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THE TREATMENT OF MEDICAL DISORDERS CROSS-REFERENCE
TO RELATED APPLICATIONS This application claims priority to U.S.
wBmisionak Application No. 601642,375; filed January 7, 2005 /&Rthid/@0604
Provisional Application No. 60/642,374, filed January 7, 2005. FIELD OF
THE INVENTION The invention provides compounds, pharmaceutical
compositions and methods of use of certain compounds that are
antagonists of the chemokine CXCR4 receptor. The compounds are
useful to mediate any medical condition that is modulated by CXCR4
receptor signaling, and in particular for treating.or reducing the severity of
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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 ceﬂg 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 18 thoughf to depend on
interactions between tumor cells and the host environment. Metastasis is the result of several
sequential steps and represents & highly organized, non-random and organ-selective process.
Although a sumber of mediators have been implicated in the metastasis of breast cancer, the
precise mechanisms determining. the directional migration and invagion of tumor cells into
specific organs remain to be established. An incomplete understanding of the molecular and

cellular mechanisms underlying metastasis has hindered fhe development of effective

therapies that would eliminate or ameliorate this condition.



cells by regulating adhesion of endothelial cells with antibodies or
adhesion molecules (see for example, PCT Publication No. WO
97100956, U.S. Patent Nos. 5,993,817, 6,433,149; 6,475,488; and

W 3bi/9458)8 However no commercial strategy has provided noreffentiveciscos
treatment to prevent metastasis. Chemokines are a superfamily of small
cytokines that induce, through their with ecep+ c rt skela rearrangements
and directional mteraCnon with G-protein-Coupled TeCo- ors, ..J.A.".-".. tal
ng migration of several cell types (Butcher,et al. (1999) Adv Immunol 72:
209-253; Campbell and Butcher (2000) Curr Opin Immunol 12: 336-341;
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al. (1997) J Biol Chem272: 27529-27531). T Stromal cell derived factor 1 (SDF-1)is a
chemokine that interacts specifically with CXCR4. When SDF-1 binds to CXCR4, CXCR4
activates Gay-protein-mediated signaling (pertussis toxin-sensitive} (Chen, et al. (1998) Mo/
Pharmacol 53: 177-181), including downstream kinase pathways such as Ras/MAP Kinases
and phosphatidylinositol 3-kinase (PI3K)/Akt in lymphocyte, megakaryocyies, and
hematopoietic stem cells (Bleul, ot al. (1996) Nofure 382: 829-833; Deng, et al. (1997)
Nature 388: 296-300; Kijowski, et al. (2001) Stem Cells 19: 453-466; Majka, et al. (2001)
Folic. Histochem. Cytobiol. 39: 235-244; Sotsios, et al. (1999) J. Immunol. 163: 5954-5963;
Viahakis, et al. (2002) J. Iumunol. 169: 5546-5554). In mice transplanted with human tymph
nodes, SDF-1 induces CXCR4-positive cell migration into the transplanted lymph node



(Blades, et al. (2002) J. Immunol. 168: 4308-4317). These results imply
that the interaction between SDF-I and CXCRA4 directs cells to the organ
sites with high levels of SDF-1. Recently, studies have shown that CXCR4
wiotargati@ns may regulate the migration of metastatic cells. ptypoxiaycoosos
reduction in partial oxygen pressure, is a microenvironmental change that
occurs in most solid tumors and is a major inducer of tumor angiogenesis
~and therapeutic resistance. Hypoxia increases CXCRA4 levels (Staller, et
al. (2003) Nature 425: 307 311). ,icrcarray analysis on a sub-population
-of cells from a bone metastatic model with elevated metastatic activity
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_actively contribute to cancer progression and metastasis. Several groups
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neovascularization. These resulis indicate that SDF-1/CXCR4 controls VEGF signaling
systems that are regulators of endothelial cell morphogenesis and angiogenssis. Numerous
studies have shown that VEGF and MMPs actively contribute to cancer progression and '
metastasis. _

Several groups have identified chemokines including CXCR4 as a target for treatment
‘of metastatic cancers. For example, PCT Publication Nos. WO 01/38352 fo 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 receptor signaling.

Compounds targeting CXCR4 have been developed primarily for tréatment of HIV
because CXCR4 is a major coreceptor for T-iropic HIV infection. For example, U.S. Patent



WO 2006/074428 PCT/US2006/000604 No. 6,429,308 to Hisamitsu

Pharmaceutical Co., Inc. discloses an antisense oligonueleotide that

inhibits the expression of the CXCR4 protein for use as an anti-HIV agent.
weGloshabiisation No. WO 01/56591 to Thomas Jefferson Umpivensibpos 000604

describes peptide fragments of viral macrophage inflammatory protein |I

which are described as selectively preventing CXCRA4 signal transduction

and coreceptorfunction in mediating entry of HIV-1. Peptide antagonists

of CXCR4 receptors have been disclosed. Tamamura or al (Tamamura,

et al. (20000) Bioorg. Med. Chem. Lett. 10: 2633-2637; Tamamura, et al.
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iIch entered clinical trials as an anti-HIV drug that blocks

PRERAZRRE g G I@Fm of Health & Human Services m part covers methods of
inhibiting metastasis or growth of a tumor cell with a polypeptide CXCR4 inhