S R e S ome
groups or rivigsibitatedmapmend yiptosssobiientidetatindd titeddmasey Cohkol mat elitandiiat least
one" mean that there.cap ﬁ@e%%myomoieties as chemically permitted, and the determination of the
maximum number of such moieties is well within the knowledge of those skilled in the art. ~ The term
"pharmaceuticallyfcEEtapResirr soidhs HEscH MBI dastetahogiiotitathsSfatification to

describe anyphaimaseuticallyRccepiablefayn (such as an ester, phosphate ester, salt of an ester or
a related group, or hydrate) of a compound which, upon administration to a patient, provides the

compound descriBtsdSifthg EhERR TSI UB HARTEE ficHiT s BBt MR EanssRighatibse derived from
pharmaceusigailinaet epiabldsnorganic-os0kganRib hased anthnscidsudtashydochlos:aecid,
hydrobromic acid,, sulfuric.acid, nitric acjd, phosphoric acid, methanesulfopic acid, ethanesulfonic acid,
p-toluensulfon’ %Sg%?y{mg‘é |g§ﬁ%d§ it ?ﬁm% ILCS té%l%?%ra &ic %%’l%l,té;gu%a(‘ﬁno@’gﬁéf ,[{(g}tﬁﬁ S%‘aﬁ,‘%fric acid and
the 20 unsubstituted heterocyclylalkyl,



like. Suitable salts include those derived from alkali metals such as potassium and sodium, alkaline
earth metals such as calcium and magnesium, among numerous other acids well known in the art, for
example as dgsesiRgehfigrein.  The term "solvate” means a physical assegiatigh pia&ompound of
this invention with one or more solvent molecules. This physical association involves varying degrees
of ionic and covalpptheBdingoinchdding hyerogandanding bhosstainirsiances be salyate will be
capable of'és@)lr té'i)n, f%r exam@; hen one or more solvent molecules are incorporated in the crystal
lattice of th 3’ amBadid *Siiate encompasses both solution-phase and isolatable solvates.
Non-limiting exaniléssdtsuitdile dolvates nelsisengthHoldkes, amé thanateSyrandstattike. "Hydrate"
isa solvateaw X rein the solvent molecule is H20. The term "heterocyclic" or "heterocyclyl" refers
to a cyclic g%up Hat may be unsaturated, partially or fully saturated and wherein there is at least one
hetcroatom, such@ss &Rgany:dulfasehittod érrotprmsphorasisiithe g lkdtdrdeysiistonted@rocyclyl
groups inclg%@%rﬁ{gﬂ}ﬂi%g&g%m%i_rﬂgli&gk%q@@ll gfa%%%g;matic heterocyclyls include
piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl; morpholino, thiomorpholino, oxiranyl, pyrazolinyl,
dioxolanyl, 1,4-dixEpgiceofmytheaanyrsmifas Pl syiosikop dridsiranyt Eigxary(0)-
tetrahydropyramd.-diftydregyranyl, indolinyl, imidazolyt, tetraazacyclotetradecanyt,
dioxadiazacycledodecanyt, diazepanyl, etc., wherein each of the aforementioned heterocyclyls can be
unsubstituted or SYHSHREEALTAR R HSHR ELBIPoERichcakRitRiRg™d rdersdEi ity one or more
substituentsnigigstiany aétiese@gscribed herein, including carbonyl groups in the heterocyclic ring).
The term "heteroayyl” gr_"heteroaromatic”, as used herein, refers to an aromatic. ring that includes at
least one sulfur, BRI ENRUR O SPOSSAON B P A A RO A S piELof
heteroaromatics wrei fieted iy pybdylnerimicisudsiieridxaaoby! 1sBbtoxadiazohpihdiBddoxadiazolyl,

1,3,4-thiadigzote, i olyl, 1.3.5-triazinyl,.thienyl, tetrazalyl, benzofure uipolyl, isoquinolyl,
benzothien@%%’o%leg%q?g}a%oﬁ l|lr111 %sﬁ%%e’& akenP/ or Sugsztﬂlx?éaor um%&%{%(g%gk/’ﬁgxoarzolyl, thiazolyl,

yl, 1Isoindotyl, benzimidazolyt, purine, car
benzothiazolyl, isBthiag By IakcD BatimiazdlVicisobrazomts pyrrdigh thenaroihepincititrbipdyl,
phthalazinyg, xanthinul APox o RY 3281k~ L dr i aaiGn L4 & RGN 1 1A BsxadIazole,

thiazine, pyridazine, benzothiophenyl, isopyrrole, thiophene, pyrazine, or pteridinyl wherein said

heteroaryl or heteRo@)€IRs gFe Gpcandsacs pehati Sitss e \HtR BrioBY HBrO SERSHIUEA®LIN one

embodimenhdistarecyciviandihetaeanomatic raursinsiuderpuring and ayimidines.  Substituted
aromatic or heteroaroma?%g: rin%s (,gcﬁ%&g aroq;atic or heteroaromatic portions of functional groups

such as aryiARYFEFHIEEIOR DY SOBSHEEC ARFToRe S MO EiBstiuents. Non
-limiting examplestofeduersuhshitiadints delidciticbirdmiitielgyayp @onsisting of hydroxyl, thiol, amino,
alkylamino, arylaminq, al .koxy, aryloxy, nitro, cyano, sulfonic acid, halo (F, Cl, 1, Br), carboxy, ester,
acyl, alkyl (i.e., arr:}/l“ 0 tﬁ%dla%)ﬁyo %%Jeﬁgxétgscﬁge%e??eﬁ]‘%%ug e%%r?nseht%w %tfﬁcfll?? %r%‘p)}?l?aéllﬁ?/{ etc.),
alkeny! (i.e suhryrafthe aiikebspitgresbipsedescribed herein, such as vinyl, allyl, 1-propenyl, 1-butenyl,
2-butenyl, etc.), alkyyl . 30¥Q1NG; AHOYLAFRUPS ARRCHPCE-DSIEIN SHFLATAsethynyl, 1-propynyl,
2- propynyl, etc.), haloalkyl (i.e.; any of the haloalkyl groups described herein), sulfate, sulfonatc,
sulfonic est%#@%‘f‘fé?éﬁfiﬂ%%{bﬁﬁ : F@f@tﬁ’él,%hospho_nic acid, phosphate, or phosphonate, either

unprotected, or prRIgEle ASITRAEIBA AR &F}Q\M{ir{g’dhﬁ'%@u%'llt%%&bmﬁlﬁ%d%t@ﬂ(@ﬂ%&ﬂe, as taught in
Greene, a al., Protective Groups in Organic Synthesis, John Wiley and Sons, Second Edition, 1991.

Functional S8FGEA I PRIEER GFOHPLIE Lot R AR FOP RSB SaH)CAR HesHPsiéktdd as
necessary of gesisesh.fitabie gratectingtgraupsrars el wn todhoskiskillegkdinthemiédand include
trimethylsilyl, dimethylhexylsilyl, t-butyldimethylsilyl, and tbutyldiphenylsityl, trityl or substituted trityl,
alkyl groupgf 3%%3 Fgﬁtﬁs sﬁ%%gcpi%ﬂﬁa% propionyl, methanesulfonyl, and p-toluenelsulfonyl.

The term "heterodnAElkydl' Rasogstbdrheitdi theraeemsth eterdahdyatky bhonhdrend dhéohetefosry| and alkyl
moieties Cas%)sfiﬁ@g hgﬁ@g@gﬁkﬂ{g?p&édﬁf ed herein. Non-limiting examples of heteroarylalkyl include
pyridine-methyl- an benzimidazole-mgt yl-. The term "heterocyclylalkyl", as used herein, means
heterocyclyl-alkyl A\ wikFeirrctbrsaikyepsoiksst o apeaataepr touheinsmtoelesdiddifionatharywapailable
posion, and {osdhetereexsyianaladmolelis camie g beistoeyeh) arlyl dgfined herein
Non-limiting examples of heteroarylalkyt include pyrrolidine-methyl- and piperidine-methyl. The
term "carbn?ﬁ%ﬂﬁ'}’%ﬁnéé%%ﬁ}élic" as used herein means a cyclic group in which all of the ring atoms
are carbon, whichyayhbednsatiateshyradiatwoEfully satuiated. Carbocyclic rings can be monocyclic
or polycyclic and include aromatic rings (e.g., phenyl, naphthyl, etc.), partially unsaturated
non-aromatic rings (dchydronaphthyl, cyclopentenyl, cyclohexenyt, etc.), or filly saturated hydrocarbon
rings (cyclopropyl, cyclobutyl, cyclopentyl, cyclokexyl, etc.). The carbocyclic rings can be substituted
with any substituents described herein, e.g., those described for substituted aromatic and
heteroaromatic rings herein (including carbonyl groups in the ring). The term "carbocyclylacyl”, as
used herein, means -C(0)-carbocyclyl, wherein the carbocyclyl moiety is any carbocyclic as defined
herein, and include "arylacyl" groups. The term "arylacy!", as used herein means -C(0)-aryl,

wherein the aryl moiety is any aryl as defined herein. The term "aldiminyl" as used herein means a
aroiin of the Eormiila -C=N-R where R ic anv alikv/l ecarboevvelv/l or heteroevelv/l arornine deceribed



Chemokine Inhibitory Compounds Compounds of Formula! In one embodiment, the invention
provides compounds of Formula (1), or pharmaceutically acceptable salts, solvates, prodrugs,
tautomers, stereoisomers, and esters thereof: A- | N T MNX (1) or a pharmaceutically acceptable
salt, solvate, tauforoes aspers dhsomeprandyd e estapthadof RoherdinA-1 R1%dd R2 are each
independently H, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted

alkynyl, optionally substitAJ__ gioalkyl including alkoxyallcyl, aloqggyl, CF3, halogen, hydroxy,
amino, optionally substitutég alkyl ogchalky' amino, optional

ubgfituted alkoxy, hydroxyalkyl,
optionally substituted aminoaikyl, ' ptionally substituted earboeyclyh. optiepally substituted heterocyclyl,
optionally substituted arlakyl, optisnally substituted arylakyl, cq{Hoxy, cyl, optionally substituted

alkoxycarbonyl, or opti‘()"ﬁﬁlly substittited aminocayrbaqyl; o "RL and.R2.taken together with the
substituted or unsubsti “W- -L2-Y, Li, L2, and L3 are each

eterbeyclyl; Mis H or EAs H,
independently selects € group consisting of Ient bond, substituted or unsubstituted
alkylenc, substituted of unsubstituted alkgayi,) sibstitttegFor unsubstituted al _\!5,5 substituted or
unsubstituted carbogycyl, and substituted or unsubstituted heterocyclyl; X, Y and Z are
independently &, ﬁé‘%ﬁ%ﬁgyﬁﬁiﬁa@ﬂ?}ﬁé BPHsKamr Qe sy e ombmtsisubstituted
alkenyl, thetiarfatirsehstituted alkynyl, acyl, carboxy, optionally substituted alkoxycarbonyl, optionally

substituted aminocarbonyl, optionally substityted alkyl- or dialkylaminocarbonyt, cyano, optionally
T B rafy ST OB TESEIS G A b HRA e

0
substituted hetefocyc
carbocyslyttisubstifised popisutigtititethhetdraeyciyiy] inclB@n@@kBi&@l@E%ibﬁj%@p@pgently‘
selected, from the group consisting.of H, substitut nsubstituted alkyl, aldiminyl, substituted or
unsu bsﬁ%&%ﬁeg’ar 5%?/’(5,’ I?%f%’éﬁﬁjq}%%%}’ ﬁlﬁssﬁf%ﬁf?gfggﬂﬂ%%mf SPBeRke BT e bstituted
heterocydlsiaikyiydmasiipdtitptenhdiyundutistitdtentineidiotyshlanally suRanesd Bivsegeather with the -
nitrogen ¢ ' C foi substituted or unsybstifuted heterocyclyl;
Rc is se@ﬁé%aﬁ%gnﬁ%%%%%%% E(%%%%s%gg‘ I%w? ﬁi%ﬁ%ﬁ%%%‘éé oraé%g%ctl)%%?ﬁ RS
unsubstitateerheleybaiRhrslivsuhstinited eltsubetibnegicarbptyaiily suisittitdcheiisestiasiitused
heterocyclyl, syQsiffuted Qrungibsil | ylalkyl, substituted or unsubstitutcd L
heterocycl Ia.lkqﬁ szs selected fr%&ﬁ%]i%%)gl%%o%g%ﬁ%% 3“0%\%%& SHE,aéﬁﬁ‘iﬁSﬁef?‘%EO)-lelj-,
- C(0)-0SUINIRYtehpgustbytituted REpps¥did @ d FbAtithiedroupstorisistd geotidewalkyl, and substituted

or substituted arylalyl, 8263 LRn @ dend RIS RRISELGHHOM DS, opsisting;of H, allcyl, halo,

up ¢
substituted or unsubstituted amino, cyano, nitro, haloalkyl, hydroxyﬁ%lng%%koxy; Dé IS Selected
from theﬂﬂ%ﬁ%mgﬁﬁado?f&%\‘?%ﬂ% DYk PRS0y wsbytinted allvayd srdRuted or W is

selectedutiqubstiered QEHEORSISHAG @W'SFE@M@HQ@}MQ&W or unsubstituted heterocyclyl;
R3 and R4 are gacgégg{eﬁpe dently selected from the group consisting of El, substituted or

unsubstituted PRSI e fithd % Sty P erihststiuied k),

substituigetionallyssbstituted Alksaply bhshaupsilbvingies usaPSUYe Al 5a1ny R3 and R4,
taken to%he%her e!{?ﬁ%@{ carbon %toms to, which they §fre shown attached, form a substituted or
UnsubstOtad CarbaCTaRTar AL BRHATAEY SPomihsttmEg Hebarshyrapenally bsangeRelateasach

- independititiselsotetbfiorh thengropponelisisting aitstbstiteied @asnsubsttdtasanineak kyl,
substitu r ituted.carbocyclyl, substituted or unsubstituted, carbocyclytalkyl, substituted or
unsubst%%%cﬁgie%g%éﬁ%ﬁ%%gﬂ?ﬁte %’?Sﬁr%%ﬁégﬁf%t%ca’ ?F%ie%%ﬁwglﬁf/l?%ﬁéf%ﬁ%’%yl;and alkynyl; or

heterocyelyl;

R, and Ry, are each independently selected from the group consisting of H, substituted or
unsubstituted alky, aldiminyl, substituted or unsubstituted carbocyclyl, substituted or
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-L2-Y and R6, together with the atoms to which they are shown attached form a fused substituted or
unsubstituted ring; or E and -LEX, together with the atoms to which they are shown bonded form a
substituted or unsubstituted heterocyclyl, R7 is selected from the group consisting of 14,
substituted or unsubstituted alkyl, substituted or unsubstituted aminoalkyl, substituted or unsubstituted
carbocyclyt, substituted or unsubstituted heterocyclyt, substituted or unsubstituted carbocyclylalkyl,
and substituted or unsubstituted heterocyclylalkyl; or L2Y and R7 together with the atoms to which

they arewahovsnihendecbaye ddisgdubsiuded ofupsubstiyadsngl anti, «d SBdR.ae.each
independently o more suhstituents selected from the group consisting of H, alkyl, halo,
iy one.opmore sul

substituted or unsu ?fﬁ%%‘a’? i, cyano, nitro, haloalkyl, hydroxyl, and allcoxyl; with the proviso that
only one of M, B.amd REXoiztHer withitheaitaip-anabogimenishthe coamnpemids-atiarmwad have

sufficient chemical stability for Farmulation jn a pharmaceutical composition. In certain
embodirﬁ%st%t%}eaggmmu%yt%egor? tgﬁcg?gy iéach independently H or alkyl; or R1 and R2, taken
together with th casbientatdros thevghich they siie shbiruitarhed damaub Subsiidteg or unsubstituted

carbocyg 955'!55% : bstituted heterocyclyl, In certain embodiments of Formula I, X
and Z are%sggi%%a‘epen %e%%%tgéﬁé({%ocfﬁ#ﬁmsﬁg%g%c%é;%gﬁg}gﬁﬁ@l Eﬁdtl—clf'? é’ﬁ%’, SHOSEBEEL T When
'RI and Rzsebkmtesbethmeayithisetstithied atoms totuhich:trbycantysilodmatitached dool' a substituted

or unsu%M%&g&%gg&@gfﬁﬁﬂbstituted or unsubstituted heterocyclyl, the carbocyclyl groups can
include saturated fused rings, such as cyclopentyl, cyclohexyl, cycloheptyl, etc. fused to a pyridyl ring

of the parent mBigt{B Fonula (1) or partially or fully unsaturated fused rings. Certain non-limiting
examples of sughsainclersaiogs e MINDUM N LTV or i on-micng
examples of unsaturated fused rin ?igr?g:ude: Wh%:% RI a% Rzigé)éndgls%\%&\fg gﬁfné;%ﬁgs ff%ted or

unsubsti%@*@@%&c?&?ihﬁ@ sméﬁ}f&r%ﬁisﬂkgﬁﬂkté@dheterocyclyl'includes one or more
heteroatoms at aayssitablasiahieeasiion(shinihspaNardimiung expmples inglude: "c"."N." PJf
NN X M N-L-X M N-L-X M N- .-X M, T,N-L-c X --r-,Li
consisting of H, alkyl, halo, substituted or unsubstituted amino, cyano, nitro, haloalkyl, hydroxyl,
and alkoxyl; ‘ '
Whe'i_'cin “alkyl” refers {o a saturated straighf or branched, primary, secondary, or tertiary
hydrocarbon of C; to Cyg which méy be unsubstituted or sﬁbstituted with halo, trifluoromethyl,
hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonic acid, phosphate, or phosphoﬁate;
wherein “alkylene” refers to an organic radical of the Formula: -C(RR),-, whereinnis
an integer of one to twenty, and R and R’ is hrydrogen, halo, hydroxyl, amino, cyano, nitro, -
alkoxy, alkylamino, arylamino, sulfate, sulfonic acid, phosphonic acid, phosphate, or
phosphonate. | '

In another aspect, there is provided a pharmaceutical composition comprising a
compound as defined above, or a pharmaceutically acceptable salt, solvate, tautomer,

stereoisomer, and/or ester thereof, and a pharmaceutically acceptable excipient.
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R.......... ".."N 5,1/ .5;,...INR M"1-'1 N-L--- XMN -L.; X E5 or (including H) described herein, and Li, X
E and Mare as defined above for Folmula (D). In certain embodiments, R is H. In certain other
embodiments, R is a substituted alkyl, alkenyl, aralkyl, a residue of an amino acid, or the like. In some
embodiments of Formula (1), the group is-selected from: In some embodiments, when X, y, or Z
is NRaRb, Ra and me@@m@mw&mm@m@mmmwmwﬁﬁﬁmg@rm a

substituted of,uRsHOSHRMET ggef&%b{é %ﬂrﬁ’ﬁﬁ?&n embodiments, the heterocyclyl is selected from
piperidyl, piperazyl, morpholinyl, pyridyl, pyrlmldyl pyrrolyl, diazinyl, triazinyl or the like. When E is

-W-J-L2-Y, non I|m|t|ng es of -W-J-L2-Y include substituted or unsubstltuted heterocyclyl rings
(including, as non- I|m|t|n§ ples, pyrldy zyl, piperadyl rlYnldyI) substituted with an
aminoalkyl, carbocyclyt, hetergcyglylyar the yapf which can ba ituted or unsubstituted.
Non-limiting example%-&f grgups formed when RS}\andx’L(4 taken togetheryith the carbon atoms to
which they are shown foam a substitutéd df1unsubst|tuted ca ocg/clyl or.@substituted or
unsubstituted heterocy de: st Ntz (%) Q_N
Ra 1A Q=N , Rs
— “ Ry ’
A‘R | S WY
YY) Moy X SR
L1 \l/ 1% /[ R1 -
Lo NN ( z:’
2 h={ L oFy
Y , kY ) Yyrtey or
R
A{ T
\N R,
IG
No X (IG)
O™ g
Rs Y . \ﬁ .
=) )

or & pharmaceutically acceptable salts, solvates, tautomers, stereoisomers, and/or esters

 thereof, wherein variables are defined as for Formula I.

In certain more specific embodiments, the present disclosure provides compounds,

compositions and methods including the following Formulae:
Ry

IA-1or

or a pharmaceutically acceptable salts, solvates, tautomers, stereoisomers, and/or
esters thereof, wherein variables are defined as for Formula 1.In some embodiments, the
present disclosure is directed to a pharmaceutical composition comprising at least one
compound of Formula (1), or a pharmaceutically acceptable salt, solvate, prodrug, tautomer

1

or ester thereof, and a pharmaceutically acceptable excipient.

In yet another embodiment, the present disclosure is directed to a pharmaceutical

composition comprising at least one compound of Formula (1), or 2 pharmaceutically
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WO 2009/121063PCT/US2009/038805 , OrEach of the preceeding may be further substituted with
one or more substitucnts. WO 2009/121063PCT/US2009/038805 Compounds of Formula IA In
one embodiment, the compounds of the present invention have the following Formula (IA): are as
defined or described herein. In a particular embodiment of the compounds of Formula (1A), R1 and
R2 are eachidpiépangantyiior ko tRiand, R2 ctakahetegétiet sithutinecearfoaiyatoms to which

they are Sh%@@%ﬁﬁ@&@?&pgg{%&%l?éa@%ﬂ?@ﬁ&%ﬁ%%?ﬁ%e% & r%?}caygclgbe% and L2 are each

independently selected from the group consisting of & covalen substlﬂ?ilgaugfimsubstituted
alkylene, substitutBcFd anedstsstithedimsnk drypreserd dutlssinaéedoeuediobstikibed eliyaing X and Y are

each indepengiatly s ardiR.Rhseereid Raand Roare easladshendenivselpgied flom the group

consisting of H, substituted or unsubstituted alkyl, aldiminyl, substituted or unsu stituted car%ocyclyl,

substituted 8+ Bihgabieredfectiorpernanyt sahmsteerorundubEmmats HetcFopizelialicyt, and
substituted efetagubstivigehbateiaasidoarRa-and Rh Logeiberwith the ;gc%%gﬁn'sat I to which they

are shown %nached form a substituted or unsubstitutcd heterocyclyk Q iIs'CR, or N; R, is selected from
the group ¢ f"?gf&?ﬁgg%fqi’-fl?lﬁlﬁwslﬁ%,t bAoA hEnRiiRae Hampier earity, eiserRasallcyi,
hydroxyl, ariistikdexylp and-R2 agehR4l gre-edoke toapeiteRily saleFtadKopmthe QHaYp consisting
ofs_ubstitutedaoricup&yb@g%tgd @({ R%{l:bstit%ged runsv bstituted heteroaryl, substituted or unsubstituted
alkyl, substitGted oF Unetbattutad AIKSNy "and SvEtite ﬁﬁﬁ%ﬂﬂ@@%&mﬁoﬁm@%d R4,
taken togethaes adithniveredrbarpatiomsttosivhicly tofiprdne fhowndattadhedufowlasibstuied or

unsubstitutqgg?gé)%ﬁgscylf%&%Qgﬁist_uted or unsabstitated heterocyclyt. In another embodiment of

the compou ormula’(lA), R2 i1s H; or R1 and R2, taken together with the carbon atoms to which

they are shown attached, form agpbsittaskerpsyhs L IEdCRRGcHSY!: L1 is substituted or

unsubstituted alkylene; L2 is a covalent bond or substituted or unsubstituted alkylene; X and Y are

each independentifhtlcariNGuib; Raraae Ria aesaehiRdgreodertly: selected fromdag group
consisting of H, f?gllé{)lf’g?gimiﬁgl’ substituted.or unsubstituted carbocyclyl, substituted or unsubstituted
t

carbocyclylafkyi, TR P US TR STt FrotRraRI s Panerdup siaitdiacarsnadbstituted
heterocyclytisordRa tntkRixstogathemititt KERaitapen alomdadhichtaey: ase shewa-attached fonn a

ko g0t e Lo SR CESR G e e A R S LSt or
unsubstitutétbampntesdnveders budidhap tsroftheesrmpoonds affcodaeds) pRS ang R4, taken together
e o RO N AR AP NS PRI /0SS ARETRRIR L 0
also be used to treat or prevent HIV infection, reduce viral load, or alleviate progression
towards, or the symptoms of, AIDS in a host in need thereof.
Compounds described herein have the capacity to interact with chemokine receptors
and potentially inhibit receptor signaling. The compounds of the present invention have
increased bioavailability and efficacy in inhibiting chemokine receptors.
Although not bound by theory, these compounds may inhibit certain disorders suck as
metastasis through their capacity to inhibit SDF-1-chemokine receptor interactions, whick
can decrease cell targeting, and may also reduce VEGF-dependent endothelial cell
morphogenesis and angiogenesis. This endothelial cell growth is & key event in metastases of

fUmors.
Definitions

The term “organism,” “host,” or “patient” are used interchangeably to refer to any
living entity comprised of af least one cell. A living organism can be as simple as, for
example, a single eukaryotic cell or as complex as a mammal, including a humen being. In
certain embodiments, the organism is a human in need of treatment. '
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~ is In other embodiments of the compounds of Formula (IA), is In other embodiments of the compounds
of Foi'Hula (IA), is In some embodiments of the compounds of Formula (IA), Q is N. In other

embodimentg @hihg; cqpapounds of Formula (1A), Q is CH. In certain embgdjmentsaiihr compounds

of Formula (IA), L2Y is H. In other embodiments sof the compounds of Formula (I1A), L2Y is
-alkylene-NRaRbr g yehotherembeditgrisrddiacompatndsofskaeda i bathis -alkylene-NH2.

In further emhodiments of the compounds of Formula (1A),.L2Y is -alkylene- N(alk In, further
ermbodimel B 676 COHTEA, BO LA TAS SO BN EASBE S Eater AnBiment of

the compoime$eafsoninibéy 1A bidvgisal(LH2)2-M1th2 cheanbihercespbos imduntiof thet compounds of
Formula (1A), L 2Y is -(CH2)2-N(alky02. In another embpdiment of the co . f Formula (1A), L2Y
o (CHo)3 N T e B B R L™
-(CH2)3-NHi2atin wpoiireptain bodpenfiof thbivdnipe shavafi Fotisaidog /AR tiovaiky-roispIiNgalky 1) 2. In
another empdimeALar NG, cAMRANRAS AL EATANIN. baYids a@é&ﬁt&'ﬁaﬁ& nangther

embodiment of the compounds of Formula (IA), L2Y is -(CH2)4- In another embodiment of the
compounddsFEBYRs IRI(1AY, ExmplaredepiaNIRGE249insdnde: Sssrnmiditaf the COAPbunds of

Formula (14 140C jsdd Tip1ather smbndingiisehiiencompampa S armmia bt @G is.
-alkylene-NRaRb. In another embodiment of thqap}:ompoun s of Formula (l1A), LA is -alkylene-NH2. In

another enbStimEifof te: SOHTBAE RFSBPESS b (I T RIE RSB RG Biky 02. In another
embodiment of thEhcagrpotnsseltatmelfietiie bhoim{GHTeMRaRbolmiEnathesdmleodiment of the
compounds of Formula % r LOC isé‘%HZQZ-NHZ{In arﬁot{}er erg;;‘bo%i{ngnt cﬂ‘tthe1 compo nds of
o (TR 1 HE R ot ol S S SRR i KRl Oy, L is
-(CH2)3-NRuR boditeripthedi Enthosimetotof ahd compbirds @bE birmoath(¢12) prdXds & (OHZYS-NH2. In
another en&%ﬁ%@%@é&k@%&?gg&%%&%ﬁﬂ%@&@k%‘n %a&ﬁ&%ﬁ%)%ﬂmg%amwther

embodiment of the compoun Formula (IA), LOC is -(CH2)4-NRa .
composition will vary with the particular condition being treated, the severity of the

condition, the duration of the treatment, the nature of concurrent therapy, and the particular
active ingredient(s) being employed, and like factors within the knowledge and expertise of
the attending physician. For example, in reference to cancer or pathologies related to
unregulated cell division, a therapeutically effective amount refers to that amount which has
the effect of (1) reducing the size of a tumor, (2) inhibiting (that is, slowing to some extent,
preferably stopping) aberrant cell division, for example cancer cell division, (3) preventing or
reducing the metastasis of cancer cells, and/or, (4) relieving to some extent (or, preferably,
eliminating) one or more symptoms associated with a pathology related to or caused in part
by unregulated or aberrant cellular division, including for example, cancer, or angiogenesis,
With respect to stem cell mobilization, an effective amount is sufficient to improve improve
stem cell mobilization as measured, for example, by an mncrease in the presence of and/or
activity of blood cell types including those of myeloid (monocytes and macrophages,
neustrophils, basophils, eosinophils, erythrocytes, megakaryocytes/platelets, dendritic cells),
and/or lymphoid lineages (T-cells, B-cells, NK-cells). Representative dosage ranges and
administrative regimes are further described below, however these can be subject to
adjustment in individual patients.A “pharmaceutical composition” refers to a mixture of one
or more of the compounds described herein, or pharmaceutically acceptable salts thereof,
with other chemical components, such as physiologically acceptable carriers and excipients.
One purpose of a pharmaceutical composition is to facilitate administration of a compound to

an organism.
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In another embodiment of the compounds of Formula (IA), LIX is -(CH2)4-NH2. In another
embodiment of the compounds of Fotmula (IA), LOC is -(CH2)4-N(alky02. In certain embodiments of

the compouggds ehdfeumyla (1A), R3 and R4, taken together with the carbpgaiQmssiesyuich they arc
shown attached, form: R2 ; and In other embodiments of the compounds of Formula (IA), R3 and

R4, taken togetherswishi the darbophatemsid wicieibeytire shewnatidehedcdonoaill 11.RI ; andis

In another emboc{)gent. of the c%m;%ggnds.of Foc{fmula%(ﬁ@)d&g ar d R4 takeﬁ t%getheg.vxgtp the carbon

atoms to W%%?Ptt% %}frcépé%n(gvfr? aﬁa’checéfrflgfr?ﬁ u’ gha s MV Clahugéoﬁ%uer% ogﬁlﬁae}ﬁs 8f the

- compoundsnafrEarivulend A)cd oK dbraflapt; thadibRYiisl-atkylerredNRaRbidnod the cémbotiiraénts of the
compoundéo%ﬂ:%{la (IA), LOC is CH3; and L2Y is - alky e e-NRaRb. In another embodiment of the
compounds 0 Foula (IA), LOC is CH3; and L2Y is - alicylene-NH2. In another embodiment of the
compounds of FohUtARAR xfgCeian ee Bobstpncoairdteie-npBGSiFal aomposifiphifother
embodimep,gfiheSAPOUARS AL FAIBHIA Mo kRS CHR B8R Yus-aiiodenechitbsteroaryl alkyl).

In another embodiment_of the compounds of Foimula (1A), LA js CH3; and L2Y is - |

alkylcne-NFiEHAgH. fillerindiiyertte farbo AR DG ciR T BT S G R IR 2 is CH3; and

L2Y is - atlgnd enceichiRemepancd, alieydy2intiansiher enibiedimaniat thectampobmdspf Folula (1A),

LOC is CHgélgggn Ifaﬁgslia?la_tc, various sugars and types of starch, ccllulose derivatives, gelatin,
vegetable oils and polyethylene glycols.

“Treating” or “treatment” of a disease includes preventing the discase from occurring
in an animal that may be predisposed to the disease but does not yet experience or exhibit
symptoms of the disease (prophylactic treatment), inhibiting the disease (slowing or arresting
its development), providing relief from the symptoms or side-effects of the disease (including
palliative treatment), and relieving the disease (causing regression of the disease). With
regard to HIV or cancer, these terms can mean that the life expectancy of an individual
affected with HIV or cancer will be increased or that one or more of the symptoms of the
disease will be reduced.

The term “prodrug” refers to an agent, including nucleic acids and polypeptides,
which is converted into a biologically active form in vivo. Prodrugs are often useful because,
in some situations, they may be easier t0 administer than the parent compound. They may, for
instance, be bioavailable by oral administration whereas the parent compound is not. The
prodrug may also have improved solubility in pharmaceutical compositions over the parent
drug. A prodrug may be converted into the parent drug by various mechanisms, including
enzymatic processes and metabolic hydrolysis. Harper, N.J. (1962). Drug Latentiation in
Jucker, ed. Progress in Drug Research, 4:221-294; Morozowich et al. (1977). Application of
Physical Organic Principles to Prodrug Design in E. B. Roche ed. Design of
Biopharmaccutical Properties through Prodrugs and Analogs, APhA; Acad. Pharrn. Sci.; E.
B. Rocke, ed. (1977). Bioreversible Carriers in Drug in Drug Design, Theory and
Application, APhA; H. Bundgaard, 15 ed. (1985) Design of Prodrugs, Elsevier; Wang et al.
(1999) Prodrug approaches to the improved delivery of peptide drug, Curr. Pharm. Design.
5(4):265-287, Pauletti ef al. (1997). Improvement in peptide bioavailability: Peptidomimetics
and Prodrug Strategies, Adv. Drug. Delivery Rev. 27:235-256; Mizen ¢t al. (1998). The Use
of Esters as Prodrugs for Oral Delivery of P-Lactam antibiotics, Pharm. Biotech. 11,:345-
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alkylene-N(arylalky1)2. In another embodiment of the compounds of Formula (IA), LA is CH3; and
L2Y is - alkylene-N(alky1)2. In anothér embodiment of the compounds of Formula (1A), LOC is
-alkylene- N%&@M&@Y is H. In another embodiment of the compoungﬁﬂhgﬁm}dlﬁggé\) LIX is
-alkylene-NH2; and L2Y is H. In another embodiment of the compounds of Fri, ula (IA), LIX is

-(CH2)2-NEis . anifohentis: b (;9963 anetbanembadinent Hitr-conroundts-9feramula (IA), LA is
-(CF12)3- NF12; and L2Y is In another embodiment of the compounds of Formuia (IA), LOC is

-(CH2)4-NET8¢t aﬁﬁiﬁ?@rﬁ’” 6% MhoMEHERRBIdAHa Srine enipslingseot RERAtha tA), LA is
-alkyleneNfaddrly2, iarsl L2Xnisdoh, P. 1/n.anoiher Mnbap@mem ofthepoortpaigads of Formula (1A), L, X is

-(CH2)2 Iky1)2 and Y is H there t.of the ds of Farmula (1A), LOC
is (CLlZ)ﬂﬁXﬂ%yﬁE ﬁtfys Wmep Br}\génb?her em ?‘i%lrlltt% f cie rﬁpouﬁ%}% g ggrmula (1A),

LA is (CH@W@I]@KO@C dangldbRd7ig dd. i drfitivet enbedimdnindtthieccompodidsoMatimla (1A), LA is
-allcylene- Hﬂ(ﬁ%‘%%m%mk@ ‘%5"53 Béﬂrﬁl&%ﬁ& SMROAITRAL AL MG ARMRPWAAS,AL Foimula (1A), LIX

is -(CH2)2- NH In another embodiment of the corgfounds of Foimula (1A), LiX
is -(CH2)3Rmpanksy imfe pry s eptiptaHathdeerds gaient vitfe Ebradotiids R eoiiddlik (1A), LX is

-(CH2)4- Nﬂ(qlﬁxlbo@né&%a{el 1bb7). FéRRBRMSH embadinant o iNRe-sorpRAsEMIS0f ormuala (1A), LIX is
-aIkerneNH(heter %})L L2Y js H. In another embodiment of the compounds of Foimula (1A),
LIX is -(CHBYpd W&éﬁﬁ JRFAY Al e S yiaipation of SristhaP BIBIARIERPSE I Bolfipounds of

Formula (IAhpkiXeishehEtdputiddfRetetdeyahOAartd PRYiS Ehdiiapathen antedinaniafihel.

Compoundfl%g)oggslia I'S‘I)P%o(ar%gi?, i\(locévz‘}%}k: Elsevier; Fleisher et al, {1 996). Improved orzal drug
delivery: solubility limitations overcome by the use of prodrugs, Adv. Drug Delivery Rev,
19(2): 1 15-130; Fleisher et al. (1985). Design of prodrugs for improved gastrointestinal
absorption by intestinal enzyme targeting, Methods Enzymol. 112:360-81; Farquhar D, et al.
(1983). Biologically Reversible Phosphate-Protective Groups, J. Pharm. Sci., 72(3): 24-325;
Han, H.X. et al. (2000). Targeted prodrug design to optimize drug delivery, AAPS _
PharmSci., 2(1): E6; Sadzuka Y. (2000). Effective prodrug liposome and conversion to active
metabolite, Curr. Drug Metab., 1(1):31-48; D.M. Lambert (2000) Rationale and applications
of lipids as prodrug carriers, Eur, J. Pharm. Sci, 11 Suppl2:815-27; Wang, W. ct al. (1999)
Prodrug approaches to the improved delivery of peptide drugs. Gurr. Pharm. Des., 5(4):265-
&7.

The term “alkyl”, as used herein, unless otherwise specified, includes but is not
limited to a saturated straight or branched, primary, secondary, or tertiary hydrocarbon of C;
to Cpo or C; to Cp and specifically includes methyl, ethyl, propyl, isopropyl, cyclopropyl,
butyl, isobutyl, t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl,
cyclohexylmethyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-dimethylbutyl. The term
optionally includes substituted alkyl groups. Moieties with which the alkyl group can be
substituted are selected from the group consisting of halo (e.g., trifluoromethyl), hydroxyl,
amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonic acid, phosphate, or phosphonate, cither unprotected, or protected as necessary, as
known fo those skilled in the art, for example, as taught in Greene, et al., Protective Groups
in Organic Synthesis, John Wiley and Sons, Second Edition, 1991, hereby incorporated by

reference.

14



NH(heterocyclyl); and L2Y is H. In another embodiment of the compounds of Formula (IA), LA is
-alkyleneNH(heterocyclylalkyl); and L2Y is H. In another embodiment of the compounds of

Formula (IA%#%J@ﬂ%I@IJZ)Z- NH(heterocyclylalkyl); and 1,2Y is H. Imggﬁ(}g]ﬂ}%}(}iment of the
compounds of Formula (IA), LA is -(CH2)2- NH(heterocyclylatlcyt); and L2Y is H. In another

embodiment of theneQrpcundayet Fesmwallfkvt heiginardNH (halarocyslviaty.and L2Y is H.

In another embodiment of the compounds of Folmula (1A), L1X is -alkylene- NH(heteroarylalkyl); and
L2V is H. (Smgled et BrhBetmEhedr The (i BRBS o tEativingl (%) e penshqdpisyent
NH(heteroalylalleykl; can thas2 s, vo or tvanOte deinkadinde nébicthexcoagagngscafd-ormula (1A), LX is
-(CH2)3- NH(heteroarylallcyl); and L2Y is FL In another embodiment of the compounds of Formula
(IA), ' IX is HCHBYE NH (heteroarylaticy1); and L2Y is H. WO 2009/121063PCT/US2009/038805 In
another embodinignt tefrthi&igenypotaticts of Fclkyi(4s) defiXeid haltoylenehidh fatyiatiopny; @d L2Y is H.

In a”““”ﬁg[ggg?ﬁ@%‘}s r%ﬂﬂa%&?&lﬁ%ﬂ%%ﬁgéﬁ%@dﬂﬁ\% La%il)ﬁ &%@@%%%%@%ﬁ&%%f”d L2Yis

H. In anothier embodiment of the compounds of Formula LOC is alkyl); and
L2Y is H. chaip, apdgseherisodireneiontie €8mparladeesFormula (TA), LOC is -(CH2)4-

NH(arylalkyl); and¥sis e tembd-@ne-cmbadiment ofihe aompoends &f ForuiafAhR3 and R4,
taken together with the carbc;‘ref a(g[)hm%[o which they are shown attached, form: is; LOC is alkyl; and
A e

L2Y is -alkyféreRIPFRbE BHBPEmbbaimelt df e CoRPb i B ERGA%A), R3 and R4,
taken togethdpwitlhtte catboandtam$tte whiphsthbytlarefshowm@ttdchedkgtmnchisiet SaglE€H3; and L2Y

Sl BBy crrete gubotten o B garestosel PR U Faard v, e
branched C,, Cs, Cy and Cs alkeny] functionalities; C;-Cs alkoxy includes straight and branched,
C1, Ca, Cs, Cyq and Cs alkoxy functionalities; C,-Cs alkenoxy includes straight and branched C,,
Cs, Cy and s alkenoxy functionalities; C3-Cs alkynyl includes straight and branched C;, C,, Cs,
Cy4 and Cs alkyny! functionalities; and Co-Cs alkynoxy ncludes straight and branched Cy, C;, Cy
and Cs alkynoxy functionalities, etc.

The term “lower alkyl”, as used herein, and unless otherwise specified, includes a C
to Cq4 saturated straight or branched alkyl group, optionally including substituted forms.
Unless otherwise specifically stated in this application, when alkyl is a suitable moiety, lower
alkyl 1s preferred. Similarly, when alkyl or lower alkyl is a suitable moiety, unsubstituted
alkyl or lower alkyl is preferred.

The term “alkylene”, as used herein, means an organic radical formed from an
unsaturated aliphatic hydrocarbon. Typically, an alkylene can be represented by the
following Formula; -C(RR”),-, wherein n is an integer of one or more, and R and R’ 1s
hydrogen, halo, hydroxyl, amino, cyano (i.e., -CN), nitro, alkoxy, alkylamino, arylamino,
sulfate, sulfonic acid, phosphonic acid, phosphate, phosphonate, either unprotected, or
protected as necessary, as known to those skilled in the art. Preferably, n 18 an integer from 1|
to 20. More preferably, n 1s an integer from 1 to 6. The alkylene can be straight, branched,
or cyclic. Non-limiting examples of alkylene include —~CH,- (methylene), -CHCHo-
(cthylene), -CH,CH,CH,- (propylene), etc.

"The term “amino” includes an amine group (i.e., ~NH3) as well as an amine group
substituted with one or more alkyi groups, substituted alkyl groups (¢.g., hydroxyalkyl,
alkoxyalkyl, thioalkyl, alkylthioalkyl, etc.), one or two aryl groups, one or two heteroaryl
groups, one or two arylalkyl groups, one or two heteroarylalkyl groups, combinations of H,
alkyl, aryl, heteroaryl, arylalkyl, and heteri)gry]aikyl groups. When the amino group has one



In another embodiment of the compounds of Formula (IA), R3 and R4, taken together with the carbon
atoms to which they are shown attached, form. ww ; LOC is CH3; and L2Y is -alkylene-NH(alkyl).

In another eggagisnemQf the compounds of Formula (1A), R3 and R4, talL@f} aREAeEWEh the carbon
atoms to which they are shown attached, form: is; LA is CH3; and L2Y is aIIkerne NH(heterocyclyl).

In another @m{a@gm@nta@}tith@t@wtmﬁmﬁ@rm&aoé&&%}ﬁﬁ gﬂﬂlﬁ%ba&qﬁw lagetheiysithythe carbon
atoms to which they re show £gtt ched, form. 37 NH(E‘)‘ rocy lal d In another embodiment
of the comflfé’éﬂ’]rﬁ%t o¥ B % ESUR F PR TB S &F \ZH alB&EHBms to which they are

shown attatihiedafanai’ & “a@\lhmnor;]:éfdst&hiﬁamamd gﬂ»‘dgsmalkymmwmmmmanymjzkyl) In another
embodiment.o of ula (1A and 124 tal ken toge Wlth ,t,he bon atoms to
which they a?é%ﬁ%lv&hrg acﬂvéyfofm rmi)? l@ﬂ mna L(E‘Y iS4 ﬁcne arylgﬁ yl){ In another
embodimenngfaigeoup thpidw dsobFommuida{ ki) oRBetmok Rl a takegraupge thepentittethe loarbon atoms to

which ey A0e, AN ANRENS Q1L O R S AN L2 RN on, 1 BRLDC

embodiment of the compounds of Formula (IA), R3 and R4, taken together with the carbon atoms to
which theyifife Rhewiscigialen e voia.and/og @@F@S‘%B@Z’g% -(CH2)2-NH(alkyt). In another

embodiment of thene@aRCURRSOLEOIRY RN Blians&hsalendearthel acyl groups such as
~C(0)-alkyl, -C(O)-aryl, -C(O)-heteroaryl, ~-C{0)-O-alkyl, -C(0)-O-aryl, -C(O)-O-
heteroaryl, -C(O)-N(R)-alkyl, -C{O)}-N(R}-aryl, -C(O)-N(R)-heteroaryl; sulfony! groups such
as -S(O)-alkyl, ~S(O)z-aryl, -S(O);-heteroaryl, -8(0),~O-alkyl, -S(0),~O-aryl,
-S(0),-O-heteroaryl, —S(O),-N(R)-alkyl, =S(O);-N(R)-aryl, —=S(O),-N(R)-heteroaryl, etc.
(wherein R is H, alkyl, aryl, heteroaryl). When the substituent on the amino group is an acyl
group, the moiety can also be referred to as an “amido” group (i.e., when the acyl group s
-C(O)-alkyl, -C(O)-aryl, or -C(O)-heteroaryl), a “urea” moiety (i.e., when the acyl group is -
C(O}-N(R)-alkyl, -C(O)-N(R)-aryl, or -C(O)-N(R)-heteroaryl), or a “urethane” moiety (i.c.,
when the acyl group 1s -C(0)-O-alkyl, -C(O)-O-aryl, or -C(O)-O-heteroaryl).

Unless stated to the contrary, a substituent is bound to a structure through the last
named moiety of the substituent. For example, an “arylalky!l” substituent is bound to a
structure through the “alkyl” moiety of the substituent.

The term “aminoalkyl”, as used herein, means an amino groups bonded to the parent
moiety through an alkyl moiety (i.e., amino-alkyl-), wherein the amino and alkyl portions of
the aminoalkyl are each as defined herein. Non-limiting examples of aminoalkyl include
HoN-(CHy),-CHz-, HoN-<(CH;)3-CHy-, (CH3);N-CH2CHz-, CH3-0-CH,CHNH-CH,-, aryl-
NH-(CH;);-CH;-, heteroaryl-NH-(CH;):-CH;-, H;N-C{O)-NH-(CH;),-CH;-, etc. The term
aminoalkyl can also refer to nitrogen containing heterocycles attached to an alkylene through
the nitrogen atom of the heterocycle, e.g., pyrrolidine-CH,-, piperidine-CH,CH,-,
morpholine-CH;CHy-, etc.

TP OLe

The term “amido”, “aminoacyl”, or “aminocarbonyl”, as used herein, means amino—
C(0)-, wherein the amino moiety is any amino as defined herein. Non-limiting examples of
aminoacyl include phenyl-NH-C(0)-, piperazine-C(O)-, pyrrolidine-C(O)-, (CHz-O-
CH,CH;),N-C(O)-, pyridine-CH,-NH-C(O)-, phenyl-CH,-NH-C(O)-, etc.

The term “aminoacylalkyl”, as used herem, means amino-C(O)-alkyl-, wherein the

amino-C(O) moiety and alky]l moiety are as defined herein.
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with the carbon atoms to which they are shown attached, form: ,R, on, is*tiny ; LOC is CH3; and L2Y is
-(CH2)2-NH(heterocyclyl). In another embodiment of the compounds of Formula (IA), R3 and R4,

taken together,With {hq&arbon atoms to which they arc shown attached, ferris dAdagierocyclylalkyl).
In another embodiment of the compounds of Folmula (IA), R3 and R4, taken together with the carbon

atoms to which they asensheyyhatiqchedséatisrein, mémnaRsfhenambhaedinentng thaeomnaynds of

Formula (I1A), R3 and 124, taken together with. the carbop atoms to which they are shown attached,
form:  ARAEIE BHBORAMETESE ﬁ@%&%@aﬁawpﬁ%%ﬁp&dw?%fgffar@%}%&hogemer with
the carbontatomsdenwitighdheynare, shown attached, form: R2 'gqvis LX is CH3; and L2Y is

~(CH2)3-NH2. The term “heteroarylamino™, as used herein, means heteroaryl-amino—, wherein the

amino moiety is any amino as defined herein. Non-limiting examples of arylamino include
pyrimidine-NH-, halo substituted pyrimidine-NH-, haloalkyl substituted pyrimidine-NH-, etc.

The term “protected” as used herein and unless otherwise defined refers to a group
that is added to an oxygen, nitrogen, or phosphorus atom to prevent its further reaction or for
other purposes. A wide variety of oxygen and nitrogen protecting groups are known to those
skitled in the art of organic synthesis.

The term “aryl”, as used herein, means an aromatic monocyclic or multicyclic ring
system comprising about 6 to about 14 carbon atoms, preferably about 6 to about 10 carbon
atoms. Non-limiting examples of suitable aryl groups include phenyl, biphenyl, or naphthyl.
The term aryl refers to unsubstituted aryl groups or aryl groups substituted with one or more
substituents which may be the same or different. The aryl group can be substituted with one
or more substituents, including but not limited to substituents selected from the group
consisting of hydroxyl, thiol, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano,
sulfonic acid, halo (F, Cl, I, Br), carboxy, ester, acyl, alkyl (i.e., any of the alkyl groups
described herein, such as methyl, ethyl, propyl, butyl, etc.), alkenyl (i.e., any of the alkenyl
groups described herein, such as vinyl, allyl, 1-propenyl, 1-butenyl, 2-butenyl, etc.), alkynyl
(i.e., any of the alkynyl groups described herein, such as 1-ethynyl, 1-propynyl, 2-propynyl,
etc.), haloalkyl (i.c., any of the haloalkyl groups described herein), sulfate, sulfonate, sulfonic
esters and amides, phosphoric acid, phosphonic acid, phosphate, or phosphonate, either
unprotected, or protected as necessary, as known to those skilled in the art, for example, as
taught in Greene, et al., Protective Groups in Organic Synthesis, John Wiley and Sons,
Second Edition, 1991.

The term “alkaryl” or “alkylaryl” refers to an alkyl group with an aryl substituent. In one
embodiment, the “alk™ or “alkyl” portion of the alkaryl is a lower alkyl group. Non-limiting
examples of suitable alkylaryl groups include o-tolyl, p-tolyl and xylyl. The bond to the parent
motety is through the aryl.

The term “aralkyl” or “arylalkyl” refers to an aryl group attached to an alkyl group. In
one embodiment, the “alk” or “alkyl” portion of the aralkyl is a lower alkyl group. Non-limiting

examples of suitable aralkyl groups include benzyl, 2-phenethyl and naphthalenylmethyl. The
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In another embodiment of the compounds of Formula (IA), R3 and R4, taken together with the carbon
atoms to which they are shown attached, form: NR2 LOC is CH3; and L2Y is -(CH2)3-NH(alkyl). In

another emhpgdiment.afthe compounds of Foimula (I1A), R3 and 124, takeg-tagstienwillx the carbon
atoms to which they are shown attached, form: ; Li X is CH3; and L2Y is -(CH2)3-NH(heterocyclyl).

In another pypbadingatak theiGoRABMIGS BlRakiulari)yRgoant Brhakemiogeatherwitly the carbon
atoms to which they are shown attached, form: R2 ; LOC is CH3; and L2Y is -(CH2)3- NH(heterocyc
talky 0.  PRFRREH é’ﬁ%ﬁﬁ%ﬁgﬁ{e&f the compounds of Formula (IA), R3 and R4 taken together with
the carbon atomsTte: whichatheyydresshowheattachedsfeliont-(s; wixteis GHBkahddi@y of the

is-(CH2)3- heteroarylalkyl). In angther odiment of the compounds of Formula (IA), R3 and
R4, taken t%g% H55%5ﬁ%ﬁ%%%r’b%rﬁuﬁgﬁ%tgﬁ%%%lﬁiey are shown attgched, form: ; LOC(is)CHS; and
L2Y is - (CH2)3-NH¢deyhalkyloalkyihrasrathe nerisodirie moobtie somisyehuSisiramsvkdea), R3 and

R4, taken %%ﬁ&g%th@ %Q@Fb&&%ﬁ@%&%ﬁ?%@%ﬁ@m@ﬁtm nfOfTprefichdBfys CFI3; and

L2Y is -(C In another embodiment of the compounds of Formula (1A), R3 and R4, taken

together withriaZ eathen Hews Baghiterikelcard e ABMAlatRstitugAvithrepe or more

substituents which may be the same or different. Non-limiting examples of suitable
monocyclic cycloalkyls inciude cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the
like. Non-limiting examples of suitable multicyclic cycloalkyls include 1-decalinyl,
norbornenyl, adamantyl and the like. Suitable substituents for cycloalkyls include
substituents selected from the group consisting of hydroxyl, thiol, amino, alkylamino,
arylamino, alkoxy, aryloxy, niiro, cyano, sulfonic acid, halo (F, Cl, 1, Br), carboxy, ester,
acyl, alkyl (i.e., any of the alky! groups described herein, such as methyl, ethyl, propyl, butyl,
.etc.), alkenyl (i.c., any of the alkenyl groups described herein, such as vinyl, allyl, 1-
propenyl, 1-butenyl, 2-butenyl, etc.), alkynyl (i.e., any of the alkynyl groups described herein,
such as 1-cthynyl, I-propynyl, 2-propynyl, etc.), haloalkyl (i.e., any of the haloalkyl groups
described herein), sulfate, sulfonate, sulfonic esters and amides, phosphoric acid, phosphonic
acid, phosphate, or phosphonate, cither unprotected, or protected as necessary, as known to
those skilled in the art, for example, as taught in Greene, et al., Protective Groups in Organic

Synthesis, John Wiley and Sons, Second Edition, 1991, herein incorporated by reference in

its entircty. Substituents can also include fused aromatic rings, ¢.g. : : and
N
-

w , wherein the fused aromatic or heteroaromatic ring can itself be unsubstituted

ot substituted with one or more substituents as described herein.

The term “halo”, as used herein, includes chloro, bromo, todo, and fluoro.

The term “haloalkyl”, as used herein, means an alkyl as defined above wherein one or
more hydrogen atoms on the alkyl are replaced by a halo defined above. Non-limiting
examples of haloalkyl groups inchude -CFa, -CH:CF;, etc.

The term “hydroxyalkyl”, as used herein, means an alkyl group having at least one
hydroxy substituent. Non-limiting examples of hydroxyalkyl groups include hydroxyethyl,
3-hydroxypropyl, 2-hydroxy propyl, etc.
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LOC is CHS3; and L2Y is -(CH2)4-NH(alkyl). In another embodiment of the compounds of Formula
(IA), R3 and R4, taken together with the carbon atoms to which they-are shown attached, foim: "RI ;
LOC is CHW%M\S ;(CH2)4-NH(heterocyclyl). In another embodimgptafthecampounds of
Formula OA), R3 and R4 taken together with the carbon atoms to which they are shown attached,

form: ;L1Xis CH3canehl3Ndey{lkid2)4s Whiid (heteropvehdtaliyl olnirpother-embodinemof the
compounds of Folluta (1A), R3_.and R4, taken to tbgether with the carbon atoms to w (plch they are shown

attached, faPi! ?%%?EBT_TXHQC@P@ hetohfss 199 YA RSt POR AT T 28T (R divalent
2009/12106ERIGI4WS200940:388Q¢boup tinaabtbes epihadimintof dheatanbpoefdsdiczermula (IA), R3
and R4, talge@t?e%ej;her with th rbon atoms to \ﬁ(%ch theﬁ are.s own{{aﬁf@c@eﬁ form (Rl is; LIX is

CH3; and L3V ﬁrfﬂf l\ﬁ‘—i‘( ﬂa?f%yl%mup i afiothé embe ot the compouncfs of Poulinla

iment of
(1A), R3 amebRégdaktmatogether with thenodrboncatom Ntolihichtheyapdesbdwhattalbiyéd, fool):

groups include CH3-0-CH,CH;-, CH3-O-CH,CHCH;-, CH3CH,-O-CH,CH;-, CH:CH-O-
CH,CH,CH;-, t-Bu-O-CH,CH;-, etc.

The term “acyl™ refers to a carbonyl group (-C(0O)-). For example, arvlacyl refers to
groups such as phenyl-C(O)-, alkylacyl refers fo acetyl, aminoacyl refers to HoN-C(O)-(wherein
the N atom can be substituted with aryl, alkyl, heterocyclyl, ete), ete. When the acyl group forms,
for example, a ketone, a carboxy group, a carbonate group, a urea group, a thio ester, etc, the non-
carbonyl moiety of the such a group is selected from straight, branched, or cyclic alkyl or lower
alkyl, alkoxyalkyl including methoxymethyl, aralkyl including benzyl, aryloxyalkyt such as
phenoxymethyl, aryl including phenyl optionally substituted with halogen, C; to C, alkyl or C; to
Cs alkoxy, sulfonate esters such as alkyl or aralkyl suiphonyl including methanesulfonyl, the
mono, di or triphosphate ester, trityl or monomethexytrityl, substituted benzyl, trialkylsilyl (e.g.
dimethyl-t-butylsilyl) or diphenylmethyisilyl. In one embodiment, aryl groups in the esters
comprise a phenyl group. The term “lower acyl” refers to an acyl group in which the non-
carbonyl moiety is a lower alkyl.

The term “carboxy”, as used herein, means —~C(O)OH or an ester thereof.

The term “alkoxycarbonyl”, as used herein, means —C(0)-0-alkyl, wherein the alkyl
moicty is any alkyl as defined herein,

The term “alkylthioalkyl”, as used herein, means alkyi-S-alkyl-, wherein each of the
alkyl moicties is as defined herein. Non-limiting examples of alkylthioalky! groups include
CH;-8-CH,CH;~, CH;3-S8-CH,CH,CH;-, CH3CH,-S-CH,CH;-, CH3;CH;-S-CH,CH,CH,-, t-
Bu-S-CH,CH;-, cte.

The term “alkylamino™, as used herein, means alkyl-amino-, wherein the amino
moicty can be any amino as defined herein,

The term “a 5- to 18-membered Saturated'heterooyciic ring contamning at least one
nitrogen atom” means a saturated monocyclic or multicyclic ring system comprising 5 to 18
atoms as the members constituting the ring systerm wherein the 5 to 18 atoms are chosen from
carbon, nitrogen, suifur, or phosphorous and at least one of the 5 to 18 atoms are nitrogen.
The term encompasses a 6-18 membered saturated heterocyclic ring containing one or more,
e.g., 2 nitrogen atoms. The multicyclic ring system can be fused or bridged multicyclic nings.

The 5- to 18-membered saturated heterocyclic ring can optionally be substituted at any
19



In another embodiment of the compounds of Formula (1A), R3 and R4, taken together with the carbon

atoms to which they are shown attached, form: is; LOC is -alkylene-NH2; and L2Y is H. In another
embodimentof the,comppunds of Formula (1A), R3 and R4, taken togethg&wﬁgzm%@gggn atoms to
which they are shown attached, form: 'syvy ; LOC is -alkylene-N(alky1)2; and L2Y is H. In

another emppdimantaidharampRUnEs:l ket vy @%@@qlmdiaggwbh@&&mrwnh the carbon
atoms to which, they are shown attached form: R ; LOC is aﬁ%&?e NH(alkyl); and L2Y is H. In

another emBSHiHED £HRE CormpPBaraYs ﬂohﬂﬂ %fui%y e b R0 tBYEHE Wit the carbon
atoms to th’rﬁhothe)deﬂiﬁeﬂfhem attachédl, farto, sigitnunlde) Gris: mileyenedi heterpyclyl); and .L2Y

is 14. ; &9 gken together with
the carbon g?icr)ﬂr%% ¥og%r%?:ﬁgéhey%g %own%%g%ggﬁéﬁgé |sqmﬁ’< g)n?e N%gﬁeterl)(ocyclylalkyl) and
L2Y is H. aryhﬁl@ﬁé@ﬁéﬁ@iﬁb%@ﬁ%@@ﬁ%@&ﬁﬁdeﬁ@ @ﬁ@wm@%ﬂ&ﬁm@é@ﬁiﬂﬁken together

with the caﬁ@%h@@mﬁ%wmgbam@wa@ﬁwﬁﬁt@gﬁm afsarrnetél%agﬁaﬂasaﬁwds késiiged
-alkylene- gh terqg} Ialk}g)\}ﬁlgd L2Y is H..In ag gﬁbodl of the ¢ oundso Poimula (1A),
WRIE

R3 and RAtaken® oge heF {& B ﬂ’or(lmé oms o Fifey & s %tve\iﬁe% Ed)t%rm “LtitisLoC

is -alkylenepistekmdyaltigdyssand dsXvosHo those skilled in the art. Nonmhmitmg exampies of
substituted or unsubstituted 5- to 18-membered saturated heterocyelic rings containing at

least one nitrogen atom include the following:

l
@\N O\’/\I\E O\/\N N
K/)‘l\f‘ @x‘;‘ HN”H\:}\?: N / N}l
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o
Q“:ﬁ @*’:f O’*‘:f
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NH HN
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\Lf Ny HN\L - J\\/‘a

I " ey
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With reference to the number of moieties (e.g., substituents, groups or rings) in a
compound, uniess otherwise defined, the phrases “one or more” and “at least one” mean that
there can be as many moietics as chemically permitted, and the determination of the
maximum number of such moieties is well within the knowledge of those skilled in the art.

The term “pharmaceutically acceptable salt, solvate, ester or prodrug” is used
throughout the specification to describe aﬁy pharmaccutically acceptable form (such as an
ester, phosphate ester, salt of an ester or a related group, or hydrate) of a compound which,
upon administration to a patient, provides the compound described in the specification.
Pharmaceutically acceptable salts include those derived from pharmaceutically acceptable
morganic or organic bases and acids such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p-toluensulfonic
acid, salicylic acid, malic acid, maleic acid, succinic acid, tartaric acid, citric acid and the

20



In another embodiment of the compounds of Foimula (I1A), R3 and RA, taken together with the carbon

“atoms to which they are shown attached, form: ; LA is -(CH2)2-NH2; and L2Y is H. In another
embodiment,af thg,fopRounds of Formula (I1A), R3 and RI, taken togethgr Wit he saERRn atoms to
which they are shown attached, form: ;L1X is -(CH2)2-N(alky1)2; and L2Y is H. ; In another

embodimenkofgheasRpnaunssRf fhedpwavdd i3 a0 Bbiiakemtoosihesiwithibecaikon atoms to
which they agre ,shoyvg attached, form: LX is -(CH2)2-NH(aI1I%/I); and L2Y is n gnother

A
embodimePtBF & GUBHEGHIRLI (HE) TRESHERA aﬁ%ﬁ%‘ﬁ@:ﬁ%‘i’%fﬁ?ﬁé ¥tbon atoms to
which theykarevahiawie attaihedsdgimad sléiledArésn:(CH2)2-NH(heterocyclyl); and L2Y is H. In
another embodimgnt of the compounds of Foiumla (1A), R3 apd RA, taken tagether with the carbon
Stoms 10 whioh (0} S SRS R RO SN 81 b6 e LS ASaBE M nother
em_bodimennt)bih@wmb@mlmlﬂwﬂaiélpbymlaasdommaldemdagﬁmn@ﬂiﬁmgeeaf@mcatoms to
which they,2ieS0auh SiAeReda{AIdDic aGIS: LohiRIE- N helerRRMAION: andJ2Yipd. In another

embodiment of the compounds of Formula (TA), R3 and RI, taken together with the carbon atoms to
which they<apedpafvscitinth &, FormPls NRFHSIE ATEORE REYSINHPRGIER IR Beerporetsd | the |
another embagimantobine.comRuRde i FepRUte (MidoRB.aRd Rk Bkentogathenwith the carbon

atoms to which they are shown attached, form: | ) ‘
isolatable’solvates. Non-limiting examples of suitable solvates include cthanolates,

methanolates, and the like, “Hydrate™ is a solvate wherein the solvent molecule 1s H,O.

The term “heterocyclic” or “heterocyclyl” refers to a cyclic group that may be
unsaturated, partially or fully saturated and wherein there is at least one heteroatom, such as
oxygen, sulfur, nitrogen, or phosphorus in the ring. Heterocyclic or heterocyclyl groups
mnclude heteroaryl groups. Non-limiting examples of non-aromatic heterocyclyls include
piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl, morpholino, thiomorpholino, oxiranyl,
pyrazolinyl, dioxolanyl, 1,4-dioxanyl, aziridinyl, tetrahydrofuranyl, pyrrolinyl
dihydrofuranyl, dioxanyl, tetrahydropyranyl, dihydropyranyl, indolinyl, imidazolyl,
tetraazacyclotetradecanyl, dioxadiazacyciododecanyl, diazepanyl, etc., wherein each of the
aforementioned heterocyclyls can be unsubstituted or substituted at any substitutable position
(including a heteroatom) with one or more substituents (e.g., any of those described herein,
including carbonyl groups in the heterocyclic ring).

The term “heteroaryl” or “heteroaromatic”, as used herein, refers to an aromatic ring
that includes at ieast one sulfur, oxygen, nitrogen or phosphorus in the aromatic ring,
Nonlimiting examples of heteroaromatics are furanyl, pyridyl, pyrimidinyl, benzoxazolyl,
1,2,4-oxadiazolyl, 1,3.4-oxadiazolyl, 1,3.4-thiadiazole, indazoly!, 1,3,5-triazinyl, thienyl,
tetrazolyl, benzofuranyl, quinolyl, isoquinolyl, benzothienyl, isobenzofuryl, indolyl,
isoindolyl, benzimidazolyl, purine, carbazolyl, oxazolyl, thiazoiyl, benzothiazolyl,
isothiazolyl, 1,2,4-thiadiazolyl, isooxazolyl, pyrrolyl, quinazolinyl, cinnolinyl, phthalazinyl,

- xanthinyl, hypoxanthinyl, pyrazole, 1,2,3-triazole, 1,2,4-triazole, 1,2,3-oxadiazole, thiazine,
pyridazine, benzothiophenyl, isopyrrole, thiophene, pyrazine, or pteridiny! wherein said
heteroaryl or heterocyclic group can be optionally substituted with one or more substituent.
In one embodiment, heterocyclyl and heteroaromatic groups include purine and pyrimidines.

Substituted aromatic or heteroaromatic rings (including aromatic or heteroaromatic

portions of functional groups such as aryialkyl or heteroaryialkyl groups) can be substituted
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In another embodiment of the compounds of Formula (1A), R3 and 124, taken together with the carbon
atoms to which they are shown attached, form: ; LA is -(CH2)3-N(alky1)2; and L2Y is H. In

another emRodimant,ofdhe compounds of Foiniula (IA), R3 and R4, takepdtegathgsyithythe carbon
atoms to which they are shown attached, form: R R2 isLIX is -(CH2)3-NH(alkyl); and L2Y is H. In

another erfaadimest ebibsueompaundssf remmylaxthdpi R 3 BadiR4btakendogeaiiied wih the carbon
atoms to which they .are shown att clllledgform: N.: Iﬁ&i}s -(CH )S-NH(i)tgteroc lyl); and L2Y is H. In
another enfSOBIHERRETE ESTRBBUR bEEER I R R R R AR O EHEr Wil the carbon
atoms to whietvtielfcatie shidviaiattBofied, Bojntarboxincanatheylcdibd dimentyostte etkyipounds of
Formula (1A), R3 and R4, taken together with t arbaon atoms tqQ which.they are sh attached,
form: R1 s S008 HTEFE R B T, A O e
compounds!ifiFbamnuts (esyrReldetRAsudkenviogetiblwithranenchrboniatons-tutamhikietthky are
shown attaghed (A RAY; LRI EHAMKL(ARA AU AB0AAYcln . 1 ARRIher embodiment

of the compounds of Faimula (IA), R3 and R4, taken together with the carbon atoms to which they are

shown atta¥eBdinFs dstahpplrl ¥ s de1eb saehiploalknierowsdeseribed hespiBingr Bitbodiment of the

compounds afoFaEMdidedR )3 and R dtakenisasaibecwithuiheraiban dterasHiawhich they are
shown attached, form: 6t1/4 is; LA is -(CH2)4-N(alky1)2; and L2Y. is H. In ar#)éper,e bodiment of

the compoRALE MmelHRRS AR ISACRY SHER 1o BRTREAWIPS RO ER SR AotRL E8 rfth they are

shown attaghedr ample, as taught in Greene, et al., Protective Groups in Organic Synthesis, John
Wiley and Sons, Second Edition, 1991,

Functional oxygen and nitrogen groups {e.g., on a aryl or heteroaryl group) can be
protected as necessary or desired. Suitable protecting groups are well known to those skilled
in the art, and include trimethylsilyl, dimethythexylsilyl, -butyldimethylsilyl, and #-
butyldiphenylsiiyl, trityl or substituted trityl, alkyl groups, acyl groups such as acetyl and
propionyl, methanesulfonyl, and p-toluenelsulfonyl.

The term “heteroarylalkyl”, as used herein, means heteroaryl-alkyl-, wherein the
heteroaryl and alkyl moieties can be any heteroaryl or alkyl defined herein. Non-limiting
examples of heteroarylalkyl include pyridine-methyl- and benzimidazole-methyl-.

The term “heterocyclylalkyl”, as used herein, means heterocyclyl-alkyl-, wherein the
alkyl moicty may attach to the heterocyclyl ring at any available position, and the
heterocyclyl and alkyl moicties can be any heterocycly! or alkyl defined herein. Non-limiting
examples of heteroarylalkyl include pyrrolidine-methyl- and piperidine-methyl.

The term “carbocyclyl” or “carbocyclic” as used herein means a cyclic group 1n
which all of the ring atoms are carbon, which may be unsaturated, partially or fully saturated.
Carbocyelic rings can be monocyclic or polycyclic and include aromatic rings (e.g., phenyl,
naphthyl, etc.), partially unsaturated non-aromatic rings (dehydronaphthyl, cyclopentenyl,
cyclohexenyl, etc.), or fully saturated hydrocarbon rings (cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, etc.). The carbocyclic rings can be substituted with any substituents
described herein, e.g., those described for substituted aromatic and heteroaromatic rings
herein (including carbonyl groups in the ring).

The term “carbocyclylacyl”, as used herein, means -C(O)-carbocyclyl, wherein the

carbocyclyl moicty is any carbocyclic as defined herein, and include “arylacyl” groups.
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In another embodiment of the compounds of Formula (IA), R3 and R4, taken together with the carbon
atoms to which they are shown attached, form: 'tt's7R2 is; LOC is -(0-12)4-NH(heterocyclyl); and L2Y

is H. In 3hQtags ehppdiment of the compounds of Formula (1A), R3 apeR4éqerdegether with the
carbon atoms to which they are shown attached, form: ; LIX is -(CH2)4-NH(heterocyclylalkyl); and

L2Y is H. WO 20(19(d:21 0G3RE& T Wds2Q09/A3880&ns —ianaiflewaembiadimant alibs ¢compounds of
Formula (IA), R3 and R4, taken together with the carbon atoms to which they are shown attached,
form: LOGY %fé??ﬁﬂkﬁxﬁ%teroarylalkyl); and L2Y is H. In another embodiment of the
compounds of Formeulan{lAidRAand K2 4s¢d kervitogetins rwithuthe! dar FormaternS-tbiAkhiehethdy are

erLOl;Ac/Jrc]i i?rtltealr% t%?gﬁéﬁﬂg%agﬁé%ﬁiﬁ&% eﬂs% %’%’%ﬁ%@% )lg'%%rgr&n%ﬁlleag ﬁ%lf%%ll ,'. g rog eé[%llgl r% Z%? éﬁu{t?ilgﬁ I ;/Cacceptable
salt, solvatiectedsorterNstbrd ovstrreen, thadliar! esveatthachdts gny alwdhapssty vigraBled IRIBLRI, R2, LI,
L2, Q, X, andY 2re AR Aslined ARG JOr Rty desdfiA% LHRRIME O EoRmyladad i Q is
nitrogen. In another embodimernit of Formula IA-1, Q is CRC. In another embodiment of Formula 1A-1,
wherein the cycloalkyl moiety includes any described or defined herein; -C=N-heteroaryl
wherein the heteroaryl moiety includes any described or defined herein; -C=N-
heterocycloalkyl, wherein the heterocycloalkyl moicty includes any described or defined
herein
The term “heteorycyclylacyl”, as used herein, means -C(O)- heteorycyclyl, wherein
the heteorycyclylmoiety is any hetcoryeyclylas defined herein, and include *“heteroarylacyl”
Zroups.
The term “heteroarylacyl”, as used herein, means ~C(O)-heteroaryl, wherein the
heteroaryl moiety is any heteroaryl as defined herein.
The term purine or pyrimidine includes, but is not limited to, adenine, Ng-
alkylpurines, Ng-acylpurines (wherein acyl is C(O)(alkyl, aryl, alkylaryl, or arylaikyl), N¢-
benzylpurine, Ng-halopurine, Ne-vinylpurine, Ng-acetylenic purine, Ne-acyl purine, Ng-
hydroxyalkyl purine, Ng-thioalkyl purine, Np-alkylpurines, Ny-alkyl-6-thiopurines, thymine,
cytosine, 5-fluorocytosine, 5-methylcytosine, 6-azapyrimidine, including 6-azacytosine, 2-
and/or 4-mercaptopyrmidine, uracil, 5-halouracil, including 3-fluorouracil, Cs-
alkylpyrimidines, Cs-benzylpyrimidines, Cs-halopyrimidines, Cs-vinylpyrimidine, Cs-
acetylenic pyrimidine, Cs-acyl pyrimidine, Cs-hydroxyalkyl purine, Cs-amidopyrimidine, Cs-
cyanopyrimidine, Cs-nitropyrimidine, Cs-aminopyrimidine, Ny-alkylpurines, Nj-alkyl-6-
thiopurines, 5-azacytidinyl, 5-azauracilyl, triazolopyridinyl, imidazolopyridinyl,
pyrrolopyrimidinyl, and pyrazolopyrimidinyl. Purine bases include, but are not limited to,
guanine, adenine, hypoxanthine, 2,6-diaminopurine, and 6-chloropurine.
Compounds of the present invention, and salts, solvates and prodrugs thereof, may
exist in their tautomeric form (for example, as an amide or imino ether). All such tautomeric
forms are contemplated herein as part of the present invention.
All stereoisomers (for example, geometric isomers, optical isomers and the like) of
the present compounds (including those of the salts, solvates and prodrugs of the compounds
as well as the salts and solvates of the prodrugs), such as those which may exist due to

asymmetric carbons on various substituents, including enantiomeric forms (which may exist
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R2 is In still another embodiment of Formula IA-1, Q is nitrogen and In yet another embodiment of
Fonnuta IA-1, WO 2009/121063PCT/U82009/038805 RO R2 is In another embodiment of Formula

IA-1, Q is ni %ﬁﬁqo%z is In another embodiment of Formula I1A-1 ﬁi%a%m%& and R1is

hydrogen, alkyl, halogen, hydroxy, amino, alkyl or dialkyl amino, alkoxy, g’cy I oxycar%onyl or CF3;

and R2 is hyghagen, alcDetatoalindxhydioxveliuuakexyalky, aashRsHRM, iheterocyclyl.  In

another embodiment of Formula'IA-1, Q is nitrogen and 12.1 is hydrogen, alkyl, halogen or CF3. In
another enfERSUTFRENERS FERIAE R CepiatessluR the ssers? bifb AR b dtdiviidicylene group,

and X is ogptiaabtRubstitiedsas0eay shthoptenadly sunSitieshgtcrecyshtorINRaftufin still
another emhodiment of Formula 1A-1 E nitro en [, R2is, Liis an %)ti n?llllé/ sub§ ituted alkylenc
)g/}p ¢ £, 0

group, and T BTSRRI Sy B RS &l e R Ge RS NRafth. In

another embdindesttebRonmeslal -dhifdliscnitiogemhRitesent invention can have the S or R
configuration as defined by the IUPAC 1974 Recommendations. The use of the terms “salt”,

LT

“solvate” “prodrug” and the like, is intended to equally apply to the salt, solvate and prodrug
of enantiomers, stercoisomers, rotamers, tautomers, racemates or prodrugs of the inventive
compounds.

Polymorphic forms of the compounds of the present invention, and of the salts,
solvates and/or prodrags of the compounds of the present invention, are intended to be

included in the present mvention.

Chemgkine Inhibitory Compounds

Compounds of Formula I

In one embodiment, the invention provides compounds of Formulia (1), or
pharmaceutically acceptable salts, solvates, prodrugs, tautomers, stercoisomers, and esters

thereof:

or a pharmaccutically acceptable salt, solvate, tautomer, stercoisomer, and/or ester
thereof, wherein;

R; and R; are each independently H, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl
mcluding alkoxyalkyl, haloalkyl, CF3, halogen, hydroxy, amino, optionally substituted alkyl
or dialky! amino, optionally substituted alkoxy, hydroxyalkyl, optionally substituted
aminoalkyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally
substituted arlakyl, optionally substituted arylakyl, carboxy, acyl, optionally substituted
alkoxycarbonyl, or optionally substituted aminocarbonyl; or

R; and R,, taken together with the carbon atoms to which they are shown attached,
form a substituted or unsubstituted carbocyclyl or a substituted or unsubstituted heterocyclyl;
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is, and Li-X is /N H2 or In yet another embodiment of Formula IA-1, Q is nitrogen, ".1?1R2(C) isand
Li-X is WNH2 or iC'N" ~“In still another embodiment of Formula IA-1, R1 is hydrogen, alkyl,

. halogen, alwzﬁ%gl%oxycarbonyl or CF3; R2 is hydrogen, alkyl, hetegeglind, hydsespsalkyl,
alkoxyalkyl, carbocyclyl, or heterocyclyl; and L1-X is NH NH2 or In another embodiment of
Formula IA-1, L2 1% @ hopd @rialkylene, and Y is H, NRORD, -ORO, carbocyclyl, heterocyclyl including
triazolyl and tetrazalyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or dialkylaminocarbonyl,
heterocyclylacyl, E)}ér% 'ﬂxﬁ ('JTQ?G—X’OI’ CF3. In still another embodiment of Formula IA-1, L2 is a bond
or alkylene, and Y is H, NR,Rb, -OR,
alkoxycarbonyl, ami&ocarbonyl, alkyl- or
CF3; and L1-X is iNH21gr /
stereochemical configugati

bogyclyt, heterocyclyl including triazolyl and tetrazolyl, acy1,
idlkylaminocarbonyl, heterocyclylacyt, cyano, halogen or

In ceftain gmbeBiments of Foimula I1A-1, the compound has the

S: N7R2 1A-1S \WHerein the variables RI, R2, A, B, LI, L2,
Q, X,and Y are ar N (ﬁhﬁr bodinfent of Formula 1A-1, the
compound has the stergoc ical configurq_@n of Formula I1AYR1; IA-1 R wherein the variables R,
R2, A, B, Li, L2, Q, X,/nd Y are as defined foyFormula IREN In another embodiment, the invention
provides compounds of Formula (IA-’Z), or a pharmaceutically acceptable salt, solvate, tautomer,
stercoisomer, aiflor ester thereof:

Y
Lo \

Re or L

L1, Ly, and Ls are each independently selected from the group consisting of a covalent
bond, substituted or unsubstituted alkylene, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, substituted or unsubstituted carbocycyl, and substituted or
unsubstituted heterocyclyl;

X, Y and Z are independently H, NRyRs, -OR., halogen, CFs, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted alkynyl, acyl, carboxy, optionally
substituted alkoxycarbonyl, optionally substituted aminocarbonyl, optionally substituted
alkyl- or dialkylaminocarbonyl, cyano, optionally substituted heterocyclylacyl, optionally
substituted carbocycelylacyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heterocyclyl;

R, and Ry, are each independently selected from the group consisting of H, substituted
or unsubstituted alkyl, aldiminyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted carbocyclylalkyl, substituted or unsubstituted heterocyclylalkyl, and substituted
or unsubstituted heterocyelyl; or

R, and Ry, together with the nitrogen atom to which they are shown attached form a
substituted or unsubstituted heterocyclyl;

R, is selected from the group consisting of H, substituted or unsubstituted alkyi,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted carbocyelyl, substituted
or unsubstituted heterocyclyl, substituted or unsubstituted carbocyclylalkyl, substituted or
unsubstituted heterocyclylalkyl,

Jis selected from the group consisting of a covalent bond, alkylene, ~C(0)-NRy-, —
C{0)-0O-, -NRy-, and -C(O}-;
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(1A-2) wherein variables A, B, LI, L2, Q, X, and Y are as defined above for Formula (1). In one
embodiment of Formula IA-2, Q is nitrogen. In another embodiment of Formula I1A-2, Q is CRC. In

another emt‘ggi%&gh%ggormula IA-2, Q is nitrogen, Li is an optionally supéliimgggu%gg@g@e group, and
| , 3

X is optionally substituted carbocyclyl, optionally substituted heterocyclyl or NR,Rb. In another

embodiment of Feinjyla e £bis MUTOGER B8R skihp o I NN, MR Mstitutdd SafisiRgRpodiments of
Formula 1A-2, %Vis nitrogen, L2 is a bond or alkylene, and Y is H, NRaRb,carbocyclyl, heterocyclyl

including 1452817 hind tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or dialkylaminocarbonyl,
heterocyclylacyl, gyaier haldigen or CF3. In still another embodiment of Formula 1A-2, Q is

nitrogen, L1 and |2 are independently a bond or alkylene, Y is H, NR arbocyclyl, heterocyclyl
inclucing tiazolyl G AE ST AL AR, e Bt PP SR oy,
hetcrocyclyméyb, cyano nhtadolydos by OR8rand, Xoid NRaRb. In still another embodiment of Formula

IA-2, Q is nitrogeg, il and & ind denihpord orakylang, Y. le it NRRIG;Oltadarbocycliyl,
heterocyclyl inclulgingstriaé%%yﬁné te%r[;)ng%lﬁ), aéy?lr}%ioxycarkb(jn;;f, a’rﬁ?noca?bony ,)a’llg}-(%r WO
2009/121083PedHIE2BY8/638805 dialkylaminocarbonyl, hete ocyclylacyl, cyano, halogen, or CF3;

and LL-X is "7#NRyNHeN 204 i arod QReiemBediment ehFgimtiadA-Rethe.carpound has the
stereochemical configuration of Formula [A-2S: IA-2S wherein the variables A, B, LI, L2, Q, X, and Y
are as defifetpsfilitieiBesyclylin another embodiment of Formula 1A-2, the compound has the

stereochemical cenfigumiion efdhanrdyala#bnBRsclected from the group consisting of H, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, and substituted or unsubstituted alkynyl; or

Rs and Ry, taken together with the carbon atoms to which they are shown attached,
form a substituted or unsubstituted carbocyclyl or a substituted or unsubstituted heterocyclyl;

Rs and Rg are each independently selected from the group consisting of substituted or
unsubstituted aminoalkyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted carbocycelylalkyl, substituted or unsubstituted heterocyclyl, substituted or
unsubstituted heterocyclylalkyl, alkyl, alkenyl, and alkynyl; or

-Lz-Y and Rg, together with the atoms to which they are shown attached form a fused
substituted or unsubstituted ring; or

E and - L, X, together with the atoms to which they are shown bonded form a
substituted or unsubstituted heterocyclyl;

R~ is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted aminoalkyl, substituted or unsubstituted carbocyclyl, substituted
or unsubstituted heterocyclyl, substituted or unsubstituted carbocyclylalkyl, and substituted
or unsubstituted heterocyclylatkyl; or

L,Y and Ry together with the atoms to which they are shown bonded form a fused
substituted or unsubstituted ring; and

A and B are cach independently one or more substituents selected from the group
congisting of H, alkyl, halo, substituted or unsubstituted amino, cyano, nitro, haloalkyl,
hydroxyl, and alkoxyl;

with the provise that only one of M, E and I, X 1s H.

In certain embodiments, the compounds of Formula I have sufficient chemical

stability for Formulation in a pharmaceutical composition.
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wherein the variables A, B, LI, L2, Q, X, and Y are as defined for Formula IA-2.

R2 is In still another embodn‘gﬁP t of g%ula IA-3,.Q is gogena 2lsé§ et
A

of Formula 1A-3, "RIERE 7 OFeE IR

23‘“83"’?30 geh

In another

embodiment, the invention provides compounds of Formula (IA-3), or a pharmaceutically acceptable
salt, solvateytgutReeisiereoisomer, and/or ester thereof: (IA-3) whereg-yarighiesfs® Rl R2, Li,
L2, Q, X, and Y are as defined above for Formula (1). In one embodiment of Formula 1A-3, Q is
nitrogen. In another embodiment of FoiIIuta 1A-3, Q is CRe. In another embodiment of Formula 1A-3,

or

notq r embodiment

d

5r?5ther

embodimeRy, @hdBrmeitanltAe3ther mzmm&g@mbdﬁ]aisdnydf odérh mlkg/hrhalmgemttmyﬂedxgqmno alkyl or

dialkyl ami 0X Ikox CFB nd R2.is h
ycroxyalk? %’éo%%lky Qﬁgg%:gggécﬁll ] oA B MR

het
erocyclyt In another em%blh%m%ﬁ

st

alkyl,
‘Formula IA-3, Q

is nitrogen and RiiséyalinogemditkghtheflGgenuds CE3wnih ZAnstherandsodideetly ob FowddteniA-3, Q is

nitrogen, K2, group consisting of H, NR,Rs, and ~OR..

When R and Ry, taken together with the carbon atoms to which they are shown

attached form a substituted or unsubstituted carbocyclyl or a substituted or unsubstituted

heterocyclyl, the carbocyclyl groups can include saturated fused rings, such as cyclopentyl,
cyclohexyl, cycloheptyl, ete. fused to a pyridyl ring of the parent moiety of Formula (I} or

partially or fully unsaturated fused rings. Certain non-limiting examples of such saturated

fused rings include:

= ~ =
_ ] ] ]
N X N X N X
M N‘--L/ M NHL/ M N'--L/
\r 1 \i/ i Y 1
E E . or £

El

and non-limiting examples of unsaturated fused rings include:

= =

| |

ey S

y X X
M\ErNHL? ME/NHLT

or

When R; and R; combine to form a substituted or unsubstituted heterocyclyl, the

substituted or unsubstituted heterocyclyl includes one or more heteroatoms at any suitable

stable position(s) in the ring. Non-limiting examples include:

N'--L/ --.L/
E - E 3 E -l b
(17 Q;) (\,Q OQ O;)
NL/ M / '“i_./ N“L/ ﬂ—L/
E

2 ) *
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is-Ary , Li is an optionally substituted alkylene group, and X is optionally substituted carbocyclyl,
optionally substituted heterocyclyl or NR,,RD. In still another embodiment of Foimula™A-3, Q is
nitrogen, na{k@ ~bdol$, ) Ptionally substituted alkylene group, and X is optiqnallysukstiited
carbocyclyl, optlonally substituted heterocyclyl or NRaRb In another embodiment of Formula IA-3, Q is
nitrogen, is , and L1-X is or In get another embodiment of Formula IA-3, Q is nitrogen, and L1-X is
NH /WNH wtill B]mbodi rmula 1A-3, 9,4 is hydrogen, alkyl, halogen, alkoxy,
acyt, alkoxycarthony or 2 isyRydrogen, Alkylnketeroalkyl, hydroxyalkyl, alkoxyalkyl, carbocyclyl,
or heterocyclyl; and L3cX |§‘LN1 2 o In"}mo er ed”nbodlment of Formula 1A-3, L2 is a bond or
allcylene, an ‘?ﬁs HNRa Y ke, carbocybﬁ, h‘eterocyclyl including triazolyl and tetrazolyl, acyl,
alkoxycarbonylEamlnocarbonﬁl alkyl- odsgdlalkyﬂammocamy{ntmteaaggqhyi@@tnamm@mhalogen or
CF3. In stJe g.n t&jr em ent of Fo#}r;%ar‘éA :‘% b§> g r alk%) i’s I_fé JRaRb, -ORG,
carbocyclyl HA1EPsEdl FTﬁrcl ?Ff}ifg@/ Aricr teffa ﬁ K X%J bRy EIRSEaronyl, alkyl-
or d|aIkyIamﬂm&hbm@a@he&@cyﬂylacymwnmehakﬂgmumﬁm 1amddblt~1)(1ﬂ&1 NkyH2lamyl, In one

Iembodimegiga(ﬂ}c Foargégil 2y Ogang%&%rggg dﬁpeal%{%he stereochemical configuration of Formula 1A-3S: A

In some embodiments of Formula (1), the group

is selected from:

X RN o AT | ~ | N

& 5 I = o & =

N N N N N N

N I S ! = SN OCH,

= . & Z

N N N N
CE} ®

N

(Ig OY\OCHS N O-alkyl

In a particular embodiment of Formula (I), the group
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IA-3S wherein the variables RI, R2, A, B, L, L2, Q, X, and Y are as defined for Formula IA-3. In
another embodiment of Formula IA-3, the compound has the stereochemical configuration of Formula
IA-3R: 1A- 3@ Qﬁ ﬁlﬂ&gbe variables RI, R2, A, B, LI, L2, Q, X, and Y are R EM%QJQ{ formula 1A-3.
In another em odlment the invention provides compounds of Formula (IA-4), or a pharmaceutically

acceptable salt, 5glygie, éﬁ%&ﬂ%ﬂét%ﬁé}@@mbx@wwﬁﬁﬁwr@{@% t@&fﬂ%ﬂ"dﬂﬁ{ gig variables A, B, ,
L2, Q, X, and Y are as defined above for Formula In one embodiment of Formula IA-4, Qis

nitrogen. MRS ERB AR T D AR ﬂ&"ﬁh fgrfleQé’Ubbmfﬁcge?fé}rﬁS@FﬁW&Eﬁ%ents of Formula
IA-4, Q is m&a@emyll ﬁa&@mlaﬁaﬂmﬁmbsmum@{&yg@m oy edlpstad ot pipptioviapipstbstituted

carbocyclyl, o sub tuted hetero NR. R In.a oth bodiment of Formula 1A-4, Q is
nitrogen, angl%% (\%’al‘@}ﬁlﬁnogry? y1¥ 1 a'mg'm%% n(frﬁlleﬁoqrgmula IA-4, Q is nitrogen, L2 is a

bond or alkylene, V&ih@h% is PN-I‘JI-IR&R’bne@Rnnm@emmb&bshéte%dybiymmdhdmgim‘améﬁl @nd tetrazolyl,
acyl, alkox n Qe dial t ano, halogen
or CF3. Xﬁr%{g[ (ﬁ??e{r%%?g%%?n}ﬁ r%tt%{fé IF%lrr% %%@E%@ %ﬁ%}ggn L%W%é%%éﬁ%ependemly a

bond or alkywwaisdmywm@mw%@WbWMér@@yéWnemb%@f:imbb@tymﬁalréwaﬂ@ﬂyl acyl,

alkoxycarbggyl, crebanybealinduidiaikyiamirreamonyl, heterocyclylacyl, cyano, halogen, or
CF3; and X is NR"RI,. In still another embodiment of Formula 1A-4, Q is nitrogen, L1 and L2 are

independently a %ﬁ’dlﬁ?lﬂﬂ@?é‘ﬁ@wsné’ﬁﬁrmﬁéﬁ’ﬁmeéﬁ e o, tﬁ%i’éﬂ;%%ﬁﬂ ‘i‘ﬁﬁﬁ%g triazolyl and

tetrazolyl, @@wo@u@@?ﬁﬁé&ammwﬂ&mme@a@hmda@{kwfo@mauﬁdmmammmb@mrocyclylacyl cyano,
halogen, or CF3 L1-X.is [W- H2 or In ope emboc{yrpmC ?{@FO'U'Ula IA-4, the compound has

the stcreocHEm Fé’g &ﬁﬁ&&?&ﬁ&ﬁ (Tfé‘ﬂ%‘th%ﬂ Kﬁe e1erocyc

RENIRIE

29



IA-4S wherein the variables A, B, LI, L2, Q, X, and Y are as defined for Formula IA-4. 53 In
another embodiment of Formula1A-4, the compound has the stereochemical configuration of Foluiula
1A-4R whergig theMafigbles A, B, Li, L2, Q, X, and Y are as defined for erdaydisses In various
embodiments of Formulae IA, IA-1, 1A-1S, IA-1R, 1A-2, IA-2S, IA-2R, 1A-3, IA-3S, IA-3R, IA-4, IA-4S
and IA-4R, -L2-Y is selected from: In various embodiments of Formulae 1A, 1A-1, 1A-1S, IA-1R,
IA-2, IA-2S, 1A-2R, 1A-3, IA-3S, IA-3R, 1A-4, IA-4S and IA-4R, L1-X is selected from: CO2R 55 WO
2009/121063PCT/US2009/038805 Compounds of Formula 1B and 1C In another embodiment,
the compounds of the preseqt invention have the fghawing Formula (|By@r (IC): ora

r thereof wherein

are ; as in Formulajk In certain embodiments of

the compounds of Form * (IC)|R1 , taken togeth€rwith the carbon atoms to which they
are shown attached, fru@ d or upsub tituted carbo \ycly or a substituted or unsubstituted
heterocyclyl; Li is a subs d or unsubstituted allcylene; L2 a covalent bond or a substituted or

unsubstituted allcylene; X is H or NRaRb; Y is H, substituted or unsubstituted carbocyclyl or
substituted or unsubstituted heterocyclyl; Ra and Rb are each independently selected from the group
consisting of H, substituted or unsubstituted alkyl, aldiminyl, substituted or unsubstituted carbocyclyl,
substituted or unsubstltuted carbocyclylalkyl, substltuteonr unsubstitute terocyclylalky and
substituted or unsubstituted hete clyl; (% ,sglz\l R5/s s stltqtedzor u i
substituted or unsubstitutead, carigocy ' d o it
substituted or unsubstituted ami yl, substit ' bocyclyl, substituted or
unsubstituted carbocyclyla ubstituted or gnsubsti , Substituted or unsubstituted
heterocyclylalkyl, alkyl, al '
(IB) or (IC), R1 and R2, takerfogether with the carbon atoms to which they are shown attached, form
a substituted or unsubstituted carbocyclyl or a substituted or unsubstituted heterocyclyl; Li is a
substituted or unsubstituted allcylene; L2 a covalent bond or a substituted or unsubstituted alkylene; X
is H or NRaRD; Y is FI, substituted or unsubstituted carbocyclyl, or substituted or unsubstituted
heterocyclyl; R. and Rb are each independen elected from the group consisting of H, substituted or
unsubstituted alkyl, aldiminy, substjtated Stitetcd carbocyclyt, substituted or unsubstituted
carbocyclylalkyl,-supstityted
heterocyclyl; Q is CUY R5\i
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36 WO 2009/121063PCT/US2009/038805 aminoalkyl, substituted or unsubstituted carbocyclyl, or
substituted or unsubstituted heterocyclylaLk-yl; and R6 is substituted or unsubstituted aminoalkyl,
substituted Qp 4osihstifyted carbocyclyl, substituted or unsubstituted cangM@dmﬁgﬁqbstituted or
unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylallcyl, alkyl, alkenyl, and alkynyl. In
another embodiment of the compounds of Formula (IB) or (IC), R2 is In another embodiment of the
compounds of For ul B) or (IC), is In another embodiment of the compounds of Formula (IB) or (IC), In
another embodiment of the compounds of Formula (TB) or (IC), L2Y is H. In another embodiment
of the compounds of Folinul a (IB) or (IC), L2Y is substituted or unsubstituted heterocyclylalkyl. In
another embodiment of the compounds of Formula (IB) or (IC), LQC is alkyl. In another embodiment of
the compounds of Formula {
Formula (IB) or (IC), LI
(IB) or (IC), L IXis
(IC), LOC is -alkyl¢gneN

. nother embogiment of the compounds of Formula (TB) or
(IC), Li X'is -alkyle (alkyl). bodiment of the compounds of Formula (IB) or (IC).
LOC is -alkyleneNH(heterocyclyt): another embodiment of the compounds of Formula (TB) or
(IC), LOC is -alkyleneNH(heterocyclylalkyl). WO 2009/121063PCT/US2009/038805 In another
embodiment of the compounds of Foula (IB) or (IC). LiX is -alkylene- NH(heteroarylalkyl). In
another embodiment of the compounds of Formula (IB) or (IC), LOC is -alkylencNH(aryl alkyl).

o7 T o X Q7N

|/ I/ !/
o o o~
-

Q7 X Q7 X o X

|
d&) d;)“\

substituted with one or more substituents.
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In another embodiment of the compounds of Formula (I1B) or (IC), LIX is -(CH2)2- In another
embodiment of the compounds of Foimula (TB) or (IC), LiX is -(CH2)2- NH. In another embodiment
of the comp ula (IB) or (IC), L IX is -(CH2)2- N(alky1)2. In I jment of the
compounds%Fgcﬂ]J%%%%r (TC), L1X is -(CH2)2- NH(al Icy 1). In anothsllg}gltm 3@%%?%1’; the
compounds of Foula (IB) or (IC), LiX is -(CH2)2- NH(heterocyclyl). In another embodiment of the
compounds of Formula (TB) or (IC), LiX is -(CH2)2- NH(heterocycly1l kyl). In another embodiment
of the comppusis:atit-or PetamB)ar (IC), LA is -(CH2)2- NH(heteroarylalkyl). In another
embodiment of the compounds of Formula (TB) or (IC), FIX is -(CH2)2- NH(arylalkyl). In another
embodiment of thin coeomidisatt Fbidan{PBinds (Oficlteimn{ GH)BeiNRaRibs fvdmether embodiment
of the comggHﬂgﬁ f\kormula (IB) or (IC), LiX is -(CH2)3- NH2. In another embodiment of the
compounds of Formul)a (IB) or (IC), LI X is -(CH2)3- N(alky1)2. In another embodiment of the
compounds of Fmmula FAIC), LiX is -(CH2)3- NH(alkyl). In another embodiment of the
compounds of FormuI%TgTB or &C), LOC is -(CH2)3- NH(heterocyclyl). In another embodiment of
the compounds of Formuth (IB) or IC?,,Ag_i is -(CH2)3- NH(heterocyclylalkyl). In another
embodiment of the gampou ormula (IB) or (IC). LX is -(CH2)3- NH(heteroarylalkyl). In
another embodiment hé con ounds of Formula (IB) or (IC), LIX is -(CH2)3- NH(arylalkyl). In another
embodiment of the {ipgun of Formula (IB) or (IC), LOC is -(CH2)4- NRaRD. In another
embodiment of the conypo of Foula (TB) or (IC), LIX is -(CH2)4-

R4 , wherein each of Ry, Ro, R3, Rs, Ly, L2, X, Y, Q, A, and B

arc as defined or described herein.

In a particular embodiment of the compounds of Formula (JA), R; and R; are each
independently H or alkyl; or Ry and Ro, taken together with the carbon atoms to which they
are shown attached, form a substituted or unsubstituted carbocyelyl; L; and Lz are each
independently selected from the group consisting of a covalent bond, substituted or
unsubstituted alliylené, substituted or unsubstituted atkenyl, and substituted or unsubstituted
alkynyl; X and Y are each independently H or NR,Ry, wherein R, and Ry, are each
imdependently selected from the group consisting of H, substituted or unsubstituted alkyl,
aldiminyl, substituted or unsubstituted carbocyclyl, substituted or unsubstituted
carbocyclylalkyl, substituted or unsubstituted heterocyclylalkyl, and substituted or
unsubstituted heterocycelyl; or R, and Ry, together with the nitrogen atom to which they are
shown attached form a substituted or unsubstituted heterocycelyl; Q 18 CR. or N; R, 18 selected
from the group consisting of H, alkyl, halo, substituted or unsubstituted amino, cyano, nitro,
haloalkyl, hydroxyl, and alkoxyl; and R and Ry are each independently selected from the
group consisting of H, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, and
substituted or unsubstituted alkynyl; or Rz and Ry, taken together with the carbon atoms to
which they are shown attached, form a substituted or unsubstituted carbocyclyl or a
substituted or unsubstituted heterocyclyl.

~ In another embodiment of the compounds of Formula (IA), Ry is H; or R1 and Ro,
taken together with the carbon atoms to which they are shown attached, form a substituted or
unsubstituted carbocyclyl; L; is substituted or unsubstituted alkylene; L, is a covaient bond or

substituted or unsubstituted alkylene; X and Y are each independently H or NR.Ry; Ry and Ry,
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NH2. In another embodiment of the compounds of Formula (TB) or (IC), LIX is -(CH2)4- N(alky1)2.
In another embodiment of he compounds of Finmla (IB) or (IC), LiX is -(CH2)4- NH(alkyl). = In

another emhodiumpent.of the compounds of Foimula (TB) or (IC), LOC is -ehgk4godiigagierocyclyl).
In another embodiment of the compounds of Formula (I1B) or (IC), LiX is -(CH2)4-

N(g(he;;rosﬁ@%@iku&pendliﬁﬁmeae@m@@dﬂmgg&@fdaasﬁ@:]ﬂ@@ﬂndsmﬁgﬂm?u@(J ?)m&(&@)i,( ch( is oc
-(CI-12)4- NH(heteroarylalkyl). In another empodiment of the compo Fonula (I1B) or (IC), -L
oGy NI A5 T BB G O G S I B e
-alkylene-NiRaRditlcdhethrer erhidikijment oftthigcedmpensasstfufdima(TBYLRE ks alk@ene-NH2. In
another embodiment,of.the.compounds of Faimula (TB), R5 is,- lene-N(alky1)2. | ranother

em bodime%olggﬂ\ rewcl%lrﬁbeolﬂnagegfa@é?rﬁou ahtf r)[hﬁé’séfé S—a?ky’ e%g%%(?adl@li %%H%r%gt%%gembodiment of
the compourribsfiFedretaq@Bly RS is Calkyldhend Ry heddtoeyerth, H. on R agistifer ehsbodiment of the

compounds, ol ForpilaiiRl R [ ralkyieneN iBelaroryRiialvhed. fodf RoalbeREmBpdiment of the

compounds of Formula (IB), R5 IS -alkyleneNH(heteroarylalkyl). In another embodiment of the
compoundgf@fﬂllséﬂﬂﬁ?é EFB}), R5 is -alkylene- NH(arylalkyl). In another embodiment of the compounds of

Foimula (TB), R5pssfaEddiddiReRPoinRRoMss RRpbadinent ofIthe romaaUnasaf foesmeta (1B), RS is
-(CH2)2-NH2. In another embodiment of the compounds, of Formula (I1B), R5 is -(CH2)2-N(alky1)2. In

another enTHBHRHSHTRRALTES MPBUANEDST BS OB AELES [890cH2)2-NH(alkyl). In another

embodiment of the cogapounds of Folinula (TB), R5 is -(CH2)2- NH(heterocyclyl). In another
embodiment of th@%—‘unds of Formula (TB), R5 is -(CH2)2- NH(heterocyclylalkyl). In another
Y

embodiment of h nds of Foula (18), R5 is -(CH2)2- NH(heteroarylalkyl). In another

embodiment of the compounds of Foluta (TB), R5 is --(CH2)2-
In other embodiments of the compounds of Formula (IA),

R | =
(N/IrRQ N/

In other embodiments of the compounds of Formula (1A),

O
§ R f R
N NZ
NP T wan

in other embodiments of the compounds of Formuia (1A),

5
l R 1 x
N N
e iS MAAS

In some embodiments of the compounds of Formula (1A), Q is N.

In other embodiments of the compounds of Formula (IA), Q is CH.

In certain embodiments of the compounds of Formula (IA), 1,Y is H.

In other embodiments sof the compounds of Formula (1A), L,Y is —alkylene-NR Ry

In yet other embodiments of the compounds of Formula (JA), LY is —alkylene-NH;,

In further embodiments of the compounds of Formula (TA), LoY 1s —alkylene-
N(alkyl,.

In further embodiments of the compounds of Formula (IA), L,Y 18 ~(CH;)>-NR.Rs.

In another embodiment of the compounds of Formula (IA), L,Y is —(CH;),-NH,.

In another embodiment of the compounds of Formula (1A), LoY s ~(CH,)-N(alkyl),.

In another embodiment of the compounds of Formula (1A), LoY is —(CHy):-NRRs.
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NH(arylallcyl). In another embodiment of the compounds of Fotnula (TB), R5 is -(CH2)3-NRaRb. In
another embodiment of the compounds of Formula (TB), R5 is -(CH2)3-NH2. In another embodiment

of the comp ula (TB), R5 is -(CH2)3-N(alky1)3. In another | he
BT sEbedinen o

compounds B), R5 is -(CH2)3-NH(alkyl). In another embodiment of the compounds of

Formula (IB), RS §3 arfefd 2 aoditAReies Pe¢ybboundib ARGHRIEMDO dipest @fihe sgmpounds of
Formula (TB), R5 is -(CH2)3- NH(heterocyclytalkyl). In anather embodiment of the compounds of

Formula (TB), RS REMpybRisgrabERMamRpRutds qhEarpivaEhdodintent betnd'@ibaunds of
Formula (TB), Rsiisaréeid2 bty fasyd alikyty. dshavaatiie e mbaditnanof e campeunds,rf, Formula (1B),
R5 is -(CH2)4-NRaRb. In anather embadiment of the ¢ ound Fopnul RS js -(CH2)4-NH2.
In another embodMBRE'SE ?ﬁg%glﬁﬁlﬁm[uog eocfolg%’r"%(% ﬁg‘%ﬁ‘ga@ }% k2 iwﬁﬁ%)gﬁ{h another
embodiment of thie eastipoundedideot niule (bBhoRbdsof BN kyl) 14 r@hdthévetpiadiment of

the compounds olf Forrréuﬁlraggggé‘e%% ?ﬁé%%%kw&%{%%ﬁ%y‘%?’lEi%gtﬁer embodiment of the

compounds of Formula ( IS - eterocyclyt In another embodiment of the

compounds of Fomsihar(R)otimests-¢Cbe 2pmNkdice FoamilaldA), LiX i aflbrheicdibBdiment of the
compounds of Formulank Bl R st Cdr A MHseM@liof bormuld @%@}*ﬂ?f(?ﬁ*&ﬁ@h@mﬁﬂfghe

compounds of Formula (I1B), R5 is substituted or unsubstituted aryl. In another embodiment of the
compounds of FofiBiotksrisnappsitental dhasretmprstndiad fremr (Hdrotiéd stidditnent of the
compoundsigfiffyiylula (1B), RS is substituted or unsubstituted hcterocyclytal kyl In another

Formuia (1) Ro b STBABIGIARE! T A GO LR SATHEE B - Qo BOUNGLST b (T8). Ro.
is -alkylene-NH2.Ilnzambthendmbodimefihoicthepoondp oli Edsnafié-ArmulaX 18 &6, )s-NH.,.
oene NeloiE A s InErL e e Ao (DS,

In another embodiment of the compounds of Formula (IA), L; X is ~(CH2)a-NRRs.

In another embodiment of the compounds of Formula (IA), 11X is —(CHy):-NH;.

In another embodiment of the compounds of Formula (1A), L X is ~(CH>)3-N(alkyl),.

In another embodiment of the compounds of Formula (JA), LiX 15 ~(CHj)4-NR R,

In another embodiment of the compounds of Formula (1A), L1 X 1s —(CH3z)4-NH,.

In another embodiment of the compounds of Formula (IA), L, X is —(CH;)s-N(alkyl)..

In certain embodiments of the compounds of Formula (TA),

R; and Ry, taken together with the carbon atoms to which they are shown attached, form:

‘1.11. 2 R =
| I
; and is e

In other embodiments of the compounds of Formula (IA), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

‘111— L R1 = O
| I
% NE N
cand S e

In another embodiment of the compounds of Formuia (IA), R; and Ra, taken together

with the carbon atoms to which they are shown attached, form:

o xR | xS
; and w8 e
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NH(heterocyclyl). In another embodiment of the compounds of Foula (113), R6 is -alkylene-
NH(heterocyclylalkyl). In another embodiment of the compounds of Formula (1B), R6 is

-aIkerth.I—lQ;k%%B%B %%Iikyl). In another embodiment of the compouW&wmg@ogB), R6 is
I (

-alkyleneNH(arylalkyl). In another embodiment of the compounds of FoilMa (IB), R is
-(C1-12)2-NRORRy, i anethsf@mbadimentohiit.«aepeunts oHagrmula My RGS{¢1[2)2-N1-12. In
another embodiment of the compounds of Folmula (1B), R6 is -(CH2)2-N(alky1)2. In another
embodimeﬁllkéﬂ‘eﬂ?é%‘pounds of Formula (IB), R6 is -(CH2)2-NH(alkyl). In another embodiment of the
compounds of Faiimisher(&BoRemisty6HRY 2oivpithiciesoeyelyl) (nanofias empadinentief-the
compounds, of or Ir?\I , R6 NI-1(heterocyclylatkyl). In another embodiment of the compounds of
Folinula (1B SR8 {cRI2)2- NEl(heteroarylalkyl).  In another embodiment of the compounds of
Formula (1B), R6lisan@itd2}a:biadtiamyl alkihl . cerameotide o€ Rdvoditn drit )of e cOpeondsidisFoula (1B),
R6 is -(CHgﬂgfllél g&%ln another embodiment of the compounds of Formula (TB), R6 is -(CH2)3-NH2.
In another embodimefit of the compounds of Foimula (TB), R6 is -(CH2)3-N(alky1)2. In another
embodiment of tHa eenthsoaméisGroivilie (ByPrRes (G- NAlalkyl)is CHs: knahethisr
embodimepfoftheragmperrds @ Formula (IB), 12 is -(CH2)3- NH(heterocyclyl). In another
embod NH(heterocyclylalkyl). In another embod NH heteroar?]ilalkzlé% %ﬁgln another embodiment of

he compounds of ESARARTRYIRATEN kg HMRPEIAEF & Byribbind&of Fottraria
(1B), alkylene-NH(heteroarylalkyl).
In another embodiment of the compounds of Formula (IA), 1.,X is CHsz; and LoY is ~
alkylene-NH({arylalkyl).

In another embodiment of the compounds of Formula (IA), L;X is CHz; and 1,Y is -
alkylene-N{heteroarylalkyl),.

In another embodiment of the compounds of Formula (1A), L, X is CHs; and LY 18—
atkylene-N{arylalky1),. '

In another embodiment of the compounds of Formula (IA), 1iX 1s CHi; and LY 18 -
alkylene-N{alkyl);.

In another embodiment of the compounds of Formula (IA), 11X is —alkylene-NRRy;
and L,Y is H.

In another embodiment of the compounds of Formula (1A), L, X is ~alkylene-NHpy;
and LY is H.

In another embodiment of the compounds of Formula (1A), L1 X is -{CH3),-NH;; and
LY is H.

In another embodiment of the compounds of Formula (1A), L1X is «(CH;):-NH;; and
LY is H.

In another embodiment of the compounds of Formula (IA), L1 X is «{CH3)4~NH;; and
LY is H.

In another embodiment of the compounds of Formula (IA), L; X is —alkylene-
N(alkyl)y; and L;Y 1s H.

In another embodiment of the compounds of Formula (1A), L; X is {(CHz),-N(alkyl),;
and L,Y is H.

In another embodiment of the compounds of Formula (1A), 11X 1s ~(CH»);-N(alkyl),;
and L,Y 1s H.
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In another embodiment of the compounds of Formula (TB), In another embodiment of the compounds
of Foimula (TB), In another embodiment of the compounds of Formula (TB), In another embodiment of

the compouggs Rf&7p:648), NH(heterocyclyt). In another embodiment of fhe-gRA3OMMSs of Forluta
(TB), NH(heterocyclylalkyl). In another embodiment of the compounds of Faittutu (TB),

NH(heteroarylalky}) ad6taaIQiR8samBadimhihe Gpsipaystsoshinrmala(BB)sREE (24N

H(arylallcyl). In. another embodiment of the compounds of Formula (IC), R6 1S substituted or

unsubstitu W.W%nother embodiment of the compounds of Foula (IC),R6 is substituted or
unsubstituted phényhotherlendndiheneoiitodimenhofdhe Eormpaufids df Koimralay(bEy; R6 is substituted

or unsubsctj'wﬁ%?khg%e&mﬁc{y%g l. In another embodiment of the compounds of Formula (IC), R6 is
substituted or &titurdd arytalkyl. In another embodiment of the compounds of Formula (IC),

R6 is substituted oramtubstitoeddrisehethércampovaderhbodimeridi.theXcom$didnds of Formula (IC),
R6 is alkewﬁd&m%%rgqa%ogiment of the compounds of Foimula (IC), R6 is H. In another
embodiment of the’compounds of Formula (TB) or (IC), WO 2009/121063PCT/US2009/038805 ; L2Y
is H; and LA is allkyprasheipiherBrapioefithe sepptiadorhbetmue 6FPolmtii (1881 (1C), L2Y is H; and
LEX is CH3Hp.aR0theempadiment of the compounds of Formula (IC), R6 is substituted or NH

In another embodiment of the compounds of Formula (IA), L1 X is —<(CHz)s-
NH(alkyl); and 1;Y is H.

In another embodiment of the compounds of Formula (IA), L1 X is —alkylene-
NH(heterocyclyl); and L,Y is H.

In another embodiment of the compounds of Formula (1A), L, X 18 -(CHy),-
NH(heterocyelyl); and LoY 1s H.

In another embodiment of the compounds of Formula (1A), L;X 1s —(CH3)s-
NH(heterocyclyl); and LY 1s H. ‘

In another embodiment of the compounds of Formula (1A), L1 X is {CHz)s-
NH(heterocyclyl), and L;Y is H. _

In another cmbodiment of the compounds of Formula (TA), L, X is —alkylene-
NH(heterocyclylatkyl); and L;Y is H.

In another embodiment of the compounds of Formula (1A), L, X is —(CH;),-
NH(heterocyclyialkyl); and 1.,Y is H.

In another embodiment of the compounds of Formula (1A), L X is ~(CHpy)s-
NHheterocycelylalkyl); and LY is H.

In another embodiment of the compounds of Formula (IA), L1 X is ~(CHj)s~
NH(heterocyclylalkyl); and L,Y 1s H.

In another embodiment of the compounds of Formula (1A), L1X is ~alkylene-
NHyheteroarylalkyl); and L;Y is H.

In another embodiment of the compounds of Formula (1A), L X is ~(CH;),-
NH(heteroarylalkyl); and L;Y is H.

In another embodiment of the compounds of Formula (IA), L1 X is —(CH;)s-
NH(heteroarylalkyl), and L;Y is H.

iIn another embodiment of the compounds of Formula (1A), L; X 1s <{(CHj)s-
NH(heteroarylalkyl), and L,Y is H.
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unsubstitutcd Compounds of Formula ID In another embodiment, the compounds of the present
invention have the following Formula (ID): X Ny GLc z (ID) - or a pharmaceutically acceptable salt,
solvate, tautgmmeh,sigigaisomer, and/or ester thereof wherein variables Ay ¥orépofasdod | L2 and L3
are as defined in Formula I. In some embodiments of the compounds of Folinula (ID), LEX is H; L2
is a covalent bonghohausistituiad ot snsulslituiac &lkyenenlis issubstitutegdignanasubstituted
allcylene; Y is substituted or unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, or
NR,Rb: Z iS'NEBREER AR5 each independently selected from the group consisting of FI,
substituted or unsuhstituechalimeubstititedaponsishdtitotediedtbocl cl/is seOBLwed or unsubstitutcd
carbocycly@[ﬁyl %htgs 'tut%d{d ur ubstituted heterocyclylalkyl, and substituted or unsubstituted
heterocyclyl; j“llg 4 covalent bon , -C(0)-NRd-, or -C(0)-; Rd is selected from the group consisting of
H, alkyl, and subgtitetediarcstiodingsd bfytalteyhands@fiEamolalnt bokdsor CE10)-NRd-. In another
embodime wﬁ@mgggrﬂ% pffrormula (ID), LEX is H. In another embodiment of the compounds of
Formula (ID), G is a tovalent bond. In another embodiment of the compounds of Formula (ID), G is

-C(0)NH-. In anothetehdcantrsieniné the sysemad oriEsmuia (10}, La7its{8Kylenc-NRaRb. In

another en}m@fﬁv@mygﬁ tha compeunds of Formula (ID), L3Z is -alkylene-NH2. 63 In another
embodiment of the compounds of Foula (ID), L3Z is -alkylene- N(alkyl)2. In another embodiment of

the compounds ol FS¥hfIECdBIcH 7 e cornenefin{ AR i v et hibo iR R e E8mpounds
of Foluta (I8}, daBebisatadkyteneridi Hi{betesaayolytittachedd) fmather embodiment of the compounds of
Formula (ID), L3Z is -alkyleneNH(heterocyclylalkyl). In another embodiment of the compounds of

Foilluta (ID), L3Z is - Tkyle e ﬁ‘(hete kyl). In another embodiment of the compounds of
Foiniula (ID), L3 yleng? NHRarylatiy

another embodiment of the compounds of Formula
(ID), L3Zis -(CH H2; In anatherigmbodimentigfithe.gempaunds of RoimtgiR-(R)RL3Z is

-(CH2)2-N(alky02. In another embodiment of the compaunds qf Farmula (ID), L3Z is
(Criz)a b (atoy P ARG G RO R 5P B BL AL bt A Ao Ree)

with the carbon atoms to which they are shown attached, form:

o SR . | =
; 1§ w1 X 18 CHa; and LoY 1s —alkylene-NR Ry,

In another embodiment of the compounds of Formula (IA), Rs and Ry, taken together
with the carbon atoms to which they are shown attached, form:;

=

Py, Xy R
; L L |
% WY N
; w18 w0 L X i CHy; and 1Y is —alkylene-NHs,

In another embodiment of the compounds of Formula (1A}, R; and Ry, taken together

with the carbon atoms to which they arc shown attached, form:

bb"t. s R | =
; w18 w14 X 18 CHs; and LY is —alkylene-NH(alkyl).

In another embodiment of the compounds of Formuia (1A}, Ra and Ry, taken together

with the carbon atoms to which they are shown attached, form:

Mo, S | =
; w18 w0 1, X 18 CHy; and 1Y is —alkylene-NH{heterocyclyl).

In another embodiment of the compounds of Formula (TA), R; and R4, taken together
with the carbon atoms to which they are shown attached, form:
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NH(heterocyclyt). In another embodiment of the compounds of Formula (ID), L3Z is -(CH2)2-
NH(heterocyclylalkyl). In another embodiment of the compounds of Fonula (ID), L3Z is -(CH2)2-"
NH(heteran&lM;mmlﬁ another embodiment of the compounds of Form%ggg()w%gs -(CH2)2-
NH(arylalkyl). In another embodiment of the compounds of Formula (ID), L3Z Is -(CH2)3-NI12. In
another embodim%ent o\th:a_:comp (] Formula (ID), LiZ is -(0-12)3-N(alky1)2. In another
embodiment.ofthe cgmppunds o |Fo) (ID), L3Z is -(CH2)3-NH(alkyl). In another embodiment of
the compo“FormuI ), L3 is J(CH2)3- NH(heterocyclyl). In another embodiment of the
compounds 6FFormula (IR} L3Z is -(CH2)3LNHhetéroaychilikghalkyleng-another embodiment of the

compoundgg&ﬁ&gm%@lﬁkm{g{sz is -(CH2)3- N H( heteroary lalky ) In another embodiment of the
compounds of Foilmla (ID), L3Z is -(CH2)3- NH(arylalkyl). In another embodiment of the compounds

of Formula (ID), U8248thes robadunsst of BRaeiepamboaiframidt theeBamsuhaLbrEsrt (D), L3Z

is -(CH2)4-hiallnsla2sbn anpthes embodisent sidhe sampamsismof Fotinula (ID), L3Z is
-(CH2)4-NH(alkyl). In another embgdiment of the compounds of Fottnula (ID), L3Z is -(CH2)4-

NH(heterocyclyA}. E Rother § n% ent of the compounds of Formula (ID), L3Z is -(CH2)4-
NH(hetero YO herenfood
NH(heteroa yl)..In anatherigmbodim

ent of the compounds of Foiltutu (ID), L3Z is -(CH2)4-

entohihe campingds Af ZHuER (NG e rbakidds ).
NH(arylalkyl).  _In another emhodiment of the com#[%;t;fnds of Formula (I%)ELZY IS substituted or

wisubstituted cartBEJCREIRSACI DEBLRE s HBBARHAT: YriPE b EoLAust Roifsen BR K s
substitutedvariuns agithteeneieradys tyctadcy dhown attached, form:

ﬁ.,m E e R, ! 3
; I w1 X 18 CHy; and LY 1s —alkylene-NH(arylalikyl).

In another embodiment of the compounds of Formula (IA), R; and Ry, taken together
with the carbon atoms to which they are shown attached, form:

=

e, f S l
@? e N
; T w1 1 X is CHs; and L5 Y 1s —(CH;)-NH,.

In another embodiment of the compounds of Formula (1A), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

*1,11' e Ry N
(L . L
(Z N 2 N
; we g wan L LgX 18 CHg, and LQY is m(CHz)z—NH(B,lkyl)

In another embodiment of the compounds of Formula (TA), Rs and R4, taken together
with the carbon atoms to which they are shown attached, form:

Ry

P, S Ry |
GI? S i
; w18 w3 X 18 CHa; and LY is —(CHz)p-NH(heterocyclyl).

In another embodiment of the compounds of Formula (IA), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

“L‘L Ry R4 | =
; whee 18 w14 X is CHy; and LY 18 —({CH3z)a-

NH(heterocyclylaikyl).



In another embodiment of the compounds of Foula (ID), L2Y is -alkylene-NRaRb. In another
embodiment of the compounds of Foimula (ID), L2Y is -alkylene-NI12.” ‘In another embodiment of

the compou A&, la (ID), L2Y is -alkyleneN(alky1)2. In anothelgﬁﬂgg fthe

compoundswﬁFo uia {&}D% L2Y is -alkyleneNH(alkyl). In another embodiment e compounds of
Formula (ID), L2Yisna SRebUrhRaterory bipolh @ OtreHamPQAinRNLRS meta@ém%l% of Foimuia
(ID), L2Y is al%lene NH(heter Y‘S};CI lalkyl). In another embodiment of the compounds of Formula

(ID), L2V i Wﬂﬁ%ﬁ%‘?ﬁ@r%érm of the compounds of Fol luta (ID),
L2Y is -alkylene ».L\kIH( yI) In-ang embodiment of the compounds of Formula (ID), L2Y is
-(CH2)2- Nl aﬁo herlem hodimens of the compounds of Foimula (ID) L2Y is -(CH2)2-N(alkyl)2. In
another em fernt o "E e ompouﬁ'ds df Formula (ID), L2Y is (CH yl).  In another
embodiment 5Fthe compouritis 6f Formdtd Ab)yXUs ¢ s eediby- 1N1@R él?ﬁfﬁf?arylalﬁﬁnother

embodiment of (e GasTIROUAAS AR B2 UAFEISH(GHAIE: M(helaromE i ubscicdn another
embodiment of h mpounds of Hﬂm (ID) L2Y |sa(%6 2 NH(heteroarylalkyl). In another

embodimeRt G %?fﬁﬂﬁ§ iDL ES AL BN H (arylalicyi). In another embodiment
of the compounds @ Fo gID), L 2)3 NH2. In another embodiment of the compounds of
Formula (ID), LA 2)3-N IIc other embodiment of the compounds of Formula (ID),
L2Y is -(CH2) ( IIcyB In another'\bmodlment of the compounds of Foula (ID), 2Y is -(CH2)3-
NH(heterocyclyf}>  In anoth&r efhbodimHt of e oRinstfds ofFdfhala ey Bkr)- (cH2)3-
NH(heterocyclylatigyhother krpatheresn b@qu;mﬁm EOMROUNAS, f RaERy|aalE) idpethds -(CH2)3-

NH(reterostlylnon ISR HRY RSS! 15, SQMPGHGS Of Formula (D), L2V s (CH):

) (L ( I )
G/ ; LiXis CHj; and LY is (CHz):-NH,.

In another embodiment of the compounds of Formula (IA), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

o G WY

In another embodiment of the compounds of Formula (IA), Rz and Ry, taken together

; 11X is CHy; and LyY is ~(CHy)s-NH(alkyl).

with the carbon atoms to which they are shown attached, form:

. C[r [ I)
G/ L]X 18 CHg, and L;Y 18 W(CHz)‘

In another embodiment of the compounds of Formula (1A), Rs and Ry, taken together

-NH(heterocyclyl}).

with the carbon atoms to which they are shown attached, form:

. (I( ( I )
Q, le 15 CH: and LZY 18 _(CHz)z-

NH(heterocyclylaH{yl).
In another embodiment of the compounds of Formula (IA), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:
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In another embodiment of the compounds of Formula (ID), F2Y is -(CF12)4-N H2. In another
embodiment of the compounds of Formula (ID), L2Y is -(C12)4-N(alkY1)2 In another embodiment of
the compouw?; %ﬁﬁr la (ID), L2Y is -(CH2)4- NH(alkyl). In anotheg ekaglinget R the
compounds 0 I?ormuﬁgkaD), L2Y is -(CH2)4- N Fl(heterocyc | y). In another embodiment of the
compounds of quula ID);, L2Y i 4- NH(heterocyclylalkyl ). In another embodiment of the
compounds qf Formulig (ID), L2Y 1§ - - NH(heteroary talky . In another embodiment of the
compoundsular(D FoY isNC )4- NH(arylallcyl). In another embodiment of the compounds
of Formula (I5FJ is +C(0)N#-. 1k anotherembotiffeHt:ofthé-Compbirhas ot stereaa pBY1D is a
covalent bond. I anaiiier eMBALiNR L alLbs-gRmRAUAdR, AU R ki ekéRogethdn another

embodiment of the compounds of Formula (ID), LIX is H; G is a covalent bond; L3Z is
-alkylene-NF¥aRs; SrBorpoyReHo: whigh they are s adachrdirfelBstituted carbocyclylalkyl or substituted
or unsubstituted heterocy \Iaﬂgyl. warether embodiment of the compounds of Formula (ID), LOC
is H; G is -C(0)M - 3Z|js -alkylene NRz is a covalent bond; and L2Y is substituted or
unsubstitutcd ¢arbg )}clylaﬂ yPor substiuted or unsubstituted hetcrocyclylalkyl. In another
embodiment of Y& conipounds’of Formula D) ukisCiHaGnd é%\ﬁa‘l‘é@%@@@@@ﬁ%@yl)-

-alkylene-NRaRbjJig e QmiashlAYoismalomsseiNRaRhrfempoyunds:ef Romsa diethedn another

embodiment, the compounds of the present invention have the following Foinula (IE): Ark. IR2 N, X

NN-R7(LEFNE o sprhon atipsto nAirRAReY At AR S solvate, tautomer, stereoisomer,

and/or ester thereof, WhQrein \ri les RER2-ANX, Y, L1 and L2 are defined as in Formula I. In
one embodiment m ounds Qf Fi mu ), 121 and R2, taken together with the carbon
X

atoms to which the§ ard-showi att cﬁe_d, f&im g substituted or unsubstituted earbocyclyl; LI is
substituted or unsubStituted alkylere; L2 is a coValehtbéntidr ardubnstifa & B edlibstituted alkylene:

X is H or NRaRb;1y dgcanstbstispebar smssbstibiesicarieeyalid (o asulstivutackern unguhstituted

heterocyclyl; Rs and Rb are each independentl selecte% the group consisting of H, substituted or

fro
unsubstitutSHEHS CbHS AR IEUBSH Al VAPBEGERT: tituted or unsubstituted
carbocyclylalkyl, subgfituted-Qr msubstittitgd heterocyclylalkyt, and substituted or unsubstituted
a0
& [/

heterocyclyl; and ubs ituted ok uns itutcd alkyl or a substituted or unsubstituted

s
aminoallcyl. In ¢ etnbddiments of the cdmpaunds of Formula\QE), \1#'R2
: is

wree 11X 18 CHa; and Ly Y 18—(CH,)-NH(alkyl).

In another embodiment of the compounds of Formula (IA), Rs and Ry, taken together

pry.bv

with the carbon atoms to which they are shown attached, form:

=

o, i S |
6/3 e W
; P T w1, X s CHs; and Ly Y is «(CHy)s-NH(heterocyclyD.

In another embodiment of the compounds of Formula (I1A), Rs and Ry, taken together
with the carbon atoms to which they are shown attached, form:

=

M | S |
G/? e N
: e g ww 11X 18 CHa, and LY is ~(CHy s-

NH(heterocyclylaliyl).
In another embodiment of the compounds of Formula (IA), R; and Rs, taken together

with the carbon atoms to which they are shown attached, form:
b!"‘t.. ~ Ry i =
; w18 w1 X 18 CH3; and LoY 1s—~CH»)e-NH(heteroarylalkyl).
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WO 2009/121063PCT/US2009/038805 In another embodiment of the compounds of Foiinula (IE), R7
is alkyl. In another embodiment of the compounds of Foimula (1E), R7 is CH3. In another embodiment
of the compgupals pf Fgemula (IE), R7 is aminoalkyl. In another embodimgngg{ e gamRrounds of
Formula (1E), R7 is (CH2)2M-12. In another embodiment of the compounds of Formula (IE), R7 is
(CH2)3NE12. In ganeiheeemndiment sfitbe sapipeanssrothammua, (8 ki3 Ristikédpddibkz. In another

embodiment of the compounds of Formula (I FIXis agk r alkylene- NRaRb. In another
embod|mve%F?ﬁé%B?ﬁﬁ’(S‘UﬁH?d’f@é%?ﬁV lopvB gt Ei/ ed or unsubstituted aryl, substituted or
unsubstituted arylajicyl, stituteghBrpnsybstituted heterocyclylalkyl. In another embodiment of the
compounds of | gR 1 is UVI . add R7 is alkyl. In another embodiment of the compounds of
Formula (1E), 7 |§ al yI and M2y i substituted or unsubstituted aryl. In another embodiment
of the compountd® of Formula™{IE) {R2N7 i8* Ryligalk§iFariid 29 (st dirliedd GFilALIbtituted

Compounds of FesnmdadFembdai:apatbemembasimeibthiereamponnds, ehdre, presens dgoitention have

the fOHOWIQ)% Eo}gan clgr 0(1|1F tozl}llﬁ to 2\<?Vf‘ilch they are shown attached, form:

G/ (Ir ; LiX 18 —alkylene-NRaRy, and L7 Y is H.

In another embodiment of the compounds of Formula (IA), Rz and R4, taken together

with the carbon atoms to which they are shown attached, form:

. (?Q ( I )
6/ s L, X is —alkylenc-NHo; and L,Y is H.

In another embodiment of the compounds of Formula (1A), Rz and Ry, taken together

with the carbon atoms to which they are shown attached, form:

@I (1‘[’ . Ly X is —alkylene-N(alkyl);; and LY is H.

In another embodiment of the compounds of Formula (1A), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

@ q/ ; L1 X is ~alkylene~-NH(alkyl), and L;Y 1s H.

In another embodiment of the compounds of Formula (IA), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

. @ ( I J
G/ ; 11X is —alkylene-NH(heterocyelyl); and LY is H.

In another embodiment of the compounds of Formula (1A), R; and Rs, taken together

with the carbon atoms to which they are shown attached, form:

@’ q ; L1X is —alkylene-NH(heterocyelylalkyl); and L,Y is H.
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WL2Y (IF) or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester
thereof wherein variables RI, R2, A, X, Y, J, W, L1 and L2 are defined as in Fonnula I. In one
embodimentaf thgR9mgounds of Formula (IF), R1 and R2, taken togethggwith, s sasken atoms to
which they are shown attached, folio a substituted or unsubstituted carbocyclyl or a substituted or
unsubstituted hetgyasyabH citsdEmbatibiad amismastiuteshalidiens B, 2nis B, cavalepthand or a

substituted or unsubstituted alkylene, X is H; Y is NRaRb or a substituted or unsubstituted
heterocyclyf f‘tﬁgl‘éﬁ%ﬁ?-?ﬂ %TP@‘E&Q{W&%%&Hdé‘?ﬁﬂ%’&lé‘%f&%ﬂﬂo e group consisting of El, substituted

or unsubstituted alkyl, H{uted pr s Ubstituted carbocyclyl, substituted or unsubstituted
carbocyclylal su.gs ituted q{2unub gd heterocyclylallcyl, and substituted or unsubstituted
hcterocyclyl, d and Rb, oge_therNNith the nitrogen atom to which they are shown attached form a

substituted ornsubstitutedhetdtocycly Wi aidbpatidrag-Otthsispamiad Retefd ity is a

covalent bond, alkyleReher embodim@it <€(03-canshRAlis seleaien fion thegtouptsansisgiageef H, alkyl,

and substitut%d or su stitltjted %%II “éleh'n c%tS {Qv%rgl tgq{enaerét)%an the compounds of Foula (IF), Jis a
covalent boh .Tllhcgﬁrot fet BMbSdiment orthe compounas of Forula (IF), J is -NH-. In another

embodiment of the gpmp 8.0f Fo , Jis -C(0)-. In another embodiment of the compounds
of Foimula (IF), 81§ -G(0 ENH-. Iﬂzanwwiment of the compounds of Formula (IF), FIX is
substituted or strutel alkyl. IN andther e 1bodiment OK% und fI‘ﬁEO'i ula (IF), FIX is
substituted or unsubstituted CH3. If anothér emblouiiétit’of tfie oy E%ﬂ%g)e’. 6’?% t4 (F), L2Y is
-alkylene-NRaRbidnmtiathen esdbodined it of dhe e orpaifasmofHOA N Ha 468)R 1, 2%k és tadlenc-NH2.

In another embodiment of the co ds of Formul IF}% Y is -alkyleneN(allcyl)2. In another
embodiment o eec%%%npaga%goowgg%%ﬁ%i‘?lﬁ%%%g-cai‘:{fé{ﬁﬁe]?\'lﬂ(alkyl). In another embodiment

of the compounds of Formula B2Y is H(heterocyclyl) In another embodiment of the
compounds of Foil,u > L va' -atkylena- terocyclylalkyl). In another embodiment of the
compounds of For @ F); L2Y is ralkyleneNH(heterogr IalI&!? n.apothe odiment of the
compounds of Foula (TF), L2Y is -alkylefe- NH(aryIal(ﬁ;ﬁ/%.Pg zsz"ﬁﬂz’ dnd EWI&W

In another embodiment of the compounds of Formula (IA), Rz and Ry, taken together

with the carbon atoms to which they are shown attached, form:

"17?— SN R1 ~
& (A b
L Ny N
. wnan 18 AR L]X 18 —-(CHﬂg-N(&]k}d)z; and LQY 18 H.

In another embodiment of the compounds of Formula (IA), Ry and R4, taken together

with the carbon atoms to which they are shown attached, form:

"111- xy R4 1 =
; w18 w0 11X 18 ((CHy p-NH(alkyl), and LY is H.

In another embodiment of the compounds of Formula (1A), R3 and R, taken together

with the carbon atoms to which they are shown attached, form:

"LLL ™ R1 | X
: w18 wanr - 11X 18 ~(CHy)p-NH(heterocycelyl); and LY is H.

In another embodiment of the compounds of Formula (1A), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

L"H. SN R4 | =
; w48 oo ] X is —(CH,)2-NH(heterocyclylalkyl); and LY 1s H.
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WO 2009/121063PCT/US2009/038805 In another embodiment of the compounds of Foiurula (IF), In
another embodiment of the compounds of Formula (IF), In another embodiment of the compounds of ~

Formula (IFM@ﬁW{%Efmbodiment of the compounds of Formula (IF), in-aRethesemkediment of the
compounds of Formula (IF), NH(heterocyclyl). In another embodiment of the compounds of Eon

NH(heterocyclylatkMiother dRta0t0hex sMROgimentRk thereempeunds of ferauiaidi ogether
NH(heteroarylalkyl) In another empodiment of the com%%;ﬁéged of Fointit (IF), NH(arylalkyl). In another

embodimeRt B E8MFEtRE L o BT i R AAE diment of the compounds of Formula
(IF), In another embodimentrof the ds of Formula (IF), In another embodiment of the

m%l L(IF), Ir]%ano eL diment of the compounds of Formula (IF),

n

u nother emb_odillﬁent of he compounds of FonLu%F&SIL\I.H(heterocyclylalkyl).
In another emBadiment of th& colpound’afHorhitia (il :Riltfhsterespilly A dadtidt-embodiment

of the compounds:pfibeidt arkbodiNEHesylakybnpbanttherembadimgmt ofihe cempotsgseal Formula
(IF), In anoth%r mbodiment of the cqémigoundshof Formu}IlaéI@, In another embodiment of the
compoundg'”cs rﬁ?’[hgn(ﬁ%t%%’t'ﬁ PEhBEAATEHY BHIRE Com%Ounds of Formula (IF), In another

embodiment of the cgmpo of For NH(heterocyclyl). In another embodiment of the
compounds of (1), NH(keter yl). In another embodiment of the compounds of :
Fotmula (IF), N 4@ er ary’l‘hlk ). . anpther emb%ment of the compounds of Formula (IF), L2Y
is -(CH2)4- NH(aryTalkylj.  If"andther emBdiright's E‘?éb?%’déﬂﬁhﬁ%ﬁrzﬁ%@qg HE); 1-2Y is
substituted or unguhstittedneigiacychflalkybompounds of Formula {(1A), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

. S =
% N 2 N
N e is el LlX 18 m(CHz)g-NHQ; and LQY is H.

In another embodiment of the compounds of Formula (IA), R3 and Ry, taken together

with the carbon atoms to which they are shown attached, form:

“LLL ™ R1 | 2
; P T waee 1 1) X is —(CHaz)s-N(alkyl)y; and LY is H.
I

In another embodiment of the compounds of Formula (IA), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

’_L"L R R ] ~
; w8 w1y X 18 —(CH;)s-NH(alkyl); and LY is H.

In another embodiment of the compounds of Formula (JA), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

bLLL\ SN R1 i >
" w18 w5 14X 18 —(CHR )a-NH(heterocyelyl); and LY 1s H.

In another embodiment of the compounds of Formula (1A), Rz and R, taken together

with the carbon atoms to which they are shown attached, form:

n R =
L . L
L N N
; w18 w1y X 18 —(CHz)s-NH(heterocyclylalkyl); and LY is H.
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In another embodiment of the compounds of Formula (IF), R2 is In another embodiment of the
compounds of Formula (IF), is; W is a substituted or unsubstituted heterocyclyl; LA is substituted or
unsubstltutea( I g L2y is -alkylene-INF,Rb. In another embodiment,ef,the.g Q&ngds of Formula
(IF), .1is a covale nd In another embodiment of the compounds of Formula (IF) Jis NH. In

another embom”lﬁ%@fh@?%&%@ﬂﬁ&mﬁ afcRetmpela ior PosmHQla Jrranaiey, embodisaant of the
compounds of Foonula (IF), J is C -NH-. In another embodiment of the compounds of Formula (IF),

W is subst‘fﬂﬁé&%rcﬁﬁligﬁt%‘ﬁf&t&t%ﬂ et shosptatarhi. B9e N4.,411" e_5;,,,">1/4 NN IIH , O
Compounds of F muIa G m r embodiment, the compounds of the present invention
have the foIIo uI ) defined for Formula I.

w1y X is —(CHp)s-NH(heteroarylalkyl); and LY 18 H.

In another embodiment of the compounds of Formula (IA), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

. @ (K ]
®/ ; LiX is «(CHay-NH(arylalkyl), and LY 1s H.

In another embodiment of the compounds of Formula (1A), Rs and Ry, taken together
with the carbon atoms to which they are shown attached, form:

=

=, O,
G/‘% R N
: s v X is —(CHy)a-NHy; and LY s H.

In another embodiment of the compounds of Formula (IA), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

. @ (X ]
GI ; LiX s —(CH;)y-N{alkyl)y; and 1,Y is H.

In another embodiment of the compounds of Formula (1A), R3 and Ry, taken together

with the carbon atoms to which they are shown attached, form:

. O/Y ( I J
G/ » LiX is (CHz)a-NH(alkyl);, and L,Y 18 H.

In another embodiment of the compounds of Formula (1A), Rs and Ry, taken together
with the carbon atoms to which they are shown attached, form;
"L,L SN Ry ~3
L L L
Y ‘ N
! N T w1y X s ~(CHy)a-NH(heterocycelyl); and LoY is H.
In another embodiment of the compounds of Formula (TA), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

E C[r Oi;
@ ; LiX is ~{CHp)4-NH(heterocyclylalkyl); and LY 1s H.
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In a particular embodiment of the compounds of Formula (16), R1 and R2 arc each independently H or
alkyl; or R1 and R2, taken together with the carbon atoms to which they are shown attached, form a

substituted aFS stituted carbocyclyl; Li is selected from the group consisti @Ient bond,
substituted %%nstbg%ﬁﬁ}tcd allcylenc, substituted or unsubstituted alken%?ia}ﬁégg% )%sst%%a:‘ed or

unsubstituted allcynylo s Shas AHRARN: dh23.And Rhaserash indanerdantii selected fram the group

consisting of H, substituted or unsubstituted alkyl, aldiminyl, substituted or unsubstituted carbocyclyl,
substituted"d S TBERBEATREILBBIAYISK§Ie slipERatRghsE ulRstbstituted hcterocyclylalicyl, and

substituted or unsybstitutcd ketcro ~0r.R3 and Rb, together with the nitrogen atom to which they
arc shown attageled forfn ajsubstitufed substituted hetcrocyclyl; Q is CR, or N; R. is selected from
the group coK g"of Hya ,Qh_alo,'\éub tituted or unsubstituted amino, cyano, nitro, haloallcyl,

hydroxyl, and dfRoxyl;:and R3"an# R4 ar&"&achittideptrdentyEarsetesiakylthangrbup Edhsisting of H,
substituted or unsybstiutedanhisubsiiuied ansasR Yt hetaroar] .substivied erpMnsubstituted

alkyl, substituted or unsubstituted alkenyl, and substituted or unsubstituted alkynyl; or R3 and R4,

taken togethid Mo AinsRH R sm e hp aiedikdnwitBiached, fon"i a substituted or
unsubstituted carbogyclyl ora sybstitytethprigsubstituted heterocyclyl. In another embodiment of
the compounds gFRormula (1), 522 iand R2, taken together with the carbon atoms to which
they are shown @ttaghed, fdrm substitUted or unsubstituted carbocyclyl; Li is substituted or
unsubstituted alkyTéne; Xis H oF"NR3Rh; R?ﬁndlﬂgé?é%%ﬁ@%@#ﬂyﬁmy@éléé}éa‘ ffom the group
consisting of H, alkyl, aldiminyl, substituted or unsubstituted carbocyclyt, substituted or unsubstituted
carbocyclyialkyl, substituted or, nsu{?)s ituted heterocyclylalky-1, and subst%é:tc%ilor unsubstituted
heterocyclyl; or RA SHAREPTHGE HerwitRcHe Fﬁ%BB’&ﬁ“ﬁ%m B%ﬁ%ﬂﬁ%ﬂ? QISFARH A fthed form a
substitutedlor amnspiisstitstedihdte racysiydls @lis CHae,Npanddr 3tardiRhareadohdsieor R3 and R4,
taken togem‘ 1[(,/}Q/fi_th the carbon atoms to which they are shown attached, form a substituted or
unsubstituted aryl. In another embodiment of the compounds of Fruluta (IC), R3 and R4, taken
together with the carbon atoms to which they are s ached, form: In another embodiment of the
compounds of Fthtufa (IC), WO 2009/121063 .w§ig_P /US2009/038805 In another embodiment of
the compounds of Formula (IG), , is In another embodime of the compounds of Formula (10), -is In
another embodiment of the compounds of Foula (10), QisN..]n-&nother embodiment of the compounds
of Futmula (IG), Q is CH. In another embodimeYth‘k;f the omr%“bunds of Formula (IG), LOC is H. In
©C is -alkylene-Nitaltb. In another
lene-NI12. In another embodiment of the
another embodiment of the compounds of
Formula (IG), FIX is -(CH2)2-NRaRb. In another embodiment of the compounds of Folmula (IG), LiX is
-(CH2)24\1112. In another embodiment of the compwgq? of Formula (IC), LOC is -(CH2)24\i(alk31)2.

wherein variables A, B, Ry, Ry, Ly, L7, Q, X, and Y are as defined above for Formula
(D).

In one embodiment of Formula IA-1, Q is nitrogen. In another embodiment of
Formula TA-1, Q is CR..

In another embodiment of Formula TA-1,
~ Ry [ =
w18 w
In still another embodiment of Formula [A-1, O is nitrogen and
A e

In yet another embodiment of Formula 1A-1,
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In another embodiment of the compounds of Fol.mula (IC), LOC is -(CH2)3-NRaRb In another
embodiment of the compounds of Fol.inula (10), Li X is -(CH2)34\1112. In another embodiment of the
compounds QfFEgEH4a4L0), LOC is -(CH2)3-MaliC3/02- In another embegipneni,of dhggompounds of
Formula (JO), LOC is -(CH2)4-NR.K1,. In another embodiment of the compounds of Foimula (IG),
LOC is -(CH2)4-NH2. In another embodimen compungds of Foimula (1G), Li X is
-(CH2)4-N(alky1)2. In another embodiment af the compaounds ofiFormula (TO), It) and R4, taken
together with the carbon atoms to which they &re shown atfachéd, fair : N-5--N" R2 ; and- is In another
embodiment of the compounds of Formula (10), R3 antd R4, taken together with the carbon atoms to

which they are shiawhoaitachemdiarme: oYWOr2000/A2( 0P 3RE T/t 2009/038805 ; and- is In another
embodiment of the compounds of Formula (IG), R3 and R4, taken together with the carbon atoms to

which they are shown attached, fo: %-4 ; an e@ n‘anoth&rembpdiment of the compounds of Foimula
(IG), LA is alkyl. In another embodiment of thex€ompBunc nula (JO), LA is CH3. In another
embodiment of the compounds of Formula (JO), 4 is talkylene-NR.X. In another embodiment of the
compounds of Fatmul !G%A is -alkylene-NH2.,Ir other embaodiment of the com o&mds of
Foimula (10), LA LTS R A o O e S DA oy Lixis
-(CH2)3-NHgogarahgtherye rbodimént of dhégbmpoordscsiFarrhulkqopbixis o CHR pnd42. In

another e ' d I IS~ - ” 17 another
embodimggt)%gﬁt%g%&é%%%%}gﬁs of Igcr)lfn%}éalgd%:G , E?)%ﬂ@{(é%%gil%%&/?f??%%%%ﬁ&rl:-'mbodiment of
the compounds &Wﬂ%g@?@?@ti§£F@H‘2§?3N(dl4@]§2ﬂ¥?&?ﬁb%@%ﬂﬁ%@iﬁ&?@ﬁ{ Yfvhe compounds

of Formulayl(g)ekArier(0-12)4-N(alicY1)2. In another embodiment of the compounds of Formula (IG),

l.,]X is -alkylene- . o
In another embodiment of Formula IA-1, Q 1s nitrogen,

i o R4 1 =

optionally substituted carbocyclyl, optionally substituted heterocyclyl or NRgRy,.

, L1 is an optionally substituted alkylene group, and X is

In still another embodiment of Formula TA-1, Q is nitroger,
Q.
(1
N/
18 ~n , Ly 18 an optionally substituted alkylene group, and X is

\R1

NN

optionally substituted carbocyclyl, optionally substituted heterocyclyl or NRyRy.

In another embodiment of Formula IA-1, Q is nitrogen,

xR I =
(e Lo
is ~avand Le-X 18
(\NH
AN £ N\)
NH; p SN .
In yet another embodiment of Formula TA-1, Q 1s nitrogen,
| S A
Aom [
wAv 8 we , and L;-X 18
(\NH
# R P A N\)
| NH2 or \/\/



NH(alkyl). In another embodiment of the compounds of Formula (10), LLX is -(CH2)2- NH(alkyl). In
“another embodiment of the compounds of Foula (10), LiX is -(CH2)3- NH(alkyl). In another 7
embodimenw 5@& Qmﬂgounds of Formula (IG), Li X is -(CH2)4- NH(alleyr s angiiyer embodiment
of the compounds of Formula (10), LOC is -alkyleneNH(heterocyclyt). In another embodiment of he

compounds of Famula.d&het- Aisodftd) 3r NifkheterasyRly 1) hydroltandthemembadiment of the
compounds of Formula (1G), L1X is - (CH2)3- NH(heterocycly0. W

O
2009/121083b EHFATES T SE4d5: R SiFEPembtinbsitoetkd doilissumi ot kmikls), Loc is
-(CH2)4- Nidhetpretys!yiterocydydnathes-smbodiment of the compounds of Formula (TO), LIX is
-alkyleneNH(heterocyclylalkyl). In another embodiment githe compounds of Nuula (IG), I-tX is
-(0-1232- NH(heterocyclylalkyl). In another embodifnent Yfthe compounds of Formula (16), LA is
-(CH2)3- NE-I(hete I . othet_ embadimant of the compounds of Foimula (IG), LIX is
-(CH2)4- NH(heterocyclylalkyl). In“affothe¥ embodimert of the compounds of Formula (1G), LIX is
-alkyleneNH( hetetaasyhtalkynbb dimanosiiesembodiment Bfdhecbenptyhds ol oula i QRIRX IS
-(CH2)2- NH(heterpatylalkyl). In.anpother.embodiment of the compounds of Farmula (1G), LOC is
(Crzys. NGl et B R R B B R Bl (1) LA o
-(CH2)4- Nid{ineterbaryladliy)- or dnlapbtheventadinietirof thiyleorhpyandhap Formuld (TO), LOC is

-a'ky'ene'\'H(afy'%&26anotﬂaraaa%t}&ﬁr%mqqﬂm&maombﬁ £010RuRS Al kARG () HLX I
--(CH2)2- NH(arylalkyl).

NR,Ry, -OR,, carbocyclyl, heterocyclyl including triazolyl and tetrazolyl, acyl,

alkoxycarbonyl, aminocarbonyl, alkyl- or dialkylaminocarbonyl, heterocyclylacyl, cyano,

halogen or CF;; and L;-X 18

‘/\NH
fW\NHg or f\/\/N

In certain embodiments of Formula [A-1, the compound has the stereochemical

configuration of Formula 1A-18S:

-
[
&
o
v
_x\ ;
b

o

7\

m

IA-18
wherein the variables Ry, Ry, A, B, L1, Ly, Q, X, and Y are as defined for Formula [A-1,
In another embodiment of Formula 1A-1, the compound has the stereochemical

configuration of Formula IA-1R:

A
Sy Ra
N X
\
N g
|
S X
B



In another embodiment of the compounds of Formula (IC), Li X is -(CH2)3- NH(arylalkyl). In
another embodiment of the compounds of Formula (TO), LIX is -(Cf104- NH(arylalkyl). In another

embodiment,Qf 1he sompounds of Fonluta (IG), R3 and R4, taken togetheiowith e areen atoms to
which they are shown attached, form: "RI R2 ; and LA is alkyl. In another embodiment of the

compounds of Foiula (1G), R3 and R4, taken togetheswith the carbon-atoms to which they are shown
attached, form: WO 2009/121063PCT/US2009/038805 is,s'an ; and LOC is CR.3. In another
embodiment of the compounds of Formula (IG), R3 and R4, taken together with the carbon atoms to
which theyvare shavervatidbthar), Runk, B-an Larg KAdsd-dlkyteneidiReaRipr Fortmladdtier embodiment
of the compounds of Formula (IG), R3 and R4, taken together with the carbon atoms to which they are
shown attached, form: and LOC is -alkylene-NH2. In another embodiment of the compounds of
Formula (1G), R3landou; takenliogeththe wivknthen caphblssatomertndstit haraylarb\shbwirattached,

form: R2 sy 80 LAy s eSS NAOR. et ambedimenatingscompounds of

Formula (IG), R3 and R4, taken together with the carhon gtoms to which they are shown attached,
fomi. "1?71"-' R2 is; and LIX is -alkylene-NH(alkyl). 7 L

2
N

Yo Ly
\
N = a

|

X
B
(1A-2)
wherein variables A, B, L;, Ly, Q, X, and Y are as defined above for Formula (1).

In one embodiment of Formula IA-2, Q is nitrogen. In another embodiment of
Formula IA-Q, Qs CR..

In another embodiment of Formula IA-2, Q is nitrogen, L; is an optionally substituted
atkylene group, and X is optionally substituted carbocyclyl, optionally substituted
heterocyclyl or NR.Rs.

1n another embodiment of Formula IA-2, Q is nitrogen, and L;-X 18

(\N H

AN, A~ N

2 or

In certain embodiments of Formula TA-2, Q is nitrogen, L, is a bond or alkylene, and
Y is H, NRRs, -OR., carbocycelyl, heterocyclyl including triazolyl and tetrazolyl, acyl,
alkoxycarbonyl, aminocarbonyl, alkyl- or dialkylaminocarbonyl, heterocyclylacyl, cyano,
halogen or CFs.

In still another embodiment of Formula IA-2, Q is nitrogen, L; and L, are
independently a bond or alkylene, Y is H, NRRs, -OR., carbocyclyl, heterocyclyl including
triazolyl and tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or
dialkylaminocarbonyl, heterocyclylacyl, cyano, halogen, or CFz. and X is NR Ry,

In still another cmbodiment of Formula IA-2, Q is nitrogen, L and L, are
independently a bond or alkylene, Y is H, NR.Ry, -OR., carbocyclyi, heterocyclyl including
triazolyl and tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyi, alkyl- or
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In another embodiment of the compounds of Formula (IC), R3 and R4, taken together with the carbon
atoms to which they are shown attached, form: %1/4 Nrfr* R2 is,anu ; and LAis ~ - '

-alkylene-N 1). In another embodiment of the compoun ), R3 and
LRI PR O s

R4, taken togeth e carbon atoms to which they are shown attache
-alkylene-Nig(hetarorychaiorhereroly @PREREr SHROFBEN of e, sampeynds of Formula (IC), R3 and
R4, taken together with the carbon atoms to which they are shown attached, form: R2 is; and LA is
-alkylene-NH(heteroarylalkyl). In another empodinight of the compounds of Formula (IC), R3 and
R4, taken tefgetbefwtb/th‘e\%ﬂrpon QAW h}tg;{/ are shown attached, form: ..R1 -is.finy ; and
LOC is -alkylene-NH(arylalkyl) 2 fIn an6therémbodiment of the compounds of Foimula (IC), R3 and
R4, taken together with the carbon atoms to which they are shown attached, form: s-z," '2+2, is'suw ;
and LOC is -(CH2)2-NE12.  In another embodiment of the compounds of Formula (IG), R3 and R4,
taken together with t7& CAPEEISRS YT WHEH tHe RS o SREUAd Baatiele oGk ntct)  and LA is
-(CH2)2-N@kfi@eration of Formula 1A-2S:

ra
AT
%
N E
No _X
Yeai, et
\
N = Q
B
TA-2S

wherein the variabies A, B, Ly, Ly, Q, X, and Y are as defined for Formula JA-2.

In another embodiment of Formula TA-2, the compound has the stereochemical

.
A
N
N

M X
\.L{
Q

configuration of Formula JA-2R:

Ve

Y iy
Ne?
Y

B

1A-2R
wherein the variables A, B, L, L;, Q, X, and Y are as defined for Formula [A-2,

In another embodiment, the invention provides compounds of Formula (IA-3), or a

pharmaceutically acceptable salt, solvate, tautomer, stercoisomer, and/or ester thercof:
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In another embodiment of the compounds of Formula (1G), R3 and R4, taken together with the carbon
atoms to which they are shown attached, form: ; and LIX"is -(CH2)2-NH(alkyl). In another
embodlment“;gga gmgpunds of Formula (IG), R3 and R4, taken togethgr itk ihesashon atoms to
which they are shown attached, form: ; and LIX is -(CH2)2-NH(heterocyclyl) In another
embodiment of the compounds of Formula (IG) R3 angR4, taken together with the carbon atoms to

which they are shown attached, form: t?2i, |sow, : gaehLIX |s (CH )2-NH(heteroarylalkyl). In
another embodiment of the compounds of(Foii' VR3 no‘tR’ taken together with the carbon
atoms to which they are shown attached, form:} ; ang=tO& is -(CH2)2-NH(arylalkyl). In another
embodiment of the compounds of Foimula (I RZ
which they are shown attached, form: I other embodiment of the compounds of Formula (IG),
R3 and R4, taken together with the carbon atonfsS to which they are shown attached, form: R isLew ;
and LIX is -(CH2)3-N(alky02. In another embod'(MeB\} of the compounds of Formula (IG), R3 and

R4, taken (o eteqerv\évrllt eseAC ﬁbig ?ngo, Hh&? an en}[a%eagﬁow Mg “ﬁ‘&v el%t flpormu '(ﬁnd FIXis
-(CH2)3-NH (&
In one embodiment of Formula IA-3, Q is nitrogen. In another embodiment of
Formula 1A-3, Q is CR..

In another embodiment of Formula TA-3,

~ R, s
SR N
w18 o

In still another embodiment of Formula 1A-3, Q is nitrogen and

~ R, | x
N NZ
o s o

In yet another embodiment of Formula 1A-3,

G O

In another embodiment of Formula IA-3, Q is nitrogen and

! R R‘I N G
w18 .

In another embodiment of Formula IA-3, Q is nitrogen, R, is hydrogen, alkyl,
halogen, hydroxy, amino, alkyl or dialkyl amino, alkoxy, acyl, alkoxycarbonyl or CFz; and R,
is hydrogen, alkyl, heteroalkyl, hydroxyalkyl, alkoxyalkyl, carbocyclyl, or heterocyclyl.

In another embodiment of Formula IA-3, Q is nitrogen and Ry is hydrogen, alkyl,
halogen or CFs.

In another embodiment of Formula IA-3, Q is nitrogen,
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In another embodiment of the compounds of Formula (1G), R3 and R4, taken together with the carbon
atoms to which they are shownattached, foul: | - is; and LIX is -(CH2)3-NH(heterocycly1). In

another emtwgi%@){z%é?e compounds of Formula (IG), R3 and R4, ta.k%tgggih‘%(%gasthe carbon

atoms to which they are shown attached, form: .21/4 52,R2 is; and LA is

-(CH2)3-NH(hetero\c&lalkyl ~AMmanother embodiment of the compounds of Formula (IG), R3 and
R4, taken togethgf with the Ci){ l’bo*s to which they are shown attached, form: WO
2009/121063PC;@@/038 05 1¥; and LOC is -(CH2)3-NH(heteroarylalkyl). In another
embodiment of the compouitds of Formula il @) oRErankdy Rubtattsd wlgedmeramiti-thedcamBon atoms to

which they ae, Showr AaG0E da IR dBonal iy ARB Rt dhdGHRIIMNHRRRIKYD).  In another

embodiment of the compounds of Fo_rmuIaéIG), 3 and R4, taken together with the carbon atoms to
which they are shawH kit ebpgimmut g Fampuia ks (@ 1S 18528RH2.  In another embodiment of

the compounds of kgumula (IG), R3.and Li, taken together with the carbon atoms to which they are
shown attached, fbrm; 4.4/4 lan/ LOC is -(CH2)4-Nialky02. In another embodiment of the
compounds of Forriula (16)., R¥and R4, taken together with the carbon atoms to which they are

shown attached, form:"Z1/41R2 is; and L196 - PBRPPUXTH PSR AV %@ BRSHS dfment of the

compounds@efdnanmsidstti Rarans BA, épkenalbgeatbervih thercaybighabimRio which they are

shown attached, %.rargbther embodiment of Formula IA-3, Q) is nitrogen,

w8 o angd 1-X 1S

NH
AN e"\/\/@ |

In yet another embodiment of Formula 1A-3, Q is nitrogen,

I 2 R4 e O
N/ Re (NIQ
wrne 1§ wee, and L-X 18

NH
AN N, f\/\/Q |

In still another embodiment of Formula 1A-3, R, is hydrogen, alkyl, halogen, alkoxy,
acyl, alkoxycarbonyl or CF3; R, is hydrogen, alkyl, heteroalky!, hydroxyalkyl, alkoxyalkyl,
carbocyclyl, or heterocyelyl; and L1-X 18

NHK
AN N, ;\/\/O |

In apother embodiment of Formula 1A-3, L is a bond or alkylene, and Y is H, NR.Rs,
-OR,, carbocyclyl, heterocyclyl including triazolyl and tetrazolyl, acyl, aikoxycarbonyl,
aminocarbonyl, alkyl- or dialkytaminocarbonyl, heterocyclylacyl, cyano, halogen or CFs.

In still another embodiment of Formula TA-3, L; is a bond or alkylene, Y is H, NR.R,,
-OR., carbocyelyl, heterocyelyl including triazolyl and tetrazolyl, acyl, alkoxycarbonyl,
aminocarbonyl, alkyl- or dialkylaminocarbonyl, heterocyclylacyl, cyano, halogen or CF;; and

L]—X 18
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In another embodiment of the compounds of Formula (IG), R3 and R4, taken together with the carbon

atoms to'which they are shown attached, form: In another embodiment of the compounds of
Formula (IG,M;Q @%R taken together with the carbon atoms to which I;E% &;}a%&attached,
form: is; and LAﬁi's -( ﬂGZ 4-NH(heteroarylalkyl). In another embodiment of the compounds of

Foimula (IG), R3 and R4, taken together with the carbo mj to which they are shown attached,
form: is; and LOQWyIaIkyI). In oné embgdiment, the invention provides
compounds of Formia (JO=%), or pﬁagm’éc\eyﬁcaﬂyét gptable salt, solvate, tautomer, stereoisomer,
and/or ester thereof: A 3'B 00-1) wherein variables A, B, R, R2, LI, Q, and X are as defined above

for Formula (I). IndAecsmbodimahebF mamiula 8. hasempms das fRcisasshariBbdiment of Formula

IA-1, Q is REsIR-apetarRmbedipent of Formula 16-1, ?,N4f:"..,".. R2 A'nis instill another
embodiment of Formula 16-1, Q is nitrogen and ,R1 is R
|

g UTTH
/
\

>

IA-3S
wherein the variables Ry, Ry, A, B, L1, Ly, Q, X, and Y are as defined for Formula 1A-3.
In another embodiment of Formula IA-3, the compound has the stereochemical

configuration of Formula IA-3R:

Fang

IA-3R
wherein the variables Ry, Ro, A, B, Ly, L2, Q, X, and Y are as defined for Formula 1A-3.

In another embodiment, the invention provides compounds of Formula (IA-4), or a

pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester thereof:

(1A-4)
wherein variables A, B, L1, Lo, Q, X, and Y are as defined above for Formula (I).
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In yet another embodiment of Formula 10-1, In another embodiment of Formula 10-1, Q is nitrogen
and In another embodiment of Formula 10-1, Q is nitrogen, and Ri is hydrogen, alkyl, halogen,

hydroxy, aming @yl Qkdialkyl amino, alkoxy, acyl, alkoxycarbonyl or CR;apehibd isdayerogen, alkyl,
heteroalkyl, hydroxyalkyl, alkoxyalkyl, carbocyclyl, or heterocyclyl. In another embodiment of

Formula I1G-1, Q ig piseafdanRdnt 3t iphydiogen, allkyhihalegemamethe: dmbanther embodiment of
Formula IG-1, Q is nitrogen, The'--"R2 isis an optionally substituted alkylene group, and X is
heterocyclyPEFNRL é ﬁ@tﬁ%ﬂother embodiment of Formula 10-1, Q is nitrogen, R2 Met isis an
optionally substitliedraiitdenodiiaus afiflokmslhéterhcydylionMR, [R&: 4n gnotilveniboditént of

Formula 10.Q is nitrogen, , z.is, and 1.4-X is _. ) -(NH N.H iC---/-N In yet another
embodime‘?lwl f‘ef—llerﬁ%ol% %hfggﬁ r}éoﬁlatﬁlggsgﬁs,ﬁamv&?ﬁ ?gﬁacﬁiz-%isogtrm aﬁ#?g%ﬁna{lllﬂ%t er embodiment of

Formula |GutsiRdyityhydhoy&n, alkyl, halogen, alkoxy, acyl, alkoxyearbonyl or CF3; R2 is hydrogen,
alkyl, heteroalkyl hydigeyaliov alkexyatyGamboenc i onbsirecyalyl, and is

(\ NH
AN N - A N
2 or

In another embodiment of Formula IA-4, Q is nitrogen, L, is a bond or alkylene, and
Y is H, NR.Rs, ~OR., carbocyclyl, heterocyelyl including triazolyl and tetrazolyl, acyl,
alkoxycarbonyl, aminocarbonyl, alkyl- or dialkylaminocarbonyl, heterocyclylacyl, cyano,
halogen or CFa.

In still another embodiment of Formula IA-4, Q is nitrogen, L; and L, are
independently a bond or alkylene, Y is H, NR.Ry, -OR., carbocyclyl, heterocyclyl including
triazolyl and tetrazolyl, acyl, atkoxycarbonyl, aminocarbonyl, alkyl- or
dialkylaminocarbonyl, heterocyclylacyl, cyano, halogen, or CF;,and X is NR,Rs.

In still another embodiment of Formula 1A-4, Q is nitrogen, L; and 1, are
independently a bond or alkylene, Y is H, NR.Ry, -OR, carbocyclyl, heterocyclyl including
triazolyl and tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or
dialkylaminocarbonyl, heterocyclylacyl, cyano, halogen, or CFy, and L1-X 18
-

S

f\/\/\NHg or ,f\/\/i\l

In one embodiment of Formula IA-4, the compound has the stereochemical

configuration of Formula IA-4S:

\

=z

=
o//“l

/-

-
\
h
Z’
Ry
\(
ZHInE
/
“\
>

|

IA-4S
wherein the variables A, B, L, I,, Q, X, and Y are as defined for Formula TA-4,
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H /N H2 or In one embodiment of Foonula IG-1, the compound has the stereochemical
configuration of Formula 1G-1S: IG-1S wherein the variables A, B, LI, L2, Q, and X are as defined
for Formula&g-ﬂméﬂﬁﬁg&ther embodiment of Formula 1G- 1, the compoupgﬁgﬁﬁgﬁg%%gochemical
configuration of Formula IG- IR: 1G- | R wherein the variables A, B, LI, Q, and X are as defined for
FormulaIG-1.  inRpethansmbedimetithaiinvention pavidesaamnpeundsoehdmiaula (IA-2), or a
pharmaceutically acceptable salt, solvate, tautomer, stcrcoisomcr, and/or ester thereof: (IG-2) 82
wherein vm%ﬁﬁ?@?ﬁﬁ@%ﬁa&ﬁé as defined above for Formula ula (I). In one embodiment of
Formula IG-2, Q is nitrogen. In another embodiment ofForpuiadA-2, Q is CRe. In another
embodiment of Formula 10-2, Q is nitrogen, L1 is afqpti bstituted alkylene group, and X is
heterocyclyl or NRaftb. In another embodiment of Fotr%}; *2;Q is nitrogen, and L1-X is or In
one embodiment of Formula 10-2, the compound hags-the stere@cherpical configuration of Formula
IG-2S: TG-2S wherein the variables A, B;£%.Q 4nd X\\/are{w defihied for Formula 10-2. In another
embodiment of Formula 10-2, the compound h idrepchemical configuration of Formula 10-2R:

1A-4R
wherein the variables A, B, Ly, Ly, Q, X, and Y are as defined for Formula 1A-4.
In various embodiments of Formulae A, [A-1, IA-1S, IA-1R, IA-2, [A-2S, IA-2R,
IA-3,[A-38, TA-3R, TA-4, IA-48 and TA-4R, -L,-Y i3 selected from:

O, U, . U, O
T T 7T



IG-2R wherein the variables A, B, LI, Q, and X Y are as defined for Formula I1A-2. In another
embodiment, the invention provides compounds of Formula (I0-3), or a pharmaceutically acceptable
salt, solvate“;@ ggﬁr §£ere0|somer and/or ester thereof: (16-3) Wher%¥ﬁ[§m§/§3§m§ 12.1, R2, LI,
Q, and X are as d ned above for Formula (). In one embodiment of Formula 16-3, Q is nitrogen.
In another emh ent of Formula IA-1, Q is CRC. In another embodiment of f-oLutula 16-3, R2 In still
another embog t of Foriula 16- 3ch IS nitregen arid is In yet her em m nt of F0|U|ula 16-3,
'N----" R2 is In a”other embqgdiment Formul 16 3, Q iS nitroge andBZ IS n

er

)

embodiment of Feymula 16-3,7Q is nitrogen, and R, |sh ogen, alkyl, halogen, hyd amino, alkyl
or dialkyl amino, alkoxy, acyl, alkoxycarbonyl or CF3; and R2 is hydrogen, alkyl, het IKkyl,

hydroxyalkyl, alkqmumdb eﬁlﬂhﬁ%% @f#&%ﬁﬁwﬂym} i arother gmiodiment afsFornula 16-3, Q

is nitrogen and R1is h dro en, aI enor CF3, In another embodiment of Formula 16- 3,Qis
nitrogen, L44id-dft 5§tl %ﬁb‘% %ﬁgdréa&bziﬁlf%% RBterocyclyl or NRY-b
s~ NHE s~ NGB, N\FNHZ
COsR

H 1
NH
' N z

NH, N
s -NHR A,/\/NHQ /\/j O)\/NH ,
, x , A/\N
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In still another embodiment of Formula 10-3, Q is nitrogen, ,R1 R2t) Alme is, L1 is an optionally
substituted alkylene group, and X is heterocyclyl or NRaltb. In another embodiment of Formula 10-3, Q

is nitrogen, R 2@@%%&( is FINH2 or In yet another embodiment of Formua Q53,43 ispitrogen, -R, is,
and Li-X is NH2 or In still another embodiment of Formula 10-3, R1 is hydrogen, alkyl, halogen,

alkoxy, acyh rboryhake 18 R4 ighydrogen, alkyl, heteroalkyl, hydroxyalkyl, alkoxyalkyl,
carbocyclyt, or heterocyetyl; and Lt-X is iNH2 or In another embodiment, the invention provides
compounds of FormilaHdo «hbatiagphatyaceytically dabe ptabiet salksaivatectauttliewistereoisomer,
and/or estePrOtrheL;&ofr' W}C) 09/121063PCT/US2009/038805 A (IG-4) wherein variables A, B, LI, Q,
and X are aS'de méz(ﬂl%o(/e or Fotula (1). In one embodiment of Foonula IG-2, Q is nitrogen. In
another embodiment of Formula 1A-4, Q is CRC. Ip;aﬁﬁ/er embodiment of Formula 10-4, Q is

nitrogen, L1 is an optionally %ﬁjed alkylene grd‘h‘"@l and X,{g heterocyclyl or NReRb. In another

embodiment of Formula IGf\XL”LQQ nitgggen, and -X is N
N

N, X
1
N\fo (1)
@ Ny
R5"-N Ny bz H_
1 Y .
Q=N R

or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester
thereof wherein variables A, X, Q, Ry, Ry, Rs, Rg, Ly, L are all defined as in Formula I

In certain embodiments of the compounds of Formula (IB) or (IC), R; and R, taken
together with the carbon atoms to which they are shown attached, form a substituted or
unsubstituted carbocyclyl or a substituted or unsubstituted heterocyclyl; L1 is a substituted or
unsubstituted alkylene; L, a covalent bond or a substituted or unsubstituted alkylene; X is H
or NR Ry, Y is H, substituted or unsubstituted carbocyclyl, or substituted or unsubstituted
heterocycelyl; R, and Ry, are cach independently selected from the group consisting of H,
substituted or unsubstituted alkyl, aldiminyl, substituted or unsubstituted carbocyclyl,.
substituted or unsubstituied carbocyclylalkyl, substituted or unsubstituted heterocyclylalkyl,
and substituted or unsubstituted heterocyclyl; Q 1s N; Rs is substituted or unsubstituted
aminoalkyl, substituted or unsubstituted carbocyclyl, or substituted or unsubstituted
heterocyclylalkyl; and R is substituted or unsubstituted aminoalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted carbocyclylalkyl, substituted or
unsubstituted heterocyelyl, substituted or unsubstituted heterocyclylalkyl, alkyl, alkenyl, and
alkynyl.

In another embodiment of the compounds of Formula (IB) or (1C), Ry and Ry, taken
together with the carbon atoms to which they are shown attached, form a substituted or
unsubstituted carbocyclyl or a substituted or unsubstituted heterocyclyl; Ly is a substituted or
unsubstituted alkylene; L, a covalent bond or a substituted or unsubstituted alkylene, X is H
or NR.Ry; Y is H, substituted or unsubstituted carbocyclyl, or substituted or unsubstituted
heterocyelyl; R, and R, are each independently selected from the group consisting of H,
substituied or unsubstituted alkyl, aldiminyl, substituted or unsubstituted carbocyclyl,
substituted or unsubstituted carbocyclylalkyl, substituted or unsubstituted heterocyclylalkyt,
and substituted or unsubstituted heterocycelyl; Q is CH; Rs is substituted or unsubstituted
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SiN112 In one embodiment of Foimula 1G-4, the compound has the stereochemical configuration
of Formula1G-4S: 1G-4S wherein the variables A, B, LI, Q, and X are as defined for Formula 10-4.

In another eghgglimehsQf Formula IG-2, the compound has the stereochgicabgyafigsgation of
Formula 1G-4R: 1G-4R wherein the variables A, B, LI, Q, and X Y are as defined for Formula 1A-4.

In certain mﬁﬁﬁiﬁl@mmmea%pﬁﬁbﬁagﬂﬁt@@ua%@,icﬁmmtsl@oﬁmm@fmmuﬂd@dare selected from
the group consstmg WO 2809/1 ciLO63 Cii |
heterocyclylalkyl; and Ry 18 substituted or unsubstituted aminoalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted carbocyclylalkyl, substituted or
unsubstituted heterocyclyl, substituied or unsubstituted heterocyclylalkyl, alkyl, alkenyl, and
alkynyl.

In another embodiment of the compounds-of Formula (IB) or (IC),

w18 wans

In another embodiment of the compounds of Formula (IB) or (1C),

w8 |

in another embodiment of the compounds of Formula (IB) or (1C),

S
! R 1 RS
NT Rz N/
VAT iS AN .

In another embodiment of the compounds of Formula (IB) or (1C), LY 1s H.

In another embodiment of the compounds of Fon‘fnula (IB)or {IC}), L.;Y is substituted
or unsubstituted heterocyclylalkyl.

In another embodiment of the compounds of Formula (IB) or (1C), L, X is alkyl.

In another embodiment of the compounds of Formula (IB) or (1C), L1 X is CHs.

In another embodiment of the compounds of Formula (IB) or (IC), L; X is -alkylene-
NR,Rs,.

In another embodiment of the compounds of Formula (IB) or (IC), L1 X is -alkylene-
NH..

In another embodiment of the compounds of Formula (IB) or (IC), L1 X is -alkylene-
N(alkyl),.

In another embodiment of the compounds of Formula (IB) or (1C), 1, X is -alkylene-
NH(allyl).

In another embodiment of the compounds of Formula (1B) or (1C), 1., X is -alkylene-
NH(heterocyelyl).

In another embodiment of the compounds of Formula (IB) or (1C), 1, X is -alkylene-

- NH(heterocyclylalkyl).
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| In another embodiment of the compounds of Formula (IB) or (IC), L1X is -alkylene-

NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (IB) or (IC), L; X is -alkylene-
NH({arylalkyl).

~ In another embodiment of the compounds of Formula (IB) or (1C), LiX is (CHz),-

NR Ry,

In another embodiment of the compounds of Formula (IB) or (1C), 1, X is -(CHy),-
NH;.

In another embodiment of the compounds of Formula (IB) or (IC), 11X is -(CHzy)s-
Nalkyla.

In another embodiment of the compounds of Formula (IB) or (IC), L1 X is -(CHz)2-
NH(alkyl).

In another embodiment of the compounds of Formula (IB) or (1C), L1 X is -(CHz),-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (IB) or (IC), L1 X 1s «(CHz),-
NH(heterocyclylalkyl}.

In another embodiment of the compounds of Formula (IB) or (IC), £, X is -(CHz)z-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (IB) or (IC), L1 X is -(CHzy),-
NH(arylalkyl).

In another embodiment of the compounds of Formula (IB) or (IC), L1 X 18 -(CHy)s-
NR,Rs.

In another embodiment of the compounds of Formula (IB) or (IC), L X is <(CH;)s-
NHo.

In another embodiment of the compounds of Formula (IB) or (IC), L, X 15 ~(CHp)s-
N(alkyDy,.

In another embodiment of the compounds of Formula (IB}Y or (IC), L1 X is -(CHs)-
NH(alkyl).

In another embodiment of the compounds of Formula (IB) or (IC), L X is -(CH>);-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (IB) or (1C), LiX is ~(CHa)a-
NH(heterocyclylalkyl).

In another embodiment of the compounds of Formuia (1B) or (IC), L1 X 1s {CHy)a-
NH(heteroarylalkyl).
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NH2 0 HNHNYHN HN WO 2009/121063PCT/US2009/038805 WO
2009/121063PCT/US2009/038805 Or, , or a phaimaceutically acceptable salt, solvate, tautomer,

steremsom I r thereof In certain other embodiments, the co selected
W ) ﬁ%ﬁ MRRRHIRY R 5%

from: In certain embodiments, a compound that is useful in the methods of the invention can be

identifed based o ipilke SHiRIENEHSAME SMPRAINEHITAFANALYRH Gen bexcengidesed to inhibit a
chemokine signal, be a chemokine antagonist, or be useful in the methods of treatment described

herein, if it" f%]l‘ﬁléy ith Ca+ mobilization in vitro or in vivo by a chemokine receptor agonist at an
IC50 of less thaniakeasth308QuaNinleneerttin empadiddenBormula (IB) or (IC), L, X is «(CH)s-

NR Ry,

In another embodiment of the compounds of Formula (IB) or (IC), L1 X is (CHy).-
NH;.

In another embodiment of the compounds of Formula (IB) or (IC), L, X is «{CHa)s-
N{alkyl),.

In another embodiment of the compounds of Formula (IB) or (IC), 1, X 1s {CHz)4-
NH(alkyl).

In another embodiment of the compounds of Formula (IB) or (IC), L1X is -(CH)4-
NHheterocyclyl).

In another embodiment of the compounds of Formula (IB) or (IC), L1X 15 (CHa)s-
NH(heterocyclylalkyl).

In another embodiment of the compounds of Formula (IB) or (IC), L1 X 1s (CH2)4-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (IB) or (1C), L; X is -(CH)4-
NH(arylalkyl).

In another embodiment of the compounds of Formula (IB), Rs is —alkylene-NR Ry

In another embodiment of the compounds of Formula (IB}), Rs 1s -alkylene-NH,.

In another embodiment of the compounds of Formula (IB), R is -alkylene-N(alkyl),.

In another embodiment of the compounds of Formula (IB), Rs is -alkylene-NH(alkyl).

in another embodiment of the compounds of Formula (IB), Rs 15 -alkylene-
NHheterocyclyl).

In another embodiment of the compounds of Formula (IB), Rs 1s -alkylene-
NH{heterocyclylatkyl).

In another embodiment of the compounds of Formula (IB), Rs is -alkylene-
NH{heteroarylalkyl).

In another embodiment of the compounds of Formula (1B}, Rs is -alkylene-
NH(arylallyt).

In another embodiment of the compounds of Formula (IB), Rs 18 «(CH2);-NRaR.

In another embodiment of the compounds of Formula (IB), Rs is ~(CH;),-NH;.

In another embodiment of the compounds of Formula (IB), Rs is (CHy),-N(alkyl)s.

In another embodiment of the compounds of Formula (IB), Rs is ((CHy);-NH(alkyl). -
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the ICso is less than about 500 nM, 450 nM, 400 nM, 350 nM, 300 nM, 250 nM, 200 TIM, 100 nM, 90
nM, 80 nM, 70 nlVI, 60 nM, 50 nM, 40 nM, 30 nM, 25 nM, 20 nM, 10'nM;, 5 nM, 1 nM, 0.5 nM, or 0.1

nM. In parti%@r &mﬁqggg]ents, the ICsa is in the range of about 500 nM R@tﬂ%%};lmﬂgbout 400 nM
to about 5 nM, azbout 350 nM to about 10 nM, about 300 nM to about 25 nM, about 250 nM to about 50

nM, about 200 nhLte.aheLERBJaLAPeRHEQ8:RMIRIRBOHEARMMIBP AUt O e, 10 about | nM, or about
50 nM to about 1 nM. In some embodiments, the receptor is a CXCR4 receptor. In specific
embodimeRts #REEREHYSkine agonist is a natural agonist and in specific embodiments is SDF-1. In
particular embodimenéshdherbadimabiizatieoimheeasuf edmmdraBT e (Gatdiax.can, for example, be
measured w II§ that ﬁé%(r}! y express high levels of chemokine receptor or, alternatively, a
chemokine T6Ceptor ¢an’ combinantly expressed.  In certain other embodiments, the
compound is considereikteaiubitahenoldnesigndl obEarahieritkine antdgdnist, or be useful in the
methods o %rt’g%%t qgfﬁgped herein when it inhibits impedance caused by a chemokinc agonist. In
particular embodiments, the impedance is stimulated by a natural agonist and in specific embodiments
is SDF-1. The chéfokrther resegtonan e Hacrmekends incorssdp o bkl céridiembodiments is
CXCRA4. Inyparficulargmbodiments, the ICso of impedance is less than about 500 nM, 450 nM, 400
nM, 350 nM, 300 n1\4, 250 nM, 200 nM, 100 nM, 90 nM, 80 nM, 70 nM, 60 nM, 50 nM, 40 nM, 30 nM,
25 nM, 20 nM, 10 hRIOBIFImbadnaEhive sroPes 9h Fsspaein aRenksdtirfeRtsekeso of

impedance is in theaangs ohabaua00mh tanpaidl 51 braheuti0N M teapoutdInM, about 350 nM
to about 10 nM, apout

00 nM to. about 25 nM, about 250 nM 50n 00.nM to about
50 sbout 100 WA SHBUTRU AR Slae CHBRTG AT sy BB 6B LS G 1 .
In one embodimeint athé:comipodindedent dnstratesiind bif Borofule CHEnRkine(@ibnidiédgphse in vitro or

in vivo that is greater thn that of AM ﬁ)o. In specific bodin’@g spthe cy of inhibition of the
compound as me%lsﬁ%% %5%%0%8%81%};% 85%@%%%58?%“5%% 3 njfePéS, arl as%t times, at least 5

times, at lebskBetrrsychileast 7 times, at least 8 times, at least 9 times, at least 10 times, at least 15
times, or at least gpaﬂmggf%&ﬁégﬂp&wgC%ﬁ&ﬁg@gﬁ%ﬁmﬁo@mg@,}-gh_ia(g@tg_ncy of inhibition of the
compound as measured by an ICso is in the range of about 2 times to about 20 times, about 3 times to
about 15 tiﬁﬁ@&‘%ﬁ@ﬁi"éﬁ?ﬁ%)to about 10 times, or about 5 times to about 10 times that of AMD3100.
In certain embodipenttdheraopeunds @xhbihitadnrpnbareadsatet ofie(dhe safety profile can be
tested in vitro or in vivo[?ﬁét in certain embodiments is tested in vitro. Preferably, the dose at which
cytotoxicity B SLEHRBEENE Becurs in vitro or in vivo is at least 2 times, at least 3 times, at least 4
times, at least 5 tiimesetatieagicithivmas tat leasp@mdiméFpanldasiDORIMes(@lpast 100 times, at least
250 times,ﬁgfa?taﬁ(ofﬁ times, or at least 1000 times the 1050 of the compound in acting as a
chemokine rece 4 tagonist. In other embodiments, the compound exhibits reduced h_ERG
binding. In particUarehbocimedietie chmpourdiedhib fomBERGIBhding oflébsthBals0% at its IC50

for inhibition of a ﬁh&ﬁﬁ%‘&“&ﬂ@&&ﬂ%&& &@@Wimﬁn&ﬁegwgﬂma@mmggERG binding of

less than 50% at a concentration that is at least 2 times, at least 3 times, at least 4 times, at least 5

times, at least 10 #irAhat tethadmmantRicha crampaugtivhEerat|a 44t 1 Bo Wmd A iiedk d%o times, at

least 500 times, afaklgRst HQUHMABIIIHERAnFREMUAtRRR Ul (118) CRSES W18/5-8eumRunds are
sufficiently basic or acidic to forr%staﬂ% ;@c})intoxic acid or base sa&s adminiés{_t;ration of the compound

as a pharmaceutitaiPHESHED SRR B A s Rt Bratikaéeutically acceptable
salts are ongHrtetaickagtition salts formed with acids, which form a physiological acceptable anion, for
example, tosylate, methanesulfanate, acetate, citrat onate, te, inate, benzoate,
ascorbate, aketozrflu%tal(r)a & an "(a&%ﬁ%te?ggﬁ‘&é’ﬁ’ﬂ’é’t%‘fsél{}%gjﬁfé%%@g@s%@%n@;‘mso be formed,
including, StMatetcnitratlyldicdrbonate, and carbonate salts. Pharmaceutically acceptable salts
may be obtained ising RlARAHE RHeGEAUIRS YRl RAVEY KL bR AT expmle by, reacting a
sufficiently basic compound such as an amine with a suitable acid affording a p'7hy5|olog|cally
acceptableMHRiberemalrHgal (for example, sodium, potassium or lithium) or alkaline earth metal (for
example calcium)salisied,carbexiticrReits Cashalsmbe Inpsienula (TEXeMRlafragd addition salts
include acetates, adipates, alginates, ascorbates, aspartatcs, benzoatcs, benzenesulfonates,
bisulfatcs, B@?Eﬁ@? rates, citrates, camphorates, camphorsulfonates, cyclopentanepropionates,
digluconates, dodecylstiléateshatiranesiflionatesdumasdesnglicabeRanoatesitglyterophosphates,
hemisulfates, hg@@n%ageﬁ, hexanoates, hydrochlorides, hydrobromides, hydroiodides,
2-hydroxyelfﬁ%1uné’su foha $, lactates, maleates, methanesulfonates, 2-naphthalenesulfonates,
nicotinates, nitrates, oxalates, pectinates, persuiates, 3-phenylpropionates, phosphates, picrates,
pivalates, propionates, salicylates, succinates, sulfates, sulfonates (such as those mentioned herein),
tartarates, thiocyanates, toluenesulfonates (also known as tosylates,) undecanoates, and the like.
Additionally, acids which are generally considered suitable for the formation of phaimaceutically useful
salts from basic pharmaceutical compounds are discussed, for example, by S. Berge et al, Journal of

Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould, International J. of Pharmaceutics (1986) 33
27201-217 Andercon at al The Practice nf Meadicinal Cheamictryys (100RY Academiec Prace New VYork: and



Also included are solid form preparations which are intended to be converted, shortly before use, to
liquid form preparations for either oral or parenteral administration. Such liquid forms include solutions,

suspensiongahd amysions.  The compounds of the invention may alge-he dgliygiakle

transdermally. The transdcmial compositions can take the form of creams, lotions, aerosols and/or
emulsions and can beRg!uaBddnmd anadersagl Rate Lo Fimnatlix) Or Jesavainisaeas are
conventional in the art for this purpose. Methods of Treatment The compounds described herein,
are particu@ﬁ%ﬁggﬁfifﬁeﬂy& treatment or prevention of a disorder associated with chemokine receptor
binding or activatiarundiher metbadscaf texatoenipotptevEhtionutf (Bp&sds arbdisordars herein by
administratlilonu%l;tl %g([nh%{%tlg&d as,d Sf;ribed herein may alternatively be a method of use of the
compoundsq%r treatment or pre éntion of the diseases or disorders, or may be a method of use of the
compound in the maneifactmbeliamedidenvenplonteatfinemde pigvdatiohlof the disease or disorder
in a host. In certajp mMACAIMENSAIREIOF! (A WMALFSIRRATEY!R, & humag,imiegd of chemokine

receptor inhibition. In certain embodiments, the host in need is at risk of suffering from a disorder
causing a reductibharpthn srbegiassohielenrpenads of ivameallB iés diselbElie provides
compositions andmgtRdsfidiaating SheraxeRting A remakingeraepiprmediaied Pryhology by

administering a compound of the present invention, or g phaimaceutically acceptahble salt, solvate,
prodrug, or ester tAERSBRIG B SERHTLHEF A STRA¥AN 6 ﬁﬂrfﬂ}ﬂ@)g%’p% Ih Qﬁ(gﬁ%ﬁ%ﬂﬁfﬁent to
inhibit chemokineisigrahdransddation bf ecetaxpiessitgarshenikinR s 8cefigiens-nomologue thereof.
In certain e[qé) d@mentﬁ, he compounds are useful for treating disorders associated with reduced
hematopoeti Yem el mobilization. The interaction between SDF-1 and CXCR4 is important in
hematopoietic stelmapethtromivgltm¢hieot) dreecomarrondantiliorein dtBpdietis -slbmieoeltl quiescence.
Hematopoiﬁgﬁﬁg%%cc%ﬂ;}aﬁ;%q be mobilized into all blood cell types including myeloid (monocytes and
opH S, a)

macrophages, neutrop sophils, eosinophils, erythrocytes, megakaryocytes/platelets, dendritic

cells), and lymphdicklipbagesirieat, & belrompueei sy FornpicdBadinis mterlidton between SDF-I
and CXCR&nIayR @8 fant role in holding hematopoietic stem cells in the bone marrow, the
compounds described herein that are CXCR4 antagonist compounds are capable of "mobilizing”
hematopoietic stefhBeiETHEASBRIbAERs TR SBlod St tetd B &ipheral blood stem

cell mobilizatigarigavesy. important in hematopoietic stem cell transplantation (an alternative to

transplantation of surgically-haryested hone marrow) and.is cuyr erfor using.drugs such as

o s BTSN TS R HOOF A 08 TRURATOY BrBctl e N DEE that are

associgted with aIdi_smrr}her aahsﬁm@mmmmmﬁformmﬁlﬁg Rhesatfdnormid-hervous system.

In particular, such,disoiders,canaflest sensaliansnuolRg MRS ye:Sehas Kol laghes. cause
e imilar s cts.

dizziness or lightheadedness, or have s matosensory aff Anothér embodiment

provides uses of dncetbeirmabeflimens efsbprameeiish obFarphdgtdBecRuitatii-SoseDalsikdalt, solvate,
prodrug, or ester {hereafdos e drsaimanhoboarotine mantiagiu, ok imedigament for the treatment
of chemokine receptor mediated pathologies including, but not limited to cancer or inflammation. Still
another en%%&iﬁﬁ‘@”ﬁ’?){ﬁ]é’\%des uses of a chemokine peptide antagonist for the manufacture of
medicament for thg preventiapoaiiemarerl anaiasiagi s Famanmsl.R islINasgparate embodiment, a
method for&t(ﬁﬁ?t]‘igfg diseas%s f vasculature, inflammatory and degenerative diseases is provided
including a SPRG A ??Fbound of Formula (1)-(V) to a host. In one embodiment, a compound of
Formula (1)-(V) is isegiestintuldiedre produstipomade (ibhifendti oiBaf Biesn-g@tis)and progenitor cells.
Ina separalgﬁ_lgﬁgggggm%qg ﬁ method for the treatment of, prevention of, or reduced severity of
inflammatory ISease Lta gs,'neovascularization, and wound healing including administering at least
one compound déscribégirerbitimprovdedcomparade vl anudtifial Retis-€xPréss a multitude of
chemokine}@ﬁgpr;gg%,myith CXCRA4 being particularly prominent (Gupta, et al. (1998) J Biol Ghcm. 273:
(1998

4282; Volin, et al. Biochem Biophys Res ommnun. 242: 46). A RT-PCR based strategy which
utilized CXCR4 speénrilishsiebe s péitsteortnat RN ATEP ie thk fokind fédepiBrieX CR4 is

Exprelzssed not on?i&?ﬂgﬂ@mh ﬂdl Ifqﬁgiﬁaﬁd}%%ﬁiggﬁ?ﬁg @ymﬁhglygm@rmﬁhe@iggﬂm@hneumloc(ytes))
ut also in a number of epithelial cell lin erived from yarious other tissue u ,etal (1998
mmunology. S5(H: S8 FONE A NGO GSAL XA It S HEFR IS Veceptor
expressed on epitheligtballsnihdmesepidremayave sofifwetional BleRp Bpithelia-pathdigy. Whether
CXCRA4 patrticipates in inflammatory responses remains unclear. CXCR4 expressed on the epithelium
may facilitate the recruitment of phagocytic cells to sites of inflammation by direct effects on epithelial
cells. CXCR4 may also have other functional raigs within the immune response or participate in
wound healing or neovascularization. CXCR4 may also be involved in the pathophysiology of several
acute or chronic inflammatory disease states associated with the epithelium. (Murdoch, et al. (1999)
Immunology. 98(1) : 36-41). In addition, the invention is directed to methods of treating animal
subjects, in particular, veterinary and human subjects, to enhance or elevate the number of progenitor

cells and/or stem cells. The progenitor and/or stem cells may be harvested and used in cell
trancnlantatinn In one emhbhodiment bone marrow nronenitor and/or ectem calle are mohilized for



In a separate embodiment, a method for treating diseases of vasculature, inflammatory and
degenerative diseases is provided including administering a compound of Formula (1)- (V) to a host. In

one embodiwg%@/pﬂmpound of Formula (1)-(V) is used to stimulate the progustim,aigsproliferation
of stem cells and progenitor cells. The compounds can prevent or reduce the severity of diseases

associated with GX &R acihibsiasst by partistips afirwierative @iperses ircany, host. However,
typically the host is a mammal and more typically is a human. In certain subembodiments the host has
been diagr%’é&ﬁ’ﬁﬁﬂ‘?@lﬁpperproliferative disorder prior to administration of the compound, however in
other embodimerits atiherfroghisdiesely £onsidenediady idiCofaufigiiRg Rpin-$0th a disorder. Host,
including hﬂﬂr&p? ?Uffe{i?a%(fr m, or at risk for, a proliferative disorder can be treated by administering
an effective' amount of & pharmaceutical composition of the active compound. Abnormal cellular
proliferation, notalslyiwyharprbliférativmf ¢encoomruassofdsutnohd WdBvari€tHod-factors, including
genetic mutation, infect Xposure to toxins, autoimmune disorders, and benign or malignant tumor
induction.%y@’%%é% a g%%ﬁl?jmber of skin disorders associated with cellular hyperproliferation.
Psoriasis, for exalghethsrenbaiimaisebe efmopHas siiRgene AR Ratactefizéd by plaques covered
by thicken@g{aﬁg p&'fkg{’ﬁe disease is caused by increased proliferation of epidermal cells of unknown
cause. In notinal skin the time required for a cell to move _from the basal layer to the upper granular
layer is about five["\’/v@%‘flﬁ“ﬁ?&l’fﬁ%ﬁg,%@&mﬁgm‘é%@‘ﬁﬁﬂpﬁgﬁiﬁIﬁ%@%&crease in the
number of proliferatimgtaellsnititdiaitinerersedmpbendraasion:ef @BlsRyhichcie)diNiding (G. Grove, mt.

J. Dermatol. 18:111, 1979). Chranic eczema is also associated with signific yRetproliferation of the
epidermis. Other '|§33§’ee§) %%%‘gal%%?ﬁf/ grﬁ?g]ﬁ%‘%gf%ﬂ op%hﬂ%é%’?rﬂl%lffdﬁﬁ%%%l titis, lichen
planus, warts, penphighs vulfedis)cactifiibkevatpsimdbasboaliledBihGaa aficbiubmels bell
carcinoma. Other hypemroliferati I di in V I iferation disorders,
fibrotic disorders,Eﬁﬁ%?%rﬁﬁ%%&?s%%@r@%r%? éggéggaﬁﬁﬁ%%%%%ﬁgﬁ?ﬁﬁ% cancers. Blood
vessel prolifétdtirereiseliders include angiogenic and vasculogenic disorders. Proliferation of smooth
muscle cells in the,couRe: 9&@8&&&%{9{*&@m@éaﬁguﬁ&iem@rd@i% caugg far example,
restenosis, retinopathies and atherosclerosis. The advanced lesions of atherosclerosis result from an
excessive m%%%@%%‘g‘i}f@rative response to an insult to the endothelium and smooth muscle of
the artery wall (RossniRhNatbed k2930862 86k psSalk Bothaalimimatiorisandas)l-proliferation play a
role in the formation of 'Ia} egosclerotic lesions. Fibrotic disorders are often due to the abnoiual
formation &?éﬂ‘&&’f% ZPmatrix. Examples of fibrotic disorders include hepatic cirrhosis and
mesangial prolifefataretbetl ibodiers: biepaticmisthodisoiSFonande @Bz Rt by-{idinerease in extracellular
matrix con%llg' #geantﬁ E{eﬁﬁjlting in the foimation of a hepatic scar. Hepatic cirrhosis can cause diseases
such as cirrho |Isyoaflt liver. An increased ext'racellular matrix resulting in a hepatic scar can also be
caused by viral infectiotheuzhbadinspafit o dpropeiappBarmspidy a knajerbstdutshepatic cirrhosis.
Mesangial 9&85@&{&%%&{0‘19“ about by abnormal proliferation of msangial cells. Mesangial
hyperproliferative cell disorders include various human renal diseases, such as glomerulonephritis,
diabetic nephropéfh?{"?ﬁ%?ﬁ(jﬁg’ﬁfiﬁ’é‘ﬁﬁ%@%%%P%@%M%ﬁ&h&@ﬁﬁ%@%@hes, transplant
rejection, apgkalomerd epatiies. Another disease with a proliferative component is rheumatoid
arthritis. Rheumatoid arthritis js generally considered an_.autoimmunc disease that is thought to be
ssociated with aLh A BT ERORSLERPT LEE BRI o CPIZIHE (e D b 1850y A8 New England
Journal of MedisitieitadPR:taei<1A80%)iand to be caused by autoantibodies produced against collagen
and IgE. Othey disorders .can. include an abnor cellul iferatiye component include
Behcet's syndronifg,aggﬁ e Fe%%%é%e@t 8|S#85C§I§%%Ir1§moe wﬁ'ga)a(ﬁgf%rﬁg %(égg%t&g#sjggse, post-dialysis
syndrome, teskefatcdegulirédiimmune deficiency syndrome, vasculitis, lipid histiocytosis, septic shock
and inflammation i geRekalmnodf@MAIaR AR IYE SRIES \MRIGH SRR HRRpgPrimary tumor
that is treated, or which can be the site from which metastasis is inhibited or reduced, include but are
not limited t@%’é’éﬁ’a@ﬁ%@w&ted in the: colon, abdomen, bone, breast, digestive system, liver,

pancreas, peritonguogReesibe glands tadienabasahyoeisupituitany, testicled, ovary, thymus,

thyroid), eye, head and neck, nervous (¢entral and peri (rjagg, I hatic system, pelvis, skin, soft
tissue, spleen, thdfa3obR ﬁ?ﬁ’é’éﬁﬂgﬁt? dge CO“@B@E%C&{}% B’Iglcir?@a%éési clude Acute Childhood
Lymphoblastic LelikewniasAatkediyion bétilastenheukdnid okaute IBmph@Cytic Leukemia, Acute
Myeloid Leukemia, Adrenocortical Carcinoma, Adult (Primary) Hepatocellular Cancer, Adult (Primary)
Liver Cancer, Adult Acute Lymphocytic Leukemia, Adult Acute Myeloid Leukemia, Adult Hodgkin's
Disease, Adult Hodgkin's Lymphorria, Adult Lyngphocytic Leukemia, Adult Non-Hodgkin's Lymphoma,
Adult Primary Liver Cancer, Adult Soft Tissue Sarcoma, AIDS-Related Lymphon-ia, AIDS-Related
Malignancies, Anal Cancer, Astrocytoma, Bile Duct Cancer, Bladder Cancer, Bone Cancer, Brain
Stem Glioma, Brain Tumors, Breast Cancer, Cancer of the Renal Pelvis and Ureter, Central Nervous
System (Primary) Lymphoma, Central Nervous System Lymphorria, Cerebellar Astrocytoma, Cerebral

Astrocytoma, Cervical Cancer, Childhood (Primary) Hepatocellular Cancer, Childhood (Primary) Liver
Cancar Childhood Aciite | viemnhohlactic | arikemia Childbhond Aciite Mvealnid | ernikemia Childhnnd



In a separate embodiment, a method for the treatment of, prevention of, or reduced severity of,
age-related macular degeneration (ARMD) and other pathogenic states involving macular retinal

pigment epithgligl (RIFF) cells including administering at least one compaynd dageiikagherein is.
provided. CXCR4 plays a crucial role in ocular diseases involving the retina such as age-related

macular degenera '\n ARMD)-Theretinal pigment epithelium has a major role in the physiological
renewal of photorgce tor.outer s,e ts in the provision of a transport and storage system or

nutrients essential to t [3hbotoﬁécetor layer. The retinal pigment epithelial (RPE) cells predominantly
express CXCRA4 receptors. iCrane, &t all¢X00d}:anhdmiimbillegs: 4372-4278). CXCR4 receptor

expression on hupapsgtinahpigment spithelrhsalisfrenrthe.hloadystina parrier leads to chemokine
secretion and migration in respgnse_to stromal cell-derived factor | a. J. linmunol.. 200; 165:

4372-4278). The Bf CXQRA @ expression increases upon stimulation with IL-i. 3 or TNFa
(Dwinell, et al. (1 roentetolog
a indicating that SDF-Ig/CX{R4 intg

. 117: 359-367). RIPE cells also migrated in response to SDF-1
actipRs gy Medate ¢he affects of chronic inflammation and

subretinal neovascularization at the RPE site of the blood-retina barrier. (Crane TJ, Wallace CA,

McKillop-Smith SUFsieEescRbeskeROfdbe promexpfsdiSaTan iRt sabpigHE fepithelial cells

from the blood-retina barrier, to chemokine secretion and migration in response to stromal
cellderivedu%gbg%rc-gu%](il l.. 200; 165: 43 72-4278). Age-related macular degeneration is
characterized by bot primary and secondary damage of macular RPE cells. Early stages of ARMD

are characiegiagad nanaaandingen, and irregular proliferation and atrophy of the RPE. The late
stages of ARMD present with geographic RPE atrophy, RPE detachment and rupture, choroidal
neovascularaizatiemastlilrovetiaids tiscdonmeciarsig: Gasemadnvinsioaympiom Sl clutlg
metamorpII'E(())Eg[il%i%taét or general central vision loss resulting in reading disability and difficulties in
detecting faces. Late stages of ARMD cause central scomota, which is extremely disabling if
occurrence is bilateral (Bressler and Bressle phthalmology. 1995; 102: 1206-1211). The

compounds, or pharmaceutically acceptabi“eT&aI ates, prodrugs, or esters thereof of the present
invention described herein can be used to treaflor revegt canc%)in particular the spread of cancer
within an organism. Cancer is a general teim for di egtig%/vhich abnoimal cells divide without

lymphatic system to other parks of the body. it has feen discovered that the administration of a
chemokine receptor antagonist to a host, for example a mammal, inhibits or reduces the metastasis of

tumor cells, in pagiciimebreasi:kansat@pthPOSIRISrANEShutomd SeRIO BRYSIAL Maifdypes of
cancer, and th

e disclosed compoun ompositigns can be used to treat any type of cancer. For
example, care¢ion E’@igaﬁéép%qa%‘b(gg%émahﬁ Fﬂ?lf %‘%ﬁﬁlné%" e‘?%ﬁ%ﬁfemoﬁ)%’v%??ntemal organs.
Sarcoma is cancdn thatdegingindmone, thartdagefaly ofiisctaylbl0bd, VeXssIbl; ér. otheroselenective or
and cause S L A B am.
Lyrnphomasisusatibsedivaubedisgitedreabelizcdy ke lmimtideosystahitituted ibsronvithicgells lose their

ability to balyaye as @ ﬁR?RE@aﬁ@@%{%l‘@%@ﬂ%ﬁ@ﬁéﬂ@%ﬁ%@ds&@éﬁgé famanis.fermeshAsgligaumor is an

abnormal mass of tissue that usually does not contain cysts or liquid areas. A single tumor may even

have differEnspojsimstibaictas esuhtat asithsdtsdry procetsaediratiesve Yo sifHrislid tumors
may be bepignyiiahcancesesmiynmaigpanticpaceious)idiiferentdypesi aksoliddumeemasg named
for the type of cells that form them. Examples of solid tumor sarco , carcinomas, and
lymphomas” E&E}ﬂ%ﬁﬁ&%%ﬁﬁ&%%%ﬂé%88@?8&5&5‘{1}%80?)2?}5%?%5 ?U r‘%.scilﬁ%t@ompositions
described Heraitheabp usstdogedticelkphibit, afbdimiriShrthe prolitdratitnlgf tandds cedls, and thereby

assist in reducip the size oé r. Representative cancers that may treated with the disclosed
.. Cova c%t orttam — rﬁ -INEdr. ..
compositions and me clude, but are not limited to, bladder cancer, breast cancer, colorectal

control. Cancer cells can invade nearby tissues and%:an spread through the bloodstream and

ods |
cancer, endometrialaoavegreatingeradksarrrepolodkeiiarivty EBnderKlymibhoma, melanoma,

non-small-cell lung, Ganger. QYAIARSRRPET. REASIALe RANORT iRl aWar GaNSeL HigTing RaNCer, cervical

cancer, thyroid cancer, gastric cancer, brain stem glioma, cerebellar astrocytoma, cerebral

astrocytoma, epeHFABIRTCTEROHESIS S B mraydsiLTRErs 48 &P B ektracranial cancer,

HO?jglﬁinl'Js diseasgy |ﬁiﬂfﬁ>§|ﬁ @n&ﬁifﬁglﬁmpm Q@ﬁﬁi@dﬁ%@fﬁ@nrﬁﬁutﬂmﬁgi% leykemmia,NiRgE, cancer,
medullobtastoma, neurgblastoma, brain tumors generally, non-Hodgkin's lymphoma, ostessarcoma,
malignant fibrouslﬁigfIBWo?ﬁ’é? ’WSH%?%%WM?%?%ES%‘& a*%%ﬁ‘fa_ %f%ct%éﬁg{ sarcomas
generally, supratentorial primitive neuroectodergwl and pineal tumors, visual pathway and
hypothalamic glioma, Wilms' tumor, acute lyrnphocytic leukemia, adult acute myeloid leukemia, adult
non-Hodgkin's lymphoma, chronic lymphocytic leukemia, chronic myeloid leukemia, esophageal
cancer, hairy cell leukemia, kidney cancer, multiple myeloma, oral cancer, pancreatic cancer, primary
central nervous system lymphoma, skin cancer, small-cell lung cancer, among others. A tumor can

be classified as malignant or benign. In both cases, there is an abnormal aggregation and proliferation
nf calle In the cace Nf 2 Mmalicnant fiimMmor thece calle hehave more anaracein/zaelsr acaririn Nnronartiac



In a separate embodiment, a method for the treatment of, prevention of, or reduced severity of liver
disease associated with viral infections including administering at least one compound described

herein is prwlﬂg&g{mﬂgjhronic hepatitis C virus (HCV) and hepatitis B VigiS B el fggton is

accompanied by inflammation and fibrosis eventually leading to cirrhosis. A study testing the
expression and function QT E¥SRAivRs-iofilFaiing brrehasrem(LilLyevealodan important role for
the CXCL12/CXCR4 pathway in recruitment and retention of immune cells in the liver during chronic
HCV and H%/Hection (Wald, et al. (2004)European Journal of Inununology. 34(4): 1164-1174). High
levels of CXCR4 mnaldtiskEhtavdenheesfdrieciepoimtver Sarmplas ibidinedfralypatients infected with
HCV. (Mitrﬁ}ﬁgﬁ%&"élggg) Int. J. Oncol. 14: 917-925). In vitro, TGF-13 has been shown to up-regulate
the expression 0f CXCR4 on nave T cells and to increase their migration. The CD69/TGFP/CXCR4
pathway may be Inwobtbet imthedretentid thotregentyisctiVate: by thphdoytes-iHithetisrer (Wald, et al.
European %@g 8£?|, Amunology. 2004; 34(4): 1164-1174). In another embodiment, the invention
provides a me oé of treating symptoms associated with other infections associated with chemokine
receptor activatiot®, festbsambredimet disbasespasstiatdrnHsdAvitué & 9EsHoNers infection, and in
particular, HEYQ&JdR Y1 Py@pntacting a cell with a compound of the present invention, or a
pharmaceutically acceﬁ)table salt, solvate, prodrug, or ester thereof The_cell can be in a host animal, in

particular in a hufidRother $REITRIIL G CamRRERESPhFeTEH A N fefdd ity ®uce the severity of

AIDS relategisyenpéargkiant diseases in any host. However, typically the host is a mammal and more
typically is a human. In certain embodiments the host has been dj dwi%y IDS prior to
administration oTﬁ]i3“861}%%{8{&1%%%%\?V%%%ﬂ%?%’% Sodifme! ?%ﬂ?%’rﬁésé?{ﬁﬁ rf\éa@/ci'nfected with HIV
and asymptoitaatitilkyly. An exemplary dose of the compound will be in the range from about 1 to 50

malkg, preferably {080 ok SLheMCIOL PR AR AIE PRSIy QL iorElowi 00 m per

kilogram body Welxglg?irtl of the recipient per day. ective dosage range of harmaceutically

acceptable salts dmenptodregbashnmdse elhutarapopadeaf divwalndightioftise Sdreht ¥ GHibund to be
delivered. If the splt, esier QLPsaRRE: SXRIDILS AGLVIRY:Iprisath IR eflective dosagp-san pgyestimated

as above using the weight of the salt, ester, solvate, or Frodru , Or by other means known to those
skilled in the art. In@ LR fEGESARPEIERIRICtRESH ISP thelcbmfddnes of the invention
and/or the mrraIaceically acceptable salts thereof will be regulated according to the judgment of the

attending clinician considering such facfors as age, condition and size of the patient as well as the
condition and/or 28\?QHWBF%%O@W&é’%@%‘é‘?ﬂg’%}légfe%&k ’f%ﬁc‘?gli)jce%ﬁ%rhseﬂ@&%aily dosage regimen
for oral admiH{stratienydgialkahge from about 0.1 mg/day to about 2000 mg/day, in one to four divided
doses. Pharmaceytical.C ositior I ' pf gceutic \positions including
at least one com%%&ﬂ%tho t%qegbﬁ)fgiégegrﬁ ?ﬁ&gﬁﬁ%%%gtrmagﬁﬁgﬁﬁﬁ%uﬁgﬁy éccgep at%@%alt, solvate,
prodrug, ofEitesteheabilikyrovided.  The compound of the present invention, or a
pharmaceutically gcgeptable, sallisglvatenPre Qs seieithareebis conxeniently.administered in unit

any suitable dosage form, including but not limited to one containing? to 3000 mg, preferably 70 to
1400 mg o?‘%&ﬁ@éqw&édient per unit dosage form. A oral dosage of 50-1000 mg is usually convenient.

Ideally the active ingredient:sbeuiside sdmibisipredo siahievalperk alagma qonpeNEations of the
active compound of from about 1. jtM to 100 mM or from.0.2 to 70 , gr.abouyt 1.0 10 10 The
concentration of éﬁﬁ@gtéﬁﬁﬂkﬁﬁﬁﬁmﬁé uﬁ)@@%‘é‘&ﬁ%ﬁ%ﬁf‘ eggﬁt?‘é% '3b: |ﬁqﬁ,@lﬁ%@ﬂ7aﬂon, and
excretion rates ofithe:clititg astweéihraiathér factpaikdowfit tortiubs@10f, Skill in-tHEay-MHéate e noted
that dosage values will. also vary .with the severity of the.conditi be allevi It is to be further
understood that 1%%} g%cif%ér ‘Féﬁ?ﬁ%‘gﬁl&?&?%B%%ﬁuﬁgégﬁ%?ﬁg@sﬁ%%}é be at f’usted over time
according fotifecipndisidlydl. need and the professional judgment of the person administering or

supervising the agminiaiialan gt amROSiARR.RAG thake.cansenyatiopanges set forth herein

are exemplary only and are not intended to limit the scope or practice of the claimed composition. The
active ingrédidhetsiagy el latihistered at once, or may be divided into a number of smaller doses to be
administered at va{yingrstensbsaidimethe chrpkaieiied reegielasiinistsatiopgf the active
compound is oral. Oral ¢ ositions will generally include an inert diluent or an edible carrier. They
may be enﬁggé?ﬁ??@ré’llé{%y apsules or compressed into tablets. For the purpose of oral therapeutic
administration, th&sastvecanipdimencafitbe docprporktetifwithiex CipiphtsZand(($bg-in the form of
tablets, tro?\%g oriatl‘,ggﬁules. Pharmaceutically compatible binding agents, and/or adjuvant materials
can be included 4s part of the composition. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or comggunds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a
disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring. When the

dosage unit form is a capsule, it can contain, in addition to material of the above type, a liquid carrier
crich ac a fattvy nil In addition docane 1init forme fcan contain variniie othar matariale which modifyv the



Combination and Alternation Therapy In one embodiment, the compounds described herein are

administered in combination or alternation with another active compound. ~

In certain

embodimen@O%lg?ﬂ%%ssecond active compaund is administered in combination.Qk aligenation with
the first compound. = The second active compound can be a chemotherapeutic agent, for example

an agent active againsta-REBENHAIMMET Qs pieliding humanssyifering fompnatyisk for a

proliferative disorder can be treated by administering an effective amount of a zjlljjlharmaceutical

composition of th ZRAETIREBETR of fistemepramuy dimente IR dempoth

W RS&tEY Ik -disorders in

which hematopoigtignstesn aeliotiekilization isiesinat, SUahasipo),ddmisistcation ofigalkyl).

chemotherapeutic agent. In these embadiments, it may.be beneficial to.adminpister the compound
described hereinil:% %6’%‘5&?%&3 SR ErAL SRS feﬁ%le&rggse%mfrééigserﬁ?%l Educe side effects of

chemotherapifheterdeycgtiain other embodiments, the second active compound can be an antiviral,

particularly an agent % Q{%?iggmg}egtg}\él%?%%% O%Q(Psrggg%%t(ggjﬁggtisa_c@ﬁzﬁgainst HIV-1. Hosts,

including humans suf ering from or at ris tracting HIV can
effective ambrtapeyplytatadbeutical composition of the active compound.

treated by administering an

In one embodiment, the

active compoundiis,AGRIMeRUNE: Hak bruseekapaualiesotisianaus. Thecaupgund provided in

combination or alternation can or example, be selected from the following list: 13-cis-Reoic Acid
2-Amino-6NVErE LA 2-CdAL 2Chlorodeoxyadenosine 5-fluorouracil 5-FU 6 - TG 6 -

Thioguanine Actinomyeier néhddaicaptanky & fdihAcstianauAdiyyenAdaeiLAgrylinl Ala-Cort

Aldesleukl%él(grr?{;lgmab Alitretinoin

In another embodiment of the compounds of Formula (ID), 1,Y 1s substituted or

unsubstituted carbocyclylalkyl.

In another embodiment of the compounds of Formula (ID), LY is substituted or

unsubstituied heterocyclylalkyl.

In another embodiment of the compounds of Forrmula (ID), 1,Y is —alkylene-NR,Rs.

In another embodiment of the compounds of Formula (ID), L,Y is —alkylene-NH,,

In another embodiment of the compounds of Formula (ID), L,Y 1s -alkylene-

N(alkyl),.

In another embodiment of the compounds of Formula (ID), L,Y is —alkylene-

NH{alkyl).

In another embodiment of the compounds of Formula (ID), L,Y 1s —alkylene-

NHiheterocyclyl).

In another embodiment of the compounds of Formula (1D), L,Y is —alkylene-

NHheterocyclylalkyl).

In another embodiment of the compounds of Formula (ID), L,Y 1s ~alkylene-

NHtheteroarylalkyl).

In another embodiment of the compounds of Formula (ID), L,Y is —alkylene-

NH(arylalkyl).

In another embodiment of the compounds of Formula (ID}, LY is —(CHz),-NH;.
In another embodiment of the compounds of Formula (ID), 1L,Y is (CH3),-N(alkyl)..

In another embodiment of the compounds of Formula (ID), L.Y is ~(CH,),-

NH(alkyl).
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Alkaban-AQ Alkeran All-transretinoic acid Alpha interferon Altreta’ e Amethopterin Atnifostine
Aminoglutethimide Anagrelide Anandron Anastrozole Arabinosylcytosine Ara-C Aranesp Arcdia

Arimidex Arw/ﬁﬁgpic trioxide Asparaginase ATRA Avastin BCG ngtgﬁ}\ﬁ%@émab
Bexarotene ‘ ' )

In another embodiment of the compounds of Formula (ID), L,Y is —~(CHz)2-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (ID), LY is —(CHy),-
NHheterocyclylalkyl}.

In another embodiment of the compounds of Formula (ID), L,Y is —(CHj),-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (ID), L,Y 1s —«{CH3)-
NH(arylalkyl).

In another embodiment of the compounds of Formula (ID), L;Y is —(CH3):-NH,.

In another embodiment of the compounds of Formula (ID), LY is —(CHy):-N(alkyl)..

In another embodiment of the compounds of Formula (ID), L,Y is -(CHo)s-
NH(alkyl).

In another embodiment of the compounds of Formula (ID), LY is —~(CHaj)s-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (ID), LY 1s ~(CHa)a-
NH(heterocyclylalkyl).

In another embodiment of the compounds of Formula (ID), 1,Y is —(CHa)s-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formuta (ID), LY is —(CH;)s-
NH(arylalkyl}.

In another embodiment of the compounds of Formula (ID), ;Y is «(CH»)4-NH;.

In another embodiment of the compounds of Formula (ID), L,Y is -{CHz)a-N(alkyl)..

In another embodiment of the compounds of Formula (ID), L,Y is ~(CH2)4-
NH(alkyl).

In another embodiment of the compounds of Formula (1D), L,Y is -{CH,)4-
NHheterocyclyl).

In another embodiment of the compounds of Formula (ID), 1,Y is —«(CH2)s-
NHiheterocyctylalkyl). _

In another embodiment of the compounds of Formula (ID), LY is (CHy)s-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (1D), LY is —(CH,)s-
NH(arylalkyl).

In another embodiment of the compounds of Formla (ID), J 18 —C(O)NH-.

In another embodiment of the compounds of Formula (ID), J is a covalent bond.
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Bicalutamide BICNU Blenoxane Bleomycin WO 20091121063PCT/US2009/038805 Bortezomib
Busulfan Busulfex C225 Calcium Leucovorin Campath Camptosar Camptotc-11 Capecitabine Carac
Carboplatin &;Br%%'&q@ﬁgarmustine wafer Casodex CCNU CDDP CeeNy Griulidinggstuximab

In another embodiment of the compounds of Formula (1D), J is —-C(O)-.

In another embodiment of the compounds of Formula (ID), L1 X is H; G is a covalent
bond; 117 is —alkylene-NRRy; J is ~C{O)NH-; and L, Y is substituted or unsubstituted
carbocyclylalkyl or substituted or unsubstituted heterocyclylalkyl.

In another embodiment of the compounds of Formula (ID), L1X is H; G is ~C(O)NH-;
117 is —alkylene-NR,Ry,; J is a covalent bond; and 1,Y is substituted or unsubstituted
carbocyclylalkyl or substituted or unsubstituted heterocyclylalkyl.

In another embodiment of the compounds of Formula (ID), 1, X is H; G is a covalent

bond; L7 is —alkylene-NR Ry; J 18 ~C({O)-; and 1, Y is —alkyienc-NR,Ry,

Compounds of Formula 1E

In another embodiment, the compounds of the present invention have the following

Formula (IE):
= Ry
A—\ I R
N 2
X
&
IE
A -Re (IE)
N={
LY

Ve

%

or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester
thereof, wherein variables Ry, Rz, A, X, Y, L, and L; are defined as in Formula 1.

In one embodiment of the compounds of Formuia (IE), R, and R,, taken together with
the carbon atoms to which they are shown attached, form a substituted or unsubstituted
carbocyelyl; L is substituted or unsubstituted alkylene; L, is a covalent bond or a substituted
or unsubstituted alkylene; X is H or NR,Ry,; Y is a substituted or unsubstituted carbocyclyl, or
a substituted or unsubstituted heterocyclyl; R, and R, are each independently selected from
the group consisting of H, substituted or unsubstituted alkyi, substituted or unsubstituted
carbocyclyl, substituted or unsubstituted carbocyclylalkyl, substituted or unsubstituted
heterocyclylalkyl, and substituted or unsubstituted heterocyclyl; and Ry is a substituted or
unsubstituted alky! or a substituted or unsubstituted aminoalkyl.

In certain embodiments of the compounds of Formula (IE),

;\R1 !\
N e ”
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Chlorambucil Cisplatin Citrovorurn Factor Cladribine Cortisone Cosmegen CPT-11 Cytarabine
liposomal Cyclophosphamide Cytosar-U Cytadren Cytoxan Cytarabine Dacarbazine Dactinomycin

Darbepoetin‘ﬂj‘%l'n) graycin Daunontbicin Daunorubicin hydrochloride Daypsukigigdigosomal
DaunoXome Decadron Delta-Cortef

In another embodiment of the compounds of Formula (1E), Ry is alkyl.

In another embodiment of the compounds of Formula (IE), Ry 1s CHs.

In another embodiment of the compounds of Formula (IE), R is aminoalkyl.

In another embodiment of the compounds of Formula (IE), R 1s (CH,);NH,.

In another embodiment of the compounds of Formula (IE), Ry is (CH;):NH;.

Tn another embodiment of the compounds of Formula (IE), R7 is (CH;)4NH,.

In another embodiment of the compounds of Formula (IE}, 1, X 1s alky! or alkylene-
NRR,,.

In another embodiment of the compounds of Formuta (IE), L,Y is substituted or
unsubstituted aryl, substituted or unsubstituted arylallcyl, or substituted or unsubstituted
heterocyclylalkyl.

In another embodiment of the compounds of Formula (1IE),

~ R | =
w18 wne o and Ry is alkyl.

In another embodiment of the compounds of Formula (1E),

i e Ry | =

In another embodiment of the compounds of Formula (IE),

: R is alkyl; and 1,Y is substituted or unsubstituted aryl,

i s R s alkyl: and 1oY 15 substituted or unsubstituted
L
’:‘: -

Compounds of Formula IF

In another embodiment, the compounds of the present mvention have the following
Formula (IF):

(IF)

*

Wy-tay

or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester

thereof wherein variables Ry, Rg, A, X, Y, J, W, L) and L, are defined as in Formula I,
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Deltasone Denileukin diftitox DepoCyt Dexamethasone Dexamethasone acetate dexamethasone
sodium phosphate Dexasone Dexrazoxane DHAD D1C Diodex Docetaxel Doxil Doxorubicm

Doxorubic anB%ﬁ’JH?{(E{OXia DTIC DT1C-Dome Duralone Efudex Eligarg Bleggg.kiaxatin Elspar
Emcyt

In one embodiment of the compounds of Formula (IF), R; and Ry, taken together with
the carbon atoms to which they are shown attached, form a substituted or unsubstituted
carbocyclyl or a substituted or unsubstituted heterocyclyl; Ly is substituted or unsubstituted
alkylene; L,, is a covalent bond or a substituted or unsubstituted alkylene; X is H; Y is NR,R,,
or a substituted or unsubstituted heterocyclyl; R, and Ry, are each independently selected from
the group consisting of H, substituted or unsubstituted alkyl, substituted or unsubstituted
carbocyclyl, substituted or unsubstituted carbocyclylalkyl, substituted or unsubstituted
heterocyclylalky!, and substituted or unsubstituted heterocyclyl; or R, and Ry, together with
the nitrogen atom to which they arc shown attached form a substituted or unsubstituted
heterocyclyl; W is a substituted or unsubstituted heterocyclyl; 1 is a covalent bond, alkylene,
~C(Q)-NRy-,-NR¢-, or -C(O)-; and Ry is selected from the group consisting of H, alkyl, and
substituted or substituted arylalkyl.

In certain embodiments of the compounds of Formula (IF), J is a covalent bond.

In another embodiment of the compounds of Formula (1F), Jis ~-NH-.

In another embodiment of the compounds of Formula (1F), J is -C(O)-.

In another embodiment of the compounds of Formula (IF), I 1s -C(O)-NH-.

In another embodiment of the compounds of Formula (IF), L, X is substituted or
unsubstituted alkyl,

In another embodiment of the compounds of Formula (IF), L1 X is substituted or
unsubstituted CHa.

In another embodiment of the compounds of Formula (IF), L,Y is ~alkylene-NR,Rs.

In another embodiment of the compounds of Formula (IF), L,Y is —alkylenc-NH,.

In another embodiment of the compounds of Formula (IF), LY is —~alkylene-
N(alkyl),.

In another embodiment of the compounds of Formula (IF), L,Y is —alkylene-
NH(alkyl).

In another embodiment of the compounds of Formula (IF), L,Y is —alkylene-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (IF), LY is —alkylene-
NHheterocyclylalkyl).

In another embodiment of the compounds of Formula (IF), L,Y is —alkylene-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (IF), L,Y is —alkylene-

NH(arylalkyl).
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Epintbicin Epoetin alfa Erbitux Erwinia L- asparaginase Estramustine Ethyol Etopophos Etoposide
Etopos de phosphate Eulexin Evista Exemcstane Fareston Faslodex Femara Filgrastim Floxuridine

Fludara Fluq%aﬁ@%ﬁ&groplcx Fluorouracil Fluorouracil (cream) Fluoxymestesas idgmide Folinic
Acid '

In another embodiment of the compounds of Formula (IF), LY is (CH,)»-NR.Rs.

In another embodiment of the compounds of Formula (IF), L,Y 1s -(CHz)2-NH;.

In another embodiment of the compounds of Formula (IF), L,Y 1s —~(CHz)>-N(alkyl),.

In another embodiment of the compounds of Formula (IF), L,Y is —(CHy),-NH(alkyl).

In another embodiment of the compounds of Formula (IF), L;Y is -(CHz)»-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (IF), L,Y is —(CHz)2-
NHheterocyclylalkyl).

In another embodiment of the compounds of Formula (IF), L,Y is —(CH;)-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (IF), 1:Y 1s «(CHa),-
NH(arylalkyl).

In another embodiment of the compounds of Formula (IF), L2Y 1s «(CH;)2-NRaRe.

In another embodiment of the compounds of Formula (IF), L,Y 18 ~(CHy)s-NH;.

In another embodiment of the compounds of Formula (IF), L,Y is -(CHy)s-N{alkyl),.

In another embodiment of the compounds of Formula (IF), 1,Y is ~(CH,);>-NH(alkyl).

In another embodiment of the compounds of Formula (IF), L;Y 18 —(CHz)s-
NHheterocyelyl).

In another embodiment of the compounds of Formula (IF), LY 1s ~(CHy)s-
NH(heterocyclylalkyl).

In another embodiment of the compounds of Formula (IF), L;Y is (CHy)s-
NH(heteroarylalky!).

In another embodiment of the compounds of Formula (1F), L;Y is —(CHz)s-
NHarylalkyl).

In another embodiment of the compounds of Formula (JF), LY is -(CH)s-NR Ry,.

In another embodiment of the compounds of Formula (IF), LY 1s —(CHy)4-NH,.

In another embodiment of the compounds of Formula (IF), L;Y is —(CHjz)-N(aikyi),.

In another embodiment of the compounds of Formula (IF), L,Y is ~(CHz)s-NH(alkyl).

In another embodiment of the compounds of Formula (IF), LY is «(CH;)s-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (IF}, LY 1s (CHa)s-
NH(heterocyclylalkyf).

In another embodiment of the compounds of Formula (IF), L,Y 15 —(CHz )4~
NHheteroarylalkyl).
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FUDR Fulvestrant G-CSF Gefitinib Gemcitabine Gemtuzumab ozogamicin Gemzar Gleevec Gliadel
wafer Glivec GM-CSF Goserelin granulocyte colony stimulating factor Granulocyte macrophage colony

stlmulatlnfa%lj@tjmg%g} Herceptin Hexadrol Hexalen Hexa ethyl e a inepiiVihaaiiigklydrea

Hydrocort Acetate Hydrocortisone Hydroxyurea Hydrocortisone sodium phosphate
In another embodiment of the compounds of Formula (IF), L,Y is —(CH;)a-

NH(arylalkyf).
In another embodiment of the compounds of Formula (IF), L, Y is substituted or
unsubstituted heterocyclylalkyl.

In another embodiment of the compounds of Formula (IF},

} N = { =
N R N”

In another embodiment of the compounds of Formula (IF),

G G

substituted or unsubstituted alkyl; and L;Y is —alkylene-NR,Ry,

; W is a substituted or unsubstituted heterocyclyl; LiX is

In another embodiment of the compounds of Formula (IF), 1 is a covalent bond.
In another embodiment of the compounds of Formula (IF), J is NH.

In another embodiment of the compounds of Formula (IF), J 15 ~C(O)-.

In another embodiment of the compounds of Formula (IF), J is —C(O)-NH-.

In another embodiment of the compounds of Formula (IF), W 1s substituted or

unsubstituted substitutent selected from:

Sl aike
N\ N , OF k/N\ff

Compounds of Formula 1G

In yet another embodiment, the compounds of the present invention have the

following Formula (1G):
= R
A,_
N X (6
9
O Q
R
AN \UB
Ry , wherein cach of Ry, Ry, Rs, Ru, L1, X, Q, A, and B are as

defined for Formula L
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Hydrocortisone sodium succinate Hydrocortone phosphate Ibritumomab Ibritumomab Tiuxetan
Idamycin Idarubicin Ifex IFN-alpha Ifosfamide IL - 2 IL-11 Imatinib mesylate Imidazole Carboxamide

Interferon aI{gd%ﬁgﬁr]%sAlfa-Zb (PEG conjugate) Interleukin - 2 Inter] euin-id ltaRdinterferon
alfa-2b) Iressa Irinotecan Isotretinoin Kidrolase Lanacort L-asparaginase

In & particular embodiment of the compounds of Formula (IG), Ry and R; are each
independently H or alkyl; or Ry and R,, taken together with the carbon atoms to which they
are shown attached, form a substituted or unsubstituted carbocyclyl; Ly is selected from the
group consisting of a covalent bond, substituted or unsubstituted alkylene, substituted or
unsubstituted alkenyl, and substituted or unsubstituted alkynyl; X is H or NR.Ry; Ra and Ry
are each independently selected from the group consisting of H, substituted or unsubstituted
alkyl, aldiminyl, substituted or unsubstituted carbocyclyl, substituted or unsubstituted
carbocyelylalkyl, substituted or unsubstituted heterocyclylalkyl, and substituted or
unsubstituted heterocyclyl; or R, and Ry, together with the nitrogen atom to which they are
shown attached form a substituted or unsubstituted heterocyclyl; Q is CR. or N; Re 18 selected
from the group consisting of H, alkyl, halo, substituted or unsubstituted amino, cyano, nitro,
haloalkyl, hydroxyl, and alkoxyl; and R; and Ry are each independently selected from the
group consisting of H, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, and
substituted or unsubstituted alkynyl; or R; and Ra, taken together with the carbon atoms to
which they are shown attached, form a substituted or unsubstituted carbocyclyl or a
substituted or unsubstituted heterocyclyl.

In another embodiment of the compounds of Formula (1G), R; is H; or R and Ry,
taken together with the carbon atoms to which they are shown attached, form a substituted or
unsubstituted carbocyclyl; L; is substituted or unsubstituted alkylene; X is H or NRRy,; R,
and Ry, are each independently selected from the group consisting of H, alkyl, aldiminyl,
substituted or unsubstituted carbocyclyl, substituted or unsubstituted carbocyclylalkyl,
substituted or unsubstituted heterocyclylalkyl, and substituted or unsubstituted heterocyclyl;
or R, and Ry, together with the nitrogen atom to which they are shown attached form a
substituted or unsubstituted heterocyclyl; Q is CH or N; and R; and Ry arc each H; or R; and
R4, taken together with the carbon atoms to which they are shown attached, form a
substituted or unsubstituted aryl.

In another embodiment of the compounds of Formula (IG), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

o

In another embodiment of the compounds of Formula (1G),
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LCR Letrozole Leucovorin Leukeran Leukine Leuprolide Leurocristine Leustatin Liposomal Ara-C
Liguid Pred WO 2009/121063PCOUS2009/038805 Lomustine L-PAM L-Sarcolysin Lupron Lupron

Depot Matul&,rbezb\{]%q% Mechlorethamine Mechlorethamine Hydrochlorine Megiplpng Medrol
Megacc Megestrol

;\R1 |\
A iS Wy

In another embodiment of the compounds of Formula (1G),

O
; o Ry 1 =
NN R N

In another embodiment of the compounds of Formula (1G),

In another embodiment of the compounds of Formula (1G), Q is N.

In another embodiment of the compounds of Formula (1G), Q is CH.

In another embodiment of the compounds of Formula (IG), L:X 15 H.

In another embodiment of the compounds of Formula (1G), L)X is —alkyiene-NR R,

In another embodiment of the compounds of Formula (1G), L1 X 1s ~alkylene-NH.

In another embodiment of the compouﬁds of Formula (1G), 1, X is —alkylene-
Nalkyl),.

In another embodiment of the compounds of Formula (1G), L, X 1s -(CH2):-NRRs.

In another embodiment of the compounds of Formula (IG), L, X is -{CH;),-NH,.

In another embodiment of the compounds of Formula (1G), L X is —(CHj)-N{alkyl),.

In another embodiment of the compounds of Fornmula (1G), L;X is —(CH2):-NRRs.

In another embodiment of the compounds of Formula (1G), L; X is -{(CH3):-NHo.

In another embodiment of the compounds of Formula (1G), L X is —(CH;)s-N(alkyl),.

In another embodiment of the compounds of Formula (IG), L1 X is —~(CH2)4-NR.Ry,.

In another embodiment of the compounds of Formula (1G), L1 X 1s —<{CHz)4-NH.

In another embodiment of the compounds of Formula (1G), L1 X is «(CHz)4-N(alkyl),.

In another embodiment of the compounds of Formula (1G},

R and Ry, taken together with the carbon atoms to which they are shown attached, form:

"LLL e R+ | =
; and war g o

In another embodiment of the compounds of Formula (1G),

R3 and Ry, taken together with the carbon atoms to which they are shown attached, form:
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Megestrol Acetate Melphalan Mercaptopurine Mesna Mesnex Methotrexate Methotrexate Sodium
Methylprednisolone Meticorten Mitomycin Mitomycin-C Mitoxantrone M-Prednisol MTC MTX

Mustargen Wg&glww&mycin Myleran Mylocel Mylotarg Navelbine Neq&a“}é%@,ﬁ@ms

;and wnr i wner

In another embodiment of the compounds of Formula (IG),

R: and Ry, taken together with the carbon atoms to which they are shown attached, form:

;and w18 waer

In another embodiment of the compounds of Formula (IG), L, X is alkyl.

In another embodiment of the compounds of Formula (IG), 1, X is CHa.

In another embodiment of the compounds of Formula (IG), 11X is —alkylene-NR,Rs.

In another embodiment of the compounds of Formula (1G), L X is —alkylene-NH.

In another embodiment of the compounds of Formula (IG), L X is ~(CHz),-NH;.

In another embodiment of the compounds of Formula (IG), L; X is {CH3):-NH;.

In another embodiment of the compounds of Formula (1G), 11X 1s —(CH3)y-NH,.

In another embodiment of the compounds of Formula (1G), L X 1s ~alkylene-
NalkyD:.

In another embodiment of the compounds of Formula (1G), L1 X is ~{CHz),-N(alkyl),.

In another embodiment of the compounds of Formula (IG), L1 X is —<(CH;):-N(alkyl),.

[n another embodiment of the compounds of Formula (IG), L, X is ~(CH;)s-N(atkyl),.

In another embodiment of the compounds of Formula (IG), L, X is —alkylene-
NH(alkyl).

In another embodiment of the compounds of Formula (IG), L, X is -{CH3),-
NH(alkyl}.

In another embodiment of the compounds of Formula (IG), L; X 18 —<(CHz)z-
NH(allkyt).

In another embodiment of the compounds of Formula (1G), L X is {CHau-
NH(alkyl).

In another embodiment of the compounds of Formula (1G), 1, X is —alkylene-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (IG), L:X is (CHz)o-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (IG), L; X is —{CH»)s-
NH(¢heterocyclyl).
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Ncurnega Neupogen Nilandron Nilutamide Nitrogen Mustard Novaldex Novantrone Octreotide
Octreotide acetate Oncospar Oncovin Ontak Onxal Oprevelkin Orapred Orasone Oxaliplatin Pachtaxel

Pamidronat%’?)%ﬂﬁgﬂglg)&raplaﬂn Pediapred i PCT/US2009/038805
In another embodiment of the compounds of Formula (1G), 11X is «(CHz)s-
NH(heterocyclyl).

In another embodiment of the compounds of Formula (1G), 11X is —alkylene-
NHcheterocyclylalkyl).

In another embodiment of the compounds of Formula (1G), L1X 15 ~(CH;),-
NHf{heterocyciylalkyl).

In another embodiment of the compounds of Formula (IG), L X 18 ~(CHy)s-
NH(heterocyclylalkyl).

In another embodiment of the compounds of Formula (IG), LiX is —(CHs)s-
NHheterocyclylalicyl).

In another embodiment of the compounds of Formula (IG), 11X is —alkylene-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (1G), L1 X is ~(CHz)2-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (1G), L, X is ~(CHy)s-
NH(heteroarylaikyl).

In another embodiment of the compounds of Formula (1G), L, X is —<(CHj).-
NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (1G), L,1X is ~alkylene-
NH(arylalkyl).

In another embodiment of the compounds of Formula (1G), L X is —{CHy),-
NH(arylalkyl}.

In another embodiment of the compounds of Formula (IG), 11X is «(CHz)s-
NH(arylalkyl).

In another embodiment of the compounds of Formula (IG), L;X 18 <(CHy)s-
NH(arylalkyl).

In another embodiment of the compounds of Formula (1G), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:
: waer 18 waneand Ly

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

X 13 alkyl.

with the carbon atoms to which they are shown attached, form:
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PEG Interferon Pegaspargase Pegfilgrastim PEG-INTRON PEG-L-asparaginase Phenylalanine
Mustard Platinol Platinol-AQ Prednisolone Prednisone Prelone Procarbazinc PROCRIT Proleukin

Prolifeprospgi, 30,with armustine implant Purinethol Raloxifene Rheumggrex KiishmpRsmtuxirnab
Roveron-A (interferon u-2a) Rubcx Rubidomycin hydrochloride Sandostatin Sandostatin LAR

s S l
G/E R N
; w18 s and 1,X 1s CHs.

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

| L & .
% v N
; FURT: v and LiX is —alkylene-NRaRs.

In another embodiment of the compounds of Formula (1G), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

o R | EN
; o 18 woand Ly X is —alkylene-NH,.

In another embodiment of the compounds of Formula (I1G), R, and Ry, taken together

with the carbon atoms to which they are shown attached, form:

o X R4 ! =
; REC s and 1y X 18 —alkylene-N(alkyl),.

In another embodiment of the compounds of Formula (1G), Ra and R4, taken together

with the carbon atoms to which they are shown attached, form:

o, SR | =
: w18 wnand 14X is —alkylene-NH(alkyl).

In another embodiment of the compounds of Formula (1G), R; and R4, taken together

with the carbon atoms to which they are shown attached, form:

Py % R4 =z
1 = L
Y 2 N

: w18 v o and Ly X 1s —alkylene-NH(heterocyclyl).

In another embodiment of the compounds of Formula (IG), R, and Ry, taken together

with the carbon atoms to which they are shown attached, form:

M. R [ =
; w18 wwe o and Ly X 18 —alkylene-NH(heterocyclylalkyl).

iIn another embodiment of the compounds of Formula (1(3), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:
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Sargramostim Solu-Cortef Solu-Medrol STI-571 Streptozocin Tamoxifen Targrctin Taxol Taxotere
Temodar Temozo omide Teniposide TESPA Thalidomide Thalomid TheraCys Thioguamne

Thioguanine“;l'@%@qz'wgphosphoamide Thioplex Thiotepa TICE Toposalrc'l;%%%gs;@remifene

‘1% o R4 | =
; 18 wane o and 1yX 18 —~alkylene-NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (IG), Rz and Ry, taken together
with the carbon atoms to which they are shown attached, form:
'1‘:. | ™ R4 | =
s S
; w8 wane o and Ly X is —alkylene-NH(arylalkyl).
In another embodiment of the compounds of Formula (IG), Rs and Ry, taken together

with the carbon atoms to which they are shown attached, form:

*L,z N R4 =
| »
oY N
; wher 1§ waoe s and LiX is —(CHa )p-NHs.

In another embodiment of the compounds of Formula (1G), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

M o 1 o
: whne g v oand Ly X 1s —=(CH;)-N{alkyl,.

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

""Lz. X R | =
; e 1§ wwand LyX is ~(CH,),-NH(alkyl).

In another embodiment of the compounds of Formula (1G), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

o, S l o
; w18 won s and Ly X 18 —(CH;y )-NH(heterocyclyl).

in another embodiment of the compounds of Formula (1G), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

"LLL R R1 | 3
; w18 wans o and LaX is —(CHy)-NH(heterocyctylalkyl),

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:
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Trastuzumab Tretinoin Trexall Trisenox TSPA VCR Velban Velcade VePesid Vesanoid Viadur
Vinbiastifie Vinblastine Sulfate Vincasar Pfs V ncristine Vinorelbine Vinorelbine tartrate VLB VM-26

VP-16 Vum%b)ggégggl&gnosar Zevalin Zinecard POT/US2009/038805

'111- T R1 2
| »
L Ny N
; w18 w o and L X 1s ~(CHs)o-NH(heteroarylalkyt).

In another embodiment of the compounds of Formula (IG), Rz and Ry, taken together
with the carbon atoms to which they are shown attached, form:
"LLL | =N R [ N
G T G
; w18 wa1and 1 X is —(CHo)-NH(arylalkyl).
In another embodiment of the compounds of Formula (1G), Ra and Ry, taken together

with the carbon atoms to which they are shown attached, form:

bLLL o R1 ~x
L . L
P WY N

; ww 18 warecand 14X 18 —(CHy )s-NH,.

In another embodiment of the compounds of Formula (1G), Ra and Ra, taken together

with the carbon atoms to which they are shown attached, form:

o, [ = R‘_ [ =
; wrne 1§ w0 and LiX is —(CH;)s-N(alkyl),.

In another embodiment of the compounds of Formula (1G), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

"LLL N R1 3
3 N N
; w18 wae s and Ly X is (CH,)s-NH(alkyl).

In another embodiment of the compounds of Formula (I1G), R; and R4, taken together

with the carbon atoms to which they are shown attached, form:

*1,,1‘ e R4 l =
: whne 1§ war o and 14X is ((CH; k-NH(heterocycelyl).

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

"L'_L X R1 | =
; w18 e and LiX is —(CHy)s-NH(heterocyclylalkyl).

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

78



Zoladex Zoledronic acid Zonrta In another embodiment, the second active compound is a
compound that is used as an anti-HIV agent, including but not limited to a nucleoside or nonnucleoside
reverse tran&&;i%@ﬁm&ibitor, a protease inhibitor, a fusion inhibitor, cytq}ﬁgﬁj@%m%};gron. The
compound provided in combination or alternation can, as a non limiting example, be selected from the
following lists: Brand lName Gengric Na erase amprenavir Combivir | amivudine and
zidovudine Crixivan-iddinair, J1DV, MK{639 iva FTC, emtricitabine Epivir l.amivudine, 3TC
Epzicom abacavi @r Auditg” %vaseN

; w18 v~ and Ly X 1s -{CH;)s-NH(heteroarylalkyl).

In another embodiment of the compounds of Formula (1G), Ra and Ry, taken together

with the carbon atoms to which they are shown attached, form:

Py SR i =
; w18 warand Ly X 1s —(CH)a-NH(arylalkyl).

In another embodiment of the compounds of Formula (1G), R; and R4, taken together

with the carbon atoms to which they are shown attached, form:

‘1,!1' 2 R4 S
| P
g SN N
N wAns 18 wane L and LiX 18 m(CHz)q-NHz.

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

‘111_ i T R ‘ =
. anns is wans and L]_X 18 —(CH2)4—N(alkyl)g.

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

o, R R, | S
!
; is wne s and LiX is ~(CH,)4-NH(alkyl).

In another embodiment of the compounds of Formula (1G), Ra and Ry, taken together

with the carbon atoms to which they are shown attached, form:

. S | =
; b ww o and 1,X 18 —(CH,)s-NH{heterocyelvl).

In another embodiment of the compounds of Formula (1G), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:

‘1% 2 R1 =
| w
3 SR N
: T wan o and 10X 18 -(CH;)y-NHheterocyclylalkyl),

In another embodiment of the compounds of Formula (IG), R; and Ry, taken together

with the carbon atoms to which they are shown attached, form:
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saquinavir Fuzeon en uide, T-20 Hivid zalcitabine, ddC, dideoxycytidine Invirase saquinavir mesylate,
SQV Kaletra lopinavir and ritonavir Lexiva Fosamprenavi.r Calcium Norvir ritonavir, ABT-538

Rescriptor d&)a\éiggdjﬂgml?}_v Retrovir zidovudine, AZT, azidothymidine, Zggﬁ@é‘%%s%%anavir sulfate

Sustiva efavirenz Trizivir abacavir, zidovudine, and lamivudine Truvada tenofovir

disoproxil/emtricitabingl ~ R | N
G,E N R N
; w18

wa o and 14X 18 —(CHy)e-NH(heteroarylalkyl).
In another embodiment of the compounds of Formula (IG), R3 and Rs, taken together

with the carbon atoms to which they are shown attached, form:

'111 SN R1 1 =
; w18 waneand 10X is <(CHa)e-NH(arylalkyl).

In one embodiment, the invention provides compounds of Formula (IG-1), or a

pharmaceutically acceptable salt, solvate, tautomer, stereotsomer, and/or ester thereof:
R4

O g
o

B

(1G-1)
wherein variables A, B, Ry, Ry, L1, Q, and X are as defined above for Formula (I).
In one embodiment of Formula 1G-1, Q is nitrogen. In another embodiment of
Formula IA-1, Q is CR..

In another embodiment of Formula IG-1,

Frr Yy iS A .

In still another embodiment of Formula IG-1, Q 1s nitrogen and

| 2 R1 . I ~
N R NZ
AN iS AN

In yet another embodiment of Formula I1G-1,

NS
N/ R2 E N/
WS .

In another embodiment of Formula 1G-1, Q 1s nitrogen and
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Videx EC enteric coated didanosine Videx didanosine, ddl, dideoxyinosine Viracept nelfinavir
mesylate, NFV Viramune nevirapine, BI-RG-587 Vi read tenofovir disoproxil fumarate Zerit stavudine,
d4T Ziagen gbagayil,;o¢sFurther active agents include: 0W5634 (GSK) , f)adanalidgsts (Sarawak
Med.), Capravirine (Agouron), MIV-150 (Medivir/Chiron), TMC125 (Tibotec), R0033-4649 (Roche),
TMC114 (Tibotec), Tipranavir (B-l), GW6403 K/Vertex)cElvucitabine (Achillion Ph.), Alovudine
(FLT) (B-I), MIV-210 (GSICVledivir), Racivir {Pharmasset), 122
2009/121063PCT/US2009/038805 SPD754 (Shir Pl?ﬁarm. , Rgverset (Incyte Corp.), FP21399 (Fuji
Phann.), AMDO70 (AnorMed), GW873140 (GSK);"BM3$2488043 (BMS), Schering C/D (417690), PRO
542 (Progenies PlaampihFAKbaat{FakedaymhiNXe355( Tamneydd kP, 8bKy(Rbizer) alkyl.Further active
agents include: Attachment and Fuysion Inhibitors (i.e. AMD070, BMS488043, FP21399 873140,
B0 542, SRR 685 PRS0 TS SR O A3 b e et ors,
Maturationisrifithitets: (kkcyP Adbmy Kih diingerlkyiibitbes (ilky hzedicay bigh amidsRDAY); Antisense
Drugs (i.e. HGTV43 by Enzo Ther ' 2.by, Hyhii ; u i t i.e. Ampligcn
by Hernispherx Bllg 6H§1trhrre1%?qﬁ)-(ﬁ£?£er%?§§ %%ﬁg%%ﬁ%’&%%ﬁgﬁﬁg%r% %%%%%é%y%%g}er
Corporatiohalhgitikinetby Cel-Sci Corporation, IR103 combo); Vaccine-Like Treatment (i.e. HR0214 by
Virionyx, DermaVi;, ¥IR201 {bhase.fl@RormulMene embadisent, the compounds of the invention are

administered in combination with another active agent. The compounds can also be administered
concurrently with ther ac fve t. In this case, the compounds can be administered in the same
Formulation or in %@te prtilgion. There is no requirement that the compounds be
administered in the same manner. £Q ?i?ﬁ@%‘?oﬂﬁ%éﬁﬁ%ﬁ%@%\éﬂ AYERLEDE, administered via
intravenous injection while the compounds of the invention may be administered orally. In another
embodimeh¢igrEdmpsddBef the invention are administered in alternation with at least one other

active compoundginaseRaiatesmbedimenthatonnounds.pithennvention are administered during
treatment with an active agent, such as, for example, an agent listed above, and administration of the

compounds of th Ation | ed after cessation of administration of the other active
compound. T un invention can be administered prior to or after cessation of
administration of another actjve compoung. M eléainigasesithel compaugesiplaydr administered

before beginning a course of treatment for viral infection or for secondary disease associated with HIV
infections, F6FEXBHABI IN B+Beparate embodiment, the compounds can be administered after a course
of treatment to retiugacteeusreeknadnvisaFintactorns.1, Q is nitrogen,

I '\ Rf‘) } \
N/ Ry N/
whee 18 ,and Li-X is

v

(\NH

AN N, o A

In yet another embodiment of Formula 1G-1, Q is nitrogen,

Ry
>
L. (7))
w18 ,and L-X is
; | {/\NH
RN NN \)
NHQ Ol‘f\/\/N

In still another embodiment of Formula IG-1, R; is hydrogen, alkyl, halogen, alkoxy,
acyl, alkoxycarbony! or CF3; R, is hydrogen, alkyl, heteroalkyl, hydroxyalkyl, alkoxyalkyl,
carbocyclyl, or heterocyclyl; and L1-X is
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In another embodiment, the active compound is a compound that is used as a chemotherapeutic. A
compound provided in combination or alternation can, for example, be selected from the following list:

13-cis- Rétingjg ftﬁi@ 25 &gﬁlno -6- Mercaptopurine 2-CdA 2- ChIorodeoxyaq%]l%gﬁgogfgyé%g)uraC|I 5-FU
6-TG 6 - Thloguanlnc 6-Mercaptopurine 6-MP Accutane Actinomycin-D W

2009/121063PCUU82009/038805 Adriamycin Adrucil ?gryun (_AI\Ia Cort Aldesleukln Alemtuzumab

Alitretinoin Alkaba}ﬂ lkeran. All- transretlno ¢ acid \)
NH, Or ~ N

In one embodiment of Formula 1G-1, the compound has the stereochemical

configuration of Formula 1G-18S:

[}
/N

A

w

1G-15
wherein the variables A, B, L;, L, Q, and X are as defined for Formula 1G-1.
In another embodiment of Formula 1G-1, the compound has the stereochemical

configuration of Formula IG-1R:

A{ |
~, Ry
NS, {x
O~ g
o
B
1G-1R

wherein the variables A, B, L1, Q, and X are as defined for Formula 1G-1.
In another embodiment, the invention provides compounds of Formula (IA-2), or a

pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester thereof:

o >
2\
7\
o =g z
!_/
-\
>

(1G-2)



Alpha interferon Altrctamine Amethopterin Ami.fostine Aminoglutethimide Anagrelide Anandron
Anastrozole Arabinosyl cytosine Ara-C Aranesp Aredia Anmidex Aromasin Arsenic trioxide

Asparagina%déz‘gggﬁﬁyﬁgstin BCG BCNU Bevacizumab Bexarotene Bicajitamide, BiGdid Blenoxane

wherein variables A, B, L;, Q, and X are as defined above for Formula (I). In one

embodiment of Formula 1G-2, Q is nitrogen. In another embodiment of Formula IA-2, Q 18
CRe.

In another embodiment of Formula 1G-2, Q is nitrogen, L, 1s an optionally substituted
alkylene group, and X is heterocyclyl or NR Ry,

In another embodiment of Formula IG-2, Q is nitrogen, and £,-X is

K\NH

f\/\/\NHg AN

In one embodiment of Formula 1G-2, the compound has the stercochemical
configuration of Formula 1G-25:

=
oy
2
N

Zs

&
R

® ==

1G-28
wherein the variables A, B, L, Q, and X are as defined for Formula 1G-2.
In another embodiment of Formula IG-2, the compound has the stereochemical

configuration of Formula 1G-2R:

=
Pyt

R,
N

N X
\L’{/
G F Q
g
B

1G-2R
wherein the variables A, B, L;, Q, and X Y are as defined for Formula 1A-2,

Ve

In another embodiment, the invention provides compounds of Formula (1G-3), or a

pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester thereof:



Bleomycin Bortezomib Busulfan Busulfex C225 Calcium Leucovorin Campath Camptosar

Camptothecin-11 Capecitabine Carac Carboplatin Carmustine Carmustine wafer Casodex CCNU
CDDP Cee%%ﬁmgfg&e cetuximab Chlorambucil Cisplatm Citrovorum geﬂggz(&d@ggg%gc Cortisone

A R

1r\“\

k\N/ R
N\L(X

[

TN/

(1G-3)
wherein variables A, B, Ry, Rz, Ly, Q, and X are as defined above for Formula (I).
In one embodiment of Formula IG-3, Q is nitrogen. In another embodiment of
Formula TA-1, Q is CR..

In another embodiment of Formula 1G-3,

i R Rg I R
Q\r >
waer 18 il

In still another embodiment of Formula 1G-3, Q is nitrogen and

I N Ry | %
N Re Nig
w18 A

In yet another embodiment of Formula 1G-3,

E\Rﬂ \O
v 1S wae

In another embodiment of Formula 1G-3, Q is nifrogen and
O OO
Ny R N
w8 e

In another embodiment of Formula 1G-3, Q 1s nitrogen, and R, is hydrogen, alkyl,

halogen, hydroxy, amino, alkyl or dialkyl amino, alkoxy, acyl, alkoxycarbonyl or CF3; and R;

is hydrogen, alkyl, heteroalkyl, hydroxyalkyl, alkoxyalkyl, carbocyclyl, or heterocyclyl.
In another embodiment of Formula 1G-3, Q is nitrogen and R, is hydrogen, alkyl,
halogen or CFa.

In another embodiment of Formula 1G-3, Q is nitrogen,
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Cosmegen CPT-1 1 Cyclophosphamide Cytadren Cytarabine Cytarabine liposomal Cytosar-U Cytoxan
Dacarbazine Dactinomycin Darbepoctin alfa Daunomycin Daunorubicin Daunorubicin hydrochloride

Daunorubicialgg%gmﬂjﬁpaunoXome Decadron Delta-Cortef Deltasone Dghjleukip,diftitpx DepoCyt
Dexamethasone Dexamethason Acetate dexamethasone sodium phosphate

e
N Re NZ

heterocyclyl or NR, Ry,

, L) is an optionally substituted alkylene group, and X is

In still another embodiment of Formula 1G-3, O is nitrogen,

| 2 R‘: e C.
o i§ ~ , L1 18 an optionally substituted alkylene group, and X is

heterocyelyl or NR, Ry,
In another embodiment of Formula 1G-3, Q is nitrogen,

R SN

(e L

e i wonsand Ly-X 18

NH
f\/\\/\NHz or f\\/\/'\(\) _

In yet another embodiment of Formula 1G-3, Q is nitrogen,

| R R1 g )
@rﬁz @
NI T: e, and Li-X 18
; (\NH
NP \)
NHp o Ao~ N ,

In still another embodiment of Formula 1G-3, Ry is hydrogen, alkyl, halogen, alkoxy,
acyl, alkoxycarbonyl or CF3; R; is hydrogen, alkyl, heteroalkyl, hydroxyalkyl, alkoxyalkyl,
carbocyclyl, or heteroeyelyl; and L,-X is

NH
AN N, N Q |

AN

In another embodiment, the invention provides compounds of Formula (1G-4), or a

pharmaceutically acceptable salt, solvate, tautomer, sterecisomer, and/or ester thereof:
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Dexasone Dexrazoxane DHAD DIC Diodex Do cetax el Doxil Doxorubicin Doxorubicin liposomal Drox
a DTIC DTIC-Dome Duralone Efudex Eligard Ellence Eloxatin Elspar Emcyt Epirubicin Estramustine

Epoetin alfa‘géb%%ﬁ%@pia-b asparaginase Ethyol ' PCT/US2009/038805

wherein variables A, B, L, Q, and X are ag defined above for Formula (1). In one
embodiment of Formula 1G-2, Q is nitrogen. In another embodiment of Formuia 1A-4, Q 13
CR..

In another embodiment of Formula 1G-4, Q is nitrogen, L, is an optionally substituted
alkylene group, and X is heterocyclyl or NR, R,

In another embodiment of Formula 1G-4, Q 18 nitrogen, and 1,-X is
K\NH
AN N, o, A N
NHz or ™ .
In one embodiment of Formula 1G-4, the compound has the stereochemical

configuration of Formula 1(3-48S:

1G-48
wherein the variables A, B, L, Q, and X arc as defined for Formula 1G-4.

In another embodiment of Formula 1G-2, the compound has the stereochemical

configuration of Formula IG-4R:
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Etopophos Etoposide Etoposide phosphate Eulexin Ev s a Excmestane Fareston Faslodex Femara
Filgrastim Floxuridine Fludara Fludarabine Fluoroplex Fluorouracil Fluorouracil (cream)

FIuoxymest%, B! mde Folinic Acid FUDR Fulvestrant G-CSF Gefitipip{aesmgiiahing

Gemtuzum 0zogamicin

1G-4R
wherein the variables A, B, Ly, Q, and X Y are as defined for Formula 1A-4.

In certain specific embodiments of the compounds of Formula (), said compounds

are selected from the group consisting of:

. | - -

N - «
N\/\/\ N N
NH,

N\/\/\NHz N
N" H H
N N
YV Y
l

§\ |
N
&g/\%j &Nﬁf\”\ﬁf@
N N H
<
N N

N-—-../\/\N New N\/\/\N =N
H Ho O\ H H o\

\..
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Gemzar Gleevec Gliadel wafer Glivec GM-CSF Goserelin granulocyte colony stimulating factor
Granulocyte macrophage colony stimulating factor Halotestin Herceptin Hexadrot Hexalen

Hexamethylw&t%ag%—wm Hycamtin Hydrea Hydrocort Acetate Hydrocg%ggﬁtﬁ%ggggrtisone
sodium phosphate Hydrocortisone sodium succinate Hydrocortone phosphate Hydroxyurea

Ibritumommomab Tiuxetan ldamycj
N N

N\MN = N"“‘/\\/\N =N
H H N\ N H b\
\N \N =N
Neo ™" Nee™™
N i N =
NZ NZ \
-~ = o O
<4 4 4
N N N
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Idarubicin WO 2009/121063PCT/US2009/038805 Ifex 1FN-alpha Ifosfamide IL - 2 IL-11 1matinib
" mesylate Imidazole Carboxamide Interferon alfa Interferon Alfa-21j (PEG conjugate) Interlcukin - 2

Interleukin- %Im@&ﬁ)&nterferon alfaL.2b) Iressa 1rinotecan Isotretinomg@g@%/&ﬂgﬁort

L-asparaginase L etrozole Lcucovorin Leukeran
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Leukine Lcuprolide Leurocristine Leustatin Liposomal Ara-C Liquid Pred Lomustine L-PAM
L-Sarcolysin Lupron Lupron Depot Matulane Maxidex Mechlorethamine Mechlorethamine

hydrochlorid&%ggﬁmﬁ% Medrol Mcgacc Megestrol Megestrol Acetate %%M%&thopurine

Mesna Mesne otrexate
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Methotrexate Sodium Methylprednisolone Meticorten Mitomycin Mitomycin-C Mitoxantrone
M-Prednisol MTC MTX Mylocel Mylotarg Navelbine Neosar Neulasta Neumcga Neupogen Nila dron
Nilutamide %ogggl%bjgard Novaldex Novantrone Octreotide Octreotidepeﬁzﬁ}g&%gg}%oar Oncovin
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Ontak Onxal Oprevelkin Orapred Orasone Oxaliplatin Paclitaxel Pamidronate Panretin Paraplatin
Pediapred PEG Interferon Pegaspargase Pedfilgrastim PEG-INTRON PEG-L-asparagmase

Phenylalani WeisehBlatinol Platinol-AQ Prednisolone Predn.isone PrglopgRincahazine
PROCRIT Proleukin )
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N
HN NH, & s
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Prolifeprospan 20 with Cannustine implant Purinethol Raloxifene Rheumatrex Rituxan Rituximab
Roveron-A (interferon a-2a) Rubex Rubidomycin hydrochloride Sandostatin Sandostatin LAR

. Sargramostlwog(aqsg fof Solu-Medrol STI-571 Streptozocin Tamoxifen JafgretioJaxss Taxotere
Temodar Temoz om| e Ten.iposidc TESPA Thalidomide
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Thalomid TheraCys Thioguanine Thioguanine Tabloid Thiophosphoamide Thioplex Thiotepa TICE
Toposar Topotecan Toremifene Trastuzumab Tretinoin Trexall Trisenox TSF'A VCR Velban Velcade

VePesid Vcw%gg}{ﬁg‘%r Vinorelbine Vinorelbine tartrate VLB PCT/US2009/038805
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VM-26 VP- 16 Vumon Xeloda Zanosar Zevalin Zinecard Zoladex Zoledronic acid Zometa
EXAMPLES EXAMPLE I: General preparation of compounds of Formula (IA). Compounds of Fonnula

(1A): S%rg}ﬁrﬁféﬁggéz, R3,R4, LI, L2, X, Y, Q, A and B are as defingg{)ﬁg%%g{%g@gplary

compound IA) are shown in Table 1. TABLE 1 Corn- -R3 -124 poun
o X
[ N l
N z ; = N/ _
" No~se~ o N % it i
o)\\ " a Njﬁ N, (\ NJ\ ST
N t NN O\) N § XN HN\/‘ N ; N
- > =
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Q-L1-X.,,,IRiIA HNcrisWNH2 BHHHCHsrc' WNH2 CHHHCHCH3 D

WO 2009/121063 ’ PCT/USI009/038803




H 4stwwll- NH E lle H N N rrisw'N" -N HH WO 2009/121063PCT/US2009/038805 Corn- pound
-R3 -Ra -L2-Y Q NI Ni---,,,R2 o

WO 2009/121063 i PCT/US2009/038805
® ®
—
N | NZ 7 NH
N\/\\/\NH A (\\)NH N\/\/N\)
2 N\/\/I\E
oy ()
0 = o
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F.HNiswN.....21","H1...., GiiH NHI H HN/....----Nt, H..N 1 HN

WO 2009/121063 PCT/US2009/038805
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, or a pharmaceutically acceptable salt, solvate, tautomer,
stereoisomer, and/or ester thereof.

In certain other embodiments, the compounds can be selected from:
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4" -"Nj 111 HNA-"—-"NH K11/ H N --h. N A-—--N%----MY ".0 L 41, HN
IWN..-%,--N.7--- H

WO 2009/121063 PCTIUS2009/038805

In certain embodiments, a compound that is useful in the methods of the invention can
be identifed based on in vitre criteria. In some embodiments, a compound can be considered
to inhibit a chemokine signal, be a chemokine antagonist, or be useful in the methods of
treatment described herein, 1f it interferes with Ca+ mobilization in vitro or in vivo by a

chemokine receptor agonist at an ICso of less than about 1000 nM. In certain embodiments,
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M 11 HN"SWNH2 41/HN al'W NH2 -"""?%%-.. ',-a,.. | N15-""----- oll

WO 2009/121063 PCT/IS2009/038805

the 1Csq 1s less than about 500 nM, 450 nM, 400 nM, 350 nM, 300 nM, 230 nM, 200 nM, 100
nM, 90 nM, 80 nM, 70 nM, 60 oM, 50 nM, 40 nM, 30 nM, 25 nM, 20 nM, 10 nM, 5 nM, 1
nM, 0.5 nM, or 0.1 aM. In particular embodiments, the 1Csg is in the range of about 500 nM
to about 1 oM, about 400 nM to about 5 nM, about 350 nM to about 10 nM, about 300 nM to
about 25 nM, about 250 nM to about 50 nM, about 200 nM to about 50 nM, about 100 nM to
about 10 nM, about 70 nM to about 1 nM, or about 50 nM to about 1 nM. In some
embodiments, the receptor s a CXCR4 receptor. In specific embodiments, the chemokine
agonist 18 a natural agonist and in specific embodiments is SDF-1. In particular
cmbodiments, the Ca+ mobilization is measured in vitro. The Ca+ flux can, for example, be
measured in cells that naturally express high levels of chemokine receptor or, alternatively, a
chemokine receptor can be recombinantly expressed.

In certain other embodiments, the compound is considered to inhibit a chemokine
signal, be a chemokine antagonist, or be useful in the methods of treatment described herein
when it inhibits impedance caused by a chemokine agonist. In particular embodiments, the
impedance is stimulated by a natural agonist and in specific embodiments is SDF-1. The
chemokine receptor can be any chemokine receptor but in certain embodiments is CXCR4.
In particular embodiments, the ICs of impedance is less than about 500 nM, 450 nM, 400
nM, 350 nM, 300 oM, 250 nM, 200 nM, 100 nM, 90 nM, 80 nM, 70 nM, 60 nM, 50 nM, 40
oM, 30 oM, 25 nM, 20 M, 10 nM, 5 aM, 1 nM, 0.5 nM, or 0.1 nM. In particular
embodiments, the ICs of impedance is in the range of about 500 nM to about 1 nM, about
400 nM to about 5 nM, about 350 nM to about 10 nM, about 300 nM to about 25 nM, about
250 nM to about 50 nM, about 200 nM to about 50 nM, about 100 nM io about 10 nM, about
70 nM to about 1 nM, or about 50 nM to about 1 nM,

In one embodiment, the compound demonstrates inhibition of a chemokine agonist
response in vitro or in vive that is greater than that of AMD3100. In specific embodiments,
the potency of inhibition of the compound as measured by an 1Csq is at least 2 times, at least 3
times, at least 4 times, at least 5 times, at least 6 times, at least 7 times, at least 8 times, at
least 9 times, at least 10 times, at least 15 times, or at least 20 times that of AMD3100. Ina
particular embodiment, the potency of mnhibition of the compound as measured by an ICsq 18
in the range of about 2 times to about 20 times, about 3 times to about 15 times, about 2 times
to about 10 times, or about 5 times to about 10 times that of AMD3100.

In certain embodiments, the compounds exhibit an enhanced safety profile. The
safety profile can be tested in vitro or in viveo, but in certain embodiments is tested in vitro.

Preferably, the dose at which cytotoxicity of a compound occurs in vitre or in vivo is at least
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zH P H N WO 2009/121063PCT/US2009/038805 Corn- pound -R4 -12-Y Q -.NR2 Q * H

WO 2009/121063 ’ PCE/US2009/038805

2 times, at least 3 times, at least 4 times, at least 5 times, at least 10 times, at least 25 times, at
least 50 times, at least 100 times, at least 250 times, at least 500 times, or at least 1000 times
the IC50 of the compound in acting as a chemokine receptor antagonist.

In other embodiments, the compound exhibits reduced hERG binding. In particular
embodiments, the compound exhibits hERG binding of less than 50% at its 1Csq for inhibition
of a chemokine receptor. In other embodiments, the compound exhibits hERG binding of
less than 50% at a concentration that is at least 2 times, at least 3 timnes, at least 4 times, af
least 5 times, at least 10 times, at least 25 times, at least 50 times, at least 100 times, at least

250 times, at least 500 times, or at least 1000 times its 1Csg.

Formulations

In cases where compounds are sufficiently basic or acidic to form stable nontoxic acid
or base salts, administration of the compound as a pharmaceutically acceptable salt may be
appropriate. Examples of pharmaceutically acceptable salts are organic acid addition salts
formed with acids, which form a physiological acceptable anion, for example, tosylate,
methanesulfonate, acetate, citrate, malonate, tartarate, succinate, benzoate, ascorbate, o.-
ketoglutarate, and a-glycerophosphate, Suitable inorganic salts may also be formed,
including, sulfate, nitrate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be obtained using standard procedures well
known in the art, for example by reacting a sufficiently basic compound such as an amine
with a suitable acid affording a physiologically acceptable anion. Alkali metal (for example,
sodium, potassium or lithium) or alkaline earth metal (for example calcium) salts of
carboxylic acids can also be made.

Exemplary acid addition salts include acetates, adipates, alginates, ascorbates,
aspartates, benzoates, benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, cyclopentanepropionates, digluconates, dodecylsulfates,
ethanesulfonates, fumarates, glucoheptanoates, glycerophosphates, hemisulfates, heptanoates,
hexanoates, hydrochlorides, hydrobromides, hydroiodides, 2-hydroxyethanesulfonates,
lactates, maleates, methanesulfonates, 2-naphthalenesulfonates, nicotinates, nitrates, oxalates,
pectinates, persulfates, 3-phenylpropionates, phosphates, picrates, pivalates, propionates,
salicylates, succinates, sulfates, sulfonates (such as those mentioned herein), tartarates,
thiocyanates, toluenesulfonates (also known as tosylates,) undecanoates, and the like,
Additionally, acids which are generally considered suitable for the formation of

pharmaceutically useful salts from basic pharmaceutical compounds are discussed, for
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example, by S. Berge et al, Journal of Pharmaceutical Sciences (1977 66(1) 1-19; P. Gould,
International J. of Pharmaceutics (1986) 33 201-217; Anderson et al, The Practice of
Medicinal Chemistry (1996), Academic Press, New York; and in The Orange Book (Food &
Drug Administration, Washington, D.C. on their website). These disclosures are incorporated
herein by reference thereto,

Exemplary basic salts include ammonium salts, alkali metal salts such as sodium,
lithium, and potassium salts, alkaline earth metal salts such as calcium and magnesium salts,
salts with organic bases (for eiample, organic aminecs) such as benzathines,
dicyclohexylaminces, hydrabamines (formed with N,N-bis(dehydroabietyl)ethylenediamine),
N-methyl-D-glucamines, N-methyl-D-glucamides, t-butyl amines, and salts with amino acids
such as arginine, lysine and the like. Basic nitrogen-containing groups may be quaternized
with agents such as lower alkyl halides (e.g. methyl, ethyl, propyl, and butyl chlorides,
bromides and iodides), dialkyl sulfates (e.g. dimethyl, diethyl, dibutyl, and diamyl sulfates),
long chain halides (e.g. decyl, lauryl, myristyl and stearyl chlorides, bromides and 10dides),
aralkyl halides (e.g. benzyl and phenethyl brommdes), and others.

All such acid salts and base salts are intended to be pharmaceutically acceptable salts
within the scope of the invention and all acid and base salts are considered equivalent fo the
free forms of the corresponding compounds for purposes of the invention.

The active compound can also be provided as a prodrug, which is converted into a
biologically active form in vivo. A prodrug may be converted into the parent drug by various
mechanisms, including enzymatic processes and metabolic hydrolysis: T. Higuchi and V.
Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of A.C.S. Symposium Series
(1987 Harper, N 1. (1962) in Jucker, ed. Progress in Drug Research, 4:221-294; Morozowich
et al. (1977} in E. B. Roche ed. Design of Biopharmaceutical Properties through Prodrugs
and Analogs, APhA (Acad. Pharm. Sci.); E. B. Roche, ed. (1977) Bioreversible Carriers in
Drug in Drug Design, Theory and Application, APhA; H. Bundgaard, ed. (1985) Design of
Prodrugs, Elsevier; Wang ct al, (1999) Curr. Pharm. Design. 5(4):265-287; Pauletti et al.
(1997) Adv. Drug. Delivery Rev. 27:235-256; Mizen ct al. (1998) Pharm. Biotech. 11:345-
365; Gaignault et al. (1996) Pract. Med. Chem. 671-696; M. Asghamejad (2000) in G. L.
Amidon, P. 1. Lee and E. M, Topp, Eds., Transport Proc. Pharm. Sys., Marcell Dekker, p.
185-218; Balant et al. (1990) Eur. J. Drug Metab. Pharmacokinet., 15(2); 143-53; Balimane
and Sinko (1999) Adv. Drug Deliv.Rev., 39(1-3):183-209; Browne (1997). Clin. Neuropharm.
20(1): 1-12; Bundgaard (1979) Arch. Pharm. Chemi. 86(1): 1-39; H, Bundgaard, ed, (1985)
Design of Prodrugs, New York: Elsevier, Fleisher et al. (1996) Adv. Drug Delivery Rev,
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HHz CH3 *H N CH3 Vi H /WNI-12 - The compounds of Formula (IA) can be prepared, for
example, as described below. SCHEME 1 Reagents and Conditions: (a) ethyl glyoxalate, ethanol,

toluene, 0-"Gut9 AWRIKRLteMp., 17h; (b) Pd/C, xylene, 140 C. PCT/US2009/038805

19(2): 115-130; Fleisher et al. (1985) Methods Enzymol. 112: 360-81; Farquhar D, et al.
(1983) J. Pharm. Sci., 72(3): 324-325; Han, H.K. et al. (2000} 4A4PS Pharm Sci., 2(1): E6;
Sadzuka Y. (2000) Curr. Drug Metab., 1:31-48; D.M. Lambert (2000} Eur. J. Pharm. Sci., 11
Suppl 2:81 5-27;, Wang, W_ et al. (1999) Curr. Pharm. Des., 5(4).265, each of which is
incorporated herein by reference in its entirety.

The active compound can also be provided as a lipid prodrug. Nonlimiting examples
of U.S. patents that disclose suitable lipophilic substituents that can be covalently
incorporated into the compound or in lipophilic preparations, include U.S. Patent Nos.
5,149,794 (Sep. 22, 1992, Yatvin et al.); 5,194,654 (Mar. 16, 1993, Hostetler et al., 5,223,263
(June 29, 1993, Hostetler et al.); 5,256,641 (Oct. 26, 1993, Yatvin ¢t al.); 5,411,947 (May 2,
1995, Hostetler ct al.); 5,463,092 (Oct. 31, 1995, Hostetler et al.); 5,543,389 (Aug. 6, 1996,
Yatvin et al.); 5,543,390 (Aug. 6, 1996, Yatvin et al.); 5,543,391 (Aug. 6, 1996, Yatvin et

“al.); and 5,554,728 (Sep. 10, 1996; Basava ct al.).

Preferably, the pharmaceutical preparation is in a unit dosage form. In such form, the
preparation 1s subdivided into suitably sized unit doses containing appropriate quantities of
the active compound, e.g., an effective amount to achieve the desired purpose.

The actual dosage employed may be varied depending upon the requirements of the
patient and the severity of the condition being treated. Determination of the proper dosage
regimen for a particular situation is within the skill of the art. For convenience, the total daily
dosage may be divided and administered in portions during the day as required.

For preparing pharmaceutical compositions from the compounds described by this
invention, inert, pharmaccutically acceptable carriers can be either solid or liquid. Solid form
preparations include powders, tablets, dispersible granules, capsules, cachets and
suppositories, The powders and tablets may be comprised of from about 0.1 to about 95
percent active compound. Suitable solid carriers are known in the art, e.g. magnesium
carbonate, magnesium stearate, talc, sugar or lactose. Tablets, powders, cachets and capsuies
can be used as solid dosage forms suitable for oral administration. Examples of
pharmaceutically acceptable carriers and methods of manufacture for various compositions
may be found in A. Gennaro (ed.), Remington's Pharmaceutical Sciences, 18th Edition,
(1990}, Mack Publishing Co., Easton, Pa.

Liguid form preparations include solutions, suspensions and emulsions. As an
example may be mentioned water or water-propylene glycol solutions for parenteral injection
or addition of sweeteners and opacifiers for aral solutions, suspensions and emulstons. Liguid

form preparations may also include solutions for infranasal administration.
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WO 2009/121063PCT/US2009/038805 Reagents and Conditions: (c) Diisobutylaluminum hydride
(DIBAL-H), CH2CI2, -50 C, 10 min. 3 Reagents and Conditions: (d) ten-butyl
4-aminobutylearaimaigs;3 A molecular sieves, ethanol, microwave, 150 g¢1Q & fEkhiaBH4, ethanol
Reagents and Conditions: (0 Na(0OAc)3BH, acetic acid, 4 )( molecular sieves, 1,2- dichloroethane,

microwave, 100 @eﬁ&@melf?@ﬁ@?istma%@mqg%@%ﬁ?&hﬁ?iwﬁ@fwé@su@nmaamsaﬁnbient temp., 2h
EXAMPLE 2: Preparation. of N-((9H:-pyrido[3,4-blindol-1-yl)methyl)-N-(4-aminobuty1)-
56,78 e AT ORI BN LA OCPRH D Bt Sl B EEAD B Qahgr: sueh
9H-pyrido[3sdublindalenimeasbibysdate: (hitrdgea. suspension of tryptamine hydrochloride (2.00 g, 10.17
mnnol) in ethanol (25 m s.add solution. of alyoxvlic acid ethyl.ester (3,1 15.26 nunol) in
ol (50% vy S LA B L Rl BE A T b e e, the
solvent wabefernovadaiimied fede pethpréssyror Thkcresultinganssidue adusnidaiedhwitie shayrdted
aqueous S@Mm@m@%ﬂﬁ;glg Ql%lpggg&g wasgxsitagied with ethyl acetate. The combined organic

layers were washed with brine, dried over sodium sulfate and concentrated under reduced pressure.
The crude producth%&8tREHds ¥hehpextaidn i GUsTiRHEH parreatBndgaYy: Thra solution of the

resulting CregRIQsidUR HhosleN e RAKY b on@saatddrilidYa 66l s(Bnd bOdmlngomixtdre was

stirred overnight at 140 'V under an air atmosphere. The reaction mixture was filtered thyough Celite,
washed witft ?dfﬁi&?ﬁ@&hﬂ%ﬁ@@ﬁ?ﬁé@’d?hrﬂ e ST PSR A9 p BV iAEBY ERFSRAB graphy on
silica gel (@2 %@ty peeiaie/hexanes) to afford 1.26 g (52% yield) of product 1: 111 NMR (400
MHz, CDCI3) 6 9.92 (bs, 1H), 8.59 (d, J = 4.8 Hz, 1H), 8.16-8.13 (m, 2H), 7.62-7.55 (m, 2H), 7.32 (dt,
J1.2,7.0Hz, 1H), 4.59 (q, J = 7.2 Hz, 2H), 1.53 (t, J = 7.2 Hz, 3H); ESE MS: in/z (rdl intensity) 241.1
(100, [Mg-Hh.«R19R & TreRaiafion of 9H-pyrido[3,4-bjindole-1-carbaldehyde (2). To a stirred solution of
ethy1-9H-pyrido[3,4-b]indole-1-carboxylate, 1, (1.26 g, 5.24 mmol) in CH2CI2 (50 mL) was added a

DIBAL-H solutionfie Qv aegsr 36 Odtbin36ré banMaR BlubduCroF e mbsteienveas stired at -50 C
for 10 min and quenched by sequentjal gddi ion of methanol (14,0 mL) and 10% NaQH (10 mL) at -50
I

C. Then thBIFHHHPE Qs S SoarREnt HrhEPaLPS ToreRIPaiafiBRAN 19V H¥ prEipitates were
removed by dlaitast theotight Gefiteyantbwas inekwatn ClitGidemathan ol (driyisthdconihined filtrates
were washed with grin%, dri%d ver.sodiumlfsulta%tee nd conc -rg)t([atfeds eung r reduc(geu(ii1 pressure. The
Procuct wes BTN By RO aLSgr A ol S 50 3 2 Db A D ST T 0,46 g (25
% yield) oftprdamsolive preveosibakichy desc2sbVRI{4G0kHZ, 1BD 6¢3) Bel®@ 3 {g5d ¢4)the0.04 (bs, 1H),
.63 (0, S Seend R IBRARRL Fnd SARAT (P2 (I HEedly ESE- MS:

m/z (ref intensity) 197.0 (100, [M+HTI). Steps d and e: Preparation of tert-buty _
4-(5,6,7,8-difFaRGOEDY HRTOLIHL S RhTROTSIMAR B BRI i63). TB1a sHlfgFular, a human in

6,7-dihydroguinetini&tekioneda@ sniRddmmeDd.tnatbanakitmLhwasaided cansenirated acetic
acid (5 drops), tert-butyl 4- amjnobutylcarbamate (2.7 g, ]84.3 mmol) ar}gﬁeﬁ olecular sieves. The

reaction mittFERFAEORLA MRS SHENR RN EXRBP TSI 6T IS ture was cooled to
room temperaturesanstdNaBhtdd(e B a2 frévidmalpmiasisidtechdlhatioricegod heatdrigde reaction mixture

was absorbed onto silica ge] and the product pyrified by silica gel c‘hromyato raphy (0%.to 10%
ot CESAA SRA b e LA P B R S SHRIN SOTS. oo
Step f: Preparatiomofntertbuty phaft(ebpyridio[3cdsplabtiolaltremethyixBrag7 @-cster thereof to a

tetrahydroguinoli %‘%%f 859@[&0988{}{]8%9%%%%&% £ BN YAREL BN fHREN@S R ggdavith a
solution of 9H-pyrido[3,4-blindole-1-carbaldehyde, 2, (0.20 g, 1.02 mmolgwm 1,2- dichloroethane (5

nth). This S&insibisiivastrestBdwhitag-boyekss rr@rietiparelpaois8oflamino)butylcarbamate,

3, (0.36 g, 1.12 mppelk3ediHR diacatonybaseiydree.(0 4318 A0d-mmebisdAdnoleclalgieves and a
catalytic amount of acetic acid (2.drops). The reaction mixture was_exposed to microwave irradiation

for 10 min 2Ht4 tEMMGetATRADIRHE NG TRY AR o SHRIFESERB R Tkt e Was BBbled with
high-pressue@uptinthetiampasaiuiepbired daten helawndtGo Thecriddesreactiod imixture was poured
onto a sattgﬁatetg agUeous solu] ion.of sodiurpI biq?rbonflte. The rodu%[ wa%qxtr%ci}gd €}{l\{ith
dichlorometRaie PPie com f:neeoqglr%%ﬁ]ilgeiaye??%vo re washed With Brine, fied over Bo assium
carbonate, Hiliededtlhhopaoncedinatey doidGuondiye: e rmd enprothhegwrasautxifibdsbiyasilidalgel

chromatogr. 9 nol/CH 4 9% yigld) of ' t4: 1H NMR
(00 i A e T R e S s R T - 7
Hz, 1H), 7.62q@luB8dHPNK10l9.69 (d,1= 8.4 Hz, 1H), 7.54 (dt, J= 1.2, 7.4 Hz, 1H), 7.41 (d, J=7.2
Hz, 1H), 7.21 (dt, J= 0.8, 7.2 Hz, 1H), 7.14 (dd, Jr-- 4.8, 7.6 Hz, 1H), 4.28-4.02 (m, 4H), 2.90-2.60 (m,
5H), 2.44-2.26 (m, 2H), 2.12-2.04 (m, 1H), 1.96+4484 (m, 1H), 1.80-1.65 (m, 1H), 1.44-1.25 (m, 1H),
1.33 (s, 9H), 1.22-1.12 (m, 114); PSI" MS: raiz (rel. intensity) 500.2 (100, [M+H]). Step g: Preparation
of N-ft9H-pyrido[3,4-b]indol-1-yHmethyp-N-(4-aminobuty1)-5,6,7,8- tetrahydroquinotin-8-amine
tetrahydrochloride (A). A solution of tert-butyl 4-(((9Hpyrido [3 ,4 -b]indo1-1-y fimethyl
)(5,6,7.8-tetrahydroquinolin-8-y Dam ino)-butylcarbamate, 4, (0.12 g, 0.24 mmol) in methanol (5 mL)
was treated with thionyl chloride (1 mL) at room



WO 2009/121063PCT/US2009/038805 temperature. The resulting mixture was stirred for 30 min. The
reaction mixture was then concentrated and dried under reduced pressure to afford 0.11 g (80 % vyield)
of the desirag prashiichf;'1-1 NMR (400 MHz, d6-DMSO0) 6 13.49 (bs, 1H)8,80ssh4td348085 3H);
8.00-7.82 (m, 3H), 7.80 (d, J= 8.0 Hz, 1H), 7.78-7.70 (m, 1H), 7.39 (t, J= 7.2 Hz, 1H), 4.95-4.85 (m,
1H), 4.68-4.50 ("MRethl)sc228maeB2(0h ) eds BDR IQAANC RIAR Ly 2adSripbrBin) rdlclid-1.94 (m, 2H),

1.80-1.30 (m, 5H); EST+ MS: m/z (re| intensity) 400.2 (10Q, [IM+HF). SCHEME 2 V Reagents and
Conditions&"f%{“@@p@%&f‘ﬂﬁﬁ 12?,1 tgfh k) E‘gf"é’ %%ﬁ??éfﬁé%%g?g%ﬁﬁgl :%’reparation of
N-((9H-pyricle [3x:=BlincodedrigOmne oyl Nl ametipdbds 6,7, Bwtelrahythoguioplifetds aimin eclls into
tetrahydrochlaride, (V). A soluti f 13- olines!- e Q. 220 ol) in
methanol (15 IS e e B e o Gl RS 056
mmol). ThevosueganikirarwaswdisuntedSCremntistitred for A8 maTrtedeetpluritiairefwas then
cooled to Os&%amzﬂqwgetmgm{&%&@ 08 % aﬂéﬂmk)fmagggg RapiQnYise dlegFeaction
ow

mixture was slowly waimed to room temperature and stirred for 1 h. A saturated aqueous solution of

sodium bicarbondyféSWﬁ% Aekpskimatie ProtRePvadesarsaciiticdrirsHimatraAes e ¥8mbined

organic l?yﬁ@gmiéa dﬂﬁlq %Msmpbaﬁ%%m ?@fbﬂﬂ@@uﬁﬁ@tﬁ@llﬂ &flﬁf'@@tﬁ)lﬁkgﬂi%%tﬁc?ﬂan\ﬁatﬁ%wo'ﬁbe prlzgiu?
was purified by silica gel chromatography (0-5 %.methanol/CH2C12) to afford 0.07 g (40 % yield) o
the desire&WSH’U&P\P?‘FFH’HR%%@WT—C}EYSCSHtf’f%‘)‘%ﬁ"%‘%”(%%}“f VIBS7STILE 4 WS B9t 8,27 (d, =
5.6 Hz, 1HJ1a8htR (dusk AiGzssldd )i gh®battddzsh. Brizy d biiar dfehtdse @Mt fdd), 7.55 (t, J= 7.6 Hz,
1H), 7.44 (d, J=8,0 1H), 7,25-7.15 2H), 4.26-4.18 (m, 3H),.2.94-2.72 2H), 2.34-2.18 (m,
WO 200011 510640 BT 8@1}8%%5%’6%&%3,“5‘)?’52%&°§f3‘i)",°£’. %9§%}%p(”n@ns,c f—b[fvé%iﬂ}[.é%é(m, 1H),
1.85-1.70 (PhatbiycE@ Mg centableddlinselveiy)rBad g (0 sfvinep ISQ HENM B Bnegmp ouifd
1162compapy 28 ReaSnis At GRS GRS AR NidED IRty lmagNoline, 65 C; (o)
(S)-5,6,7,8- tetrahydroquinolin-8-amine, Na(OAc)3BH, it; (c) bis-1-(N-tert-butoxycarbony1)-4-
oxobutylcaPBEplageNag DA ®3 PyHnat tediiasroseetc e Ry tepib ygpther@nbodiment
bromopropyliRiReiagined-carbaxsyiate Jirthylamngstefiuxdmasetnitdier (-titknspaertisacid,
ambient temp. EXAMPLE 4: Preparation of compound 1128 of Scheme 3. Step a: Preparation of
9-(2-morpHBANE B8 EHRAT SIMSARISTS - RS2 -carbaldehyde: 4.00 mmol of cesium carbonate
was added to thelsalytion¢ nliddiineat, ofaartaeline atdehydisingd onl MkidtcnStimngd-hour at
room temperature 3.00. mmol of N(chloroacet orpholine was added to the reaction mixture. The
bl e St S R D e ot T S e
filtered off, Afidovasisedmwitis wabediamahtd riednPhengrodimnwispuré)enosagiactiseldr e next step
(75% Yield) SR M 196 (LSRN 336 10,000, 1HNMR (400 Mz, CDC13): 5 10.21
(s, 1H), 8.66 (d, 1H, J= 4.8 Hz), 8.20 (d, 1H, J=4.4' Hz), 8.17 (d, 1H, 6.8 Hz), 7.64 (dt, 1H, J=1.2, 7.2
Hz), 7.38 (g, 2H, Jeanepel gubpdinaiy)a 319hqd Drythg-traammant of preyenien ok of SfieeB 61 (t, 2H,
J= 4.8 Hz) ssighbo Pranaiaiianolitelsl e helioadihi£hoiéh /-8dlbahy deasinelnémg
ylamino)methyl)-9H-pyrido[3,4-Mindol-9-yDethanone. 1.5 mmol of 9-(2-morpholino-2-
oxoethyl)-SHIBWHRI AR MR Re FRapRUlYetiiad P D gFYeeds 7,8- tetrahydroquinolin-8-amine,
and 3.00 mmol of\sgdiusn dtideatoxybaro bystkcke mabin dichieronigtbasepiene siitr€ékiOR2 hours at

room temperature, then reaction w uenched wj tur sodium higarhonate solution. Organic
ayer was GHO GO A BT S I B oLt et Sos was purfiod wih
column ch(dﬁ%b@ta@hm@o@gﬁdtﬂ@mmethmr%ﬁnéﬂﬁaﬂdtNH@Ebhﬁ@d]sﬁ@aﬂe)gsdﬁéﬂt siBreh (85%
yeld). EST S e ik iapen) 30,2 190 N IME (B0 ML GPCIaK B8 38 d. 11
3=4.8 Hz), 8.36 (d, 1H, J="1.6 Hz), 8.12 (d, 1H, J= 7.6 Hz), 7.92 (d, 1H, J= 5.6 Hz), 7.55 (dt, 1H, J=
1.2, 8.0 HAXmapeinaignl=i wimely vubgreperapsfaraqd 2ype Baligoipr, @ighela) s (d, 1H, J18.0
H2). 574 (AridinBoAd s 8 fhofbbe IF SRR e IR 4CUM A QH R AR Gidkbe)= 5.6 Ho),

3.82-3.76 (m, 1H), -3.60 %m 6H), 3.55-3.50 (m, 1HI) 2.78 (t, 214, J= 6.4 Hz), 2.18-2.08 (m, 1H),
1.96-1.66 Lg‘jﬂc_:h, et al. (1998) Immimology. 98(1): 36- 41). Unlike with endothelial cells, CXCR4 i3

the only chemokine receptor expressed on epithelial cells. The receptor may have a functional
role in epithelial pathology. Whether CXCR4 participates in inflammatory responses remains
unclear, CXCR4 expressed on the epithelium may facilitate the recruitment of phagocytic

cells to sites of inflammation by direct effects on epithelial cells. CXCR4 may also have other
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Step c: Preparation of (S)-4-(((9-(2-morpholino-2-oxoethyl)-9H-pyrido[3,4-Mindol-1-
yOmethy1)(5,6,7,8-tetrahydroquinolin-8-y1)-(4-(Bis-N-tertbutoxycarbonyl)amino) butylcarbamate. 1.00
mmot of (5)~l¢¥nareheliRge-2-(14(5,6,7,8-tetrahydroquinolin-8- ~ POT/US2009/038805
ylamino)methy1)9H-pyrido[3,4-Mindol-9-yflethanone, 1.00 mmol of

g(i)S-ll-(N;ednﬁ m&@whl ?mﬂyﬁiﬂtﬁ%ﬁ%gﬁﬂ@%bﬁm%%r%ﬂi&@dﬂm@h @fd&ﬁ%‘lﬂ{g @fiacetoxyborohydrr]idg in
ml 1,2-dichloroethane we irred at room temperature for urs. The reaction was quenche
with saturalSa8¥H; HF%&rtSi?ﬁ‘Z%&&ﬁﬁkﬁ."ﬁ?B&%ﬁ) ef?%ﬁsvsgt R eER GRE ﬁTr%CBE?If%{te, filtered
off, and evalporatad Fhedesirddepsosuctwas quirified title eplthreliuchrdmadograghy. (E99g)
dichloromethane:meth :NH (9:1:0.1) in 50%dichloromethane (95% yield). ESIIMS: m/z (rd |
intensity) %‘Jf.’?‘&ﬁflg)(’a{?’ [%l%ﬁ%]ﬁéaﬁ'MR (400 MHz, CDC13): 6 8.29 (d, 1H, J= 5.2 Hz), 8.21 (d, 1H, J=
4.4 Hz), 8.09 (d, IiHadittipre tHe nTeBdo(dis titeded #h Sokfh)dz S6tting-kndmal @b8GsHz), 7.30-7.23 (m,
3H), 7.17 (g, 6148 A7) a8 8RB Hln sl il B3-S 23U nebith Tk E%Qyo%&%% 2H), 4.13 (q,
1H, J= 6.8'Hz), 3.97 (d, 1H, J= 12.8 Hz), 3.89 (d, 1H, J=14.4 Hz), 3.81-3.77 (m, 1H), 3.67-3.56 (m,
134 4H), Fdb-3ugsienass Thepwegionmyl/orstem e8lmayry Brpgsiedandmsetm eig-2.31 (m,
gH), 2-19-%%%@1%&& ((Ilii 83&&@%%)3@2&&&%(@%5&%&1&%&s%fﬁ &3 GrsmBbhlizvtep d:
reparation o -2-(1-(((4-aminobutyl)(5,6,7,8-tetrahydroguinolin-8- i X
ylamino)mSE SRS AERAS, A G 1 1§R419R & SHERIFSSMRANGS 6 SEHHIRS FBITE)-4-
4(9-(2-morphptiee-2r pxeiriiyt)-tbqyrid afd, AdplindelkntQmasyd) ¢5(6:iTy8-in white blood cell

tetrahydroquinatin-8-y1)-(4-(Bis-N-tertbutoxycarbonyl)ami tylegrbamate was dissalved in 2 ml of
dichIorom(gtwa?;r%}e5 g%X ré’ét“é i uéepﬁpg : r%lgflﬂﬁ%rco%‘f:e ic 3% tgerV fhie'¥e2 %léencevrggogﬁ(rarsed at room
temperaturésgp2:hbengrit Ma&mlé&@@tmmsidémﬁ tarmetheds oé qffatt@‘rvmhewicmm 1-1 solution
carefully. T miduiENRSs Wallieg pempinismbrialite . The GrualikRiek1Assaparated dried

over magnesium sulfate, filtered off, and evaporated. The desired product was purified with column
chromatography dSingeetentadsrhbthiaineriétn arol eraoHooe 0.9 RsE pheissietrértiptensity) 527.2
(100, [M+HRekiA MR 400 W ZipeidebR)sudh 3t fehitduals mdebioind drdfbildrhpdT4dhtita), 8.11 (d,
1H, J= 8.0 Hz), 7.89 (d, 1H, J= 4.8 Hz), 7.57 (dt, 1H, J= 1.2, 8.0 Hz), 7.31-7.25 (m, 3H), 7.18 (d, 1H,
19.6 Hz), 670, PRRIFEOW RSN 06 27g PY™ HED S, PERPPYARS LI $5R59R, J= 9.6 Hz),
3.97 (d, 1HytHer 32:8 thizhpy. 89(dodttdosterdid. udizyy Bof dihihAtlon)ar 3 ti0rtdrdnday 0s3d5h (m, 3H),
3.45-3.40 (M, 1H), 3.35-3.30.(m, 1H),.2.82-2.76 (m, 1H), 2.68-2.59 (m, 2H), 2.42-2.32 (m, 2H),
221517 (I ST G R B R A TR e (I 8t G, Elemental
Analysis (Git)p SR htd38dN 1 802u0ds@providi20icCaloulatedalGiE BOERASH B3Pt dunction or
67.65/7.12/ XA oD, ion of ] 62 of. ; ration of
oo e USRI T SR LR, . IR ot
blindol-1-y &ty yk eliprs. titeh ey deipindsinl8oypeikid ofphs gyppiperdbindarzetbsgadtc. 1.00 mmol
of spectrum of conditions for which elevation of progenitor cells and/or stem cells in a subject
S)-1-morpholino-2-(1-((5,6,7,8-tetrah droqu_lnolln-8-ylam|no)methy1)9Hpyrldo%4-M|ndol-9-y1)ethanon
e, 1.2 mmat EH. BP0 B OMNPITRRLS REIRFSK 1 488 5 it SethFbR Rt Mmine in 10
ml acetonitgitenwenahesirdiniseoufoboversighil. Thadgactipmyvasikedlgdioinoomdempeatature and
poured to saturated sodium bicac{l?.onat sol t.ion.d he @i%(ture was ext lteddwwlf' eth%/[l acetate.
Organic layar A BHAA B ARSI SRS et ST S A e B AR eict was purifed
with columwickhomaiddraptiy fusinglciehtorofiseth avietertétodrneliNGl@H (9:1:0.1) (46.88% yield). ESI
MS: ni/z (rel intensgity) 682.4 (1( +H)).. 1H- 4 ). 32:(d, . =4 4 Hz),
8.12 (d, 1H, J= 7. 115% .é’i"%g%*é%fﬁé&%&g%%&(ﬁ‘gfﬁﬁ@g%%ﬁf%%%“ fggﬂ%?%éf%%lm Hz),
7.32-7.27 (FiISeNtigeihtaratbpoigtcpmy doiixe s 6 Phiprepenge Al P #4Riion BB $a2 B, 4.14 (t, 1H, J=
8.8 Hz), 4.Q1u{chcliy I ibifketHgh 1 %31 0inladp R4Lr57) <3184y Forhillp ubid) o BARRLQAR, 4H),
3.08-2.96 (M, 2H), 788.0.58 (m, 4H), 2.41-2.32 (m, 2H), 2.11- 2.02 (m, 2H), 1.90-1.81 (M, 2H),
1.75-1.59 Ggﬁlgqlwgﬂ_fgbe@ngﬂs,. %ébqw%& Hgpe units, granulocytemacrophage); CFU-
(S)-1-morphehinnt 2c0ra3-(FiRpiaainl YRRy D 0; BBU-E (burst-forming units, erythroid);

tetrahydroquinolin:8-yDamin g%%eth I%'%H- yrido[3,4-plindol-9-yDethanone. 0.50mmol of (S)-tert-butyl
4-(3-(((9-(2 %—ré%(g‘iglg% ngg ﬁ)\}é _begﬁ?é%f@?} s 152 ceﬁs ; or other fypes ofrgzrﬂgrcntlgte?d
yDmethyl)(&bii8-tetiahyehdguibeined iy Ddrminoyorg ylpip eraricds1 “Sanndxylaterevgssdissolved in 2 mi
of dichloromgihane. anddfeateyith, & Lot nflysroneelicadid, Afler s reagionguapsimed at
ambient temperature for 2 hou twas coollé'd td OC with ice bath and thén neltralized with | M NaOH
solution carefully. Let the mixture warmed up tggeom temperature: The organic layer was separated,
dried over magnesium sulfate, filtered off, and evaporated. The desired product was purified with
column chromatography using dichloromethane:methanol:NH4OH (9:1:0.1). ESL MS: raiz (rd |
intensity) 582.3 (100, [M+Hf). '"H-NMR (400 MHz, CDC13): 6 8.31 (d, 1H, J= 5.6 Hz), 8.28 (d, 1H, J =
4.8 Hz), 8.11 (d, 1H, = 9.2 Hz), 7.89 (d, 1H, J=5.2 Hz), 7.57 (t, 1H, J = 6.8 Hz), 7.32-7.25 (m, 5H),
6.94 (dt, 1H, J = 2.8, 4.8 Hz), 5.67 (d, 1H, 1= 16.4 Hz), 4.37 (s, 2H), 4.14 (t, 1H, 1= 9.2 Hz), 4.05 (d,
1IH 1=1AQH>) 202 /(d 1H 1=149Q H>) 2982276 (mM 1HY Q729247 (m AH) 2 AE.2 20 (m 1H)



2H), 6.51-6.49 (m, 1H), 4.26-4.20 (m, 2H), 3.96 (d, J= 13.2 Hz, 1H), 3.60 (d,/ = 13.2 Hz, 1H), 2.92-2.72
(m, 3H), 2.65-2.55 (M, 2H), 2.50-2.40 (M, 1H), 2.29-2.20 (m, 1H), 2.14-2.04 (m, 1H), 1.95-1.68 (m,

2H), 1.47-1.4% Gthodbihsd -39 (s, 9H); ESI+ MS: m/z (rd | intensity) 449.2 g&0yiMudiizsstep b:

Preparation of1V1-(OH-indol1-7-yOmethyl)-NI-(5,6,7,8-tetrahydroquinolin-8- yObutane-1,4-diamine (B).

A solution géder E‘tbﬂi}tbﬂ#(dé]ﬁéﬂﬁﬁiﬁilﬂtﬂ@mmﬂ)(MVGB In genera,l CD34+ cells are present

tetrahydro noI| 4 m|n bamate 6, (0. in methanol (5 mL) was treated
yinolin.6-34)amin )ty 0278 Be0mma

with thionyf'c Iorléi’t‘év i}n room rr%%l}% 5?(3%{' u |ng Rixture was stirred for 30 min. The

reaction mixture Wasdhepocodcehthatedanddney wrderinedacddd STepabsurgtal sfitnd0.26 g (87 %

yeld) of he SIS RARC. S NG (AORIHB, o DHEM B BT (oS BB AR(T J= 4.2 He

1H), 7.59 1.2 Hz 48-7.40 (m, 1H), 7.35-7.20 (m, 2H), 6.98 (t, J=
6.8 Hz, 1HycBvadngredionty thaoare Ahpaigantioniy @f@@tetsvaa(%r 1 3su e 30WIO e Y 1801, 60 (m,

4H), 2.50- %égaqrgx% 2R Ao ALY, E@e’vﬁguﬂﬁ"ﬁ(&g |aﬁ%@§'&¥)g341ﬂl%é}@0 [M+HT).
SCHEMES EXAMPLE 7: Preparatlon Off (g indol-7-yOmethyl)-N- met I-5,6,7,8-

tetrahydrodRArSRRaESHAeRY imulating dag W#eﬁlﬁf"é‘b&& Ery ‘Z‘é"ﬁ %(%%?Tmol) in
1,2- d|chIorgg&h@@@l(.’gqmls))VY&XU&@@Q@MWMHWR@&%MH&W%@@E@W 5,(0.60 g,

3.70 mmol), sodium triacetoxyborohydride 1 07 ah Ei ot) and a ca%all)gl%lamount %acetlc acid (2
drops). Th@%@ﬂttﬁ’i%éf f& %aélw %‘3%“6%][%“ &?51(5]?8?’?%0 herEactioR mixture was cooled
to room teriipe fatedeidmd ﬁas%mpﬁeddaqﬁéwsmh;ﬂmma}f k;@ddmmnbi@m@@naimwascamﬂbd The product
g e I S R

carbonate, filtered and concen rate In vacuo. The product was purifi ilica gel chromatography
(0-5 % methaibisiiCH 2 Ca2inee hetforce olsty (76- T ety ot tiedessive BIRTEESH PSR (800 MHz,
CDC13) 8 1.2,69.(hs, 1H), 8.61 (d, J = 4.4 Hz, 1H), 7.85-7.81 (m, 1H), 7.68-7.65 (m, 1H), 7.59 (d, 1"
7.2 Hz, 1H), 7.44-7.38 (m, 2H), 7.12 (dd, J = 4.4, 7.2 Hz, 1H), 7.03-6.96 (m, 2H), 6.55 (t, J= 2.0 Hz,
1H), 4.22-4.17 (i HppjndimofS BE= i@&ﬁ?%ﬁiﬁﬁ@%ﬁ eenatephqaisdishesediogenesists 4 iz 1),
3.42 (1, J= Gufb %ol HoNis A D8-3-dn (901 2 e 2845 88H)3 213 220000 r ) a RoQ% L 18k bl H),

R e e Y e
proceduresdirsafibesh ey cfal eXanmple: by Buhstitisting Aeopfropradel 90dstikded1.
tetrany QrOq QS IOk LMRABS OW&O%ZPPg’ 1}% il 5 43&?3%@%@%?}%%%%" IBLE,& General
preparation or compounds of Formulae an n’lpoun can have the
following gé&¥eretl dtriliMNavesv{tBlpand. G831 (1999)) and Arthritis (Naniciet al. J Immunol. 164,
5010-5014 (2000)).
In one particular embodiment, a method of preventing metastasis of a malignant celi
is provided that includes contacting the cells with a compound of Formula [-V, or a
pharmaceutically acceptabie salt, ester or prodrug thereof. In a separate embodiment, a
method of ireating proliferative disorders by administering a compound of Formulas (I)-(V)
to a host in need of treatment is provided.
In another embodiment, the invention provides a method of reducing
neovascularization, particularly VEGF-dependent neocascularization, by contacting a cell
with a compound of Formula (1)-(V). The cell can be in a host animal.
In a separatc embodiment, a method for treating diseases of vasculature, inflammatory and
degenerative diseases is provided including administering a compound of Formula (I)- (V) to
a host. In one embodiment, a compound of Formula (I)-(V) is used to stimulate the
production and proliferation of stem cells and progenitor cells.
The compounds can prevent or reduce the severity of diseases associated with

CXCR4 acitivity, and in particular of proliferative discases in any host. However, typically
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wherein R1, R2, Rs, Ro, LI, L2, X, Y, Q, A, and B are as defined herein. Specific embodiments of the
compounds of Formula (IB) and (IC) are shown in Table 2, below. For each of the compounds of Table

2, Qis N. TAR}LER ey -1to pound 12-Y  risc.NH2 H CH3 X rg--......-periNERomnddstzH3 Y __

the host is a mammal and more typically is a human. In certain subembodiments the host has
been diagnosed with a hyperproliferative disorder prior to administration of the compound,
however in other embodiments, the host is merely considered at risk of suffering from such a
disorder.

Host, including humans suffering from, or at risk for, a proliferative disorder can be
treated by administering an effective amount of a pharmaceutical composition of the active
compound.

Abnormal cellular proliferation, notably hyperproliferation, can occur as a resultof a
wide variety oJ factors, including genetic mutation, infection, exposure to toxins,
autoimmune disorders, and benign or malignant tumor induction.

There are a number of skin disorders associated with cellular hyperproliferation.
Psoriasis, for example, is a benign disease of human skin generally characterized by plaques
covered by thickened scales. The disease is caused by increased proliferation of epidermal
cells of unknown cause. In normal skin the time required for a cell to move from the basal
layer to the upper granular layer 1s about five weeks. In psoriasis, this time is only 6 to 9
days, partially due to an increase in the number of proliferating cells and an increase in the
proportion of cells which are dividing (G. Grove, mt. J. Dermatol. 18:111, 1979). Chronic
eczema is also associated with significant hyperproliferation of the epidermis. Other diseases
caused by hyperprolifcration of skin cells include atopic dermatitis, lichen planus, warts,
pemphigus vulgaris, actinic keratosis, basal cell carcinoma and squamous cell carcinoma.

Other hyperproliferative cell disorders include blood vessel proliferation disorders,
fibrotic disorders, autoimmune disorders, graft- versus-host rejection, tumors and cancers.
Blood vessel proliferative disorders include angiogenic and vasculogenic disorders.
Proliferation of smooth muscle cells in the course of development of plaques in vascular
tissue cause, for example, restenosis, retinopathies and atherosclerosis. The advanced lesions
of atherosclerosis result from an excessive inflammatory-proliferative response to an msult to
the endothelium and smooth muscle of the artery wall {Ross, R. Nature, 1993, 362:801 -809)
Both cell migration and cell proliferation play a role in the formation of atherosclerotic
lesions.

Fibrotic disorders are often due to the abnormal formation of an extracellular matrix.
Examples of fibrotic disorders include hepatic cirrhosis and mesangial proliferative cell
disorders. Hepatic cirrhosis is characterized by the increase in extracellular matrix
constituents resuliing in the formation of a hepatic scar. Hepatic cirrhosis can cause discases

such as cirrhosis of the liver. An increased ext'raceliular matrix resulting in a hepatic scar can
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also be caused by viral infection such as hepatitis. Lipocytes appear to play a major role in
hepatic cirrhosis.

Mesangial disorders are brought about by abnormal proliferation of msangial cells.
Mesangial hyperproliferative cell disorders include various human renal discases, such as
glomerulonephritis, diabetic nephropathy, malignant nephrosclerosis, thrombotic micro-
angiopathy syndromes, transplant rejection, and glomerulopathies.

Another discase with a proliferative component is rheumatoid arthritis. Rheumatoid
arthritis is generally considered an autoimmune disease that is thought to be associated with
activity of autoreactive T cells (See, e. g., Harris, B. D, Jr.(1990) The New England Journal
of Medicine, 322:1277-1289), and to be caused by autoantibodies produced against collagen
and IgE.

Other disorders that can include an abnormal cellular proliferative component include
Behcet's syndrome, acute respiratory distress syndrome (ARDS), ischemic heart disease,
post-dialysis syndrome, leukemia, acquired immune deficiency syndrome, vascuhtis, lipid
histiocytosis, septic shock and inflammation in general.

Examples of proliferative disorders which can be the primary tumor that is treated, or
which can be the site from which metastasis is inhibited or reduced, include but are not
limited to neoplasms located in the: colon, abdomen, bone, breast, digestive system, liver,
pancreas, peritoncum, endocrine glands (adrenal, parathyroid, pituitary, testicles, ovary,
thymus, thyroid), eye, head and neck, nervous (central and peripheral), lymphatic system,
pelvis, skin, soft tissue, spleen, thorax, and urogenital tract.

Specific types of diseases include Acute Childhood Lymphoblastic Leukemia; Acute
Lymphoblastic Leukemia, Acute Lymphocytic Leukemia, Acute Myeloid Leukemia,
Adrenocortical Carcinoma, Adult (Primary) Hepatocellular Cancer, Adult (Primary) Liver
Cancer, Adult Acute Lymphocytic Leukemia, Adult Acute Myeloid Leukemia, Adult
Hodgkin's Discase, Adult Hodgkin's Lymphorria, Adult Lymphocytic Leukemia, Adult Non-
Hodgkin's Lymphoma, Adult Primary Liver Cancer, Adult Soft Tissue Sarcoma, AIDS-
Related Lymphorria, AIDS-Related Malignancies, Anal Cancer, Astrocytoma, Bile Duct
Cancer, Bladder Cancer, Bone Cancer, Brain Stem Glioma, Brain Tumors, Breast Cancer,
Cancer of the Renal Pelvis and Ureter, Central Nervous System (Pri.mary) Lymphoma,
Central Nervous System Lymphorria, Cerebellar Astrocytoma, Cerebral Astrocytoma,
Cervical Cancer, Childhood (Primary) Hepatocelular Cancer, Childhood (Primary) Liver
Cancer, Childhood Acute Lymphoblastic Leukemia, Childhood Acute Myeloid Leukemia,
Childhood Brain Stem Glioma, Childhood Cerebellar Astrocytoma, Childhood Cerebral
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Astrocytoma, Childhood Extracranial Germ Cell Tumors, Childhood Hodgkin's Disease,
Childhood Hodgkin's Lymphoma, Childhood Hypothalanic and Visual Pathway Glioma,
Childhood Lymphoblastic Leukemia, Childhood Medulloblastoma, Childhood Non-
Hodgkin's Lymphorha, Childhood Pincal and Supratentorial Primitive Neuroectodermal
Tumors, Childhood Prima’ry Liver Cancer, Childhood Rhabdomyosarcoma, Childhood Soft
Tissue Sarcoma, Childhood Visual Pathway and Hypothalamic Glioma, Chronic
Lymphocytic Leukemia, Chronic Myelogenous Leukemia, Colon Cancer, Cutaneous T-Cell
Lymphoma, Endocrine Pancreas Islet Cell Carcinoma. Endometrial Cancer, Ependymoma,
Epithelial Cancei, Esophageal Cancer, Ewing's Sarcoma and Related Tumors, Exocrine
Pancreatic Cancer, Extraeranial Germ Cell Tumor, Extragonadal Germ Cell Tumor,
Extrahepatie Bile Duct Cancer, Eye Cancer, Female Breast Cancer, Gaucher's Disease,
Gallbladder Cancer, Gastric Cancer, Gastrointestinal Carcinoid Tumeor, Gastrointestinal
Tumors, Germ Cell Tumors, Gestational Trophoblastic Tumor, Hairy Cell Leukemia, Head
and Neck Cancer, Hepatocellular Cancer, Hodgkin's Disease, Hodgkin's Lymphoma,
Hypergammaglobulinemia, Hypophaiyngeal Cancer, Intestinal Cancers, Intraocular
Melanoma, Islet Cell Carcinoma, Islet Cell Pancreatic Cancer, Kaposi's Sarcoma, Kidney
Cancer, Laryngeal Cancer, Lip and Oral Cavity Cancer, Liver Cander, Lung Cancer, Lympho
proliferative Disorders, Macroglobulinemia, Male Breast Cancer, Malignant Mesothelioma,
Malignant Thymoma, Mecdulloblastomia, Melanoma, Mesothelioma, Mectastatie Occult
Primary Squamous Neck Cancer, Metastatic Primary Squamous Neck Cancer, Metastatic
Squamous Neck Cancer, Multiple Myeloma, Multiple Mycloma/Plasma Cell Neoplasm,
Myelodysplastic Syndrome, Myelogenous Leukemia, Myeloid Leukemia, Myeloproliferative
Disorders, Nasal Cavity and Paranasal Sinus Cancer, Nasopharyrigeal Cancer,
Neuroblastorna, Non- Hodgkin's Lymphema During Pregnancy, Nonmelanoma Skin Cancer,
Non-Small Cell Lung Cancer, Occult Primary Metastatic Squamous Neck Cancer,
Oropharyngeal Cancer, OsteolMalignant Fibrous Sarcoma, OsteosarcomalMalignant Fibrous
Histiocytoma, OsteosarcomalMaligriant Fibrous Histiocytoma of Bone, Ovarian Epithelitj
Cancer, Ovarian Germ Cell Tumor, Ovarian Low Malignant Potential Tumor, Pancreatic
Cancer, Paraproteinemias, Purpura, Parathyroid, Cancer, Penile Cancer, Pheochromdcytoma,
Pituitary Tumor, Plasma Cell Neoplasm/Multiple Myeloma, Primary Central Nervous System
Lymphoma, Primary Liver Cancer, Prostate Cancer, Rectal Cancer, Renal Cell Cancer, Renal
Pelvis and Ureter Cancer, Retinoblastoma, Rhabdomyosarcoma, Salivary Gland Cancer,
Sarcoidosis Sarcomas, Sezary Syndrome, Skin Cancer, Smal! Cell Lung Cancer, Smali

Intestine Cancer, Soft Tissue Sarcoma, Squamous Neck Cancer, Stomach Cancer,
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Supratentorial Primitive Neuroectodermal and Pineal Tumors, T- Cell Lymphoma, Testicular
Cancer, Thymoma, Thyroid Cancer, Transitional Cell Cancer of the Renal Pelvis and Ureter,
Transitional Renal Pelvis and Ureter Cancer, Trophoblastic Tumors, Ureter and Renal Pelvis
Cell Cancer, Urethial Cancer, Uterine Cancer, Uterine Sarcoma, Vaginal Canc er, Visual
Pathway and Hypothalamic Glioma, Vulvar Cancer, Waldenstroin's Macroglobulinemia,
Wilm's Tumor, and any other hyperproliferative disease located in an organ system listed
above.

Hyperplastic disorders include, but are not limited to, angiofollicular mediastinal
Iymph node hyperplasia, angiolymphoid hyperplasia with cosinophilia, atypical melanocytic
hyperplasia, basa! cell hyperplasia, benign giant lymph node hyperplasia, cementum
hyperplasia, congenital adrenal hyperplasia, congenital sebaceous hyperplasia, cystic
hyperplasia, cystic hyperplasia of the breast, denture hyperplasia, ductal hyperplasia,
endometrial hyperplasia, fibromuscular hyperplasia, foca epithelial hyperplasia, gingival
hyperplasia, inflammatory fibrous hyperplasia, inflammatory papitlary hyperplasia,
intravascular papillary endothelial hyperplasia, nodular hyperplasia of prostate, nodular
regenerative hyperplasia, pseudoepitheliomatous hyperplasia, senile sebaceous hyperplasia,
and verrucous hyperplasia; leukemia (including acute leukemia (e.g., acute lymphocytic
leukemia, acute myelocytic leukemia (including myeloblastic, promyelocytic,
mylomonocytic, monocytic, and crythroleukemia)) and chronic leukemia (e.g., chronic
myelocytic (granulocytic) leukemia and chronic lymphocytic leukemia)), polycythemia vera,
lymphornas (e.g., Hodgkin's disease and non-Hodgkin's disease), multiple myeloma,
Waldenstrom's macroglobulinemia, heavy chain disease, and solid tumors including, but not
Hmited to, Sarcomas and, carcinomas such as fibrosarcoma, myxosarcoma, fiposarcoma,
chondrosarcoma, osteogenic sarcoma, chordoma, anglosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's
tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast
cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcindma, sweat gland carcinoma, scbaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
seminoma, embryonal carcinoma, Wilm's tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma,

astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
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emangioblastoma, acoustic neuroma, oligodendrogliomia, menangioma, melanoma,
neuroblastoma, and retinoblastoma.

In a separate embodiment, a method for the treatment of, prevention of, or reduced
severity of, age-related macular degeneration (ARMD) and other pathogenic states involving
macular retinal pigment epithelial (RPE) cells including administering at least one compound
described herein is provided.

CXCR4 plays a crucial role in ocular diseases involving the retina such as age-related
macular degencration (ARMD), The retinal pigment cpithelium has a major role in the
physiological renewal of photoreceptor outer segments in the provision of a transport and
storage system or nutrients essential to the photoreceptor layer. The retinal pigment epithehial
(RPE) cells predominantly express CXCR4 receptors. (Crane, et al. (2000) J. Immunol. 165:
4372-4278). CXCR4 receptor expression on human retinal pigment epithelial cells from the
blood-retina barrier leads to chemokine secretion and migration in response to stromal cell-
derived factor 1 a, J. linmunol.. 200; 165: 4372-4278). The level of CXCR4 mRNA
expression increases upon stimulation with IL-1 3 or TNFa (Dwinell, et al. (1999}
Gastroenterology. 117: 359-367). RPE cells also migrated in response to SDF-1 a indicating
that SDF-1a/CXCR4 interactions may modulate the affects of chronic inflammation and
subretinal neovascularization at the RPE site of the blood-retina barrier. (Crane 1J, Wallace
CA, McKillop-Smith S, Forrester N. CXCR4 receptor expression on human retinal pigment
epithelial cells from the blood-retina barrier leads to chemokine secretion and migration in
response to stromal cellderived factor 1 a J. lmmunol.. 200; 165: 43 72-4278).

Age-related macular degeneration is characterized by both primary and secondary
damage of macular RPE cells. Early stages of ARMD are characterized by macular drusen,
and irregular proliferation and atrophy of the RPE. The late stages of ARMD present with
geographic RPE atrophy, RPE detachment and rupture, choroidal neovascularaization and
fibrovascular disciform scarring. Common first symptoms include metamorphopisia and/or
general central vision loss resulting in reading disability and difficulties in detecting faces.
Late stages of ARMD cause central scomota, which is extremely disabling if occurrence is
bilateral (Bressler and Bressler (1995) Ophthalmology. 1995; 102: 1206-1211).

The compounds, or pharmaceutically acceptable salts, solvates, prodrugs, or esters
thereof of the present invention described herein can be used to treat or prevent cancer, in
particular the spread of cancer within an organism. Cancer is a general term for diseases in
which abnormal cells divide without control. Cancer cells can invade nearby tissues and can

spread through the bloodstream and lymphatic system to other parks of the body. It has been
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discovered that the administration of a chemokine receptor antagonist to a host, for example a
mammal, inhibits or reduces the metastasis of tumor cells, in particular breast cancer and
prostate cancer.

There are several main types of cancer, and the disclosed compounds or compositions
can be used to treat any type of cancer. For example, carcinoma is cancer that begins in the
skin or in tissues that line or cover internal organs. Sarcoma 1s cancer that begins in bone,
cartilage, fat, muscle, blood vessels, or other connective or supportive tissue.

Leukemia is cancer that starts in blood-forming tissue such as the bone marrow, and
causes large numbers of abnormal blood cells to be produced and enter the blocdstream.
Lymphoma is cancer that begins in the cells of the immune system.

When normal cells lose their ability to behave as a specified, controlled and
coordinated unit, a tumor is formed. A solid tumor is an abnormal mass of tissue that usually
does not contain cysts or liquid areas. A single tumor may even have different populations of
cells within it with differing processes that have gone awry. Solid tumors may be benign (not
cancerous), or malignant (cancerous). Different types of solid tumors are named for the type
of cells that form them. Examples of solid tumors are sarcomas, carcinomas, and lymphomas.
Leukemias (cancers of the blood) generally do not form solid tumors. The compositions
described herein can be used to reduce, inhibit, or diminish the proliferation of tumor cells,
and thereby assist in reducing the size of a tumor.

Representative cancers that may treated with the disclosed compositions and methods
include, but are not limited to, bladder cancer, breast cancer, colorectal cancer, endometrial
cancer, head & neck cancer, leukemia, lung cancer, lymphoma, melanoma, non-small-cell
lung cancer, ovarian cancer, prostate cancer, testicular cancer, uterine cancer, cervical cancer,
thyroid cancer, gastric cancer, brain stem glioma, cercbellar astrocytoma, cerebral
astrocytoma, ependymoma, Ewing's sarcoma family of tumors, germ cell tumor, extracranial
cancer, Hodgkin's discase, leukemia, acute lymphoblastic leukemia, acute myeloid leukemia,
liver cancer, medulloblastoma, neuroblastoma, brain tumors generally, non-Hodgkin's
lymphoma, ostessarcoma, malignant fibrous histiocytoma of bone, retinoblastoma,
rhabdomyosarcoma, soft tissue sarcomas generally, supratentorial primitive neuroectodermal
and pineal tumors, visual pathway and hypothalamic glioma, Wilms' tumor, acute
lymphocytic leukemia, adult acute myeloid leukemia, adult non-Hodgkin's lymphoma,
chronic lymphocytic leukemia, chronic myeloid leukemia, esophageal cancer, hatry cell
leukemia, kidney cancer, multiple myeloma, oral cancer, pancreatic cancer, primary central

nervous system lymphoma, skin cancer, small-cell lung cancer, among others.
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A tumor can be classified as malignant or benign. In both cases, there is an abnormal
aggregation and proliferation of cells. In the case of a malignant tumor, these cells behave
more aggressively, acquiring properties of increased invasiveness.

Ultimately, the tumor cells may even gain the ability to break away from the
microscopic environment in which they originated, spread to another area of the body (with a
very different environment, not normally conducive to their growth) and continue their rapid
growth and division in this new location. This is called metastasis. Once malignant cells have
metastasized, achieving cure 18 more difficult.

Benign tumors have less of a tendency to invade and are less likely to metastasize,
They do divide in an uncontrolied manner, though. Depending on their location, they can be
just as life threatening as malignant lesions. An example of this would be a benign tumor in
the brain, which can grow and occupy space within the skull, leading to increased pressure on
the brain. The compositions provided herein can be used to treat benign or malignant tumors,

In certain embodiments, the compounds described herein are useful for the treatment
of HIV or AIDS in a host in need thereof.

In one embodiment, a method of treating or preventing HIV infection or reduction of
symptoms associated with AIDS is provided including administering a compound of at least
one of Formula (I)-(V) to a host. In certain embodiments, the compound can be provided to a
host before treatment of infection with another compound. In a separate embodiment, the
compound is provided to a patient that has been treated for HIV infection to reduce the
likelihood of recurrence, or reduce mortality associated with AIDS related symptoms. In
another embodiment, the compound is administered to a host at high risk of suffering from
HIV infections.

Human and simian immunodeficiency viruses (HIV and SIV, respectively) enter cells
through a fusion reaction triggered by the viral envelope glycoprotein (Env) and two cellular
molecules: CD4 and a chemokine receptor, generally either CCRS or CXCRS. (Alkhatib G,
Combadiere C, Croder C, Feng Y, Kennedy PE, Murphy PM, Berger EA. CC CKR5. a
RANTES, MIP-lapha, MIP-1Beta receptor as a fusion cofactor for macrophage-tropic HIV-
1. Science. 1996; 272: 1955-1988).

In approximately 50% of infected individuals, CXCR4-tropic (X4-tropic) viruses
emerge later in HIV infection, and their appearance correlates with a more rapid CD4 decline
and a faster progression to AIDS (Connor, et al. (1997) J Exp. Med. 185: 621-628).
Dualtropic isolates that are able to use both CCRS and CXCR4 are also seen and may
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represent intermediates in the switch from CCRS to CXCR4 tropism (Doranz, et al. (1996)
Cell. 85:1149-1158).

Hosts, including humans suffering from, or at risk for, HIV infection can be treated by
administering an effective amount of the active compound or a pharmaceutically acceptable
prodrug or salt thereof in the presence of a pharmaceutically acceptable carrier or diluent.

The administration can be prophylactically for the prevention of HIV infection or
reduction of symptoms associated with ATDS. The active materials can be administered by
any appropriatc route, for example, orally, parenterally, intravenously, intradermally,
subcutancously, or topically, in liquid or solid form. However, the compounds are
particularly suited to oral delivery.

In a separate embodiment, a method for the treatment or prevention of HIV infection
or reduction of symptoms associated with AIDS by administering a compound of the present
invention, or a pharmaceutically acceptable salt, soivate, prodrug, or ester thereof to a host in
need of treatment is provided. The compounds of the invention, or a pharmaceutically
acceptable salt, solvate, prodrug, or cster thereof can be administered to a host in need thereof
to reduce the severity of AIDS related disorders. In one embodiment of the invention, the
host is a human.

In a separate embodiment, a method for the treatment of, prevention of, or reduced
severity of liver discase associated with viral infections including administering at jeast onc
compound described herein is provided.

Chronic hepatitis C virus (HCV) and hepatitis B virus (HBC) infection is
accompanied by inflammation and fibrosis eventually Ieading to cirrhosis. A study testing the
expression and function of CXCR4 on liver-infiitrating lymphocytes (LIL) revealed an
important role for the CXCL12/CXCR4 pathway in recruitment and retention of immune
cells in the liver during chronic HCV and HBV infection (Wald, et al. (2004) European
Journal of Immunology. 34(4): 1164-1174). High levels of CXCR4 and TGFp have been
detected i liver samples obtained from patients infected with FICV. (Mitra, et al. (1999) Int.
J. Oncol. 14:917-925). In vitro, TGF-B has been shown to up-regulate the expression of
CXCR4 on naive T cells and to increase their migration. The CD6Y/TGFB/CXCRA4 pathway
may be involved in the retention of recently activated lymphocytes in the liver (Wald, et al.
European Journal of Immunology. 2004, 34(4): 1164-1174).

In another embodiment, the invention provides a method of treating symptoms
associated with other infections associated with chemokine receptor activation, for example,

liver diseases associated with flavivirus or pestivirus infection, and in particular, HCV or
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HBV, by contacting a cell with a compound of the present invention, or a pharmacentically
acceptable salt, solvate, prodrug, or ester thereof. The cell can be in a host apimal, in
particular in a human,

The compounds can treat or prevent HIV infection, or reduce the severity of AIDS
related symptoms and diseases in any host. However, typically the host is a mammal and
more typically is a human. In certain embodiments the host has been diagnosed with AIDS
prior to administration of the compound, however in other embodiments, the host 1s merely

infected with HIV and asymptomatic.

An exemplary dose of the compound will be in the range from about 1 to 50 mg/kg,
preferably 1 to 20 mg/kg, of body weight per day, more generally 0.1 to about 100 mg per
kilogram body weight of the recipient per day. The effective dosage range of the
pharmaceutically acceptable salts and prodrugs can be calculated based on the weight of the
parent compound to be delivered. If the salt, ester or prodrug exhibits activity in itself, the
effective dosage can be estimated as above using the weight of the salt, ester, solvate, or
prodrug, or by other means known to those skilled in the art.

The amount and frequency of administration of the compounds of the invention
and/or the pharmaceutically acceptable salts thereof will be regulated according to the
judgment of the attending clinician considering such factors as age, condition and size of the
patient as well as the condition and/or severity of the symptoms being treated. A typical
recommended daily dosage regimen for oral administration can range from about 0.1 mg/day

to about 2000 mg/day, in one to four divided doses.

Pharmaceutical Compositions

In one embodiment, pharmaceutical compositions including at least one compound of
the present invention, or a pharmaceutically acceptable salt, solvate, prodrug, or ester thereof
is provided.

The compound of the present invention, or a pharmaceutically acceptable salt, solvate,
prodrug, or ester thereof is conveniently administered in unit any suitable dosage form,
including but not limited to one containing 7 to 3000 mg, preferably 70 to 1400 mg of active
ingredient per unit dosage form. A oral dosage of 50-1000 mg is usually convenient. Ideally
the active ingredient should be administered to achieve peak plasma concentrations of the
active compound of from about 1 pM to 100 mM or from 0.2 to 700 uM, or about 1.0 to 10
uM.
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The concentration of active compound in the drug composition will depend on
absorption, inactivation, and excretion rates of the drug as well as other factors known to
those of skill in the art. ¥t is to be noted that dosage values will also vary with the severity of
the condition to be alleviated. It is to be further understood that for any particular subject,
specific dosage regimens should be adjusted over time according to the individual need and
the professional judgment of the person administering or supervising the administration of the
compositions, and that the concentration ranges set forth herein are exemplary only and are
not intended to limit the scope or practice of the claimed composition. The active ingredient
may be administered at once, or may be divided into a number of smaller doses to be
administered at varying intervals of time.

A preferred mode of administration of the active compound is oral. Oral compositions
will generally include an inert diluent or an edible carrier. They may be enclosed in gelatin
capsules or compressed into tablets, For the purpose of oral therapeutic administration, the
active compound can be incorporated with excipients and used in the form of tablets, troches
or capsules. Pharmaceutically compatible binding agents, and/or adjuvant materials can be
included as part of the compostition.

The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a
flavoring agent such as peppermint, methyl salicylate, or orange flavoring. When the dosage
unit form is a capsule, it can contain, in addition to material of the above type, a liquid carrier
such as a fatty oil. In addition, dosage unit forms can contain various other materials which
modify the physical form of the dosage unit, for example, coatings of sugar, shellac, or other
enteric agents.

The compound can be administered as a component of an elixir, suspension, syrup,
wafer, chewing gum or the like. A syrup may contain, in addition to the active compounds,
sucrose as a sweetening agent and certain preservatives, dyes and colorings and flavors.

The compound or a pharmaceutically acceptable prodrug or salts thereof can also be
mixed with other active materials that do not impair the desired action, or with materials that
supplement the desired action, such as antibiotics, antifungals, anti-inflammatories, or
antiviral compounds, or with additional chemotherapeutic agents. Solutions or suspensions

used for parenteral, intradermal, subcutaneous, or topical application can include the
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10(6 -- 140 risr------ "NH CH; SCHEME 6 OH Ph-N=N=N Reagents and Conditions: (a) propargy!
alcohol, neat, 90 C. WO 2009/121063PCT/US2009/038805 Reagents and Conditions:

(c)Na(OAc)%H,ZS@tﬂgﬁggic acid, dichloroethane, 65 C; EXAMPLE 9: Preparation ffosssos
N-((1H-benzofdlimidazol-2-y1)methyl)-N-(4-aminobutyl)- 5,6,7,8-tetrahydroquinolin-8-amine

tetrahydroghiRpiged Yompiar:s: B repacationafthiphenyidr k- hR driiazoid yimethared 67k, Phenyl
azide (2.02 g1 17.0 mmol) was dissolved in neat propargyl alcohol (3 tnlgfand the. mixture was heated

to 90C for PR THIEIFBE &R T S a8 eB O (& YEU T (AT SV RHFE ARV 1 RRBRHkture was
diluted intoagdiatia gheithe hamg | aftave s ghiicdd mag bdnichrtiae: Japreaipitated @sha eridtadline solid to

afford 1.03 g (35%) of the desired product 7 while the mother Jiquor contained primarily the
regioisomer B AN (00Dt by g (et LRk SERBSRAT o an
7.41 (m, 1ietatB8 clatpids 10thedphaih uRl AQeirso M SteptiyPrepa@rationsuth as sodium
1'phenyl'1&1%@dgﬁlﬁé8¥g§%f N5 %ﬁ%ﬁ@{ %?f%%aa—&a%mtml%e@in amFoules, disposable

phenyl-1H-1,2,3-triazol-4-yl)methanol, 7, (1.03 g, 5.87 mmol) in CH2CI2 (50 mL) was added Mn02
(2.05g, 23 5/raeRs prndtisdeon Akl oS 8BM8E T days at room temperature. The reaction

mixture was then filtepeddhrauath Gatitetchanddhe J@@EEMJW@%WMHH%&H%@QH& vaguo. The
crude material was purified by silica gel chromatogra 0-5% methanoUdichloromethane) yielding

0.83g (8298 P Y- the19ORMARNG B IRY B2 sEmIng oD ?é,t(lﬁh?%wéﬁﬁ@)9@}%‘@}1%&,1‘91%16 Hz, 2H),

7.58-7.49, fanditdotepicdiRsappiainnf microencapsulated delivery systems. Biodegradable,
N-methyl-N-((1-pheny1-1H-1,2 3-triazol-4-yl)methyl)-5,6,7,8- tetrahydroquinglin-8-amine (Y). To a
Solution of ISHERT T AT B AI0 LG B0 34 4t BT S ichioroethane (2
mL) was addbaieohietinyd- 60848 etainfdroguinolihp8laamities&d(020glsl@Preprolosadium
triacctoxybgrahydride {049 9nls2Pmel Al 2 Ar9RT Bl ASEHE RN JHRIE3GHQNIxtUre was stirred

for 16 h at room
obtained commercially from Alza Corporation. If administered intravenously, preferred

carriers are physiological saline or phosphate buffered saline (PBS).

in certain embodiments, the active is provided an aqueous solution. The active can be
dissolved in, for example, water, PBS, or a similar intert liquid. Similarly, when in a solid
form, the active can be provided in conjunction with an inert carrier. Typically, the inert
carrier makes up the remained of any given volume of liquid or solid Formulation, ic up to
100%. When actives are combined, the ratio of the actives can vary from about 1:10.000 to
about 1: 1, however the ratio is more typically from about 1. 1 to about 1:30, or more
typically about 1:1 to about 1:10. Ratios can be measured either on a molar basis or by
weight,

Liposomal suspensions (including liposomes targeted to infected cells with
monoclonal antibodies to viral antigens) are also preferred as pharmaceutically acceptable
carriers, These may be prepared according to methods known to those skilled in the art, for
example, as described in U.S. Patent No. 4,522,811 (which is incorporated herein by
reference in its entirety). For example, liposome Formulations may be prepared by dissolving
appropriate lipid(s) (such as stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyl
choline, arachadoy! phosphatidyl choline, and cholesterol) in an inorganic solvent that is then
evaporated, leaving behind a thin film of dried lipid on the surface of the container. An
aqueous solution of the active compound or its monophosphate, diphosphate, and/or

triphosphate derivatives is then introduced into the contamner. The container is then swirled by
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temperature. The reaction mixture was then poured into aqueous saturated NaC1 (10 mL) and was
~extracted with ethyl acetate (10 mL). The organic phase was dried over MgSO4, filtered, and
concentrated, i ¥asiaqshe crude material was purified by silica gel chropate@samns4ehs5%
methanol/dichloromethane) yielding 35 mg (9%) of Y: 1H NMR (400 MHz, CDC13) 8.74 (s, 1H), 8.47
(s, 1H), 7. 1@nfdBidH%id Tk HOBDe (1cd b 116 20uttned Hd b GpldsaliplBagdrimaldd), 4.63-4.58
(m, 2H), 2.&0-2&62 m, 6}%, ﬁ.zg-z.‘l?‘gm,_ll‘:.l . 2.10-1.95, (m, 1H), 1.90-1.78, (m, 1H). SCHEME 7
93N-N10 REXJEAEHRE EofiBRSRE! (44O AC)3BH, cat, acetic acid, dichloroethane, 65 C
EXAMPLE 10: Preparation of N-(4-aminobuty1)-N-((1-phenyl-1H-1,2,3-triazol-4-
yl)methyl)-5,6,7,8-tetrahydro-quinolin-8-amine tetrahydrochloride (Z). Step a: Preparation of tert-butyl
4-4(1-pherfybmiinatios-arid Zbltayaionthidy@B, 7,8- tetrahydroquinolin-8-Aamino)butylcarbarnate (10).
To a solution of 1-pheny1-1H-1,2,3- triazole-4-carbaldehyde, 9, (0.54 g, 3.10 mmol) in. .
1,2-dichloroethari8 18 ‘?ﬁLbPW%‘gd@@(?qgﬁ%ﬂﬁﬂ described heremn are adniinistered i combination
4-(5,6,7,8-tetsabydrRauinolinShdamine)bshyeasbamate, 3, (1.10 g, 3.40 mmol), sodium
triacetoxyborohydridc ( .00%4.70 m\%\ol , andls drops of ce%ic acid. Thedre% g%ﬁi@é%(th'ﬁe was stirred
for 4 h at 65 C. The reatHiGH RGN RS e A BB S FhO AT ten DEPSIS B AT ot info saturated
aqueous NatiBiadichhe giroducbweadtleltedotedantfo@d2C12 (3x 10 mL) and the combined organic
phases were dried,qve 3, fil in.vacuaq,Ihe terial was purified
by silica gel chrcig%%eggrcgpi%%&el%)%%{ %%{ﬁ%%%ﬁ%}%ﬁ%%ﬁﬁ% g\r(%?%%e%#]gf%téég%nm%%ﬁ%%élm lli NMR
(400 MHz, CHE 18)izsBami(enry . HEostH jnguttingshimyars peiledm=iem prat2iy 152-7.46, (m, 2H),
7.39, (d, %&ﬁt‘é&%ﬁ&&ﬁ@&é&&& ge'_frgag&rﬂﬁr Alinds@lin(deh 1FcEtRetbdizs Hd thlBhaRuial), 3.93, (d,
J=14.8 Hz, 1H), 3.83, %d, J'=14.8 Hz, 1H),’3.10-3.00 (m, 2H), 2.85-2.61 (m, 4H), 2.15- 1.95 (m, 2H),
1.93-1.60, (ATEIHITION S5 eI ixmCaDpApE i IS Wiz (RePRABRARIE) Y 7MDK 6t} b:
Preparatiog;ed A na mhnabnitinbioNotéip Reny delt hdbdiZatitazelddsyeunaidhyls upon
5,6,7,8-tetra ydr,ofquinolg1-8-amine tetrahydrochl rid§ éZ). To %solutiop of t n-l?ut tl4'§t
“phenyl-1HATISIE3I9) SeRASTES 87 bl aby HrOGCTABTRS): BT IStk Rate, 10 (0.85
g, 1.80 mmghhinisnethanoh(@audldewabaiddecthionyhbhiaticteoflaRehigytib@. withraot) at room
temperature. The reaction mixture was stirred.for,2 h. The reaction mixture was concentrated in vacuo
yielding 79@“%" Cga)éf‘%%"za:?\?ﬁfj O(rzf@cﬁ/ﬁ#‘% %é‘?'btf\fgﬁg'%ﬁf& rsaﬁ’ﬁc‘)s, 1H), 8.93, (s, 1H), 8.51 (d, 1=4.4
Hz, I1), 8.25-8.06lfre1BH4) otz nittodinriBsHthe Zp001rl 2etivd commopnd 2appp ag 8PIviBE (m, 2H),
752746, (ot AR To38, (001 EDAT L0, At S0l (Bl IRcR it ), 3.15-3.02
(m, 1H), 2.88-2.66 (m, 4H), 2.50-2.39 (m, 1H), 2.15-2.00, (m, 2H), 1.95-1.68, (m, 3H), 1.64-1.50, (m,
2H), ESL NIBVri/Z tegthimeluding ymaps ootivma fromeam prieo soprpinmiidy efn be treated
N-(4-aminalutyhitip g Ry hidodrtfigzo blant ineiing Sd phdrisirahydragvinolin-8-amine
tetrahydrochloride (AA): Compound AA was prepared using the procedure for compound Z, except
that the aldtBRR¥Srresponding to compound 8 was used in place of compound 9. 1H NMR (400
MHz, d6-DMSO0) 68.%hd derhbddantda:, 14}, 8cbiS(Scim)pBurd-8s1@ (nonBtdin8.GHa(d 9 asédd #z 21H),

7.67-7.63 (m, 1H), 7.60-7.52 (m, 3H), 4.48-4. m, 1H). 4.13.(d, J=15.2 Hz, 1H),-3.95 (tgx = 15.2 Hz,
1H), 2.90-25%?5"("%6‘??1?)3}15?00- .‘2160(31)1’,‘“}\%, E"é‘?@ﬁgﬂé’?‘n‘% 08 ?h‘gt%r?éi?fﬁe?lﬁ?é’ (%13'6‘;’ ﬁ%%—i%. %%fHEME 8
AB Reageris saledtSbimoliti Srestolé) wyedisiecarboxaldehyde, Na(0Ac)3BH, i-Pr2NEt, cat, acetic

13-cis-Retinoic Acid | 2-Amino-6- 2-CdA 2-
Mercaptopurine Chlorodeoxyadenosine

5-fluorouracil 5-FU 6-TG 6 - Thioguanine

6-Mercaptopurine 6-MP Accutane Actinomycin-D

Adriamycin Adrucil Agrviin Ala-Cort

Aldesleukin Alemtuzumeb Alitretinoin Alkaban-AQ

Alkeran All-transretinoic Alpha interferon Altretamine
acid

Amethopterin Amifostine Aminoglutethimide Anagrelide

Anandron Anastrozole Arabinosylcytosine Ara-C

Aranesp Aredia Arimidex Aromasin

Arsenic trioxide Asparaginase ATRA Avastin

BCG - | BCNU Bevacizumab Bexarotene

Bicalutamide BiCNU Bienoxane Bleomycin
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acid, dichloroethane, 65 C; (f) 1N HCI, diethyl ether. EXAMPLE 12: Preparation of
N/-(0-phenyl-1.11-1,2,3-triazol-4-yOmethyl)-N4(pyridin-2-
ylmethyl)-Al:(5.804,S7g 4 ahydroquinolin-8-yl)butane-1,4-diamine hydrochlefige,(i§hsssosA solution of
N-(4-aminobuty1)-N-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)-5,6,7,8- tetrahydro-quinolin-8-amine

tetrahydrd

DERREERNi%, (0.20 g,

G ramol) in 1,2-

dishigreethane (10 mLywas treated with Hiinigs base

(0.08 mL,

GA& MM cgvBFd

nexspERRxaldenyde

> (Q:R4BAy 0.42 mmo

. sadivm: tiiagetoxyb

rohydride

(0.12 g, O]

ThHIN
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alylig@amount of ac

BligB6{dat2ndrops). Th
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heJeackion mixture

wasicooled to room t
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exinaeiethwith dichloro

methane.

The coml

Inee eRganic layers

NEfeoNaSheRLWEN |
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rycrerproduct was p

uriiggphyspilisaige! ch

romadegraphy (0- 15 A

methanol
CDCI3) 6

CHldtaba)-to afford Q.
8.54-8.34 (m, 2H), 8

081gr{d o yield)
IbéesndH), 7.71 (

0 HAesdesired product

Abokkh NMR (400 MH
H, J= 7.6 Hz, 1H), 7.60-7.52 (m, 1H), 7.45 (t,

21
J=7.2

Hz, 2H),

7 B%ctBaitm, 1), 7.

3DabtddfivicizH), 7.

1Bafobgobtin A1, 7.02

“Bamémydit), 4.15-4.0

4 (m,

1H), 3.92
1.70-1.40

-D4nbrubi), 2.82-2
(m, 5H); Esr Ms: mi

DRmrdbitin2.15-2
7 {vdrbindiensity) 468

) Ddcroribiin2.04-1.8
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P{mpd)nit.82-1.78 (n
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N, 1H),

Condition

sDerdniarowave, 2-1

nethyhtitd-imidaz

diinkzbytedriodide, i-Pr2 et lethandifti®OC, 1

D min.

EXAMPLI
triazol-4-y

FlioPreparation of
Omethyl)-Ak(5,6,7,8

ND{darelthagelzo-1H
-tetrahydroquinolin-8ey@fgutane-1,4-dian

ipedazeliasph)-N(((1-
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it YABYK

A heavy

swalled

Pyrex tub

eleasscharged with g

n Botutan ek Z(0.19

A3 mmol) in Ethahdf(2 mL). The solution was

treated w

tiidderg's base (N,N

|- diiseprobylethylamipe)i(0.25 mL, 1.45 |

nielahgin

2-methylt
was seald

nideReammidiazoline hyc
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ididide (0.05 g, 0.4
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10>iifol). The tube comdibidgdothe resulting 1
h_a silicon septum and then it was exposed

mixture
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microwaveDumdiiation for 10 m

i Ridextemperatur

680 C. After the ir

adieisn, the reaction

ube was

cooled wi

HEhig#tipressure air |

ihdisthie temperatur

efmedfallen helow 40

EpmeeRude reaction

mixture

was concehtreténidHavacuo. Th&dnie product waEpunifide by silica gelftienvatagraphy (0-10 %
methanollCH2C12) to afford 0.07 g (44 % vield) of#hareRiamed product AC: IEINMR (400 MHz,
CDC13) 3 Bthwibs, 1H), 8.80 (ERe®pHz_1H), aBONesids= 3 6 Hz_114jpoulephsghaios bs, 1H),
7.75- 7.68 Fwlem) 7.48 (d,_ 15 Pastaz 2H) 7 44-7ERomestang) 7 05 (dd F3® 76 Hz IH) 4112 (dd,
J=6.0, 9.6lasloden) 4 00(d, 1| Fanersz 11) 3 79 Filerast Shleamding, oH) 2 .80[2 48 (m,
4H), 2.20.F g0 " 1H) 2 05-1 d0lyskrabene 1 90-1 |[48UPROBEN: ESI MS: nlRerRuAknsity) 445.2 (100,
[M+H] ). S S Elupmnrast (areap E-hwmlﬁstewlnn Ehytamislsc. anhydride) Eﬁhﬂ%@,paﬁaséne_lmz_m om
temp. 11IPBRagents and CohditRsHan{b) t- R..()@(Cgﬁ\/lqmq CH3C |G¢ﬁ¢1mbmnm temp.Reagents
and Condjtfémacite)ina(0AC)3B I@eéétlz%@ﬁc acid] fiERWToethane, 65 'y leevee
ozogamicin
Gliadel wafer Glivec GM-CSF Goserelin
granulocyte colony | Granulocyte Halotestin Herceptin
stimulating factor macrophage colony
stimulating factor
Hexadrol Hexalen Hexamethylmelamine | HMM
| Hycamtin Hydrea Hydrocort Acetate Hydrocortisone
Hydrocortisone Hydrocortisone Hydrocortone Hydroxyurea
sodium phosphate sodium succinaie | phosphate
Thritumomab Ibritumomab Idamycin Idarubicin
Tiuxetan
Ifex IFN-alpha Ifosfamide iL-2
IL-11 Imatinib mesylate | Imidazole Interferon alfa
Carboxamide
Interferon Alfa-2b Interleukin - 2 Interleukin-11 Intron A (interferon
(PEG conjugate) alfa-2b)
Iressa Irinotecan Isotretinoin Kidrolase
Lanacort L-asparaginase LCR Letrozole
Leucovorin Lcukeran Leukine Leuprolide
Leurocristine Leustatin Liposomal Ara-C Liquid Pred

120



15AD Reagents and Conditions: (f) SOC12, methanol, room temperature. EXAMPLE 14: Preparation
of N-41-(2-(aminomethyopheny1)-1H-1,2,3-triazol-4-

yl)methyl)-l\{‘-,@ 6@;12][0% 3,4-tetrahydronaphthalen-1-amine tetrahydroch 19 s%@) RLEP

Preparation of tert-butyl 2-aminobenzylcarbamate (11). To a THF (30 mL solutlon of 2- amlnobenzyl
amine (2.0 G kRdmBmol) was[gdgag friethylamine (£ R kn32. / Mmool ghddi-tert-butyldicarbonate
(4.3 g, 1976 pmRlbHBE reactionmxidEe was stirfed giygom temperatingipRidEMahiif CTude reaction
mixture wagstheRM4red Oversatldraisstagueous NeRIGO3 and the proguciwas then extracted with
ethyl acetate, b erganic phase was washed with brine and then dried over MgSai, filtered and
concentrafegecipyreuo. The cruge praeict waspuniiedyasilica gel chropnatagtanihn0-5%
methanol/dighdpsomethane) yielding 430 mg (20% \afillo FINMIR (400 MHzGR k)43 ddddn’ -0, (M,
1H), 7.00 (i el Febifize Bid) | 6R8EHA (M, 2H), AifibetPsnl H), 4.29-4 AsokmycfH, 1.43(S, 9H); EST-
MS: m/z (raditbienstyd 223 (80 \MeElniaéep b: Prepanation of tert-butyl 2sazdobenzylcarbamate (12).
To a acetonfig4a ML) solutjom@tidd (5.00 g, 22xnmmet)at 0 C was|addrentert-butylnitrite {4.00 mL,
33.7 mmalhandchimethylsilylazidel6ge o5 mL, 2619 mmol). The reactiongiivegshat O C for 3h. The
reaction mixg@:was concentrates Hysacua, and thewgrdde material wasNakeyyan to the nextstep
without furtRgsgusdication. ESI+ MS: m/z (rd | intensity) 271 (80, M-I-H). Step c: Preparation of
tert-butyl 2d(lapaiexymethyl)-trdg2ndvtiazanl-1- yohanzylcarbamate |(A3)aterbdutyl
2-azidobenoylessthrmate, 12, (S4tehodilic/atamel) Wasdwdigselved in neatppapeygy! alcohol (10 mL). The
reaction migkse was stirred at 98afor 18 h. The reagtaniamixture was timargedcentrated in vacua and
the resultingitgsigdue dissolved bxdigthyihether. Upbacstangding, triazole|Buervsialiized. The crystals
were collgaeestdisfiltration yieldigagl&ig (38%) of PdipNMR (400 MHZKEPEI&FSA.82, (S, 1H),
7.64-7.35| fegadhd)cids84-7.30 (Pedhlsrs8m (bs, IPEG-8YTRORH), 4.15BEGH) alpdiémAH); EST/ MS:
mJz (rd | inReesity)a24@ (100, NM#BtijoStep d: Prep@atinsl-gfert-butyl | Prednisolone
2-(4-formy Miktar@ 3-triazol-1-yDbenzylcarbamate (14). To a solution of tert-butyl
2-(4-(hydroRyahethyd)-1H-1,2, 3-Brakkak 1-yObenzyldmmarhaténel 3, (2.5 g, BRBACRIol) in CH2C12 (10
mL) was aduedu¥n02 (5.0 g, 5 PhifienalipFn2readtiomathiniure was stirrRdiatifaam temperature for 18
h. The cryde reaction mixture weshthemfilssred through a plug of Celite(r) and then concentrated in
vacuo. The crude material was mnifield by silica del chromatography (0-5%
methanol/diiserstresthane) yieling®10 mg (25% Rofuxin&ST- MS: m/zResicioteisiipie2811100,
M+Na). Step e: Preparation offtert-butyl (2-(4-((methyl(5,6,7,8-tetrahydr@cganolin-8-
yeamino)rn%ﬂ‘?yta-lH-l,2,3-tr|az&uh%ph@ﬁyl) (15)STsleswdiution of tert-bemyipstaantbirhy 1-
1H-1,2,3-triazal-1-yDhenzylcartgiashiorde0 61 y_2 03 mmal) in 1 2-dichloraethane (4 ml) was
added N- rn&}ﬁi&ﬁﬂiﬂ&ﬂ&yﬁ?ﬁhmﬁ 8-ami 150}P’TW g,-1.85 mmdy> Eodium
triacetoxyw%ﬁ@ﬁ(ﬂ?ﬂﬂﬁ (Q.70.g, i@@%ml\ and A (BEIIEF¢denQ\ The 'Mn mixture was heated to
65 C and Qﬁﬁwefﬁr 18.h Thp Eﬁmfmlxmrp wad f ﬂ?ﬁ}?mﬁiﬁqamrataﬁeﬂéﬁﬂﬁm% NaHCQ3 (10 mL)
and was extiastéd with Et0AC (3h@h@f3mldﬁThp or 1I%ﬁ;q1¥HQQpQ were ¢ Y. ith brine,

dried over MySDififered, and%‘?ﬁiéﬁ#’&ted in va@@@pwm@%meﬁéﬂ@%@‘puriﬂed by silica gel

chromatoqtapwqmelha- 3 MHz,
CDC13) 6.8 8% = 4.4 1z II\ICEF\A (s 1|-|\ 7.

7&19@311 |_|\ 7RA (d —T@Dﬂtﬁ-@ﬁMu\ 7.47-7.30 (m,

S T\ o7 =& g—ro ey

4H), 7.08 ﬂﬂre{mfﬁnﬁi 48 |-|7 | ipesiugumalye (m, netnom 5 o (m oFrsxall o QI—I\ 2.24-2 14, (m,

OO0 99y

1H), 2.10 e ou\ 176 T§|Pf$n 1H)1 20 VV@E\ ES1'MS: m/z /&ﬁimlg_'\nclfy\ 449100, M-EH).

Step f: Preg: NS of N (124 AP athy \ohanyfsanoid “Viadur T
1H-1,2,3- Hz’éﬁg’tlﬂ%mmhun . |¥.E1|}Pié,ﬁtl§€§' %@tﬁe 5{;},{1@,&3&&8@0“ g.an V delAD).
Through & PATS hmer') mb)s .Viﬂﬂff;ﬁ)mwmmw VLB ik éﬁ%?l@d;m

I

2_ 4_ mb+NP7é6’6’7 Q +a+rah\ldérXA}lmnhn 8 \I!\a:"Y\I ) {?‘"?gﬁ"\l!\ 1H

(08(0 rg‘l(m |\Zy§l‘}:achn\| 1%11 ra nrl/h\l rz‘bl“a“aepdn}n H
h - \H\rll\.’lutbu v LA "B

conversio “.Zﬁg?%bscr‘v'cd by-HC-MS—The-reactonmbdure-was €

250 mg (68%) of AD: 11-1 NMR (400 MHz, 4/5-DMSO0) 6 8.81-8.68, (m, 4H), 8.52, (d, J= 4.4 Hz, 1H),

7.87,(d,J=6.8 I-lz,afidﬂb,ez?e?xﬂaoalﬁﬁn(mhefl&dgpﬁd&&u@choﬂmé’uﬁd4581 lanpbin Bl -4 7@d(@mm ad H), 4.61,

(d, J13.6 Hz 9{1 I/ /038805 4.47 HzIH)391383
(. 2k, 2. S 08 At B O b R S e SR ) Bt s s
(rd | intensiprSADEBO 01 INDHER). @W@ME@@HOAIB,&@@GHQM,&W@OQGQdmbméel(gl)oz-ﬂmd|ne
carboxaldehyde, triethylamine methanol, 60 C, 18 h; (h)NaBIL, room temperature, Ib. EXAMPLE 15:
Preparation of ALmethyl-N-01-(2-((pyridin-2-ylmgthylamino)methyl)-
pheny1)-1H-1,2,3-triazol-4-yOmethy0-5,6,7,8-tetrahydroquinolin-8-amine (AG).

2 3-8 phenyt) 151036 g,
m Iete

o etion—mibatd | O AALD)




To a solution of _
N4(1-(2-(aminomethyl)plicny1)-1H-1,2,3-triazol-4-yOmethyl)-Nmethyl-5,6,7,8-tetrahydroquinolin-8-ami’
ne tetrahydr@eisids. AP, (0.20 g, 0.43 mmol) in methanol (2 mL) was agleggBaayiising
carboxaldehyde (0.04 mL, 0.43 mmol) and triethylamine (0.18 nit, 1.30 mmol). The reaction mixture
was heategqiaRR:(a pregiiiraccfarblshod besleaciiom mixuse nasithkmgogiathla beaaktemiperature

and NaBH4 (0.05 g, }.30 nmol) was added. The reaction stirred 1 h at room temperature. The
reaction mﬁ&méhﬁ/%% B‘B’H}%n]ér‘;l‘ﬁto brine (10 ml..) and was extracted with ethyl acetate (2 x 10 mL). The
combined organic phases BeiaediNashoy& Mg Martikered, and concentrated in vacua. The crude
product was purified by chromategraphy-onbasicatumina-{6-5%-methanolfdichloromethane) yielding
AG. EST- MS: m/z (rd.440 ( B?rﬁ%). SEHEME T2 HO 16 Reagents and Cpnditions: (a)
methanesulfonyl chloride,; tfietiiyilamine |Ci#2@iditl)anbMdydidmethylformamide, 70 C, 16h. WO
N2CO3, Nal, tetrahychol i o A T CR ) PPy BIomice

Emiriva FTC, emiricitabine

Epivir lamivudine, 3TC

Epzicom abacavir/ lamivudine

Fortovase saquinavir

Fuzeon enfuvirtide, T-20

Hivid zalcitabine, ddC, dideoxycytidine

Invirase saquinavir mesylate, SQV

Kaletra lopinavir and ritonavir

Lexiva Fosamprenavir Calcium

Norvir ritonavir, ABT-338

Reseriptor delavirdine, DLV

Retrovir zidovudine, AZT, azidothymidine, ZDV

Reyataz atazanavir sulfate

Sustiva efavirenz

Trizivir abacavir, zidovudine, and lamivudine

Truvada tenofovir disoproxil/emiricitabine

Videx EC enteric coated didanosine

Videx didanosine, ddl, dideoxyinosine

Viracept nelfinavir mesylate, NFV

Viramune nevirapine, BI-RG-587

Viread tenofovir disoproxil fumarate

Zerit stavudine, d4T

Ziagen abacavir

Further active agents include: GW5634 (GSK) , (+)Calanolide A (Sarawak Med.),
Capravirine (Agouron), MIV-150 (Medivir/Chiron), TMC125 (Tibotec), RO033-4649
{(Roche), TMC114 (Tibotec), Tipranavir (B-I), GW640385 (GSK/Vertex), Elvucitabine
(Achillion Ph.), Alovudine (FLT) (B-1), 1\/1%\27-210 (GSK/Medivir), Racivir (Pharmasset),



EXAMPLE 16: Preparation of N-methyl-N4(1-(piperidin-4-ylmethyl)-11-1-1,2,3-triacol-4-
y1)methyl)-5,6,7,8-tetrahydroquinolin-8-amine tetrahydrochloride (Al) and

N-methyIN-Q3d piRskiglind-yimethyl)-3H-1,2,3-triazol-4-yl)methyl)-5,6,7,8 deiraRyslrnsudiaglin-8- amine
(AK): Step a: Preparation of tert-butyl 4-(azidomethyl)piperidine-l-carboxylate (16). To a solution of
tert-butyl4-gipysiroxyshetnhipinerine-dc aaxylaten(2. 08203 9928 ufimiad)in)CAOIR7¢40 mL) was added

acton ML SUE0 LSO AR e KB Wi AT R R HCO3 A

extracted Whtvgthigsftetate THIe 22¢ dhikphasENMasSdridanivp SB 44 2 filksred fimeh)concentrated in
vacuo. The crude sgli i urt ification: IEl | SORA J=6.8 Hz,
. 3.95.3.05 (1 A0y SRS e Rl e o M T B S,
1.35 (s, 9H}B3004 (ddd 39 GVE73 044, BROHA22BphSmrph SEal s0oh DR el Tdi=BRiynd
4-((methylsgitony smetyRinaidings LeahendatmAbed9a k. Aaaynely indingthyiigpramide (6 mL)

was added sodium azide (0.14 152 g, 2.22 mmol). The reaction mixture was heated to 70C and

stirred for 17f. 2FRAGIGHRRNAR RS Y G WA U8R et el Wt dthinge et aesa PrHESSrganic phase
was dried (io304y fiteredand.canceptiaigddsvacuampihecuidecsalighaasissdmithoutfurther
purification; 114 N (dg-DMS0) 53.22 (d, J=_6. 2H), 2.68-2.55 (m .67-1.5 ,.3H), 1.35
(5. 91, 0 SETRGHTL B ,%i%?afﬁwz%?é@%% ”Ré(/?f(ygr ﬁ?&%ﬁﬁﬁé@@%ﬂﬁﬁéﬁ@%mp c:
Preparatiof afphratiethiA-NA pooih@: Wiyt 6 ik 8Ttetraiyd (dguHi{id8- amine ¢iyy), Derasalytion of
N-methyl-@ﬁizgit?%ahg%?a?inolin-8-amine, 5, (0.50 g, 3.08 mmol) in THF (15 mL) was added
propargyl bromide ml, 3.08 mmol), sodium iodide (0.05 g, 0.31 rnmol) and sodium carbonate
(0.98 g, 9.24 mmbh)oRemtsttontrirteronvasdtifdbeanyouimnempdramirtctod Breoptangiigture was
diluted with,water,&xiracied.with gihylacsiates EhF Al9aRichRhaRenasHieHMMgSAIpliltered and

concentrated in vacuo . The crude solid was used without further purification: 141 NMR (d6-DMSO0) 6

8.30 (d, .1:2thex #45£ve paent. Au (s grseglor empqyndsieandg adimniste e iyythems Farpydatiens g, 4.8 Hz,

%H;, 3.47 (Qﬂgilé Qs%p&@&t)%,F%gg@aﬁdﬂzxﬁb}% )13 {Qsﬁrequﬂémeatagéeltmempa%gaos Belaa%ﬁélﬁtdbe@ﬁ%-ls- 87 (31,
H), 1.74- 1. m, 1H), 1.62-1.55 (m, | H); LSI+ MS: raiz (rd | intensity 1.1 (100, [M+H]H). Step d:

Preparatiof S 8- BRI T %(é‘}é,sﬁ%’-?@ﬁéiﬂ%?&&i‘}iﬁ% f%a-gmm“tmd i ntaenods

yDamino) meduyidl tHhlle2 13- thagahhds et iy piperidine bk -ahridoxdate (h8) amciberhdutyl

44(5-((methyl(5,6,7,8-tetrahydroguinolin-8-yflamino)methyl)-1H-1.2 3-triazol-1- . .

Doty e e E A 08y e A e RESCER BB i gy fsst one

5,6,7,8-tetrathydrotuirolimS:aining, pi@iBlcbodmeninibh cmebromds - ifagidomethyppiperidine-1

-carboxylatgy 1.6; 4037 ik AN Was HeRIed I BICOWAYE At é?%ié%@%%gmm resulting

residue was partitioned between aqueous saturated NaHCO3 solution and CHZC12. The organic
phase was@f&e thSonistrira g conpavRAstebts TasnBoTHe eptigecdGitFaSHiRTIRY by column
chromatographyi{Rasis aluminmPYeimethanal(sd12C12to 20% methanol/ CH2C12) to afford a 1.4 to |
ratio of the 1,4- substituted (18) and 1,5-substituted (19).triazole regioisomers:NMR, (d6-DMS0) 58.36
(d, J= 5.6 Hz, 1H)! B2 §BRROYIY of U tpepniien£a s aqmitisi s s pugr i on thiefSs4Pet 7 2 Hz, 1H),
3.88-3.77 (indid3iraiB8-aF ddo(her bty 23RO (n, dk)inlcO&e<] 85 {ompbid)dd 6dyhd5 (M, 1H),
1.42-1.35 114), 1.35 (s, 9H), 1.05-0.98 (m, 1H): LSI' MS: m/z (rel intensity) 441.2 (100, [M+1-1]+).
Step o PreERCErE R A RS o Ser A AT A S S s S
5,6,7,8-tetrdisgahogpsinolindSvaniiiey tetiaiipdso &l oxidep(Al Y andeNate thybdibifB(piperidin-4- WO
2009/ 1210@&5}%&”‘&?&99? %%@ere  after a course of treatment to reduce recurrence of viral |
ylmethy0-3H-1,2,3-triazo1-4-y1)methyl)-5,6,7,8-tetrahydroquinolin-8-amine (AK). To a mixture of
triazole regiéfigdiets 18 and 19(0.18 g, 0.42 mmol) in methanol (10 mL) was bubbled HC1 gas

(generated from HZSQhaNGNRGHInT e IRAUQR MPSIMEWAS ATsasah P RNMP «for 30 minutes.
The mixture was concentrated in vacuo to afford a 1.3 to 1 molar ratio of triazoles Al and AK. The

tetrahydrocdtigNaB SaReLs dseembriBlPrarided BusrirRRsHOES 2 Rraetnr tal ATeHEI s 2 (100,
[M+H]). SCidd 38 Ne\f#Bb Wik N&:20 Reagents and Conditions: (a) sodium azide, H20,

i ... 1.20.C-20-min——k-0
O B s -Retimoic Acid * | 2-Amino-6- 2-CdA 2-Chlorodeosyadenosine
Mercaptopurine
S-fluorouracil 5-FU 6-TG 6 - Thioguanine
6-Mercaptopurine 6-MP Accutane Actinomycin-D

123



2122 Reagents and Conditions ¢) Mn02, CH2C12, room temp. H 0 HN 5 AH Reagents and
Conditions: (e) Na(0Ac)313H, cat, acetic acid, dichloroethane, 65 C; AH Reagents and Conditions:

(e)NH2NH2uethanels 89:C, 20 hiINHCI, diethyl ether. EXANIPLE 17: Prapayaiiomefissses
AL(0-(3-aminopropy1)-111-1,2,3-triazol-4-yOmethyl)-Nmethyl-5,6,7,8-tetrahydroquinolin-8-amine

tetrahydroo{igHgef4Y). Step a
lech Rysgxtube was ¢

heavy-w
3.72 mm

mixture W
microwaveAsagdiaion for 30 m

cooled wi
with ethyl

concentrated:in vacua. The cru
the next g

2H), 3.36

2-(3-(4-(h
2-(3-azidc

warmed t

The crudé
purificatio

1-(3-(1,3-

regioisometrst2i(@né7 g, 2.69 miiphritbuichjprameth
(094¢9,1
mixture w

chromato
1H NMR

3.77-3.71
Preparati

2-(3-(4-((r

1,3-dione
22, (0.24

Reeparation of 2-(3-

azigepropyl)isoindolin

ealy3dione (20). A

haegedwiiEba susps

nsigreehdin(3-bromop

ropyiphtraiimide (1

hang.godium azide

QBdgndBadnmael INAZ0: (@tepcyol he tul

eAtestammiag the res

asmedlgyth an aly

NAMEELEP cap fitt

e withahsiiicion e ptumaand:thin it was e

nakdierlperature of AZMikoAftetdsiedrradiation, the reaction

tmbdgBspressure air y

niifding temperature

haghifaller below 40 C|

acetate trihiedeombined prganiadayers we

re'dRed with magnesi

umysitifate, filtered a

agsagterial (0.62 g,

7R Hmfialdvas used

Vithestt fncther purif

tepcdidiiMR (400 MK

RiCNC13) 7.86-7.83

Blendiad . 73-7.70 (MBRIRB7 (t, J= 6.

(Bodtez8AtHZ, 2H), 1

Q% éoifa2H). Step b: |
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wepydiiganadoline-1,
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2069boyaak) in proparg
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I8deddhe reaction n
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» Qeadlict containing k
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N3dk1hd)e Step c: Préd
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further
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v

1Excmeﬁ@ﬁﬁ 76 (m,

(Hasjodex ¢ | Hz 1H), 7

1.75-1.58

preparatio

(m, 1H); ESIH MS: m

I{reldptensity) 301.

Ha
P (95, [M+H]Th). EXAMPLE 18: General

2H), 7.30( ﬁ@%ﬂ%1—49 inl Tligy A _
6.0, 9.2 Hzl dtas 77.3. 66 (m. |ALdarabme 20 (1 . ,Eé‘.‘*ﬂ,f,\‘é? 58 229 9
oH), 2.12.2 B! L OB TEINE 1.8 nﬂ@%ﬁ%@hww
|ntens|ty) §&H§ 1 nn fl\/l-l-l—lr\ ' Eﬁ‘gthﬂrahnn fa Getitini
N-((1-(3- aﬁﬁ%‘ﬁ%%’ﬁ) 1H-1,2, Qﬁﬁ%"? L bmethyl) Iq(il?jréfﬁyIS 6,7,8-tetrallViFSGGinolin-8-amine
tetrahydrcch “"“D ""’\ A so!ut L-rw4 {rmethyl

LN a4 GMCSE | Goserelin,. .
(5,6,7,8 t\ tl LAv) ulll .h". 8 "r |||||u |||\,|.| |_y|} T ﬁ‘-f()ulc{‘u' X _yl}lJlUlJ ‘ﬁ I'CIC” ne, AH,
(0.16 g, 0|37 ﬂ‘rffg'ﬁ‘tg ré?’nol z Greated with hYdazine (23 tit, 0.74 TAmoD). The resultlng
mixture wad WA C anéIl s?rr f5 5 ﬁkae reaction mixture was cooled to room
temperatu re. The Whlte preC|p|taqfe ]fl(% Was filtered and the filtrate| was concentrated if vacuo.
- Chlorofoiin \é_g{a 1’8 cedore-o HSXM upltcue crast %eg%gﬁglmgaﬂ“%r .@'m&fﬁ'he .SOiUIion as
concentrart ncu ander '_‘ﬁk}ﬁ”% pressure to 'ﬁ’ﬁﬁr&gﬁ U (a0 YIETgy ol IHURI VT NMR
(400 MHz, S%tfé T (Bt B O (ST HydladyfI, o~ 7 Sl 2 10 124 8 8.0
Hz, 1H), 4. ?g’f imem) 3 nggguc&naegees 9.p iz Mak 375 (q, I=|13.6 HZ, 2H), 2.85-2.60 (m,
2H), 2.68 UIbﬁTu&S‘n’zl% 2H) 2 3 S pibngn25-2-05 L2 05-1.95 (M, g,k 8p- 1.80 (M, 1H),

A of compounds of Formuiae OS) angdl

substituted or unsubstituted aminoalky!.

) mwhich R5 and 11

are both' 1T and L2Y is a



Compounds of Formula (IB) and (IC) in which R5 and R6 are both H and ILA is a substituted or
unsubstituted aminoalkyl can be prepared, for example, as generaly described in Schemel4 below.

The skilled ggisannil sesognize that substituted aminoalkyl compounds gaphe Rrepased by the
appropriate derivatization of the unsubstituted aminoalkyl compound which is prepared according to

a)

=

modified

bnts of

Scheme 14¢Rther modification{gaipraodifying the ghaidrrgth of the aliylepe portion of th
aminoalkyfgroup, functionalizafipi g haaleahol intaimesiate, etc.) are prapareech\IpEovIding
intermediates of Schemes 6- 10. SCHEME 14 N | cE¥XAMBREE 19: General preparation of
compoundsefrfesmuladB). Compeiads ob Formulpiglykarihave the following geperaksiuctiure (1D):
wherein LI(PRGLl3npeMey, G, J, and A are as descftibed or defined hereinagletific embodim
the compouags of Formula (m) arasbewn in Table BisbelainohABLE 3 Comidpslagd -1L1-X -G -TurZ
-LrY AY | Lanacort L-asparaginase LCR Letrozole
Leucovorin Leukeran Leukine Leuprolide
Leurocristine Leustatin Liposomal Ara-C Liquid Pred
Lomustine L-PAM L-Sarcolysin Lupron
Lupron Depot Matulane Maxidex Mechlorethamine
Mechlorethamine Medralone Medrol Megace
hydrochloride
Megestrol Megestrol Acetate Melphalan Mercaptopuring
Mesna Mesnex Methotrexate Methotrexate
Sodium
Methylprednisolone | Meticorien Mitomycin Mitomycin-C
Mitoxantrone M-Prednisol MTC MTX
Myiocel Mylotarg Navelbine Neosar
Neulasta Neumega Neupogen Nilandron
Nilutamide Nitrogen Mustard Novaldex Novantrone
Octreotide Octreotide acetate Oncospar Oncovin
Ontak Onxal Oprevelkin QOrapred
Orasone Oxaliplatin Paclitaxel Pamidronate
Panretin Paraplatin Pediapred PEG Interferon
Pegaspargase Pegfilgrastim PEG-INTRON PEG-L-asparaginase
Phenylalanine Platinol Platinol-AQ Prednisolone
Mustard
Prednisone Prelone Procarbazine PROCRIT
Proleukin Prolifeprospan 20 Purinethol Raloxifene
with Carmustine
implant
Rheumatrex Rituxan Rituximab Roveron-A
{(interferon o-2a)
Rubex Rubidomycin Sandostatin Sandostatin LAR
hydrochloride
Sargramostim Solu-Cortef Solu-Medrol STI-571
Streptozocin Tamoxifen Targretin Taxol
Taxotere Temodar Temozolomide Teniposide
TESPA Thalidomide Thalomid TheraCys
Thioguanine Thioguanine Tabloid | Thiophosphoamide Thioplex
Thiotepa TICE Toposar Topotecan
Toremifene Trastuzumab Tretinoin Trexall
Trisenox TSPA VCR Velban
Velcade VePesid Vesanoid Viadur
Vinorelbine Vinorelbine tartrate | VLB VM-26
VP- 16 Vumon Xeloda Zanosar
Zevalin Zinecard Zoladex Zoledronic acid
| Zometa
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EXAMPLES

ExaMPLE 1: General preparation of compounds of Formulz (IA).

Compounds of Formula (IA):

Yt , i
R, B

wherein Ry, Ra, Ra, Ry, Ly, L, X, Y, Q, A, and B are as defined herein. Exemplary

compounds of Formula (1A) are shown 1n Table 1.

TABLE 1
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The compounds of Formula (IA) can be prepared, for example, as described below.

SCcHEME 1

NHa.HCI a b N

IZ/E\
77
O

Iz

EtO

Reagents and Conditions: (a) ethyl glyoxalate, ethanol, toluene, 0 °C to ambient temp., 17h;
(b) Pd/C, xylene, 140 °C.
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L 2

Reagents and Conditions: (¢) Diisobutylaluminum hydride (DIBAL-H), CH,Cly, -50 °C, 10

min.

0O HN‘N\NHBOG

3
Reagents and Conditions: (d) rers-butyl 4-aminobutylcarbamate, 3 A molecular sieves,

ethanol, microwave, 150 °C, 10 min, (¢) NaBHy, cthanol

=
- = |
\ /N ] . f N/
N
N
O HN ~NHB
N ~" " NHBoc H oe
2 3 T | 4

Reagents and Conditions: (f) Na(QAc);BH, acetic acid, 4 A molecular sieves, 1,2-

dichloroethane, microwave, 100 °C, 10 min

B B
NZ NG 4HCI
N\/\/’\NHBOC ¢ . N\/\\/\NHZ
N N N N
X2 s
4 A

Reagents and Conditions: (g) thionyi chloride, methanol, ambient temp., Zh
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EXAMPLE 2: Preparation of A-((9H-pyrido[3,4-blindol-1-yD)methyl)- V-(4-aminobutyl)-
5,6,7,8-tetrahydroguinolin-8-amine tetrahydrochloride (A).

Step a; Preparation of ethyl- 9H-pyrido[3,4-b}indole-1-carboxylate (1). To a suspension of
tryptamine hydrochloride (2.00 g, 10.17 mmol) in ethanol (25 mL) was added a solution of
glyoxylic acid ethyl ester (3.12 g, 15.26 mmol) in toluene (50% v/v) at 0 °C. After the
reaction mixture was stirred overnight at ambient temperature, the solvent was removed
under reduced pressure. The resulting residue was treated with saturated aqueous sodium
bicarbonate. The product was extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over sodium sulfate and concentrated under reduced pressure.

The crude product was used in the next step without further purification.

Step b: To a solution of the resulting crude residue in o-xylene (20 ml.) at § °C was added
10% Pd/C (0.51 g). The mixture was stirred overnight at 140 °C under an air atmosphere.
The reaction mixture was filtered through Celite, washed with chloroform and concentrated.
The resulting residue was purified by chromatography on silica gel (0-20 % ethyl
acetate/hexanes) to afford 1.26 g (52% yield) of product 1: 'H NMR (400 MHz, CDCls) 8
9.92 (bs, 1H), 8.59 (d, J = 4.8 Hz, 1H), 8.16-8.13 (m, 2H), 7.62-7.55 {m, 2H), 7.32 (dt, /=
1.2, 7.0 Hz, 1H), 4.59 (4, J = 7.2 Hz, 2H), 1.53 (t, J= 7.2 Hz, 3H); EST' MS: m/z (rel
intensity) 241.1 (100, [M+H]"),

Step ¢: Preparation of 9H-pyrido[3,4-blindole-1-carbaldehyde (2). To a stirred solution of
ethyl-9H-pyrido{3.4-blindole-1-carboxylate, 1, (1.26 g, 5.24 mmol) in CH,Cl, (50 mL) was
added a DIBAL-H solution (1.0 M in toluene; 36.0 mL, 36.71 mmol) at -50 °C. The mixture
was stirred at -50 °C for 10 min and quenched by sequential addition of methanol (14,0 mL)
and 10% NaOH {10 mL) at -50 °C. Then the mixture was stirred at ambient temperature for
an additional 1 h. The precipitates were removed by filtration through Celite and washed
with CHCls—methanol (10:1), The combined filtrates were washed with brine, dried over
sodium sulfate and concentrated under reduced pressure. The product was purified by
chromatography on silica gel (2-20% methanol/CH,ClL) to afford 0.46 g (45 % yield) of -
carboline-1-carbaldehyde, 2: "H NMR (400 MHz, CDCl3) 8 10.33 (s, 1H), 10.04 {bs, 1H),
8.63 (d, J=5.2Hz, 1H), 8.18-8.15 (m, 2H), 7.64-7.57 (m, 2H), 7.35 (dt, /= 1.6, 7.6 Hz, 1H);
ESI” MS: m/z (rel intensity) 197.0 (100, [M+HT").
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Steps d and e: Preparation of zers-butyl 4-(5,6,7,8-tetrahydroquinolin-8-
ylamino)butylcarbamate (3). To a solution of 6,7-dihydroquinolin-8(5H)-one (2.0 g, 13.6
mmol) in ethanol (15 mL) was added concentrated acetic acid (5 drops), fert-butyl 4-
aminobutylcarbamate (2.7 g, 14.3 mmol) and 4 A molecular sieves. The reaction mixture
was heated at 150 °C in microwave reactor for 10 min. The mixture was cooled to room
temperature and NaBH4 (0.8 g, 20.4 mmol) was added all at once. The crude reaction
mixture was absorbed onto silica gel and the product purified by silica gel chromatography
(0% to 10% methanol/ CH,Cl,) to afford the desired product; ESI' MS: m/z (rel intensity)
320.2 (100, [M+H]).

Step f: Preparation of rert-butyl 4-(((9H-pyrido[3,4-b]indol-1-yl)ymethyl)5,6,7.8-
tetrahydroquinolin-8-yljamino)butylcarbamate (4). A heavy-walled Pyrex tube was charged
with a solution of 9H-pyrido[3,4-blindole-1-carbaldehyde, 2, (0.20 g, 1.02 mmol) in 1,2-
dichlorocthane (5 ml.). This solution was treated with tert-butyl 4-(5,6,7,8-
tetrahydroguinolin-8-yiamino)butylcarbamate, 3, (0.36 g, 1.12 mmol), sodium
triacetoxyborohydride (0.43 g, 2.04 mmol), 4A molecular sieves and a catalytic amount of
acetic acid (2 drops). The reaction mixture was exposed to microwave irradiation for 10 min
at a temperature of 100 °C. After the irradiation, the reaction mixture was cooled with high-
pressure air until the temperature had fallen below 40 °C. The crude reaction mixture was
poured onto a saturated aqueous solution of sodium bicarbonate. The product was extracted
with dichloromethane. The combined organic layers were washed with brine, dricd over
potassium carbonate, filtered and concentrated in vacuo. The crude product was purified by
silica gel chromatography (0-5 % methanol/CH.Cl,) to afford 0.12 g (24 % yield) of desired
product 4: "H NMR (400 MHz, CDCl3) § 13.43 (bs, 1H), 8.67 (d,./= 3.6 Hz, 1H), 8.24 (d,J
= 5.6 Hz, 1H), 8.10 (d, /= 7.6 Hz, 1H), 7.82 (d, /=5.2 Hz, 1H), 7.69 (d, /= §.4 Hz, 1H),
7.54(dt,J=1.2,7.4 Hz, IH), 741 (d, /=72 Hz, 1H), 7.21 (dt, J= 0.8, 7.2 Hz, 1H), 7.14
(dd, J= 4.8, 7.6 Hz, 1H), 4.28-4.02 (m, 4H), 2.90-2.60 (m, 5H), 2.44-2.26 (m, 2H), 2.12-2.04
(m, 1H), 1.96-1.84 (m, 1H), 1.80-1.65 (m, 1H), 1.44-1.25 (m, 1H), 1.33 (s, 9H), 1.22-1.12
(m, 1H); ESI" MS: m/z (rel intensity) 500.2 (100, [M+H]").

Step g: Preparation of N-((9H-pyrido[3,4-b]indol-1-yl)methyl)-N-(4-aminobutyl)-5,6,7,8-
tetrahydroquinolin-8-anine tetrahydrochioride (A). A solution of tert-butyl 4-({{9H-
pyride[3,4-blindol-1-yl)methyl)(5,6,7 8-tetrahydroquinolin-8-yl)amino)-butylcarbamate, 4,
(0.12 g, 0.24 mmol) in methanol (5 mL) was treated with thionyl chloride (1 mL) at room
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temperature, The resulting mixture was stirred for 30 min. The reaction mixture was then
concentrated and dried under reduced pressure to afford 0.11 g (80 % vyield) of the desired
product A: "H NMR (400 MHz, d®-DMSQO) 5 13.49 (bs, 1H), 8.80-8.41 (m, 3H), 8.00~7.82
(m, 3H), 7.80 (d, = 8.0 Hz, 1H), 7.78-7.70 (m, 1H), 7.39 (t,J = 7.2 Hz, 1H), 4.95-4.85 (m,
1H), 4.68-4.50 (m, 2H), 2.98-2.82 (m, 2H), 2.61-2.50 (m, 2H), 2.47-2.35 (m, 3H), 2.12-1.94
(m, 2H), 1.80-1.30 (m, 5H); ESI" MS: my/z (rel intensity) 400.2 (100, [M+H]).

SCHEME 2
| \
— o
N = N
f,
\ / + I P M,,_g_., N\
N o N ¥
2 5 « |
v

Reagents and Conditions: (f) methanol, 65 °C; (g) NaBH,, methanol, 0 °C to room

temperature.

Example 3: Preparation of A-((9H-pyrido[3,4-b]indol-1-yDhmethyl)- A-methyl-5,6,7,8-

tetrahydroguinolin-§-amine tetrahydrochloride (V).

A solution of B-carboline-1-carbaldehyde, 2, (0.10 g, 0.50 mmol) in methanol (10
mlL) was treated with N-methyl-5,6,7 8-tetrahydroquinolin-8-amine, 5, (0.09 g, 0.56 mmol}).
The resulting mixture was warmed to 65 °C and stirred for 18 h. The reaction mixture was
then cooled to 0 °C and sodium borohydride (0.08 g, 2.03 mmol) was added portionwise. The
reaction mixture was slowly warmed to room temperature and stirred for 1 h. A saturated
agueous solution of sodium bicarbonate was added. The product was extracted with
dichloromethane. The combined organic layers were dried over potassium carbonate, filtered
and concentrated in vacuo. The product was purified by silica gel chromatography (0-5 %
methanol/CH,Cly) to afford 0.07 g (40 % vield) of the desired product V: 'H NMR (400
MHz, CDCl5) 813.20 (bs, 1H), 8.73 (d, J=4.4 Hz, 1H), 827 (d, ] = 5.6 Hz, 1H),8.12 (d,J =
7.6 Hz, 1H), 7.85(d, }=5.2Hz, 1H), 7.70 (d, ] = 8.4 Hz, 1), 7.55 (t, J= 7.6 Hz, 1H), 7.44
(d, J= 8.0 Hz, 1H), 7.25-7.15 (m, 2H), 4.26-4,18 (m, 3H), 2.94-2.72 (m, 2H), 2.34-2.18 (m,
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23 Reagents and Conditions: (a) (S)-1-(naphthalen-1-ypethylamine, carbonyl diim dazole, ethyl
acetate 2324 Reagents and Conditions: (b) Pd/C, ammonium formate, ethanol, 55 C 2425 Reagents

and Conditigns{6)/isehytyraldehyde, Na(0Ac)3BH, cat, acetic acid, 1,2-gichlptari)args 2526
Reagents and Conditions: (d) Thionyl chloride, methanol Reagents and Conditions: (e) methanol,

Eni)crO\(/éavez I—l}iQ M ésm'ﬂm (i)ll‘sJ@Bd(ﬂftnmmhfm% I.nylmr\fﬁie)m; EXAVRLE 206 neparatiomof
5)-5-(diiso yamm 1-(na alen-1-yflethy
2-(5,6,7,8- élfﬁ'ﬂﬁ'é‘(é ﬁg%( Mﬁﬁg entanamide trihydrochloride (AY). Step a: Preparation of

benzyl (8)-4-(tert-butoxycarbonyl)-amino-545)-1-(naphthalen-1- yOethylamino)-5-oxopentylcarbamate
(23). Toa §%é1é|on f Boc-Orn(Z)-OH (Bachem) (51.6 g, 141.0 mmol) in ethyl acetate (800 mL) was
added 1,1-carbonyl diimidazole (24.0 g, 148.0 mmol). The mixture was stirred at room temp. for 30
mm. A solution of (S)-(-)-(1)-(1- naphthyDethyl amine (25. m .0 mmol) in CHC13 was added to
the reaction mixture dropwise. The reaction mixture was s &t room temperature for an additional
Ih. The mixture wag,diluted with wigter, extracted with gthyl acetstte. The organic phase was washed
with 0.3 N HC{K)}Q ml), Watg%ﬁugous@ra d NH4C1 solution. The organic phase was
dried (MgS flter d-amrel C atgd i grude ‘résidue was purified by silica gel

ol/

chromatog y( % to 20% me C13) to affé desired product 23: ESI+ MS: m/z (rel.

intensity) 520 (100, [M+HTr). Step b: Preparat|o tert-butyl ¢

(5)-5-amino-14(S)-1- (naphthalen -I-yDe -1- oxopentan-2- Ice (24). A solution of
(S)-4-(tert-butoxycarbonyl)- am no-54 (namﬂmﬁéjﬁ 1 -yl)eth¥lam‘h s5Zoxopentylcarbamate, 23,
(28.0 g, 54.0 mmol) in ethanol ate ( .Zg%@@awmol) and

00m f\’/vaswad ammonium fo
med

palladium (10 wt% on carb@(‘ . e reactlon mixture w
55 C. The mixture was filte resulting filtrate was
concentrated in vacua. The re was dissolved in ethyl acetat thé organic phase was washed
with agueous saturated NaC1 solution. The organic phase was driedéMgSO4), filtered and

55 it and stiyred for 18 h at

concentrated in vacua. The crud€ residue was used without further pyriication: 1H NMR (d6-DMSO0)
68.55 (d, J = 7.6 Hz, 1H), 8.04 (d, '=.8.4 Hz, 1H), 7.89 (d, | = 8.0 Hz 78 (d, 1= 8.0 Hz, 1H),
7.53-7.42 (m, 4H), 6.81 (d, J 8.0 H% 65-5.62 (m, 1H), 3.96-3. 8%) 2.60-2.53 (m, 2H),
1.46-1.40 (m, 7H), 1.33 (s, 9H);;ESLN m/z (nﬁ/\h'ténsny) 386. 20(100N[M:|-Hr)

)

NH

compound 1162 compound 1128

Reagents and Conditions: (a) Cs2COs, N-(chloroacetylymorpholine, 65° C; (b) (5)-5,6,7,8-
tetrahydroquinolin-8-amine, Na(QAc):BH, rt; (¢) bis-1-{N-tert-butoxycarbonyl)-4-
oxobutylcarbamate, Na(OAc);BH, rt; (d) trifluoroacetic acid, rt; (e} tert-butyl-4-(3-
bromopropyl)piperazine-1-carboxylate, triethylamine, reflux in acetonitrile; (f) trifluoroacetic

acid, ambient temp,

EXAMPLE 4: Preparation of compound 1128 of Scheme 3.

Step a: Preparation of 9-(2-morpholino-2-oxocthyl}-9H-pyrido[3,4-b]indole- I -carbaldehyde:
4.00 mmol of cesium carbonate was added to the solution of 2.00 mmol of carboline
aldehyde in 20 ml DMF. After stirring 1 hour at room temperature 3.00 mmol of N-
(chloroacetylymorpholine was added to the reaction mixture. The reaction mixture was heated
to 65 °C for 24 hours and then poured to ice-water. The precipitate was filtered off, and

washed with water and dried. The product was pure enough to use for the next step (75%
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Step c: Preparation of tert-butyl
(5)-5-(diisobutylamino)-14(S)-1-(naphthalen-lypéthylamino)-1-oxopentan-2-ylcarbamate (25). To a

solution of tgnshtyl.63)z § amino-1- ((S)-1-(naphthalen-I-yDethylamino)- 1;pxapeniahssyicarbamate,
24, (20.8 g, 54.0 mmol) in 162 CH2C12 (600 mL) was added acetic acid (conc. 1 inL), followed by

isobutyraldghydedp. ﬁ@@%&@%@g&%@d Wd@}‘w?,wo xylporohydrine (286 gpt3Smmol). The
reaction mixture was watmed to and stirred for m water,
raciod Wi S L g e X ot e L T R R R T
organic phase wasdriedifhg304), filtered and-gdnteairated ImYac 6l, The ¢riide 3esidudias used

without furthey purification: IFINMR (d6-DMS0) 6 8.39 (d.J= 7.6 Hz, 1H), 8.04 (d, J = 7.2 Hz, 1H), 7.89
d, = 8.0 Hazh ¥ ?S.;gg(%(fn@g%ﬁé%), 7.51-7.39 (M, 4H), 6.68 (d,J= 8.4 Hz, 1H), 5.68-5.60 (m,

1H), 3.97-3.90 (m, 1H), 2.41-2.22 (m, 2H), 1.91 (d, J = 7.2 Hz, 2H), 1.58-1.52 (m, 2H), 1.44 (d, J = 6.8

Hz, 3H), 1%15?’5 fﬂgzg%%ﬁ%fébsobuty A6t %%ﬂ'%é%v%"zemw 1R05IBA498.3 (100, [M+HI). Step d:

Preparation o mino-5- amino) -1- naphthalen pethyl)pentanamlde (26). Toa

solution ofI@WWP@?%%Hn&ﬁb@ﬂﬁéhﬁh@ﬁﬂiﬁ(sbﬁhanone 1.5 mmol of 9 (2-morpholino-2-

(naphthalepglsypetylaminab: expeptan-2ayisarhamate {24hel élf@smsr@@ # CH2CI2 (35 mL) was
added trifluoroacetic acid, (20 mL) dropwise. After stirring the reacti guxtu 1§ﬁf0r 43‘51”] at room

temperatur RS BRI AL EERTa 28] I T X TR da¥d®alt. The crude

salt was us&dqwmﬁethiuéth@m&mfmm SR Mom/2disktiniensity) ﬁ@&z&(k&@,qﬂmﬂﬂ:)i Steps e and
f: Preparatlon of (S S(”)‘) d|| ino)- ‘S 8 Ana hthglen 1- E 2 sulfate,
(5,6,7,8- tetr d’*uei%(%? %ﬁn%l}pgﬁ anami %rfﬁ é gehlor or| \? li' 50 l}l{%

(5)-2- amln(ﬁi&x(@ﬁle‘ﬁbmwmuaym @yémmmmnytﬁp@manamm@ﬁd@ﬁ@@u 51 rnmol)
in ethanol (4. mb) wam Add6d 8. 0imdraquin 9'%%%5%%90@3‘?3@%@890@%%@ AR TRe Mixfure was

heated in microwave reactor at 150 C for 1 min."A ling the reaction to room temp., NaBl-14

(0.11 g, 2.98ensiivlPaks d80cdMoHhe. m&tﬁ?éﬁ%@r&ﬁé@&ﬂﬁ%I%Wé%tﬂr%d“aﬂ%ﬂﬁi ‘temp for 1 h.
The mixturg yag diteted With.adueous, saivurated H@H@%demaﬁeﬂs\/ﬂ% ethyl@catate=The organic

phase was drled ( SO4 filtered and concentrated in vacuo. The crude residue wasN?urlfled by silica

gel chromat 5% %@m@ngl;"@#&@?) ) ﬁfgo%)l’h’éoae@rré{il’p%&w 411 MM 66 DMSO0)
68.34 (d, -1% 8 legg 3*7!4 (8, 36829 (o HE 4 B61(H; 3 195HM2 DHYZ ) 237 &1 Ky-L )0 HBR-F 006 (m, 1H),

596 (m, 180, ok S 86Tch3ar: ke i 1Ry G 2 e Tyt B W (ol
intensity) 529.8411 Q0,88%nh). 127, R@étge‘irﬁ$ranﬁi¢ondltlons (a) BOP or

hydroxybenzotriazole-hydrate/EDAC, 2- aminomethylpyridine, triethylamine, dimethylfoimamide Cbz

HN HN 0 H2NN,Boc HN 0 I\1) 2728  Reagents and Conditions: (b) hydrogen, Pd/C, methanol
Step ¢ Preparation of (8)-4-(((9-(2-morpholino-2-oxocthyl)-9H-pyrido{3,4-b]Jindol-1-

yhmethyl)(3,6,7.8-tetrahydroguinolin-8-y1)-(4-(Bis-N-zertbutoxycarbonyl)amino)
butylcarbamate. 1.00 mmol of {S)-1-morpholino-2-(1-((5,6,7,8-tetrahydroquinolin-8-
ylamino)methy!)9H-pyrido[3.,4-blindol-9-yl)cthanone, 1.00 mmol of Bis-1-(N-
tertbutoxycarbonyl}-4-oxobutylcarbamate, and 2.00 mmol of sodium triacetoxyborohydride
in 20 mi 1,2-dichloroethane were stirred at room temperature for 2 hours. The reaction was
quenched with saturated sodium bicarbonate solution. Organic layer was dried over
magnesium sulfate, filtered off, and evaporated. The desired product was purified with
column chromatography using dichloromethane:methanol:NH40H (9:1:0.1) in
50%dichloromethane (95% yield). ESI" MS: m/z (rel intensity) 727.3 (100, [M+H]"). 'H-
NMR (400 MHz, CDCI3): 6 8.29 (d, 1H, J= 5.2 Hz), 8.21 (d, 1H, J= 4.4 Hz), 8.09 (d, 1H, J=
7.6 Hz), 7.86 (4, 1H, J= 4.8 Hz), 7.56 (dt, 1H, J= 1.2, 8.0 Hz), 7.30-7.23 (m, 3H), 7.17 (d, 111,
18.4 Hz), 6.88 (dt, 1H, J= 3.2, 4.4 Hz), 580 (d, 1H, J= 17.2 Hz), 4.36 (5, 2H), 4.13 (g, I1H, J=
6.8 Hz), 3.97 (d, 1H, J= 12.8 Hz), 3.89 (d, 1H, J= 14.4 Hz), 3.81-3.77 (m, 1H), 3.67-3.56 (m,
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Reagents and Conditions: (c) methanol, microwave, 150 C, 15 min; (d) NaBH4, methanol, room temp.
H RNN, BoceHNNH2 HN OHN 04HCI ...... 61,..z.),....61.2.") 1 29.--",....7---'"AZ —..,...... ---- Reagents
and Conditiqpg: R HQsnethanol EXAMTLE 21: Preparation of PCT/US2009/038805
(29-6-amino-N(pyridin-2-ylmethyl)-2-(5,6,7,8- tetrahydroquinolin-8-ylamino)hexanamide
tetrahydrociMoriles(AZ).(atemia: Prepayation XH Y )Henaylm, 1H), 2.64-2.60 (m, 2H), 2.48-2.31
6-((tert-butoxycarb -aminQ)-1-gx0-1-(pyridin-2- ylme mi xan-2-ylearbamate (27). To a
cold (0 'V) &51&%1’180?@ L%(%?—IX&(:’B]}&%%JH%% .O){gg,%é)g%g%%%?ijh%ﬁngth% Orlrm&’l’dseééo niL) was
added hydroxybenzotriazole-hydrate (4.3 g, 31.6 mmol), triethylamine (7.3 mL, 52.6 mmol) and EDAC

(619, SLOE et HIOASLO 1740, £ ATROTEIA RIS (5 0h. 8.9 mmo) was a1

the mixture. The mixture was w room temperaturé and stir 1f’or an additional 17h. The

mixture was diteitednwiity Aqieovdsdb.ddtbadNafr DB kirastbenanth SiAyaediatéS)Fhe organic

phase was gted_(ManGi4h fllerediandgencantiated,ip yacuonkneniypedesidue was purified by silica
gel chromaftgct)g?gphygf(%fyo‘1 to 5% meﬁ;ﬁ]ol/g%01 ) to ]afford tr?;)desirgebélé;oduct 27:'14 NMR

(d6-DM SOy 8y drpguinelin- by iy (4 (Bisg s/t e gonyl Mg By 92 brmaie, WaHfisjol%Y 19 (m,
8H;, 6.94 (ch Lﬂxﬁ(l?yﬁdldl&l;o%é‘lﬁerﬂza%@ éﬁ?%itﬂ-&lﬁﬁ@/ﬂﬁ%lﬁiﬂ@@h@e@ Q6B -ﬁ?tc(xﬂﬁmclidact%);ﬁ5-2-9g (m,
2H), 1.60- 1.25 (m, 614), 1.35 (s, 9H); ESE MS: m/z (rd | intensjty), 471.2 (10Q, [M+H]m). Step b:
Preparatiof’8F {&Te AR %Ela??ﬁﬁt&}!%-%%&-‘é?WFd?’ﬁ(:‘f-‘iﬁP% gtﬁﬁié%’%ﬁ%&%?&%&%& (28). To a
solution of {&)thdnzy e (tefthiiithkywathanyt)faigiit)e nixture was warmed to ambient
oxo-1-(pyridin-2-ylmethylamino)hexan-2-ylcarbamate, 27, (3.8 9, 8.2 mmol) i han mL) was
added pallagfall[1 Ui ff)ei/\%o %rr‘%‘%:na%?k?%?rdyg%s)?pﬁ%%iafiiﬁgleo\"fv%sr% frec u%ﬁg#géyhg?ﬁé%ge%%%%%sphere for
2h. The mixterewad. flllerddithdqugiuCelite pumihsdshiddolithmrdiaantlsTne Y esuiEing filtrate was

concentratagl i ¥aGUR. JG SHUHR FGRIENS Wastpeceithpat el pudfigaliony EpfadS: miz (re
intensity) 337.2 (100, [M+111+). Steps ¢ and d: Preparation of tert-but

I
(5)-6-0x0-BXbYHilih- HyhEHYRIHES 505637 8 S r%ﬁ&ohﬂ%m%%ﬁ%é}ﬁe}fﬁc%%ﬁmate (29).
o3 e S VoS ey g ase, 100
43 mmol) in ethano mL) was a -dihydroquinalin- -one (0, ,.6.12 mmol). The
mixture wax Hedttti(th Hicldwdia-reatt a]tt’l’SJCngJﬁ%?}ﬁ%n? &é&?éf&ﬁ%@%ﬁ% %&t#gﬁ% room temp.,
NaBH4 (0.461g 4112 24 imeld was pdoet ) thHe ikt ¢l-],eseattion fmixtuéaixps stirted iat,room temp

for 1 h. Th?%%)guﬁm%ﬁé%?%ﬁé%%;?ﬁﬁ%Ef?%i}‘gﬂgﬁgggg,SnS %a%%d T%%%—%.W.tpmethyl acetate.

The organit ptiase was tered ‘and acuo. The crude résidue was
purified by Bilig& ¢ LM ematbioraghy?(5% o 28%2méthan dCH2C.2910 fford 2He désirbd%roduct 29:
1H NMR (d6: ) doo4 8- X AP AH, GRS Lids 7.2 Hz, 1H),
7.45(d, J @%ﬁﬁq 12%)§S ’?‘dgﬁ gd??iﬂ gé(iﬁlzm}{h)é%%%?:nﬁsgﬁlz% 1H). 7.(:15?%3&/ §.%,1312.§ Hz, 1H),
6.94 (d, J="796 ) (alodesl (67 59/6 4471 2Pf; Bogsd3 Pt ¥ 3162-3.57 (m, IH), 2.69 (d, J = 4.8 Hz,
2H), 2.61-2.56 (m, 2H), 1.99-1.95 (m, 1H), 1.89-1.83 (m, 1H), 1.63-1.28 (m, 8H), 1.35 (s, 9H); Esc MS:
miz (re intensity) 468.3 (100, [M+HI). Step e: Preparation of
(25)-6-aminmo:Nvyr istiPeepdanacidy 24 m po tiBiteleydchgtindlin-8- ylamino)hexanamide
tetrahydrochloride (AZ). To a solution of tert-butyl (S)-6-oxo-6-

(pyridin-2-y$tepthy Ruerine)id: (& 63 78+ tetraplyt S e (ifrdRrmarplariine}-hessticd)iera d0l9,41.07 g, 2.29
mmol) in meghanol (50.10k) Was BUbRlEtHHGT- 8RR ASneraIRH BRI SRY.200 NaG) The reaction

mixture was stirred at room]\é\((a p. for 20 mlnct]}%es. The mixture was concentrated in vacuo to afford the

desired prodf@¢mmebabiahyerorisrrie-shithvas dsetalndieguretive? plirEaieat B MS: m/z (re
intensity) 35&-2{H00 iMablid) 1 RXAMBL E . 22uRseRaratign-af sampaime B aLampound of Formula

(ID). Compounds of Formula gIID), such as compound B, are prep%red 3?8?{9%@}% rocedure of
Scheme 178HESRIAH ArtiSANONIHELDG AZE Rt VATOHS T i tion 8cat g‘?funds are
possible byspeavigingmacibiscnnigmiediates:doat exampterdiffe lenifibteraayealytssoditesponding to
group Y can. be incorporated into the structure by t sel%ec jon of heterocyclyl in the starting material in
step 1 of Scﬁg‘%)(énﬁ;edﬁ#g}gn ghf’y%ﬁ%ué?%“ﬁf )éor?gsce{p%rh i%%%aﬁigg%n%%x Ipnr%%/aié%rdv t‘r)if/ %ﬁglachoice of
diamine (oodiaminmsynthotfausifitardted tvopSetedmiedireator@iCH B UTied with column

chromatography using dichloromethane:methanol NH4OH (9:1:0.1) (46.88% yicid). EST

MS: m/z (rel intensity) 682.4 (100, [M+H]"). "H-NMR (400 MHz, CDCI3): 8 8.32 (d, 1H, J=

4.4 Hz), 8.12 (d, 1H, I= 7.6 Hz), 7.91 (d, 1H, J= 4.8 Hz), 7.57 (t, 1H, J= 8.0 Hz), 7.38 (d, 1H,
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30 Reagents and Conditions: (a) BOP, ter/-butyl 2-aminoethylcarbamate, triethylamine,
dimethylformamide Reagents and Conditions: (b) hydrogen, Pd/C, methanol 0Boc Boo NH N, \"--NH

31 t-NH3ZReagsnts,and Conditions: (c) methanol, microwave, 150 C, d&iaiibtd a4, methanol,-
room temp. Reagents and Conditions: (d) HCI, methanol

JF=17.6 Hz), 7.32-7.27 (m, 3H), 6.97 (dt, 1H, J= 3.2, 4.4 Hz), 5.62 (d, 1H, J= 17.6 Hz), 4.36
(s, 2H), 4.14 (t, 1H, J= 8.8 Hz), 4.01 (d, 1H, J= 14.4 Hz), 3.93 (d, 1H, J= 14.0 Hz), 3.81-3.51
(m, 6H), 3.46-3.20 (m, 4H), 3.08-2.96 (m, 2FT), 2.88-2.58 (m, 4H), 2.41-2.32 (m, 2H), 2.11-
2.02 (m, 2H), 1.90-1.81 (m, 2H), 1.75-1.59 (m, 6H), 1.40 (s, 9H).

Step f: Preparation of (S)-1-morpholino-2-(1-(((3-(piperazin-1-ylypropyl}(5,6,7,.8~
tetrahydroquinolin-8-yl)amino)methyl)9H-pyrido[3,4-blindol-9-yhethanone. 0.50mmol of
(S)-tert-butyl 4-(3-(((9-(2-morpholino-2-oxoethyl)-9H-pyridof3,4-blindol-1-
yhmethy1)(5,6,7,8-tetrahydroquinolin-8-ylamino propyl)piperazine- I -carboxylate was
dissolved in 2 ml of dichloromethane and treated with 2 ml of trifluoroacetic acid. After the
reaction was stirred at ambient temperature for 2 hours it was cooled to 0°C with ice bath and
then neutralized with 1M NaOH solution carefuliy. Let the mixture warmed up to room
temperature. The organic layer was separated, dried over magnesium sulfate, filtered off, and
evaporated. The desired product was purified with column chromatography using
dichloromethane:methanol:!NH40H (9:1:0.1). ESI"MS: mv/z (rel intensity) 582.3 (100,
[M+H]"). 'H-NMR (400 MHz, CDCI3): § 8.31 (d, 1H, J= 5.6 Hz), 8.28 (d, 1H, /= 4.8 Hz),
8.11 (d, 1H,.J= 9.2 Hz), 7.89 (d, 1H, J= 5.2 Hz), 7.57 (1, 1H, J= 6.8 Hz), 7.32-7.25 (m, 5H),
6.94 (dt, 1H,./=2.8,4.8 Hz), 5.67 (d, 1H, J= 16.4 Hz), 437 (s, 2H), 4.14 (t, 1H, J= 9.2 Hz),
4.05(d, [H,J=16.8 Hz),3.93 (d, 1H, J= 14.8 Hz}), 3.83-3.76 (m, 1H), 3.72-3.47 (m, 4H),
3.45-3.30 (m, 1H), 3.29-3.26 (m, 1H), 2.88-2.51 (m, 6H), 2.41-2.32 (m, 2H), 2.11-2.02 (m,
2H), 1.90-1.59 (m, 8H), 1.02-0.96 (m, 1H), 0.95-0.80 (m, 1H). Elemental Analysis (C/H/N):
C1HN-02 x 0.95 mol H,O; Calculated: 68.19/7.56/16.37; Found: 68.18/7.38/16.23.

SCHEME 4
i\
H__.O P
i
i S
< e e
p N \E;/\/\NHBOC
; HN\/\/\NHBOC N
Y/

Reagents and Conditions: (a) Na(OAc):BH, cat. acetic acid, 1,2-dichloroethane, 100 °C,
microwave
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Reagents and Conditions: (e) Ethanol, microwave, 150 C, 15 min EXAMPLE 23: General preparation
of compounds of Formula (1E). Compounds of Formula (I) can have the following general structure

(IF): A-fl Rg NoudsAdfs)s Wherein RI, R2, R7, LI, 1,2, X, Y, and A are as,gdefined.besginsExemplary
compounds of Formula (1E) are shown in Table 4. TABLE 4 Compd. BP CH3 CH3 BQ

® ®
N/ N/ 4HCI
N N
~"NHBoc b ~TNTONH,
N N
/ Y/
6 B

Reagents and Conditions: {b) SOCL,, methanol, room temperature, 2 h.

EXAMPLE 6: Preparation of NV/-((1 H-indol-7-yhmethyl)-N7-(5,6,7.8-tetrahydroquinelin-
8-vl)butane-1,4-diamine {B).

Step a: Preparation of fert-butyl 4-(((1H-indol-7-ylymethyl)(5,0,7,8-tetrahydroquinolin-§-
yh)amino)butylcarbamate (6). A heavy-walled Pyrex tube was charged with a solution of
indole-7-carboxaldehyde (0.50 g, 3.44 mmol) in 1,2-dichloroethane (5 mL). This solution
was treated with ferf-butyl 4-(5,6,7 8-tetrahydroguinolin-8-ylamino)butylcarbamate, 3, (1.21
g, 3.78 mmol), sodium triacetoxyborohydride (1.46 g, 6.88 mmol) and a catalytic amount of
acetic acid (2 drops). The reaction mixture was exposed to microwave irradiation for 10 min
at a temperature of 100 °C. After the irradiation, the reaction tube was cooled with high-
pressure air until the temperature had fallen below 40 °C. The crude reaction mixture was
poured onto a saturated aqueous solution of sodium bicarbonate. The product was extracted
with dichloromethane. The combined organic layers were washed with brine, dried over
potassium carbonate, filtered and concentrated in vacuo. The crude product was purified by
silica gel chromatography (6-5 % methanol/CH,Cly) to afford 0.54 g (35 % yield) of the
desired product 6: "H NMR (400 MHz, CDCl3) 8 12.87 (bs, 1H), 8.56 (d, J = 3.6 Hz, 1H),
7.53(d,J="7.6 Hz, 1H), 7.41-7.37 (m, 2H), 7.10 (dd, /= 5.2, 7.6 Hz, 1H), 6.97-6.88 {(m,
2H), 6.51-6.49 (m, 1H), 4.26-4.20 (m, 2H), 3.96 (d, /= 13.2 Hz, 1H), 3.60 (d, /= 13.2 Hz,
1H), 2.92-2.72 (m, 3H), 2.65-2.55 (m, 2H), 2.50-2.40 (m, 1H), 2.29-2.20 (m, 1H), 2.14-2.04
(m, 1H), 1.95-1.68 (m, 2H), 1.47-1.15 (m, 2H), 1.39 (s, SH); ESI" MS: m/z (rel intensity)
4492 (100, [M+H]".

Step b: Preparation of NI-((1H-indol-7-yl)ymethyl)-N7-(3,6,7 8-tetrahydroquinolin-8-
yhbutane-1,4-diamine (B). A solution of terr-butyl 4-(((1H-indol-7-ylymethyl)(5,6,7.8-
tetrahydroquinolin-8-yl)amino)butylcarbamate, 6, (0.27 g, 0.60 mmol) in methanol (5 mL.)
was treated with thionyl chioride (1 ml) at room temperature. The resulting mixture was

stirred for 30 min. The reaction mixture was then concentrated and dried under reduced
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pressure to afford 0.26 g (87 % yield) of the desired product, B: "H NMR (400 MHz, d°-
DMSO) 8 11.97 (bs, 1H), 8.44 (d, /= 4.8 Hz, 1H), 7.59 (d, J= 7.2 Hz, 1H), 7.53 (¢, /= 7.2
Hz, 1H), 7.48-7.40 (m, 1H), 7.35-7.20 (m, 2H), 6.98 (t, J = 6.8 Hz, 1H), 6.44 (bs, 1H), 4.90-
4.78 (m, 2H), 3.60-3.53 (m, 2H), 3.10-3.00 (m, 2H), 2.80-2.60 (m, 4H), 2.50-2.39 (m, 1H),
2.30-1.40 (m, 7H); ESI” MS: nv/z (rel intensity) 349.2 (100, [M+H]").

SCHEME 5
| =
H O \ N/
H l
N + - — N\
N
y H
HN._ N
5 Vs
Cc

ExaMrLE 7: Preparation of A{(1 H-indol-7-yl)methyl)- -methyl-5,6,7,8-

tetrahydroquinolin-8-amine {(C).

A solution of indole-7-carboxaldehyde (0.48 g, 3.36 mmol) in 1,2-dichloroethane (10
mL) was treated with N-methyl-3,6,7 8-tetrahydroquinolin-8-amine, 5, (0.60 g, 3.70 mmol),
sodium triacetoxyborohydride (1.07 g, 5.05 mmol) and a catalytic amount of acetic acid (2
drops). The resulting mixture was warmed to 65 °C and stirred for 2 h. The reaction mixture
was cooled to room temperature and a saturated aqueous solution of sodium bicarbonate was
added. The product was extracted with dichloromethane. The combined organic layers were
dried over potassium carbonate, filtered and concentrated in vacuo. The product was purified
by silica gel chromatography (0-5 % methanol/CH»Cly) to afford 0.75 g (76 % yield) of the
desired product: "H NMR (400 MHz, CDCl3) 8 12.69 (bs, 1H), 8.61 (d, J = 4.4 Hz, 1H),
7.85-7.81 (m, 1H), 7.68-7.65 (m, 1H), 7.59 (d, J= 7.2 Hz, 1H), 7.44-7.38 (m, 21), 7.12 (dd, J
= 44,72 Hz, 1H), 7.03-6.96 (m, 2H), 6.55 (t, J= 2.0 Hz, 1H), 4.22-4.17 (m, 1H), 4.00 (d, J
=134 Hz, 1H),3.84(t,J=68 Hz, 1H),3.73(d, /= 13.4 Hz, 1H), 342 (t, J= 6.8 Hz, 1H},
2.92-2.72 (m, 2H), 2.28 (s, 3H), 2.14-2.04 (m, 1H), 2.00-1.88 (m, 1H), 1.85-1.70(m, 1H);
ESI” MS: my/z (rel intensity) 292.1 (90, [M+H]").

The skilled artisan will recognize that other compounds described in Table 1 can be
prepared in a similar manner to the procedures described above, for example by substituting

the appropriately substituted tetrahydroquinoline for compound 3.
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Compd.

WO 2009/121063 PCT/US2069/038803
ExaMPLE 8: General preparation of compounds of Formulae (IB) and (IC).

Compounds of Formula (1), can have the following general structures (IB) and (1C):
= R
= R, AK ] R
2
N LNy
Nh,L _X g/ 3
1 L
B N Xy—Lz
Rs‘Ng’MY (8) O—N Y
1

Q=N Re
wherein Ry, Rz, Rs, Re, L1, Lo, X, Y, Q, A, and B are as defined herem. Specific

(1C)

embodiments of the compounds of Formula (IB) and (1C) are shown in Table 2, below. For

each of the compounds of Table 2, Q is N.

Tapir2
Com-~ -Rs -Rg 1Y -L-X E = Ry

pound N
\'4 - JF\/\/NHQ H CH; s
L
N
X o~ NH, - H CH; =
P
N
Y -~ H CHs =
O ;
N
Z - H ”,{\'/\/\NH =
% ol
N
% L
N
AB -- H [ RS
% N ! P
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N
AF - o H CH; R
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N Ly |
e
N
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AN | P
0 N
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N
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w
N
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Nal N \\ 3435 Reagents and Conditions: (a) (CH20)11, o-xylene, 125 C, 3h. -N OH-N O N /bN NN \\
3536 Reagents and Conditions: (b) Mn02, tetrahydrofuran, room temp., 2h. BP EXAMPLE 24:
Preparation@f,Nam&thylN4(4-methyl-5-phenyl-4H-1,2,4-triazol-3- POT/US2009/038805
yi)nethyl)-5,6,7,8-tetrahydroquinolin-S-amine (BP) Step a: Preparation of
(4-methy1-5-phgnyH4H-1,34-traZot-3-yRmethdnol (B2)y To & oxylgnex(20 mL) &fn of

4-methy1-3{phenyl-4H-1,2 4-triazole, 34, (lvangva, N. V.; Sviridov, S. 1.; Shorshng S, V.; Stepanov,
A. E. Synthedi€"8806, /, 156.; hergin incorporated by referefce in its entirety for ™Il urposns) (3.049,
18.8 mmol) was added p-formaldehyde (2.8 g, B4.2 mmol). The reaction mi ture Wa“"'heated to 120 C
for 3 h. The|readtion mixture was then coo /Q’d}to roonHtemperatureCahd was f oroform (40
mL) and waps washed with water (BQ:m AThe organics were dried over Mg$ nd
concentratef in vacuio. The crudematerial was|purified by silica get chroma )
methanoUdichloromethane) yielding 1.3 g (37%) of 35:NMR|(400 MHz, CD€13) 6 7. 56 7.52 (m, 2H),
7.48-7.40 (m, 3H), 5,40 (bs; 1H), 4.83 (s, % 3.74 (S13H); ESTI MBtsnilz (rdl m% (100,
M+H). Step |b: Prepdration of 4-meemy)@ph yl-4H-1,2,4-trigzole-3-carbaldeh & o0 la solution of
(4-methy1-3-pheny1t4H-1,2,4-triazol-3-371)methanol, 35, (1.3 g, 6.9 mmol)|in THF (20 mL) was added
Mn02 (6.0 g,.68.7 mmol). The reaction stirred at room temperature for 2 h. The reaction mixture was

then filtered|thrégh a plugof Cclif mncentrﬁed in YacuoCthe crud purified via
silica gel chfomatogtaphy (0-5% m UdicHloromethane yielding 820 m ;1 1H NMR

(400 MHz, €DCI3) 10.14, (s, 1H),[7.68-7.60 (m| 2H), 7.59-745, (m, 3H), 3.9 MS: m/z
(rdl intensity)-188 (100,_Mil-H) Step c: Preparation of

N-methyl-N((4-H&thy1-5-phrenyl-4]L-/-1,2, 4-tzZol-3-yBmethy 0- 5 6F:8-tetrd 8-amine
(BP). To a splution af N-methyl-5,6,?’f z droquinolin-8tamine, 5, (0.39 in

1,2-dichloroethane (4 mL) was adged 4-methyl{5-phenyl-4H1{1,2,4-triazole-3}
2.20 mmol),|sodium-triacetoxyborghydride-{Q-84-9-3-90-mmol and-AcOH-(-drog
mixture was| hefed to 65 C-and sii The Feaction ﬁ;\bd’?e/\aﬁc emperature,
poured into saturated agueous NaHCQ3 ) and extracted with ethyl a¢ L). The

combined organic phases were washed with brine then dried over MgSO4 klltered centrated

|n vacuo T a.crudoa.matarialwac anrifind vin r\lf Atanranhv AN
. ToT CITTTTAICTIOAT VWO puUrimimicu vicy IJI

methanol/di¢hléh methane) yieldin

36, (0.41 g,
eaction

Ta=Y)
T IOUOSTS Ut A

A2 | IUIIIM UIM
R (400°'MHz, C’g\eﬁ)ﬂ'\@@

g BR:
2009/121063PCT/U$2009/038805% 4.8 Hz, 1H), 7.58-7.53 (m, 2H), 7.46-7.3 ,(d,J=8.4
Hz, 1H), 7.0, (dd, J& 7.2, 4.4 Hz,|1H), 4.04-3.92, (m, 2H), 3|78, (d, J= 14.0 2.74, (m,
IH), 2.71-2.G2A D 3-33 s 323 1-04{m SH)RE 74-3-62-fmtH) HISE MSmiz trd 1
intensity) 334 (100, M+H). & | P
N
AU - H H CH; X
N
ShY »
AV - H AV CH; A
JIC W
AW = H CH; =
§od e
o N
AX -- H S CH;
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SCHEME 19 Reagents and Conditions: (0 Na(0Ac)3BH, cat, acetic acid, dichloroethane, 65 C

Reagents and Conditions: (g) HC1(g), methanol, room temp. EXAMPLE 25: Preparation of tert-butyl
4-(((4-methyd3R
ypmethyl)(5,6,7,8-tetrahydroquinolin-8-yl)amino)butylcarbamate (37). Step f: To a solution of

doftH-1,2,4-

triazol-3-

PCT/US2009/038805

4-methyl-5-phepyl-4H-1,2 & inazole-3-capaldenydey 367 (0.41Q, ZZ8:mmol) in chloroethane (4
mL) was added tert-putyl 4-(5,6,7,8-tetrahydroquinolin8-ylamino)butylcarbamat 46 gj) 2.40
mmol), sodi JrPPHF&:betoxyborohydr de (0.84 g, 3.95 mmol), and AcOH (10 draps@reac ijon mixture
was heated fto 65 C and stirred for{ 18 h. The reaction mixture¢ was cooled tolroom teffiperature and
poured into satuxdted aqueeus NaHCO3{15 m|yand-extracted withigthyl acet mL). The
combined okganic phases were washed with brine then dried over MgSO4, kilte@@goncentrmed
in vacuo. The crude material was purified by siljca gel chromatography (0-5% methanpl/
dichloromethane) to yield 37: 1H NMR (400 MHz, CDC13) 88.40, (d, J= 5.2 Hz, 1H)."7:60- 7.57 (m,
2H), 7.48-7.44AK8, 3H), 7.31, (d, J= 7.2z, 1H),“A0~(del"35 8.0, X:BIHZ, | H), i:i‘-‘ , H),
4.20-3.92, (i, 3H), 3.20-2.60, (M, 6H), 2.20-1.85, (m, 4H), 1,75-1,30 (m, 13H); MSAm/z (rd |
intensity) 491 (100, M+H). Step g:i{Preparation of
N-(4-aminohuty1)-N4((4-methyl-5-pheny1-41-1-1.2,4-triazo143- “‘""’
yOmethyl)-5,6/%& teltrahydroquindlin-8-diine tetrahydrolhloride (8®% Throuighra nol (2 mL)
solution of 37 (0.16 g, 0.32 mmol) was bubbled|HC1(g) genegrated by the additi ri¢ acid to dry
NaCl. Upon |total conversion of the reaction as ﬁnonitored by LC-MS, the reaction mixture was
concentrate¢l.in vacyo.to yield BQ1ESP MS: m/z (rd | mtpnq y) 391 (100, M+H) The skilled
practitioner wilPrétognize that the femaibing co able £8an be | similar
methods using the appropriately substituted starting ma erials and reagents. substituted
amine deriv n be prepared by appropriate derivatization of the unsul (e.g.,
BR-BT can | : j . of Formula
(IF). Compo ~ormufa (1) canlonTrTg\g*@n ral sttdBeure (IF): / Nt; X
WTh,L2 Y wherein RI, R2, Li, L2, XYW ~X”and A are as defined herein. S iments of
the compounds of Formula (IF) are shown beloy in Table 5. TABLES Corn-
AX6 - \/@ \/O\JH CH; | =
o a N
SCHEME 6
OH
Iﬁ ~
a N7 N
Ph—N=N=N - . N LI VY

Reagents and Conditions: (b) MnQ;, CH,Cl;, ambient temp.
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Reagents and Conditions: (¢) Na(OAc):BH, cat. acetic acid, dichloroethane, 65 °C;

EXAMPLE 9: Preparation of N-((1H-benzo|d]imidazol-2-yDymethyl)- NV-(4-aminobutyl)-
5,6,7,8-tetrahydroquinolin-8-amine tetrahydrochloride (Y).

Step a: Preparation of (1-phenyl-1H-1,2 3-triazol-4-yl)methanol (7). Phenyl azide (2.02 g,
[7.0 mmol) was dissolved in neat propargyl alcohol (3 mL) and the mixture was heated to
90°C for 2h. The reaction mixture was cooled to room temperature and the reaction mixture
was diluted into diethyl ether and left overnight during which time 7 precipitated as a
crystalline solid to afford 1.03 g (35%) of the desired product 7 while the mother liquor
contained primarily the regioisomer 9: "H NMR (400 MHz, CDCl) 8 7.97, (s, 1H), 7.70, (d,
J =840 Hz, 2H), 7.50, (m, 2H), 7.41 (m, 1H), 4.88, (d, /= 6.00 Hz, 2H), 2.70, (bs, 1H).

Step b: Preparation of 1-phenyl-1H-1,2 3-triazole-4-carbaldechyde (9). To a solution of (1-
phenyl-1H-1,2,3-triazol-4-ylymethanol, 7, (1.03 g, 5.87 mmol) in CH,Cl; (50 mL) was added
MnQO; (2.05g, 23.5 mmol). The reaction mixture was stirred for 3 days at room temperature.
The reaction mixture was then filtered through Celite® and the resulting filirate was
concentrated in vacuo. The crude material was purified by silica gel chromatography (0-5%
methanol/dichloromethane) viclding 0.83¢g (82%) of 9: '"H NMR (400 MHz, CDCl3) § 10.22
(s, 11), 8.51 (s, 1H), 7.53, (d, J = 9.6 Hz, 2H), 7.58-7.49, (m, 3H).

Step ¢: Preparation of N-methyl-N-{(1-phenyl-1H-1,2,3-triazol-4-yl)methyl)-5,6,7,8-
tetrahydroguinotin-8-amine (Y). To a solution of 1-phenyl-1H-1,2,3-triazole-4-carbaldehyde,
9, (0.23 g, 1.35 mmol) in 1,2-dichloroethane (2 mL) was added N-methyl-5,6,7,8-
tetrahydroguinolin-8-amine, 5, (0.20 g, 1.23 mmol), sodium triacetoxyborohydride (0.10 g,

1.60 mmol), and 3 drops of acetic acid. The reaction mixture was stirred for 16 h at room
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temperature., The reaction mixture was then poured into agueous saturated NaCl (10 mlL) and
was extracted with ethyl acetate (10 mL). The organic phase was dried over MgSO,, filtered,
and concentrated in vacuo. The crude material was purified by silica gel chromatography (0-
5% methanol/dichloromethane) yielding 35 mg (9%) of Y: 'H NMR (400 MHz, CDCly) &
8.74 (s, 1H), 8.47 (s, 1H), 7.78, (d, .J= 8.4 Hz, 2H), 7.50-7.39, (m, 4H), 7.20, (m, 1H), 4.72,
(d, J= 13.6 Hz, 1H), 4.63-4.58 (m, 2H), 2.90-2.60 (m, 6H), 2.22-2.17 (m, 1H), 2.10-1.95, {m,
1H), 1.90-1.78, (m, 1H).

SCHEME 7

R | =
N=N H | a =

e N7 - N \

O N
NHBoc
@ AN~ NHBoc %
N
9 3 N 10

= R
EN/ IN/ 4HCI
N NHBoc i - NW\NHz
NTQ ”;\7
N~ N-N

Reagents and Conditions: (b) SOCl,, methanol, ambient temp.

ExampLE 10: Preparation of N-(4-aminobutyl}-N-((1-phenyl-1H-1,2,3-triazol-4-
ylymethyl)-5,6,7,8-tetrahydro-quinolin-8-amine tetrahydrochloride (Z).

Step a: Preparation of ferr-butyl 4-(((1-phenyl-1H-1,2,3-triazol-4-ylymethyl)(5,6,7,8-
tetrahydroquinelin-8-ylamino)butylcarbamate (10). To a solution of 1-phenyl-1H-1,2,3-
triazole-4-carbaldechyde, 9, (0.54 g, 3.10 mmol) in 1,2-dichloroethane (15 mL) was added
tert-butyl 4-(3,6,7,8-tetrahydroquinolin-8-ylamino)butylcarbamate, 3, (1.10 g, 3.40 mmol),
sodium triacetoxyborohydride (1.00 g, 4.70 mmol), and 3 drops of acetic acid. The reaction

mixture was stirred for 4 h at 65 °C. The reaction mixture was then cooled to room
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temperature and poured into saturated aqueous NaHCO;. The product was extracted with
CH,Cl; (3x 10 mL) and the combined organic phases were dried over K;COs, filtered, and
concentrated in vacuo. The crude material was purified by silica gel chromatography (0-10%
methanol/dichloromethane) yielding 850 mg (57%) of 13: ‘*H NMR (400 MHz, CDCl3) 8
8.74 (d, J=4.0 Hz, 1), 8.11 (s, 1H), 7.73, (d, /= 8.0 Hz, 2H), 7.52-7 .46, (m, 2H}, 7.39, (d,
J=7.6Hz, 1H), 7.31, (d, /= 8.0 Hz, 1H), 7.01, (dd, /= 7.6, 4.4 Hz, iH), 4.08, (m, 1H), 3.93,
(d,J=14.8 Hz, 1H), 3.83, (d, /= 14.8 Hz, 1H), 3.10-3.00 (m, 2H), 2.85-2.61 (m, 4H), 2.15-
1.95 (m, 2H), 1.93-1.60, (m, 3H), 1.55-1.35, (m, 12H); EST” MS: m/z (rel intensity) 477 (100,
M-+Hj).

Step b: Preparation of N-(4-aminobutyl)-N-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)-
5,6,7,8-tetrahydro-quinolin-8-amine tetrahydrochloride (Z). To a solution of fert-butyl 4-
(((1-phenyi-1H-1,2,3-triazol-4-ylymethyl}(5,6,7,8-tetrahydroquinolin-8-yl)-
amino)butylcarbamate, 10 (0.85 g, 1.80 mmol) in methanol (20 mL) was added thionyl
chioride (1.27 g, 10.7 mmol) at room temperature. The reaction mixture was stirred for 2 h.
The reaction mixture was concentrated in vacuo yiclding 790 mg (85%) of Z: "H NMR (400
MHz, ds-DMSO0) 8 10.78, (bs, 1H), 8.93, (s, 1H), 8.51 (d, J = 4.4 Hz, 1H), 8.25-8.06 (m, 3H),
7.84,(d,J=7.6 Hz, 2H), 7.71, (d, J= 7.2 Hz, 2H), 7.62-7.55 (m, 2H), 7.52-7 46, (m, 1H),
7.40-7.35, (m, 1H), 4.77, (m, 1H), 4.50-4.38, (m, 2H), 3.32-3.22, (m, 1H), 3.15-3.02 (m, 1H),
2.88-2.66 (m, 4H), 2.50-2.39 (m, 1H), 2.15-2.00, (m, 2H}, 1.95-1.68, (m, 3H), 1.64-1.50, (m,
2H), EST™ MS: m/z (zel intensity) 377 (100, M+H).

EXAMPLE 11: Preparation of A-(4-aminobutyl)- A-({3-phenyl-3H-1,2,3-triazol-4-
yhmethyl)-5,6,7,8-tetrahydroquinolin-§-amine tetrahydrochioride (AA):

Compound AA was prepared using the procedure for compound Z, except that the
aldehyde corresponding to compound 8 was used in place of compound 9. "H NMR (400

MHz, d-DMS0) 5 8.54 (d, J = 4.8 Hz, 1H), 8.48 (s, 1H), 8.24-8.10 (m, 3H), 8.07 (d, /= 7.6
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Hz, 1H), 7.67-7.63 (m, 1H), 7.60-7.52 (m, 3H), 4.48-4.39 (m, 1H), 4.13 (d, /= 152 Hz, 1H),
3.95(d, J= 15.2 Hz, 1H), 2.90-2.50 (m, 7H), 2.00-1.40 (m, 7H); ESI” MS: m/z (rel intensity)
377.2 (90, [M+H]").

SCHEME 8
[ B
N N
N
\/\‘/\NHZ o f N | Ny
L
NTS 4HCH NOS HCI
N— N—N
z AB

Reagents and Conditions: (¢) pyridinecarboxaldehyde, Na(OAc):BH, i-Pr;NEt, cat, acetic
acid, dichloroethane, 65 °C; (f) 1IN HCI, dicthyl ether.

EXAMPLE 12: Preparation of N/-({(1-phenyl-1H4.1,2,3-triazol-4-ylmethyl)- V4 (pyridin-2-
ylmethyl)- N1-(5,6,7,8-tetrahydroquinolin-8-ybutane-1,4-diamine hydrochloride (AB).

A solution of N-(4-aminobuty!)-N-((1-phenyl-1H-1,2,3-triazol-4-y)methyl}-5,6,7.8-
tetrahydro-quinolin-8-amine tetrahydrochloride, Z, (0.20 g, 0.38 mmol) in 1,2-dichloroethane
(10 mlL) was treated with Hiinigs base (0.08 mL, 0.42 mmol), 2-pyridine carboxaldehyde
(0.04 mL, 0.42 mmol), sodiam triacetoxyborohydride (0.12 g, 0.57 mmol) and a catalytic
amount of acetic acid (2 drops). The resulting mixture was warmed to 65 °C and stirred for 18
h. The reaction mixture was cooled to room temperature. A saturated aqueous solution of
sodium bicarbonate was added. The product was extracted with dichloromethane. The
combined organic layers were washed with brine, dried over potassium carbonate, filtered
and concentrated in vacuo. The crude product was purified by silica gel chromatography (0-
15 % methanol/CH,Cl) to afford 0.08 g (45 % yield) of the desired product AB: 'H NMR
(400 MHz, CDCl3) & 8.54-8.34 (m, 2H), 8.15 (bs, 1H), 7.71 (d, J= 7.6 Hz, 1H), 7.60-7.52
(m, 1H), 7.45 {t, J= 7.2 Hz, 2H), 7.39-7.32 (m, 1H), 7.32-7.22 (m, 2H), 7.14-7.04 (m, 1H),
7.02-6.84 (m, 1H), 4.15-4.04 (m, 1H), 3.92-3.70 (m, 4H), 2.82-2.50 (m, 6H), 2.15-2.04 (m,
1H), 2.04-1.82 (m, 1H), 1.82-1.78 (m, 1H), 1.70-1.40 (m, 5H); ESI" MS: m/z (rel intensity)
468.3 (100, [M+H]").
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SCHEME 9
i ~x S
P »
N N N
N N M
\/\\./\NH TN N
2 e I-i\-!f H
N“J:\ 4HCH N’ =
N—N N—N
Z AC

Reagents and Conditions: (e) microwave, 2-methylthio-2-imidazoline hydriodide, i-PrsNEt,

ethanol, 150 °C, 10 min.

EXAMPLE 13: Preparation of V7/-(4,5-dihydro-1H-imidazol-2-y1)- ¥4 ((1-phenyl-1£F1,2,3-
triazol-4-ylymethyl)- N'-(5,6,7,8-tetrahydroquinolin-8-yl)butane-1,4-diamine (AC).

A heavy-walled Pyrex tube was charged with a solution of Z (0.19 g, 0.36 mmol) in
Ethanol (2 mL). The solution was treated with Hunig’s base (N,N-diisopropylethylamine)
(0.25 ml., 1.45 mmol) and 2-methylthio-2-imidazoline hydriodide (0.05 g, 0.40 mmol). The
tube containing the resulting mixture was scaled with an aluminum crimp cap fitted with a
silicon septum and then it was exposed to microwave irradiation for 10 min at a temperature
of 150 °C. After the irradiation, the reaction tube was cooled with high-pressure air until the
temperature had fallen below 40 °C. The crude reaction mixture was concentrated in vacuo.
The crude product was purified by silica gel chromatography (0-10 % methanol/CH,Cl,) to
afford 0.07 g (44 % yield) of the desired product AC: "H NMR (400 MHz, CDCl3) § 9.13
(bs, 1H), 8.80 (t, J= 5.6 Hz, 1H), 8.30 (d, /= 3.6 Hz, 1H), 8.09 (s, 1H), 7.93 (bs, 1H), 7.75-
7.68 (m, 2H), 7.48 (d, ./ = 7.2 Hz, 2H), 7.44-7.32 (m, 2H), 7.05 (dd, /= 4.8, 7.6 Hz, 1H), 4.12
(dd, J=6.0, 9.6 Hz, 1H). 4.00(d,J= 144 Hz, 1H), 3.79(d, /= 14.4 Hz, 1H), 3.40-3.22 (m,
2H), 2.80-2.48 (m, 4H), 2.20-2.10 (m, 1H), 2.05-1.90 (m, 1H), 1.90-1.45 (m, 6H); ESI" MS:
m/z (rel intensity) 445.2 (100, [M+H]".

SCHFME 10
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NH, NH;
a
©f‘NH2 U ©/\NHBOC
11

Reagents and Conditions: {(a) Boc anhydride, triethylamme, THF, room temp.

NH, . Ny
©/\NHBOC - O o ©/\NHBOC
11 12
Reagents and Conditions: (b) ~-BuONO, TMSN3, CH3CN, 0 °C to room temp.
OH
N3
c N
NHBoc N—N NHBoc
12 13 é

Reagents and Conditions: (¢) propargyl alcohol, neat, 90 °C.

OH /<O
d R
N\/g NHBoc . I\i\ NHBoc

N-N - N-N
13 14
Reagents and Conditions: {d) MnO,, CH,Cl;, room temp.
R
P
N
8]
i: [ ™
2
N o
N, NHBoc = N — N’

14 5 15

Reagents and Conditions: (¢) Na(OAc)1BH, cat. acetic acid, dichloroethane, 65 °C;
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N N

\‘
AN f 4HC

N’Q L NH

W NHEoc N—N 2

N-N S
15 AD

Reagents and Conditions: (f} SOCL, methanol, room temperature.

ExAMPLE 14: Preparation of M-((1-(2-(aminomethyl)phenyl)-1H-1,2,3-triazol-4-
yl)methyl)- N-methyl-1,2,3 4-tetrahydronaphthalen-1-amine tetrahydrochloride (AD).

Step a: Preparation of fert-butyl 2-aminobenzylcarbamate (11). To a THF (30 mL) solution
of 2-aminobenzyl amine (2.0 g, 16.4 mmol) was added triethylamine (4.60 mL, 32.7 mmol)
and di-terr-butyldicarbonate (4.3 g, 19.6 mmol). The reaction mixturc was stirred at room
temperature for 16 h. The crude reaction mixture was then poured over saturated aqueous
NaHCO; and the product was then extracted with ethyl acetate. The organic phase was
washed with brine and then dried over MgSQ,, filtered and concentrated in vacuo. The crude
product was purified by silica gel chromatography (0-5% methanol/dichloromethane)
yielding 730 mg (20%) of 11: 'H NMR (400 MHz, CDCl3) § 7.12-7.80, (m, 1H), 7.00 (d, /=
7.6 Hz, 1H), 6.69-6.62 (m, 2H), 4.77, (bs, 1H), 4.29-4.11, (m, 4H), 1.43(s, 9H); ESI[* MS;
m/z (rel intensity) 223 (80, M+H).

Step b: Preparation of fers-buty! 2-azidobenzylcarbamate (12). To a acetonitrile (40 mL)
solution of 15 (5.06 g, 22.5 mmol) at 0 °C was added fert-butylnitrite (4.00 mL, 33.7 mmol)
and trimethylsilylazide (33.55 mL, 26.9 mmol). The reaction stirred at 0 °C for 3h. The
reaction mixture was concentrated in vacuo, and the crude material was taken on to the next

step without further purification. EST' MS: m/z (rel intensity) 271 (80, M+H).

Step c: Preparation of fert-butyl 2-(4-(hydroxymethyl)-1H-1,2,3-triazol-1-
yhbenzylcarbamate (13). zert-butyl 2-azidobenzylcarbamate, 12, (5.4 g, 21.7 mmol) was
dissolved in neat propargyl alcohol (10 mL). The reaction mixture was stirred at 90 °C for 18
h. The reaction mixture was then concentrated in vacuo and the resulting residue dissolved in
diethyl ether. Upon standing, triazole 13 crystallized. The crystals were coliected by

filtration yielding 2.5 ¢ (38%) of 13: “H NMR (400 MHz, CDCly) § 7.82, (s, 1H), 7.64-7.35
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(m, 3H), 7.34-7.30 (m, 1H), 5.35, (bs, 1H), 4.87, (s, 2H), 4.15(s, 2H), 1.42 (s, 9H); EST" MS:
m/z (rel intensity) 249 (100, M-Bu).

Step d: Preparation of fert-butyl 2-(4-formyl-1H-1,2,3-triazol-1-yl)benzylcarbamate (14). To
a solution of tert-butyl 2-(4-(hydroxymethyi)-1H-1,2,3-triazol-1-yDbenzylcarbamate, 13, (2.5
g, 8.31 mmol) in CH,Cl; (10 mL) was added MnO; (5.0 g, 57.5 mmol). The reaction mixture
was stirred at room temperature for 18 h. The crude reaction mixture was then filtered
through a plug of Celite® and then concentrated in vacuo. The crude material was purified by
silica gel chromatography (0-5% methanol/dichloromethanc) yiclding 610 mg (25%) of 14:
ESI™ MS: m/z (rel intensity) 225 (100, M+Na).

Step e: Preparation of rert-butyl (2-(4-((methyl(5,6,7 8-tetrahydroquinolin-§-
yhamino)methyl)-1H-1,2,3-triazol-1-yl)phenyl) (15). To a solution of zert-butyl 2-(4-formyl-
1H-1,2,3-triazol-1-yl)benzylcarbamate, 14, (0.61 g, 2.03 mmol) in 1,2-dichloroethane (4 mL)
was added N-methyl-5,6,7,8-tetrahydroquinolin-8-amine, 11, (0.30 g, 1.85 mmol), sodium
triacetoxyborohydride (0.70 ¢, 3.33 mmol), and AcOH (10 drops). The reaction mixture was
heated to 65 °C and stirred for 18 h. The reaction mixture was poured into saturated aqueous
NaHCO; (10 mL) and was extracted with EtOAc (2 x 10 mL). The organic phases were
combined and washed with brine, dried over MgSQ,, filtered, and concentrated in vacuo.
The crude material was purified by silica gel chromatography (0-5%
methanol/dichloromethane) yielding 360 mg (44%) of 15: "H NMR (400 MHz, CDCl;) 8
8.48 (d, /= 4.4 Hz, 1H), 8.04 (s, 1H), 7.79 (bs, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.47-7.30 {m,
4H), 7.08 (dd, J = 8.0, 4.8 Hz, 1H), 4.18-3.95 (m, 5H), 2.88-2.63, {(m, 2H), 2.41, (s, 3H),

intensity) 449 (100, M+H).

Step f: Preparation of N-((1-(2-(aminomethyl)phenyl)-1H-1,2,3-triazol-4-ylmethyl)-N-
methyl-5,6,7,8-tstrahydroquinolin-8-amine tetrahydrochloride (AD). Through a methanot (2
mL) solution of terz-butyl (2-(4-((methyl(3,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-1H-
1,2,3-triazol-1-yl)phenyl), 15, (0.36 g, 0.80 mmol) was bubbled HCl, (generated by adding
conc. H;SO4 to dry NaCl) until complete conversion was observed by LC-MS. The reaction
mixture was then concentrated in vacuo vielding 250 mg (68%) of AD: "H NMR (400 MHz,
ds-DMSQ) § 8.81-8.68, (m, 4H), 8.52, (d, /= 4.4 Hz, 1H)}, 7.87, (d, /= 6.8 Hz, 1H), 7.75-
7.50, (m, 4H), 7.3%8, (dd, J = 7.6, 4.8 Hz, 1H), 4.81-4.73, (m, 1H), 4.61, (d, /= 13.6 Hz, 1H),
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4.47,(d, J = 13.6 Hz, 1H), 3.91-3.83, (m, 2H), 2.90-2.70, (m, 5H), 2.51-2.49, (m, 1H), 2.15-
2.03, (mn, 2H), 1.72-1.60, (m, 1H); EST' MS: m/z (rel intensity) 349 (100, M+H).

SCcHEME 11

= \
» »

N N

4HCI /
g h N

i I\

N—N NH; N—N

AD AG

Reagents and Conditions: (g) 2-pyridine carboxaldehyde, triethylamine, methanol, 60 °C,
18 h; (h) NaBI4, room temperature, lh.

EXAMPLE 15: Preparation of Amethyl-A-((1-(2-({pyridin-2-ylmethylamino)methyl)-
phenyl)-15-1,2,3-triazol-4-vy)methyi)-5,6,7,8-tetrahydroquinolin-8-amine (AG).

To a solution of N-{(1-(2-(aminomethyDphenyl)-1H-1,2,3-triazol-4-yl)methyl)-N-
methyl-3,6,7,8-tetrahydroquinolin-8-amine tetrahydrochloride, AD, (0.20 g, 0.43 mmol) in
methanol (2 mL) was added 2-pyridine carboxaldehyde (0.04 mL, 0.43 mmol) and
triethylamine (0.18 mL, 1.30 mmol). The reaction mixture was heated to 60 °C and stirred
for 18 h. The reaction mixture was then cooled to room temperature and NaBH, (0.05 g, 1.30
mmol) was added. The reaction stirred 1 h at room temperature. The reaction mixture was
poured into brine (10 mL) and was extracted with ethyl acetate (2 x 10 mL). The combined
organic phases were dried over MgSQy, filtered, and concentrated in vacuo. The crude
product was purified by chromatography on basic alumina (0-5% methanol/dichloromethane)
yielding AG. ESI” MS: m/z (rel intensity) 440 (100, M+H).

SCHEME 12

Hor\o a,b NB/\O
. N\B N“Boc

oC
16
Reagents and Conditions: (a) methanesulfony! chloride, triethylamine, CH,Cl; (b) NaNj,

dimethylformamide, 70 °C, 16h.
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II,) H\C"------ The compounds of Formula (IF) generally can be prepared by the procedures of
Schemes 20 and 21, below. SCHEME 20 0 38 Reagents and Conditions: (a) BOP,
4-tert-butoxyggrigsyigipinobutyric acid, triethylamine, d|methylformam|dgcﬂ§2g;}lgzﬂg@ﬁ§839 Reagents
and Conditions: (b) NaBH4, methanol --OH Cbz,Nr.",” 0 39 Reagents and Conditions: (c) Dess-Ma

| R ¢ =

b s
N .
HN._

NS
’ M

Reagents and Conditions: (¢} propargyl bromide, Na,COj, Nal, tetrahydrofuran, 3h.

Ry
N [ d | S
N P N/ =
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N
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o ¢ N.N’\O Nf% (LN
B ho= N R = /\O
\_C —Boc 18 Boc N ¥_<3NH N=N NH

Rcagcnts and Conditions: (¢) HCI, methanol

4HCI

e

18

ExXAMPLE 16: Preparation of ‘N-methyl-N-((l-(piperidin-4~ylmethyl)—IH-1,2,3-triazol-4-
yDmethyl)-5,6,7 8-tetrahydroquinolin-8-amine tetrahydrochloride (A} and N-methyl-
N-((3-(piperidin-4-ylmethyl)-3H-1,2,3-triazol-4-yl)methyl)-5,6,7,8-tetrahydroquinclin-8-
amine (AK):

Step a: Preparation of tert-butyl 4-(azidomethyl)piperidine-1-carboxylate (16). To a solution
of tert-butyl 4-(hydroxymethyl)piperidine-1-carboxylate (2.00 g, 9.28 mmol) in CH,Cl; (40
ml.) was added methanesuifonyl! chloride (0.76 mL, 9.75 mmol) followed by tricthylamine
(1.43 mL, 10.21 mmol). The reaction mixture was stirred at room temperature for 3h. The
mixture was diluted with NaHCQ; and extracted with ethy! acetate. The organic phase was
dried (MgSO.), filtered and concentrated in vacuo. The crude solid was used without further
purification: "H NMR (46-DMSQ) 8 4.02 (d, /= 6.8 Hz, 2H), 3.95-3.85 (m 2H), 3.13 (s,
3H), 2.75-2.60 (m, 2H), 1.85-1.77 (m, 1H), 1.61 (d, /= 13.2 Hz, 2H), 1.35 (s, 5H), 1.04 (ddd,
J=124,124, 4.4 Hz, 2H).

Step b: To a solution of crude rers-butyl 4-((methylsulfonyloxy)methylpiperidine-1-
carboxylate (0.50 g, 1.71 mmol) in dimethylformamide (6 mL) was added sodium azide (0.14
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40 n periodinane, pyridine, CH2C12 Cbz, Cbz.N,Th N,Boc 0 41 Reagents and Conditions: (d)
Na(0Ac)3BH, cat, acetic acid, dichloroethane, 65 C, 18 h. Reagents and Conditions: (f) hydrogen,

lki/C ethanoﬁ,&ﬁ&jﬁ%gl OEt rkyiCl N a NHBoc POTIUS2009/038505

g, 2.22 mmol). The reaction mixture was heated to 70 °C and stirred for 17h. The mixtore
was diluted with water, extracted with ethyl acetate. The organic phase was dried (MgS0Oy),
filtered and concentrated in vacuo. The crude solid was used without further purification: 'H
NMR (46-DMSQ) 8 3.22 (d, J = 6.8 Hz, 2H), 2.68-2.55 (m 2H), 1.67-1.57 (m, 3H), 1.35 (s,
9H), 0.99 (ddd, J = 12.4, 12.4, 4.4 Hz, 2H); ESI" MS: m/z (rel intensity) 263.1 (5, [M+H]").

Step c¢: Preparation of Nemethyl-N-(prop-2-ynyl)-5,6,7,8-tetrahydroquinolin-8-amine (17).
To a solution of N-methyl-3,6,7 8-tetrahydroquinolin-8-amine, 5, (0.50 g, 3.08 mmol) in THF
(15 mL) was added propargy! bromide (0.28 mlL., 3.08 mmol), sodium iodide (0.05 g, 0.31
mmol} and sodium carbonate (0.98 g, 9.24 mmol). The reaction mixture was stirred at room
temperature for 3h. The mixture was diluted with water, extracted with ethyl acetate. The
organic phase was dried (MgSQOy), filtered and concentrated in vacuo. The crude sohd was
used without further purification: 'HINMR (d6-DMS0) 8 8.30 (d, .J= 4.4 Hz, 1H), 7.44 (d,J
= 8.0 Hz, 1H), 7.13 (dd, /= 8.0, 5.2 Hz, 1H), 3.74 (dd, /= 4.8, 4 8 Hz, 1H), 347 (ddd, J=
16.8, 2.4, 2.4 Hz, 2H), 3.06 (s, 1H), 2.80-2.60 (m, 2H), 2.12 (s, 3H), 2.12-1.87 (m, 2H), 1.74-
1.68 (m, 1H), 1.62-1.55 (m, 1H); EST" MS: m/z (rel intensity) 201.1 (100, [M+H]").

Step d: Preparation of fert-butyl 4-((4-((methyl(5.6,7 8-tetrahydroquinolin-§-
yl)aminoymethyl)-1H-1,2,3-triazol-1-yhmethyl)piperidine- 1 -carboxylate (18} and fert-butyl
A4-((5-((methyl(5,6,7,8-tetrahydroquinolin-8-yl)amino)methyl)-1H-1,2,3-triazol-1-
ylymethylpiperidine-1-carboxylate (19). A neat mixture of N-methyl-N-{prop-2-ynyl)-
5,6,7,8-tetrahydroquinolin-8-aminge, 8, (0.31 g, 1.54 mmol) and zert-butyl 4-
(azidomethyl)piperidine-1-carboxylate, 16, (0.37 g, 1.54 mmol) was heated in microwave at
150 °C for 20 min. The resulting residue was partitioned between aqueous saturated
NaHCO; solution and CH;Cl;. The organic phase was dried (MgSOQy), filtered and
concentrated in vacuo. The crude solid was purified by column chromatography (basic
alumina, 0% methanol/ CH»Cl; to 20% methanol/ CH,Cl,) to afford a 1.4 to 1 ratio of the 1,4~
substituted (18) and 1,5-substituted (19) triazole regioisomers: 'H NMR (d6-DMSO) & 8.36
(d,J=35.6 Hz, 1H), 7.90 (s, 1H), 7.44 (dd, /= 7.6 Hz, 1H}, 4.27-4.24 (m, 1H), 422 (d, /=
7.2 Hz, 1H), 3.88-3.77 (m, 2H), 3.88-3.77 (m, 4H), 2.72-2.07 (m, 4H), 1.95-1.85 (m, 4H),
1.64-1.55 (m, 1H), 1.42-1.35 (m, 1H), 1.35 (s, 9H), 1.05-0.98 (m, 1H); EST" MS: m/z (rel
intensity) 441.2 (100, [M+H]").

Step e: Preparation of N-methyl-N-((1-(piperidin-4-ylmethyl)-1H-1,2,3-triazol-4-ylymethyl)-

5,6,7,8-tetrahydroquinolin-8-amine tetrahydrochloride (Al) and N-methyl-N-((3-(piperidin-4-
153



Reagents and Conditions: (a) 2-tert-butoxycarbonylaminoethylamine, triethylamine, tetrahydrofuran 0
OEt NNHB NT- N 43 OH N 44 Reagents and Conditions: (b) LiA1144; tetrahydrofuran HO NT- N

WO 2009/121063 ’ PCT/US2009/038805

yimethyl)-3H-1,2,3-triazoi-4-ylymethyl)-5,6,7,8-tetrahydroquinolin-8-amine {(AK). To a
mixture of triazole regioisomers 18 and 19 (0.18 g, 0.42 mmol) in methanol (10 mL) was
bubbled HCI gas (generated from H,SO4 and NaCl). The reaction mixture was stirred at
room temp. for 30 minutes. The mixture was concentrated in vacuo to afford a 1.3 to 1 molar
ratio of triazoles AI and AK. The tetrahydrochloride salt was used without further
purification: EST" MS: m/z (rel intensity) 341.2 (100, [M+H]").

SCHEME 3
0

O
::i a
N Br  ———————i N N
N/ A
Q

O
20
Reagents and Conditions: (a) sodium azide, H,O, microwave, 120 °C, 30 min

OH
@f Lo
b AN
NN } m
S I U—r N
N—N
\ /" T
20 21

Reagents and Conditions: (b) propargyl alcohol, neat, 90 °C.

OH H._.0 )
Q
c
N/g - "3\1 N
NN " NN
0O O
21 22

Reagents and Conditions: (¢} MnO,, CH;Cl,, room temp.

S

-

H._ .0 N
0 S N
\\_ N + N USRS N [
N-N \
/" HN N-N_ /T N
O
22 O
5
AH

Reagents and Conditions: {¢) Na(OAc) sBH, cat. acetic acid, dichloroethane, 65 °C;
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NtN 44 Reagents and Conditions: (c) Mn02, CHC13 Reagents and Conditions: (d) Na(0OAc)3BH,
cat. acetic acid. dichloroethane, 65 C, 18 h. "Noc N--N S. N;tr.,, N zS 46

WO 2009/121063 PCTUS2009/0388053
B ®
o
N" N
N
N ef ~  4HC
Q

NTS NS NH

NN/ N N-N_ /7
O W

AH

Reagents and Conditions: (e) NH,NH,, cthanol, 80 °C, 20 h; (f) 1N HCl, diethyl ether.

EXAMPLE 17: Preparation of N((1-(3-aminopropyl}-1H-1,2,3-triazol-4-ylymethyl)- V-
methyl-5,6,7,8-tetrahydroquinolin-8-amine tetrahydrochioride (W)

Step a: Preparation of 2-(3-azidopropyl)isoindoline-1,3-dione (20). A heavy-walled Pyrex
tube was charged with a suspension of N~(3-bromopropyl)phthalimide (1.00 g, 3.72 mmol)
and sodium azide (0.32 g, 4.84 mmo!) in H,O (2 mL). The tube containing the resulting
mixture was sealed with an aluminum crimp cap fitted with 2 silicon septum and then it was
exposed to microwave irradiation for 30 min at a temperature of 120 °C. After the irradiation,
the reaction tube was cooled with high-pressure air until the temperature had fallen below 40
°C. The product was extracted with ethyl acetate. The combined organic layers were dried
with magnesium sulfate, filtered and concentrated in vacuo. The crude material (0.62 g, 72 %
vield) was used without further purification in the next step. "H NMR (400 MHz, CDCls) §
7.86-7.83 (m, 2H), 7.73-7.70 (m, 2H), 3.77 (t, J= 6.4 Hz, 2H), 3.36 (t, /= 8.0 Hz, 2H), 1.94
(m, 21).

Step b: Preparation of 2-(3-(4-(hydroxymethyl)-1H-1,2,3-triazol-1-yljpropyl)-isoindoline-
1,3-dione (21). A solution of 2-(3-azidopropyl)isoindoline-1,3-dione, 20, (0.62 g, 2.69
mmol) in propargyl alcohol (4 mL) was warmed to 90 °C and stirred for 18 h. The reaction
mixture was concentrated under reduced pressure. The crude product containing both
regioisomers (~1:1 ratio) was used in the next step without further purification. ESI” MS: nv/z
(rel intensity) 301.1 (100, [M+H]").

Step ¢: Preparation of 1-(3-(1,3-dioxoisomdolin-2-yl)ypropyl)-1H-1,2,3-triazole-4-
carbaldehyde (22). A solution of the regioisomers 21 (0.77 g, 2.69 mmol) in
dichloromethane (10 mL) was treated with manganese dioxide (0.94 g, 10.77 mmol). The
resulting mixture was stirred at room temperature for 2 h. The reaction mixture was filtered

through Celite and concentrated. The crude product was purified by silica gel
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47 Reagents and Conditions: (e) 3-phenyl-2-(phenylsulfony0-1,2-oxaziridine, methanol/CH2C12 S.
-"l4748 Reagents arid Conditions: (O dimethylamine, dimethylformamide NBoc re-e7ly
NN NNH2, ;48 Reagents and Conditions: (g) HCL methanol The ski 9595%%5. er will
recognize thatt e various embodiments of the compounds of Formula (IF) disclosed in Table 5 can be

prepared b%%ﬂﬁéﬁ%@%%@%%&%ﬁ@@ﬁ@ﬂ%@%@ﬂmﬁwge@ staripamaterials, grdy appropriate

modification e.g. of an amino-functional compound (e.g., compound CD can be prepared by

di- alkylatloW%‘Pbsﬁﬁ%ﬁoum@ ($0R A £ 3&%9&%@5&&%@%@@&%%@ grrtiula (16).
Compounds.gf formubeo(ins, 0@, haveihe fellowing general FormylagiGXs: m/z (rel intensity)

285.0 (100, [M+H].

Step d: Preparation of 2-(3-(4-((methyl(5,6,7.8-tetrahydroquinotin-&-yl)amino)-methyl)-1H-
1,2,3-triazol-1-yhpropyl)isoindoline-1,3-dione (AH). A solution of 1-(3-(1,3-
dioxoisoindolin-2-yhpropyl)-1H-1,2,3-triazole-4-carbaldehyde, 22, (0.24 g, 0.84 mmol), N-
methyl-N-(prop-2-ynyl)-5,6,7,8-tetrahydroquinolin-8-amine, 5, (0.17 g, 1.01 mmol), sodium
triacetoxyborohydride (0.27 g, 1.26 mmol) and a catalytic amount of acetic acid (2 drops) n
1,2-dichloroethane (10 mL) was warmed to 65 °C and stirred at this temperature for 24 h. The
reaction mixture was cooled to room temperature. A saturated aqueous solution of sodium
bicarbonate was added. The product was extracted with dichloromethane. The combined
organic layers were dried over potassium carbonate, filtered and concentrated. The crude
product was purified by silica gel chromatography (0-5 % methanol/CH;Cly) to afford 0.19 g
(80 % yicld) of the desired product, AH: "H NMR (400 MHz, CDCl:) 8 8.45 (d, J = 4.4 Hz,
1H), 7.79-7.76 (m, 2H), 7.71 (s, 1H), 7.68-7.65 (m, 2H}, 7.30 (d, /= 7.6 Hz, 1H), 7.00 (dd, J
= 4.8, 8.0 Hz, 1H), 4.32 (dt, /= 3.2, 7.2 Hz, 2H), 3.91 (dd, /= 6.0, 9.2 Hz, 1H), 3.77-3.66
(m, 4H), 2.82-2.70 (m, 1H), 2.70-2.60 (m, 1H), 2.29 (s, 3H), 2.29-2.23 (m, 2H), 2.12-2.02
(m, 1H), 2.02-1.92 (m, 1H), 1.92-1.80 (m, 1H), 1.70-1.56 (m, 1H); ESI" MS: m/z (rel
intensity) 431.2 (100, [M+H]".

Step e: Preparation of N~{(1-(3-aminopropyl)-1H-1,2,3-triazol-4-yljmethyl)-N-methyl-

5,6,7 8-tetrahydroquinolin-8-amine tetrahydrochloride (W}, A solution of 2-(3-(4-
((methyl(5,6,7,8-tetrahydroquinolin-8-yhamino)-methyl)-1H-1,2,3-triazol-1-
yl)propyDisoindoline-1,3-dione, AH, (0.16 g, 0.37 mmol) in ethanol (5 mL) was treated with
hydrazine (23 ul., 0.74 mmol). The resulting mixture was warmed to 80 °C and stirred for 20
h. The reaction mixture was cooled to room temperature. The white precipitate that formed
was filtered and the filtrate was concentrated in vacuo. Chloroform was added. More of the
precipitate craghed but and was filtered off. The solution was concentrated and dried under
reduced pressure to afford 0.08 g (72 % vield) of product W: "H NMR (400 MHz, CDCl) &
8.47 (d, /= 3.6 Hz, 1H), 7.65 (s, 1H), 7.33 {d, /=76 Hz, 1H), 7.02 (d, J= 4.8, 8.0 Hz, 1H),
439 (t,J=7.2 Hz, 1H), 395 (dd, J=5.6,9.2 Hz, 1H), 3.75 (g, /= 13.6 Hz, 2H), 2.85-2.60
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178 (IG) R4  wherein RI, R2, R3, R4, L1, X, Q, A, and B are as defined herein. Specific
" embodiments of the compounds of Formula (JO) are shown in Table 6, below. TABLE 6 Corn- -R3 ?

pound Q CZJigs\¥;\N52 DA HH CH/WN H2 DB H PCT/TS2009/038808

(m, 2H), 2.68 (t, J = 6.8 Hz, 2H), 2.31 (s, 3H), 2.25-2.05 (m, 2H), 2.05-1.95 (m, 2H), 1.95-
1.80 (m, 1H), 1.75-1.58 (m, 1H); EST' MS: m/z (rel intensity) 301.2 (95, [M+H]").

EXAMPLE 18: General preparation of compounds of Formulae (IB) and (1C) in which Rs
and Rg are both H and L,Y is a substituted or unsubstituted aminoalkyl

Compounds of Formula (IB) and (IC) in which Rs and Re are both H and I.,Y is a
substituted or unsubstituted aminoalkyl can be prepared, for example, as generaly described
in Scheme14 below. The skilled artisan will recognize that substituted aminoalkyl
compounds can be prepared by the appropriate derivatization of the unsubstituted aminoalkyl
compound which is prepared according to Scheme 14. Other modifications (e.g., modifying
the chain length of the alkylene portion of the aminoalky! group, functionalization of the
alcohol intermediate, ete.) are prepared by providing modified intermediates of Schemes 6-
10.

SCHEME 14
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EXAMPLE 19: General preparation of compounds of Formula (ID).

Compounds of Formula (I) can have the following general structure (1D):

A - |
%N
X‘LTNYG‘LEZ (iD)
L{J
Y

wherein Ly, Ly, Ls. X, Y, Z. G, J, and A are as described or defined herein. Specific

embodiments of the compounds of Formula (ID} are shown in Table 3, below.

TABLE 3
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Reagents and Conditions: (a) (§)-1-(naphthalen-1-yl)ethylamine, carbonyl diimidazole,
ethyl acetate
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DS NCH3 DT NCH3 DU CH3cxDV 4'-NH 2 |

WO 2009/121063 PCT/US2009/4388035

Reagents and Conditions: (¢) methanol, microwave, 150 °C, 15 min; (f) NaBH., methanol,

room temp.

EXAMPLE 20: Preparation of (8)-5-(diisobutylamino)-N-({R)-1-(naphthalen-1-yl)ethyl)-
2-(5,6,7,8-tetrahydroquinelin-8-ylamino)pentanamide trihydrochloride (AY).

Step a: Preparation of benzyl (8)-4-(tert-butoxycarbonyl}-amino-5-{(S)-1-(naphthalen-1-
yhethylamino)-5-oxopentylcarbamate (23). To a solution of Boc-Orm(Z)-OH (Bachem) (51.6
g, 141.0 mmol) in ethyl acetate (800 mL) was added 1,1-carbonyl diimidazole (24.0 g, 148.0
mmol), The mixture was stirred at room temp. for 30 min. A solution of (S)-(-)-(1)~(1-
naphthylyethyl amine (25.3 g, 148.0 mmol) in CHCl; was added 1o the reaction mixture
dropwise. The reaction mixture was stirred at room temperature for an additional 1h. The
mixture was diluted with water, extracted with ethyl acetate. The organic phase was washed
with 0.3 N HCI (500 mL), water and then aqueous saturated NH4Cl solution. The organic
phase was dried (MgSO4), filtered and concentrated in vacuo. The crude residue was purified
by silica gel chromatography (0% to 20% methanol/CHCls) to afford the desired product 23:
ESI" MS: m/z (rel intensity) 520 (100, [M+H]").

Step b: Preparation of fert-butyl (S)-5-amino-1-((S)-1-(naphthalen-1-yl)ethylamino)-1-
oxopentan-2-ylcarbamate (24). A solution of (S)-4-(tert-butoxycarbonyl}-amino-5-{{S5)-1-
(naphthalen-1-ylethylamino)-5-oxopentylcarbamate, 23, (28.0 g, 54.0 mmol} in ethanol (600
mL) was added ammonium formate (10.2 g, 160.0 mmol) and palladium (10 wt% on carbon,
1.0 g). The reaction mixture was warmed to 55 °C and stirred for 18 h at 55 °C. The mixture
was filtered through Celite and washed with ethanol. The resulting filtrate was concentrated
in vacuo. The residue was dissolved in ethyl acetate and the organic phase was washed with
aqueous saturated NaCl solution. The organic phase was dried (MgS0y), filtered and
concentrated in vacuo. The crude residue was used without further purification: 'H NMR
{d6-DMSO) 6 8.55(d, J=7.6 Hz, 1H), 8.04 (d, /=8.4 Hz, 1H), 7.89 (d, /= 8.0 Hz, 1H),
7.78 (d, J= 8.0 Hz, 1H), 7.53-7.42 (m, 4H), 6.81(d, /= 8.0 Hz, 1H), 5.65-5.62 (m, 1H),
3.96-3.89 (m, 1H), 2.60-2.53 (m, 2H), 1.46-1.40 (m, 7TH), 1.33 (s, 9H); ESI" MS: my/z (rel
intensity) 386.2 (100, [M+HT").

Step ¢: Preparation of fert-butyl (S)-3-(ditsobutylamino)-1-((S)-1-(naphthalen-1-
yljethylamino)-1-oxopentan-2-ylcarbamate (25). To a solution of tert-butyl (5)-5-amino-1-

((S)-1-(naphthalen-1-yl)cthylamino)-1-oxopentan-2-ylcarbamate, 24, (20.8 g, 54.0 mmol) in
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The compounds of Fomiula (IG) could be prepared as described below. SCHEME 22 NH2.HCl a, b
Eta Reagents and Conditions: (a) ethyl glyoxalate, ethanol, toluene, OC to room temp., 17h; (b) Pd/C,

xylene, 140 o QR EIQ Reagents and Conditions: (c) DIBAL-H, CH2C} 2,20 ifend&dmin. 3
Reagents and Conditions: (d) ten-butyl 4-aminobutylcarbamate, 3A molecular sieves, ethanol,

microwavegta0C(she Min- W) NBd4diethanelone. 1 mL), followed by isobutyraldehyde (10.8
ml., 120.0 mmol) and sodium triacetoxyborohydride (28.6 g, 135 mmol). The reaction
mixture was warmed to 65 °C and stirred for 30 min. The mixture was diluted with water,
extracted with ethyl acetate. The organic phase was washed with aqueous saturated NaCl.
The organic phase was dried (MgSQy), filtered and concentrated iz vacuo. The crude residue
was used without further purification: 'H NMR (d6-DMSO) & 8.39 (d, .= 7.6 Hz, 1H), 8.04
(d,/J=7.2Hz, 1H), 7.89 (d, /= 8.0 Hz, 1H), 7.77 (d, /= 8.0 Hz, 1H), 7.51-7.39 (m, 4H),
6.68 (d,J= 8.4 Hz, 1H), 5.68-5.60 (m, 1H), 3.97-3.90 (m, 1H), 2.41-2.22 (m, 2H), 1.91 (d,/
= 7.2 Hz, 2H), 1.58-1.52 (m, 2H), 1.44 (d, J= 6.8 Hz, 3H), 1.33 (s, 5H), 0.75 (d, /= 6.8 Hz,
12H); EST™ MS: m/z (rel intensity) 498.3 (100, [M+H]").

Step d: Preparation of (S)-2-amino-5-(diisobutylamino)}-N-((S)-1-(naphthalen-1-
yhethyl)pentanamide (26). To a solution of fert-butyl (S)-5-(diisobutylamino)-1-((S)-1-
{naphthalen-1-yl)ethylamino)-1-oxopentan-2-ylcarbamate (2.0 g, 4.0 mmol) in CH,Cl; (35
ml) was added trifluoroacetic acid (20 mL} dropwise. After stirring the reaction mixture for
45 min at room temperature, the mixture was concentrated in vacuo to afford the
trifluoroacetic acid salt. The crude salt was used without further purification: EST' MS: mv/z
(rel intensity) 398.3 (100, [M+H]").

Steps e and f: Preparation of (S)-5-(diisobutylamino)-N~((R)-1-(naphthalen-1-yDethyl}-2-
(5,6,7,8-tetrahydroquinolin-8-ylamino)pentanamide trihydrochloride (AY). To a solution of
(8)-2-amino-5-(diisobutylamino)-N-((S)-1-(naphthalen-1-yl)ethyl)-pentanamide, 26, (0.60 g,
1.51 mmot) in ethanol (4 mL) was added 6,7-dihydroquinolin-8(5H}-one (0.21 g, 1.43
mmol). The mixture was heated in microwave reactor at 150 °C for 10 min. After cooling
the reaction to room temp., NaBH, (0.11 g, 2.86 mmol) was added to the mixture. The
reaction mixture was stirred at room temp for 1 h. The mixture was dijuted with aqueous
saturated NalHCOs, extracted with ethyl acetate. The organic phase was dried (MgSQOu),
filtered and concentrated in vacuo. The crude residue was purified by silica gel
chromatography (0% to 5% methanol/CH,ClL) to afford the desired product: "H NMR (d6-
DMSO) § 8.34 (d, J= 4.8 Hz, 1H), 8.30-8.25 (m, 1H), 8.11-8.05 (m, 1H), 7.92-7.87 (m, 1H),
7.80-7.76 (m, 1H), 7.52-7.38 (m, 5H), 7.17-7.11 (m, 1H), 5.74-5.67 (m, 1H), 4.50 (d, /= 4.0
Hz, 1H), 2.71-2.55 (m, 4H), 2.95 (m, 1H), 2.05-1.80 (m, 6H), 1.58-1.40 (m, 11H), 0.76 (d, J
= 6.4 Hz, 12H); ESI* MS: m/z (rel intensity) 529.3 (100, [M-+H]".
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Reagents and Conditions: (1)Na(0OAc)3BH, acetic acid, 4A molecular sieves, 1,2- dichloroethane,
microwave, 100 C, 10 min Reagents and Conditions: (g) thionyl chloride, methanol, room temp., 2h
The skilled practiti ill recognize that the various embodiments of th f Formula (I1C)
disclosed inqg%b%%l g{)ﬂu d be prepared by analogous methods using app?%%ﬁ%%sgﬁtuted starting
materials, QuRy@pPRpgopriate modification e.g. of an amino-functional compound (e.g., compound DP
could be prepared by di-alkylation of compound CZ). ASSAY EXAMPLES Small molecule

chemokine rece modulatiom, agonism or antagonism, can be mediated by direct binding to the
receptor affecti Stgrfat I‘lafedcchemotatic effects of the naturaini fordts re%egtor. In addition
modulation can be ghtained by interaction of tfle small molecule Wmﬂhe Barticular
chemokine receB%r pgthway. Small molecules can also affect CX odimerization
(Rodriguez-Frade, et al., J. Cell. Biol. 1999; Mellado et al., An!{t:égéview of Immunology 2001; Toth
et al., J. Pharm. and Exp. Ther. 2004; Wang et al., Mol. Cancef Ther. 2006), heterodimerization with
CCR2 (Percherancier, et al. JBC 2005, Sohy et al. JBC 2007) 0 € CR5 (Babadck, et al., JBC 2003) or
CXCRT (Sierro e, BNAR AN EH3 prield eereplor AR BeloglalEntopean d of rm. 2006,
Hereld and Jin European J. of Imm. 2008) or a T cell receptor (Kumar et al., ity 2006). Modulation
of the SDF-1/CXCR4 pathwinesistadsysiiaeciisBired byl erdatdfymedPr54/ICISS receptor
(Navenot et al.. Cancer Res. 2005), cannabanoid receptor 2 (CB2R) (Coopman et al., International
Immunopharmacology 2007), ZAP-70 tyrosine kinase (Ottoson et al., J. Immunology 2001) or
sphingosine 1-phospiiate receptots (Yopp et al., J. Immunology 200%)N P . Screening by
functional calcium Hza#on ay Functional modulation of CXCR4 was deternfitfed by calcium
mobilization assay usjrg leukemic lymphoid CEM cells, which naturaliy ss high levels of CXCRA4.
Generally, the assg‘yNis carried out as follows: Cells are grown in vi(o 1o confluency. On the day of the
assay, cells ar oved from the incubator, culture medium rerfiovdd and replaced with a calcium
sensitive dye ium) assay,kit; Molecular Devices, Sunnyvale,€A). The cells are allowed to dye
load for 45 - 60 min at 37C in the cell culture incubator and then allowed to equilibrate to room
temperature for no more th&rdbmnnbefondidssayb) hyGogppaedia plathsnaiere generated containing
up to 3% dimethyt sulfoxide in media kept at room temperature. Test compounds were added to the
cells at a 1:3 dilution, and calcium mobilization was measured using a Flex Station fluorescence

imager (Molecular Devices). This first read was used to determine difeéC nist activation of the
CXCR4 receptor?%g the test campounds. Approximately 45 min afterthetest compound was added,

cells were challe i Faat %) concentration and calcign bilizatiin measured
using a Flex Statimnce im ~Eull dose fe€ponse curves were gg\&erét%adﬁw for SDF-la
to calculate ICg0 cbncentrations. The IC503yvalues are reported. In casestwhebe one was not
determined, égg%%;nt inhibition at the 1 MM concentration was extr d. The compounds of
the invention /neralg,)é have an IC50 value below 100 micromolar fot jpHibition @§ calcium mobilization

induced by SDF-la. Results for specifed compounds are shown in the Table 7. TABLE 7 Compound
Ca Flux ICs8¢rsaytonnd (rniBitionsatcl petierpliaicrawave, 1RGS 1 kpmmy f¢) NaBHa, methanol,

room temp.
/ = |
g S
Y HN NH
2
HNI\/\/N\BOC e I\/\/
NG HN” 0 AHCI
N
® @
/ 29 Z AZ

Reagents and Conditions: {¢) HCI, methanol

lo4



N QIillJ N"WI-- hi 4HCI 3,200 nIM N-Th, N.....".....--.,...",ANAN) HHH 1,666m N |  rciiMCI

WO 2009/121063 | PCT/US2009/038805

EXAMPLE 21: Preparation of (25)-6-amino-N-(pyridin-2-ylmethyl)-2-(5,6,7,8-
tetrahydroequinolin-8-ylamino)hexanamide tetrahydrochloride (AZ).

Step a: Preparation of (8)-benzyl 6-((fert-butoxycarbonyl)-amino)-1-oxo-1-(pyridin-2-
yimethylamino)hexan-2-ylcarbamate (27). To a cold (0 °C) solution of Boc-Lys(Z)-OH
(Bachem, 10.0 g, 26.3 mmol) in dimethylformamide (80 mL) was added
hydroxybenzotriazole-hydrate (4.3 g, 31.6 mmol), triethylamine (7.3 mL, 52.6 mmol} and
EDAC (6.1 g, 31.6 mmol). After stirring at 0 °C for 1h, 2-aminomethyl pyridine (3.0 mL,
28.9 mmol) was added to the mixture. The mixture was warmed to room temperature and
stirred for an additional 17h. The mixture was diluted with aqueous saturated NaHCO; and
extracted with ethyl acetate. The organic phase was dried (MgSQOy), filtered and concentrated
in vacuo. The crude residue was purified by silica gel chromatography (0% to 5%
methanol/CHCL) to afford the desired product 27: "H NMR (d6-DMSO) & 8.43 (d, /= 4.0
Hz, 1H), 8.39 (t,/= 5.6 Hz, 1H), 7.68 (t,J= 7.6 Hz, |H), 7.34-7.19 (m, 8H), 6.94 (d, /= 7.6
Hz, 1H), 4.96 (s, 2H), 4.31 (d, J = 5.6 Hz, 2H), 3.90-3.83 (m, 1H), 2.95-2.90 (m, 2H), 1.60-
1.25 (m, 6H), 1.35 (s, 9H); EST” MS: m/z (rel intensity) 471.2 (100, [M+H]"),

Step b: Preparation of (S)-terr-butyl 5-amino-6-oxo-6-(pyridin-2-ylmethyl-
amino)hexylcarbamate (28). To a solution of (S)-benzy! 6-({tert-butoxycarbonyl)-amino)-1-
oxo-1-(pyridin-2-ylmethylaminojhexan-2-ylcarbamate, 27, (3.8 g, 8.2 mmol) in methanol (80
mL) was added palladium (10 wt% on carbon, 0.5 g). The mixture was stirred under a
hydrogen atmosphere for 2h. The mixture was filtered through Celite and washed with
methanol. The resulting filtrate was concentrated in vacuo. The crude residue was used
without further purification: EST™ MS: my/z (rel intensity) 337.2 (100, [M+H]").

Steps ¢ and d: Preparation of rers-butyl (8)-6-0x0-6-(pyridin-2-ylmethylamino}-3-(5,6,7 8-
tetrahydroquinolin-8-ylamino)hexylcarbamate (29). To a solution of (S)-tert-butyl S-amino-
6-oxo-6-(pyridin-2-ylmethyl-amino)hexylcarbamate, 28, (2.16 g, 6.43 mmol} in ethanol (14
mL) was added 6,7-dihydroquinolin-8(5H)-one (0.90 g, 6.12 mmeol). The mixture was heated
in microwave reactor at 150 °C for 13 min. After cooling the reaction to room temp., NaBH,
(0.46 g, 12.24 mmol) was added to the mixture, The reaction mixture was stirred at room
temp for 1 h. The mixture was diluted with agueous saturated NaHCOs, extracted twice with
ethyl acetate, The organic phase was dried (MgSO,), filtered and concentrated in vacuo. The
crude residue was purified by silica gel chromatography (5% to 25% methanol/CH:Cly) to

afford the desired product 29: 'H NMR (d6-DMSQ) & 8.44 (d, J = 4.4 Hz, 1H), 8.40 (m, 1H),
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$.32-8.31 (m, 1H), 7.66 (t,J = 7.2 Hz, 1H), 7.45 (d,J = 7.6 Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H),
720 (t, /= 4.8 Hz, 1H), 7.13 (dd, J = 8.0, 4.2 Hz, 1H), 6.94 (d, /= 7.6 Hz, 1H), 432 (d, J =
5.6 Hz, 2H), 3.95-3.89 (m, 1H), 3.62-3.57 (m, 1H), 2.69 (d, J/=4.8 Hz, 2H), 2.61-2.56 (m,
2H), 1.99-1.95 (m, 1H), 1.89-1.83 (m, 1H), 1.63-1.28 (m, 8H), 1.35 (s, 9H); ESI” MS: m/z
(rel intensity) 468.3 (100, [M+H].

Step e: Preparation of (25)-6-amino-N~(pyridin-2-ylmethyl)-2-(5,6,7,8-tetrahydro-quinolin-§-
ylamino)hexanamide tetrahydrochloride (AZ). To a solution of tert-butyl ($)-6-0x0-6-
(pyridin-2-ylmethylamino)-5-(3,6,7,8-tetrahydroquinolin-8-ylamino}-hexylcarbamate, 29,
(1.07 g, 2.29 mmol} in methanol (50 mL) was bubbled HCl gas (generated from H,SO4 and
NaCl). The reaction mixture was stirred at room temp. for 20 minutes. The mixture was
concentrated in vacuo to afford the desired product. The tetrahydrochloride salt was used
without further purification: BSI" MS: m/z (rel intensity) 368.2 (100, [M+H]").

EXAMPLE 22: Preparation of compound BI, of a comipound of Formaula (ID).

Compounds of Formula (ID), such as compound B, are prepared using the procedure
of Scheme 17. The skilled artisan will recognize that various modifications of such
compounds are possible by providing modified intermediates. For example, different
heterocyclyls corresponding to group Y can be incorporated into the structure by the selection
of heterocyclyl in the starting material in step 1 of Scheme 8, different alkylene groups
corresponding to L, can be provided by the choice of diamine (or diamine synthon) using in

step 1 of Scheme 7, etc.

ScHEME 17
H @] . H 0 ?oc
Cbz~N OH Chz—N NN
H
N T NS
N -NH N-NH
30

Reagents and Conditions; (a) BOP, fert-butyl 2-aminoethylcarbamate, triethylamine,

dimethylformamide

166



HCI NN.-\, ..N.." NI.."1-27%iii j-1V)) \ 4HCI H 0% N

WO 2009/121063 PCT/US2069/038805
H O Elioc
Chz—N N~ NH b Q ?OC
H HoN N/\/NH
= H
N-NH N =
30 NoNH oy

Reagents and Cenditions: (b) hydrogen, Pd/C, methanol

0 Boc 7
HzN N/\v NH ¢ \N O iT%oc
H > H
. ~ N m/\/E\JH
N
N-NH 31 N T
N NH 32
Reagents and Conditions: (¢) methanol, microwave, 150 °C, 15 min; (d) NaBH,, methanol,
ToOm temp.
"]
- =
N O l?oc ~ ‘
HN N~ NH a N 9
= H
N
“NH 32 . N
N\ NH 33
Reagents and Conditions: (d) HCI, methanol
o~
[ ~
>N 0 .
HN NH e N 0 H H
|
= H NJ
N =
33 \-NH Bl

Reagents and Conditions: (¢) Ethanol, microwave, 150 °C, 15 min

ExAaMPLE 23: General preparation of compounds of Formula (1E).

Compounds of Formula (I) can have the following general structure (IE):
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Lon
p (IE)

?

wherein Ry, Ry, Ry, Ly, L;, X, Y, and A are as defined hercin. Exemplary compounds of

Formula (IE) are shown in Table 4.

TABLE 4
Compd. -R—,r -L]'X i [ Rs
N
BP CH: CHs, X
l -
BQ ‘ CH3 HJ:\/\/’\NHZ =
l -
’ X N
BR CH3 "':\\/\/\N JL} I =
MM N/
i i
BS CHs P

A/

BT CHs o~

A\ N

BV HJ:\\//\/\NHQ CH?

:
QA3333d ¢

A/

BW CH; CH; NH
o |

A/
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Compd. -Ry L-X LY R
e
BX CH CH N X
3 3 ‘__:\/O[/\g‘j | )
N
BY CHs CH; p VO« ® | R
N/
BZ CH; CH, =
S C
#‘\/O N
A H H N 2
) - o]
o N7

SCHEME 1§
~N
N7 N-N - OH
E N> a | \>_/
\ I N
\
34 35

Reagents and Conditions: (a) (CH20),, o-xylene, 125 °C, 3h.

~N OH N 0O
N N
, \>__/ b | \>_//
N —_— N
\ A
35 36
Reagents and Conditions: (b) MnO,, tetrahydrofuran, room temp., 2h.

| S
o
n-N /O N N
b
;N>—’ | . N
\ + N —
HN._ N "N
36 5 N=
BP

Reagents and Conditions: (c) Na(OAc)j;?gH, cat, acetic acid, dichloroethane, 65 °C, 18 h.



HH N 1\11 729 nIM NL-—--r.---7." NH H N) 168i M O N.,.....==-,,,..,...-..NAN,," HHI ,N \411 38 nM 0O
NN,A, H -,H N 11,720 nM 4HCI N F.,..r."-Th <

WO 2009/121063 ’ PCT/US2009/038805

EXAMPLE 24: Preparation of Acmethyl-N-((4-methyl-5-phenyl-4 H-1,2 4-triazo}-3-
yhmethyl)-5,6,7,8-tetrahydroquinclin-8-amine (BP)

Step a: Preparation of (4-methyl-5-phenyl-4H-1,2,4-triazol-3-yl)methanol (35). To a o-
xylene (20 mL) solution of 4-methyl-3-phenyl-4H-1,2,4-triazole, 34, (Ivanova, N. V.;
Sviridov, S. I.; Shorshnev, S. V.; Stepanov, A. E. Synthesis, 2006, /, 156,; herem
incorporated by reference in its entirety for all purposes) (3.0 g, 18.8 mmol) was added p-
formaldehyde (2.8 g, 94.2 mmol). The reaction mixture was heated to 120 °C for 3 h. The
reaction mixture was then cooled to room temperature and was diluted into chloroform (40
mL) and was washed with water (30 mL). The organics were dried over MgSOy, filtered, and
concentrated in vacuo. The crude material was purified by silica get chromatography (0-5%
methanol/dichloromethane) yielding 1.3 g (37%) of 35: "H NMR (400 MHz, CDCl3) & 7.56-
7.52 (m, 2H), 7.48-7.40 (m, 3H), 5.40 (bs, 1H), 4.83 (s, 2H), 3.74 (s, 3H), EST" MS: m/z (rel
intensity) 190 (100, M-+H).

Step b: Preparation of 4-methyl-5-phenyl-4H-1,2,4-triazole-3-carbaldehyde (36). To a
solution of (4-methyl-5-phenyl-4H-1,2 4-triazol-3-yl)methanol, 35, (1.3 g, 6.9 mmol) in THF
(20 mL) was added MnO, (6.0 g, 68.7 mmol). The reaction stirred at room temperature for 2
h. The reaction mixture was then filtered through a plug of Celite ® and concentrated in
vacuo. The crude material was purified via silica gel chromatography (0-5%
methanol/dichloromethane) yielding 820 mg (64%) of 36: "H NMR (400 MHz, CDCl:) 8
10.14, (s, 1H), 7.68-7.60 (m, 2H), 7.59-7.45, (m, 3H), 3.98 (s, 3H); ESI" MS: m/z (rel
inténsity) 188 (100, M+H).

Step c: Preparation of N-methyl-N-((4-methyl-5-phenyl-4H-1,2,4-triazol-3-yDmethyl)-
5,6,7,8-tetrahydroquinolin-8-amine (BP). To a solution of N-methyl-5,6,7,.8-
tetrahydroquinolin-8-amine, 5, (0.39 g, 2.40 mmol) in 1,2-dichloroethane (4 mL) was added
4-methyl-5-phenyl-4H-1,2 4-triazole-3-carbaldehyde, 36, (0.41 g, 2.20 mmol), sodium
triacctoxyborohydride (0.84 g, 3.90 mmol), and AcOH (1 drop). The reaction mixture was
heated to 65 °C and stirred for 18 h. The reaction mixture was cooled to room temperature,
poured into saturated aqueous NaHCO; (10 mL) and extracted with ethyl acetate (2x 10 mL).
The combined organic phases were washed with brine then dried over MgSOq, filtered, and
concentrated in vacuo. The crude material was purified via chromatography on basic alumina

(0-5% methanol/dichloromethane) yielding BP: '"H NMR (400 MHz, CDCl;) 6 8.39, (d, /=
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4.8 Hz, 1H), 7.58-7.53 (m, 2H), 7.46-7.39, (m, 3H), 7.32, (d, /= 8.4 Hz, 1H)}, 7.01, (dd, /=
7.2, 4.4 Hz, 1H), 4.04-3.92, (m, 2H), 3.78, (d, J = 14.0 Hz, 1H), 2.85-2.74, (m, 1H), 2.71-2.62
(m, 1H), 3.33, (s, 3H), 2.12-1.94 (m, 3H), 1.74-1.62 (m, 1H); EST" MS: m/z (rel intensity)
334 (100, M+H).

SCHEME, 19
I S
N-N  H [ f ~
PN > . N
h{ © " NN
OC
AN ~~NHBoc J:
N“ "N~
36 3 \Nm 37

B [ 4HCI
-
N7 N
N g N
/E \N\NHBOC L /[ \/\/\NH2
\ \
N= N=
37 BG

Reagents and Conditions: (g) HCl), methanol, room temp.

EXAMPLE 25: Preparation of fert-butyl 4-(((4-methyi-5-phenyl-4 #-1,2,4-triazol-3-
yDmethyl)(5,6,7,8-tetrahydroquinolin-§-ylamino)butylcarbamate (37).

Step f: To a solution of 4-methyl-5-phenyl-4H-1,2,4-triazole-3-carbaldehyde, 36,(0.41 g,
2.20 mmol) in 1,2-dichloroethane (4 mL) was added tert-butyl 4-(5,6.7,8-tetrahydroquinolin-
8-ylamino)butylcarbamate, 3, (0.76 g, 2.40 mmol), sodium triacetoxyborohydride (0.84 g,
3.95 mmol), and AcOH (10 drops). The reaction mixture was heated to 65 °C and stirred for
18 h. The reaction mixture was cooled to room temperature and poured into saturated
aqueous NaHCO; (15 mL) and extracted with ethyl acetate (2 x 10 mL). The combined
organic phases were washed with brine then dried over MgSQy, filtered, and concentrated in
vacuo. The crude material was purified by silica gel chromatography (0-5% methanol/

dichloromethane) to vield 37: 'H NMR (400 MHz, CDCls) 3 .40, (d, J= 5.2 Hz, 1H), 7.60-
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Step g: Preparation of N-(4-aminobutyl)-N-((4-methyl-5-phenyl-4H-1,2,4-triazol-3-

e =2.,-h N\

yhmethy!)-5,6,7.8-tetrahydroquinolin-8-amine tetrahydrochloride (BQ). Through a methanol
{2 mL) solution of 37 (0.16 g, 0.32 mmol) was bubbled HCl; generated by the addition of

sulfuric acid to dry NaCl. Upon total conversion of the reaction as monitored by LC-MS, the

reaction mixture was concentrated in vacuo to yield BQ: ESIT MS: m/z (rel intensity) 391

(100, M+H).

The skilled practitioner will recognize that the remaining compounds of Table 4 can

be prepared using similar methods using the appropriately substituted starting materials and

reagents. Alternatively, substituted amine derivatives can be prepared by appropriate

derivatization of the unsubstituted amine (¢.g., BR-BT can be prepared from BQ, etc.).

EXAMPLE 26: General preparation of compounds of Formula (IF).

Compounds of Formula (1) can have the following general structure (IF):

=

AK'

N

Ry

~tey

(IF)

bl

wherein Ry, Ry, Ly, Ly, X, Y, W, J, and A are as defined herein, Specific embodiments of the

compounds of Formula (IF) are shown below in Table 5.

TABLE 5
Com-~ -~ -J- -L4-X -L,-Y Ry
pound Re
CB e '-,_LL - CHS ;4:?‘\‘/\/ NH2
N -
3 | o
CC i h‘LL et CH3 FHW\NHQ
N e
T ! e
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The compounds of Formula (IF) generally can be prepared by the procedures of
Schemes 20 and 21, below.
SCHEME 20

COMe CO,Me

Chz.. a b
N)\ C Z‘N

A L\/N\W’\\/”‘NHBOC

0

38
Reagents and Conditions: (a) BOP, 4-fert-butoxycarbonylaminobutyric acid, triethylamine,

dimethylformamide

CO,Me

OH
~ Chz

K/N7‘(\/'\1\““'5500 K/N\n/\/\NHBOC

© o)
38 39
Reagents and Conditions: (b) NaBH., methanol
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NH H NN * 0% H NN\ 30 nM N 1\i"NH2 NN fik 1,340 TIM NL-------- "NH2 N * NH 1,180 nM Qq
N's-me-"eee’NH2 ---N "--. ii NH 100 TIM CO

W 2009/121063 PCT/US2069/038805

OH H 0o
Chz.. ¢ Ch
N/[‘ Z\NE

K/NW'(\/\NHBOC K/N\[(\/\NHBOC

0

0
39 40

Reagents and Conditions: (¢) Dess-Martin periodinane, pyridine, CH,Clh

H =
' ]:O l D ¢ " N
Chz. ~
N N/ -

k/N\n/\/\NHBoc HN._ CbZ‘N’R

o LN _Boc
4 N
5 G
41
Reagents and Conditions: (d) Na{OAc):BH, cat. acetic acid, dichlorocthane, 65 °C, 18 h.

R ~=

[ P
N . NN
N

\ .
Cbz‘N/Q CbZ‘N

NW\§’BOC K/N\([j(\/\NHz
O 42
41

Reagents and Conditions: {e) HCI, methanol

~

= ~x
» ;
N N%

Cco
Reagents and Conditions: (f) hydrogen, Pd/C, methanol
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NH CrTh ---N ..." 2,8101IM Yo ce---\ll---------- "Nm2 NN a 1 nM (0 CN 'TLNH2 NN 79 n1V1 ..

NNH2 NN 1,970 nM I\1NH2 | gi 57 n1V1

WO 2009/121063 PCT/US2009/038805
SCcHEME 21
O -OFt Oy OFEt
Cl a Fii
o Sy ~""NHBoc
|
" e
-5 S
43

Reagents and Conditions: () 2-rert-butoxycarbonylaminoethylamine, tricthylamine,

tetrahydrofuran
O _-OEt OH
H b H
SN NHBoo Y NHBoc
NN N*N
-5 43 -3
44

hd e
Reagents and Conditions: (c) MnQO,, CHClz
| =y
M O = P
N | N g "
Xy "NHBoc N~
| HN._ - H
NYN z N\/\N,Boc
| H

S 46
-
Reagents and Conditions: (d) Na(QAc):BH, cat. acetic acid, dichloroethane, 65 °C, 18 h.

177



NI--i AWIN.; H NN 41 0% O lill ccN NN 'NSIH H N,.,N * 0% CNH ..- HN . 331 n1\4 N * 0% ItH2 N." |

WO 2009/121063 POT/US2009/038805
=z
| RS
z |
N N/
N~
S : ¥
N Boc H
= ~N g -
| ﬁ . N\/\N,BOC
b T
—
8 he
46 /SQ'O
47

® ®
NZ NZ
N N
H f H
Pz N\/\N,Boc _ (l/\rN\//\N'BOC
N lN H Na EN H
Ss /N\
-0 47 48

_x | =
» P
N N 4HC|
N— N
H g fl\'il
P | N\/\N,BOC - o l \/A\NHZ
W N
N N
2NN N cJ

Reagents and Conditions: (g) HCL, methanol

The skilled practitioner will recognize that the various embodiments of the
compounds of Formula (IF) disclosed in Table 5 can be prepared by analogous methods using
appropriately substituted starting materials, or by appropriate modification e.g. of an amino-

functional compound (e.g., compound CD can be prepared by di-alkylation of compound

CQ).

EXAMPLE 27; General preparation of compounds of Formula (1G).
Compounds of Formula (1), can have the following general Formula (IG):
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4 CF3CO2H *0 HO 864 n IVl 1| HO .KNH2 N N3 CF3CO2H di 22 IIM N 0.3....."...".N.S02Me HH NN *

0% cc Nicc,.. 949 nlVI  HN"™ N1*0% 0 NAANH2 .
WO 2009/121063 PCT/US2009/038805

O o Q
N\ g
Ry B

Rs

e

?

wherein Ry, Ry, Ra, Ry, Ly, X, Q, A, and B are as defined herein. Specific

embodiments of the compounds of Formula (IG) are shown in Table 6, below.

TABLE 6
Com- Ry Ry Q -Li-X S R:
pound N
yé P N
C J’:\/\\/\NHz | =
&) N
DA H H CH rrs{\//\\/\NHz I =z
N/
DB H H CH CH; =
| -
DC S, N N RS
%, H H N
DD e N N S
|
é’ * il G
DE e N N LN R
@’ 3 LS I
M
DF s N e S =
a8 O G
DG P N LA N N
Ho N I
s ¥
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HH N? N * 6,671 OA _ONH2 171 N-N 4 0% cc oN,,,,,,s1,--,-»,NH2NNa 15 nMNH2H N * 0% O

WO 2009/121063 PCT/US2009/038805
Com- -R3 ~Ry QO ~-L-X ST
‘ | ) -
pound N 2
DH e N By RN
@fﬁl - | NZ
Dl & N fWNJ\C B
Fl
“ N
DI P N | = =
. NS
N iR
N
Nz
DK S, N afr\\/\/\N/\N/\‘ RN
Q/"?z H | y P
DL S N r‘HW\ =
NH; »
% N
DM = N~ ~ O
2
o o
DN S N s~ NH2 B
@,1 .
DO T N HHWN/\ j =3
& ol G
DP Fu, N r":\/\/\N/W/ =
o YW
N
DQ . N CH: 1 =
as :
DR F N CH, | =
@;g »

180




HHH NN 0% (N-)LN NN a 663n HNNiCk."-NH2 ON Sc 110 n_M N, .1C---k""---.-NH2 H 'N 41 20%
no ,r-NH2 H 7 R
WO 2009/121063 PCT/US2009/038805
Com- -R; -R4 Q -Lg-X ‘_ | ST
pound N~ Re
DS o N CH; ~
ag e
DT e N CH; ! =2
é,a p
buU P N CH; =
e e
DV Vad N va\/\ =
i . NHp »
N
The compounds of Formula (IG) could be prepared as described below.
SCHEME 22
NH,.HCl -
O O O
EO

Reagents and Conditions: (a) ethy! glyoxalate, ethanol, toluene, 0 °C to room temp., 17h;

{b) Pd/C, xylene, 140 °C.

EtO

Reagents and Conditions: (c) DIBAL-H, CH,Cl;, -50 °C, 10 min.

=
=
N

0

l

=
e
N

AN ™~"NHBoe

3

Reagents and Conditions: (d) ters-butyl 4-aminobutylcarbamate, 3A molecular sieves,

ethanol, microwave, 150 °C, 10 min. (¢) NaBH., cthanol
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N 949 nIM 0 RL----"-ANH2 H N.----N | * 1,440 nM cc HNC\NTh_Th NN 411k o o' NN 4k -, 32%

WO 2009/121063 BCT/US2009/038805
S
_— | = P
N f N
. O :
O | HN\/\/\NHBOC NHBoc
Q
N 5
3 o

Reagents and Conditions: (f) Na(OAc);BH, acetic acid, 4A molecular sieves, 1,2~

dichlorocthane, microwave, 100 °C, 10 min

® D
N/ o i N/
N\/\/\NHBDC _ N\/\/\NHE
N G N e
q 3

- Reagents and Conditions: (g) thionyl chloride, methanol, room temp., Zh

The skilled practitioner will recognize that the various embodiments of the
compounds of Formula (IG) disclosed in Table 6 could be prepared by analogous methods
using appropriately substituted starting materials, or by appropriate modification ¢.g. of an
amino-functional compound (e.g., compound DP could be prepared by di-alkylation of

compound CZ).

ASSAY EXAMPLES

Small molecule chemokine receptor modulation, agonism or antagonism, can be
mediated by direct binding to the receptor affecting the signaling and chemotatic effects of
the natural ligand for its receptor, In addition modulation can be obtained by interaction of
the small molecule with effectors of the particular chemokine receptor pathway. Small
molecules can also affect CXCR4 homodimerization (Rodriguez-Frade, et al., J. Cell. Biol.
1999: Mellado ct al., Annual Review of Immunology 2001; Toth et al., J. Pharm. and Exp.
Ther. 2004; Wang et al., Mol. Cancer Ther. 2006), heterodimerization with CCR2
(Percherancier, et al. JBC 2003, Sohy et al. JBC 20607) or CCR5 (Babcock, et al., JBC 2003)
or CXCR7 (Sierro et al., PNAS 2007), delta opioid receptor (DOR) (Pello et al European J of

Imm. 2008, Hereld and Jin Furopean J. of Imm. 2008) or a T cell receptor (Kumar et al.,
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N C--cc nw...",u"."2 N. N-30 nM H2NQi \ \ \ NN 3,370 nM occ 4.NN,... NN .. 217 nM /0O \ --N N 40 44
~ nM H2N ICK"™--NH2 N-.N

WO 2009/121063 PCT/US2069/038805

Immunity 2006). Modulation of the SDF-1/CXCR4 pathway can also be accomplished by
targeting the GPR54/KISS receptor (Navenot et al., Cancer Res. 2005), cannabanoid receptor
2 (CB2R) (Coopman ¢t al., International Immunopharmacology 2007), ZAP-70 tyrosine
kinase (Ottoson et al., J. Immunology 2001) or sphingosine 1-phosphate receptors (Yopp et
al., J. Immunology 2005). ‘

EXAMPLE 28: Screening by functional calcium mobilization assay

Functional modulation of CXCR4 was determined by calcium mobilization assay
using leukemic lymphoid CEM cells, which naturally express high levels of CXCR4.
Generally, the assay is carried out as follows: Cells are grown in vitro to confluency. On the
day of the assay, cells are removed from the incubator, culture medium removed and replaced
with a calcium sensitive dye (Calcium3 assay kit; Molecular Devices, Sunnyvale, CA). The
cells are allowed to dye load for 45 - 60 min at 37°C in the cell culture incubator and then
allowed to equilibrate to room temperature for no more than 15 min before assay.

Compound plates were generated containing up to 3% dimethy! sulfoxide in media
kept at room temperature, Test compounds were added to the cells at a 1:3 dilution, and
calcium mobilization was measured using a Flex Station fluorescence imager (Molecular
Devices). This first read was used to determine direct agonist activation of the CXCR4
receptor by the test compounds. Approximately 45 min after the test compound was added,

-cells were challenged with SDF-1a at ECg-ECog concentration and calcium mobilization
measured using a Flex Station fluorescence imager. Full dose response curves were
generated daily for SDF-1a to calculate 1Csy concentrations. The 1Csy values are reported. In
cases, where one was not determined, a percent inhibition at the 1 pM concentration was
extrapofated.

The compounds of the invention generally have an ICs; value below 100 micromolar
for inhibition of calcium mobilization induced by SDF-1a. Results for specifed compounds

are shown in the Table 7.

TABLE 7
Compound Ca Flux 1Csg (nM} or
% inhibition at 1 uM
| R
N/
N\/‘-\//\
H NHz 142 nM
N =N
% e
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4,390 nM 40 NN'NN 11 329 nM i H2N N NN 11 1,046 nM  z H2NN H---. N N Sc 142 n1V1 N
FLoornm " NH2 L.\

WO 2009/121063 . PCT/USZ009/038805

RN
P 4HCI
N
N.\/\\/\
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N\/\/\N N\
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R
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e
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NN 9 nivl N Hrh NN 1,810 nM NNH N N,---N * 0% (02) \--N,,,: \ThE"----NH2 NNH 4 nIVI O NNH N 4,
0% NN NN( N a 0% NH s

WO 2009/121063 PCT/US2009/038865
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NF N
|
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L
voNH 0%
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o
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L.
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NN 2N
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7 H HN . 6%
<
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F
~
P
N
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« | V
=
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N/
~ }
S
P
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\NN 8,890 0/1 cc HO 1;INH2 NN .." N N n"""-NF12 N 31 nM N cc NN flie 1,640nM O N a
r----NH -

WO 2009/121063 PCT/US2009/038805

H : 38 nM

H 1,720nM

N
U

N\/\
<N 1%
N

i 20%
N

0%

Q k/o 49%
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|
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NN.,) N 59 nIVI 0 01) N 123 nM _0 NL"NH2 0% N N 41/ NH O N 0% H N SI N-"-N-%- 1\ r H 3,730 nM
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WO 2009/121063 PCT/US2009/038R03
N
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“ | 0,
S
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HN
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P
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i
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N 21 nlVI \""--"--"ThgH2 NN a 120 nIVI O : *Th,II./ ."--... \ ONN fa 6,650 nM 1\1' ...---" H2N-\\ NN 997
nlYI'cc H2N-Th,RI?.A.\ N,--N ., 0%

WO 2009/121063 PCT/US20G9/038805
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(NHHO AK) "N 4.5 CF3CO2H a- 135 n1\4 RINH2 NN 63 nM NN . 481 n1V1 NO
N H2 N * 0 9,585 nIVI NCH"- IIl.\,--Nvi

212nM 0

FCNH2 N-, N a

PCT/US2009/038805

WO 2009/121063
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H N if 206 nM (0 L.NC. N.-,--"--.-.N-.) N"N * 24 n1\4 NH HO *56 nM N 11.H N-.. *8393nMO 'S
ICKr."-----'N H2 ONN * 61 nM N

WO 2009/121063 ’ PCT/US2009/638805
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NO * 0% _..----.) NH H NN * 3,59711M H2N cc 014----"----"NH2 NN 17 nIVI N KlIll)Thgc,"--,.N..,...) NN
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WO 2009/121063 ) PCT/USZ009/038805
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NL"...."NO2 NN * 423 nM EXAMPLE 29: Testing inhibition of CXCR4 pathway by functional
This assay measures the change in impedance that occurs’

when cells a5g,sfipgllatgd with SDF-la. Changes in shape and cytoskeletg@fg]%g%yh@ﬁ}ange of
impedance that is dependent on the activation of the CXCR4 receptor. This assay is contracted to

morphological SDFla induced changes

MDS Pharma S
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*8.3 CNN NN.,.,,,i NN *9.3 cc 0 N'IMN™"NH2 ayN 9.9 INH2 NN * 11 HNO N...",,--.,---
NH2 HN * 12 WO 2009/121063PCT/US2009/038805
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EXAMPLE 29: Testing inhibition of CXCR4 pathway by functional morphological SDF-

ia indaced changes

This assay measures the change in impedance that occurs when cells are stimulated
with SDF-1a. Changes in shape and cytoskeleton result in a change of impedance that 1s
dependent on the activation of the CXCR4 receptor. This assay is contracted to MDS Pharma
Services and performed as described in

httn://discovery.mdsps.com/Catalog/Services/Screening/CeliK ev/AssavDetails.aspx Tid=7
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(Assay 930070). Briefly, human HeLa cells expressing endogenous CXCR4 are grown in
vitro and receptor activation in live cells is measured using cellular dielectric spectroscopy
{CDS). ECs is defined as a greater than 50% change in cellular impedance relative to the
ECjpo (10 nM SDF-10) response. 1Cso is defined as a greater than 50% inhibition of the
cellular impedance change induced by an ECgg concentration of SDF-10, incubation at 30
minutes,

The compounds of the invention generally have an 1Cs value below 100,000 nM the
cellular impedance change induced by an ECy concentration of SDF-1o incubation at 30

minutes. Results for specifed compounds are shown in the Table §.

TABLE 8

Compound Antagonist 1Csg (nM)

5.7

55

5.6

5.8

7.3

203



I5 N * HO.NH 1-1,.."-—,.... N.",,] 26* EXAMPLE 30: Test compound activity against HIV
strains

WO 2009/121663 PCT/US2009/038805

1.7

8.1

8.3

9.3

9.9

11

12
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A selected set of compounds are tested for their ability to inhibit the cellular entry of T-tropic HIV. The
assay for this inhibition is carried out on a contractual basis at Monogram Biosciences, Inc. using their
well establishgd RhengssreenT" assay. Briefly, HIV strains of interest arg.¢aggedowitisaduciferase
indicator gene to create an appropriate test vector. The test vector is amplified through transfection
and the resulting virusigs incubated in the presence of target host cells where intracellular florescence
activity then become mof infection. Amplified virus is exposed to target host cells in the
presence of a range S oncentrations to determine IC50 measurements of entry inhibition. A
modification of this testjis furthet ied as a novel drug assay uged in partnership with a number of
pita‘'inaceutical comp&%}ato lest the effectiveness of novel entry inhibitors that target specific
chemokines. Itcan used t activity against| T-tropic, M-tropic, and dual-tropic viruses and
Monogram Biosciencesg has a'large bank of over 10,000 different virus strains to ultimately asses the
range of applicability of o okine modulators. Certain compounds are tested to establish efficacy
in a number of yiral straimhe coPm%nds of the invention generally have an IC50 value for viral
entry inhibition |n the'&ne 0’* the, aboveI\H\Iy viral strains of interest of less than or equal to 100 j_tM. For
example, compounds A;B, Z AB,/N and BP have IC50 values ot fess than or equal to 10 In
addition, compounds areg™ested in an HIV replication assay carried out by Southern Research Institute.
The primary assay sgfedps-cgmpounds in a microtiter assay which measures the abiljity of selected
compounds to inhibit =#Y/-j <illi ell as the toxicity of the test compaounds to host cells.
Quantitation is aerfogﬁidphotometrically using the tetrazolium dye MTS (Cell| Titer; Promega)
which is converted t6.g-8ofuile; oIorqu/fbrmnazan product by mitochondrial enzymes present in
metabolically active célls at si -infection. The basic assaY involves infection of CEM-SS cells
with virus in the presence, of he test compound. Data are analyzed Using a statistical software
program develgped at-SQut erf and efficacy and ttoxicity endpoints are determined, as well as
selectivity indices. A -up assay is perfoimed; using in fresh human peripheral blopd lymphocytes
and monocyte-facrophiages,] ted with Tow passage primary virus isolates. Blood is obtained from
the American Red Cross (sczeenéd for HIV and HBV) and mononuclear cells are isolated by
Ficoll-hypaque centri atich. T;ihe foIIoNZi%aHare given as examples (and should not b¢ taken as an
exhaustive list) iof vir&qain texted 920G029 (K4), 9211G046 (%4), 93UG065 (X4), CMUO2 (X4),
91USO005 (R5) and 92UG fdual X41R5), the cp-receptor used by each given strain is described in
paranthesis. hpoupes of the invention generally have an IC50 value for viral entry inhibition
in the one of the i ain | t of less than or.equal to 100 tiM and an antiviral
index > 10. EXAMPLE 31: Screening for CXCR7 activity CXCR7 modulation activity was accessed
using PathHunterTm B-Arrestin GPCR Assay Pharmacology from DiscoveRx using the protocol
recommended by the manufacture for their CXCR7 B-Arrestin cell line. The compounds of the
invention geresatyei3dy den tenpoualdaetblin dbnmiBmataildor CXCR7 modulation activity using this
assay. EXAMPLE 32: Screening by competition assay using radiolabelled SDF-1 For radioligand
binding competitidnstésttel SXTRAnmOOKE RT teheddiiothiitabdifpioriahiedhs akdarienthealells of a 96

well plate (Magier BIRCksiZRINE of FR AnibiRdR AQQ-M4 B8y PLbiarCe MM iEiERERos MM MgC12;
1 mM CaCl12, 250 mM Sucrose, 100 m1\4 NaC1 and 0.5% BSA), corlg%%unds to be tested or 200-fold

excess of dHRFHGASRY-TBIcnBINGIEIfe i Riiab ahed isneer s Dty RES 50N s eiatndligand
[1251]-SDFigefRiG T MEXAAG6HZ Q8- Eitmmialiditdiatin Rssay:buhfepieoghac0L8webyamal pg
membrane extracts. The plate is inc%ll)ated duringaé%g Enin at 37C in a water b‘?t .. filtered over GF/B
filters (pre<6HKREGH @.%’f%’%dfg?rﬂﬁ‘ t POBHC AT R IR WS PARE SRR RV E5HRE (Perkin Elmen),
and washegr&diraesiwithcd Hoiméebf ickecoldtfilteabidan Bufierdbit mhviERES)cSamivt Mg&iré mM
CaCl2, 250 Sucrose, 0. NaCl and 0.5%.BSA). Follawing addition of f Microscint 20
(Packard), %g%\% Fﬁé’ﬁBaﬁé@q g?ﬁﬁ‘é‘?@ miny giilegsrtlootr Fél@ﬁg %‘{‘é% e%l nge%%%eoi%gﬁliti cei(\%vgilt%sg
TopCountrdrigr comimivagipns to T¢tercom pCundeasinrecityoftomyehtrain HavecdHicaBm vdlue below
100 inicromlay. for.ompetitiys hinding XSS IGRARLEX GRAAGH SN hisassay. EXAMPLE

33: Results of functional calcium mobilization assay, cytotoxicity and hERG binding assessments for
selected catipBuseripleenpRRre M hn SHIRoRsasE a0 WhenbuHatibier &4 &¥8hibed in Example
27.  Cytgtexicityiehibecampesnds Masassesaadipydhadoliaving, assapis GRhGEMgells in
media (RPM.! 1649, 15% FBS, Pen/St_rep., 1% on-essential amino 35'@ are incubated with various
concentratiBie st S OABMRBEM B REE L) S %’i%?ﬂ?%@ %F P

is determined using either Serotec's "Alamar blggs per manufacturers protocol or Promega's "Cell Titer
96 Agqueous One Solution Cell Proliferation Assay" kit per manufacturers protocol. The number cells
not surviving after test compound administration is determined for each concentration tested and the
EC50 (concentration of compound in which 50% of the cells survive) is determined. The in vitro
effects of the selected compounds on the hERG (human ether-a-go-gorelated gene) potassium

channel current (a surrogate for IICr, the rapidly activating, delayed rectifier cardiac potassium current)
avnracead in mMmammalian calle ware evvaliiated at room tembperatiire ricina the Patrch¥Ynrace 7000 A

AU SRR TS ¥EHB30INd controls
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ultimately asses the range of applicability of our chemokine modulators. Certain compounds
are tested to establish efficacy in a number of viral strains.

The compounds of the invention generally have an 1Csq value for viral entry inhibition
in the one of the above HIV viral strains of interest of less than or equal to 100 pM. For
example, compounds A, B, Z, AB, AY, and BP have ICsq values of less than or equal to 10
M,

In addition, compounds are tested in an HIV replication assay carried out by Southern
Rescarch Institute. The primary assay screens compounds in a microtiter assay which
measures the ability of selected compounds to inhibit HIV-induced cell killing as well as the
toxicity of the test compounds to host cells. Quantitation is performed spectrophotometrically
using the tetrazolium dye MTS (Cell Titer; Promega) which is converted to a soluble, colored
formazan product by mitochondrial enzymes present in metabolically active cells at six days
post-infection. The basic assay involves infection of CEM-SS cells with virus in the presence
of the test compound. Data are analyzed using a statistical software program developed at
Southern and efficacy and toxicity endpoints are determined, as well as selectivity mdices. A
follow-up assay is performed using in fresh human peripheral blood lymphocytes and
monocyte-macrophages infected with low passage primary virus isolates. Blood is obtained
from the American Red Cross (screened for HIV and HBV) and mononuclear cells are
isolated by Ficoli-hypaque centrifugation. The following are given as examples (and should
not be taken as an exhaustive list) of virus strains tested: 92UG029 (X4), 92UG046 (X4),
93UG065 (X4), CMUO2 (X4), 91US005 (RS) and 92UG001 (dual X4/R5), the co-receptor
used by éach given strain is described in paranthesis.

The compounds of the invention generally have an ICso value for viral entry inhibition
in the one of the above HIV viral strains of interest of less than or equal to 100 uM and an

antiviral index > 10.

EXAMPLE 31: Screening for CXCR7 activity

CXCR7 modulation activity was accessed using PathHunter™ §3-Arrestin GPCR
Assay Pharmacology from DiscoveRx using the protocol recommended by the manufacture
for their CXCR7 B-Arrestin cell line. The compounds of the invention generally have an

ICsy value below 100 micromolar for CXCR7 modulation activity using this assay.
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EXAMPLE 32: Screening by competition assay using radiolabelled SDF-1

For radioligand binding competition test of CXCR4 or CXCR7, the following
components are mixed in the wells of a 96 well plate (Master Block, Greiner, 786201) up to
100 L assay buffer (50 mM HEPES; 5§ mM MgCly; 1 mM CaCl,, 250 mM Sucrose, 100 mM
NaCl and 0.5% BSA), compounds to be tested or 200-fold excess of cold ligand for non
specific binding determination (SDF1-¢ R&D, 350-NS), radioligand [125]]-SDF-1a (PK1
NEX346, 2200 Ci/mmol, diluted in assay buffer to give 0.03 nM) and 1 pg membrane
extracts. The plate is incubated during 30 min at 37°C in a water bath, filtered over GF/B
filters (presoaked i 0.5% PEI for 1h at room temperature) with a Filtermate Harvester
(Perkin Elmer), and washed 6 times with 0.5 mL of ice cold filtration buffer (50 mM HEPES;
5 mM MgCly; T mM CaCly, 250 mM Sucrose, 0.5 M NaCl and 0.5% BSA). Following
addition of 50 pL of Microscint 20 (Packard), and incubation during 15 min. on an orbital
shaker, the plates are counted with a TopCount™ for 1 min/well.

The compounds of the invention generally have an 1Cs, value below 100 micromolar

for competitive binding versus CXCR4 or CXCR7 activity using this assay.

EXAMPLE 33: Results of functional calcium mebilization assay, cytotoxicity and hERG

binding assessments for selected compounds.

Functional calcium mobilization assay was conducted as described in Example 27.

Cytotoxicity of the compounds was assessed by the following assay. CCRYF-CEM
cells in media (RPMI 1640, 15% FBS, Pen/Strep., 1% non-essential amino acids) are
incubated with various concentrations of test compound for 6 days undisturbed. Cell number
relative to no compound controls is determined using either Serotec’s “Alamar blue” per
manufacturers protocol or Promega’s “Cell Titer 96 Aqueous One Solution Cell Proliferation
Assay” kit per manufacturers protocol. The number cells not surviving after test compound
administration is determined for each concentration tested and the ECs; (concentration of
compound in which 50% of the cells survive) is determined.

The in vitro effects of the selected compounds on the hERG (human ether-a-go-go-
related gene) potassium channel current (a surrogate for 1Kr, the rapidly activating, delayed
rectifier cardiac potassium current) expressed in mammalian cells were evaluated at room
temperature using the PatchXpress 7000A (Molecular Devices), an automatic parallel patch
clamp system. Each compound was evaluated at varying concentrations in duplicate up to 10

M, and the duration of exposure to each test article concentration was 5 minutes. For select
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compounds, the ICs, values for compounds were determined if the concentration in which

50% channel block was observed was <10 uM. For <50% channel block at the 10 uM

concentration, an % inhibtion at 10 uM is listed. All other compounds have an % inhibition

and concentration listed.

A summary of the results is shown in Table 9.

TABLE 9
Compound Ca Flux Cytotoxicity ECq hERG
ICSD % /1C50
‘ s 12 nM 30 uM 42% at
N/
)j W\NHZ
N
(LT
b 9
= 22 nM 30 uM 2.7 uM
|
N Y
Q N
»\\ \/\/\NHZ
HO
- |
| i 126 nM 30 uM 16% at
N
HN 0 :
Q\Njﬁ N, 10nM
| =
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10 p.MN"... N

44 nM 30 p.M 25% at (NH
WO 2009/121063 ' ‘PCT/US_ZOQWOI;SSOS
= 16 nM 30 uM 4.1 uM
»
S\ N 7>
HNC N N A~
s _\._.\ NH,
g
\N ~ 30 nM 50 uM 39% al
) b
<N E 10 oM
B 44 oM 30 uM 25% at
) _
N7 N
%\\ NN 10 uM
GV
N
$9%¢
| = 37nM 0.6 M 26% at | uM
% NT N (e
% E_\’-\/‘\/N\)
o
N~ N
S I
R 123 nM 53uM 18% at 1 uM
L.
o N I
\/\NJ\ h o
o\l) N~ >N
S |
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7 | 7 M 6.4 uM 46% at
.
N N E 10 pM
2 _\_\ \/\‘/\NH
2
N N
. |
I S 113 nM >10 uM 20% at
-
NTNY (7 NH
HC}.\\ ﬁ'x./‘\./N\/I 1o M
ST RS
N
s FaC” TOH
ﬁ | e 55 nM >10 uM 45% at
-
QN NT X 10 uM
N\/\/\NHZ
0 | = 24 nM - 3.1 uM
[Nj N7 A
K\ N\,/“‘\/N\)
N — N
[ s
= 56 0M ; 2.4 uM

210



123 nM 5.3nM 18% at 1 gM O sr----N"ThoyN NH2N %.,, WO
2009/121063PCT/US2009/038805 N _ -

WO 20069/121063 ) PCT/ES2009/038805
7 18 nM _ 1.8 uM
o |
H N '3:1'
\/\‘/\NHE
O
N == N
S 1

Various references have been cited herein, each of which is incorporated herein by

reference in its entirety.
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CLAIMS

1. A compound of Formula IA-1 or IA-3:
R '

N, X
YELE\/Q L1
i
N~ o
|
o
B

(IA-1)or (IA-3)

or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomér, and/or ester

thereof, wherein:

R; and R; are each independently H, alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted heteroalkyl including alkoxyalkyl, haloalkyl, CFs,
halogen, hydroxy, amino, optionally substituted alky} or dialkyl amino, optionally substituted
alkoxy, hydroxyalkyl, optionally substituted aminoalkyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted arlakyl, optionally substituted arylakyl,
carboxy, acyl, optionally substituted alkoxycarbonyl, or optionally substituted aminocarbonyl; or

Ry and Ry, taken together with the carbon atoms to which they are shown attached, form a
substituted or unsubsﬁtuted carbocyclyl or a substituted or unsubstituted heterocyclyl; |

L; and L; are each independently selected from the group consisting of a covalent bond,
alkylene, substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted or
unsubstituted carbocycyl, and substituted or unsubstituted heterocyclyl;

X and Y are independently H, NR Ry, -OR,, halogen, CFs, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, acyl, carboxy, optionally
substituted alkoxycarbonyl, optionally Substituted aminocarbonyl, optionally substituted alkyl- or
dialkylaminoca.rboﬁyl, cyano, optionally substituted heterocyclylacyl, optionally substituted
carbocyclylacyl, substituted or unsubstituted carbocyelyl, substituted or unsubstituted
heterocyelyl;

R, and Ry, are each independently selected from the group consisting of H, substituted or
unsubstituted alkyl, aldiminyl, substituted or unsubstituted carbocyclyl, substituted or

212



454 at 10M CNH RI ...... ST "..N,,..)

unsubstituted carbocyclylalkyl, substituted or unsubstituted heterocyclylalkyl, and substituted or
unsubstituted heterocyelyl; or

R, and Ry, together with the nitrogen atom to which they are shown attached form a
substituted or unsubstituted heterocyclyl;

R. is selected from the group consisting of H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted carbocyciylalkyl substituted or
unsubstituted heterocyclylalkyt;

Qis CRe.or N;

R, 1s selected from the group consisting of H, alkyl, halo, substituted or unsubstituted
amino, cyano, nitro, haloalkyl, hydroxyl, and alkoxyl; and _ '

 AandB are each independently one or more substituents selected from the group
consisting of H, alkyl, halo, substituted or unsubstituted amino, cyano, nitro, haloalkyl, hydroxyl
and alkoxyl;

wherein “alkyl” refers to a saturated straight or branched, primary, secondary, or tertiary
hydrocarbon of C; to Cy which may be unsubstituted or substituted with halo, trifluoromethyl,
hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonic acid, phosphate, or phosphonate;

wherein “alkylene” refers to an organic radical of the Formula: -C(RR’),-, wherein n is
an integer of one to twenty, and R and R’ is hyédrogen; halo, hydroxyl, émino, cyano, nitro, -
alkoxy, alkylamino, arylamino, sulfate, sulfonic acid, phosphonic acid, phosphate, or
phosphonate. '

2. The compound of claim 1, wherein:

R ]\ S0
18 wv o O S

3. The compound of claim 1, wherein the compound has the Formula 1A-2S:

Q is nitrogen, and
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wherein .

L, and L, are independently a bond or alkylene;Y is H, NR.Ry, -OR., carbocyclyl,
heterocyclyl, triazolyl, tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or
dialkylaminocarbonyl, heterocyclylacyl, cyane, halogen or CFy; and

X is optionally substituted carbocyelyl, optionally substituted heterocyclyl, or NRoRy,; or
1i-X is

4. The compound of claim 3, wherein:
Q is nitrogen;
L, is a bond or alkylene;
Y is H,KNRaRb, -OR,, carbocyclyl, heterocyclyl, tetrazolyl, alkoxycarbonyt,
aminocarbonyl, alkyl- or dialkylaminocarbonyl, cyano, halogen or CFs; and
L-Xis

AN, A Q

5. The compound of claim 1, wherein the compound has the Formula TA-4S:

]
/

JA-4S
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NH2

N N

wherein .

L, and L, are independently a bond or alkylene;Y is H, NR,Rs, -OR,, carbocyelyl,
heterocyclyl, triazolyl, tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or
dialkylaminocarbonyl, heterocyclylacyl, cyano, halogen or CFs; and

X 1s optionally substituted carbocyclyl, optionally substituted heterocyclyl, or NR Ry, or
L1 -X 18

NH
AN, N O |

6. The compound of claim 1 wherein:
L;-X 1s

/\/\N/\ AN P NH
. O)\/NH, @‘H, /\Q\/Q or
/\Q : (\NH
NH; f\/\//\NHZ or N\) and

Lz-YiS

: HN/\!
jonhavhal
< z ] —
G S i o ¥
s T

7. The compound of claim 1 wherein the compound is selected from:

HN
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Various references have been cited herein, each of which is incorporated herein by reference in its
entirety. CLAIMS 1. A compound of Formula IA-1 or IA-3: 'Lk> (IA- 1) or(IA-3) ora
pharmaceutically acceptable salt, solvate, tautomer, stereo isomer, and/or ester thereof, wherein:
R1 and R2 are each independently H, alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heteroalkyl including alkoxyalkyl, haloalkyl, CF3, halogen, hydroxy,
amino, optlonally substituted alkyl or dlalkyl amino, optionally substituted allcoxy, hydroxyallcyl,
[ ¥ [ Yally substituted carboey ptionally substituted heterocyclyl,
bstltuted arylakyl carlj acyl, optionally substituted
and R2, taken ther with the
slubstitute ox/msubsg;uied rbocyclyl or a .
mdﬁpendenﬂ'y sé[lkcted from the
of.a_covalent boitl, allcylene, substituted or YAs st tuted alkenyl, substituted or

@ futed or unsubstituted

ard Y are lndependent 1, N-RaRa, -012a, halog eRCF3, optionally substituted
bstituted alkenyl, opmbstltuted alkynyl, acyl, carboxy, optionally substituted -

=
Sistifig

alkoxycarhonyl, optionally substituted aminacarbonyl, optionally substituted alkyl- or
diallcylaminocarbonyl, cyano, optiganally Sibstituted heterocyclylagyl, optionally substituted
carbocyclyla yrl\liy)bs%at% Er\u@stltute &WEU‘R@ or unsubstituted heterocyclyl;
Ra and Ri-#re eaich independen eleg\g rom the group co ng of H, substituted or

or Unsubs uted carbocyclyl, substituted or unsubstituted
( yclylalkyl, and substituted or unsubstituted

carbocyclylatkyl,
heterocyclyl; o )
.C. is selected from the group consisting of H,
unsubstituted heteroallcyl, substituted or
stituted heterocychhsubstituted or nnsubstituted
he{.erocyclyl%’lk,yl\%%}\:R orN;  Reis selected from
d¥Qr unsubstituted@mino, cyano, nitro, haloallcyl,
endently one or more substituents selected from
H, alkyl, halo, substltuted nsubstituted amino, cyano, nitro, haloalkyl,
» ; wherein "alkylrefers to a saturated_straight or branched, primary,
iary hydrocarbon of 1 tol hich may] be Unsubstituted or substituted with halo,
ydroxyl amino, aIIcyIamhho 5 ylamlno alkoxy, aryloxy, nitro, cyano, sulfonic acid,
' erein "alkylene" refers to an organic

nsubstituted heterocy
substitutegoryasubstituted allcyl, subs
Zarb substi or unsu

radical of th : hrerein 0l IS alfqll mteger twenty, and R and R' is hydrogen,
halo, hyd .-- cyano nitro, alko amino, aryla ing, sulfate, sulfonic acid, phosphonic
acid, phospha Rosphonate. 2. The Tanipo f claim 1, whereln: Q is nitrogen, and
= i = | = | 0o
H H
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R2is Ann Or 3. The compound of claim I, wherein the compound has the Formula IA-2S: wherein.
LI and L2 are independently a bond or alkylene;Y is H, NRaRb,carbocyclyl, heterocyclyl, triazolyl,
tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or diallcylaminocarbonyl, heterocyclylacyl,
cyano, halogen or CF3; and X is optionally substituted carbocyclyl, optionally substituted heterocyclyl,
or NRaRb; or L1-X is NH2 or 4. The compound of claim 3, wherein: Q is nitrogen; L2 is a bond or
alkylene; Y is H, Nlitab, -0120, carbocyclyl, heterocyclyl, tetrazolyl, alkoxycarbonyl, arninocarbonyl,

alkyl- or dia mocarbon halogen or CF3; and LA<X is -"NH lINH2 or ,"\/\UN--- 5. The
‘compound d 1, Wherel pound has the Qrml A-4S:
N N

?

A
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IA-4S wherein. Li and L2 are independently a bond or alkylene;Y is H, Nitaltb, -ORc, carbocyclyl,
heterocyclyl, triazolyl, tetrazolyl, acyl, alkoxycarbonyl, aminocarbonyl, alkyl- or dialkylaminocarbonyl,
heterocyclylacyl, cyano, halogen or CF3; and X is optionally substituted carbocyclyl, optionally
substituted heterocyclyl, or Nl:tab; or L1-X is /W-NH2 or 6. The compound of claim 1 wherein: Li-Xis O
Or ---1)"N H2 / WNH2or; and 9,3 CN or 7. The compound of claim 1 wherein the compound is

selected from:
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or or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester thereof. 8. A
pharmaceutical composition comprising a compound of claim 1, or a pharmaceutically acceptable salt,
solvate, tautomer, stereoisomer, and/or ester thereof, and a pharmaceutically acceptable excipient. 9.
The pharmaceutical composition of claim 8, further comprising at least one additional pharmaceutically
- active compound.
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Zamnn
.Z .
X
X1

. or
or a pharmaceutically acceptable salt, solvate, tautomer, stereoisomer, and/or ester

thereof.

8. A pharmaceutical composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt, solvate, tautomer, stereoisomer, and/or ester thereof, and a pharmaceutically

acceptable excipient.

9. The pharmaceutical composition of claim 8, further comprising at least one additional

pharmaceutically active compound.
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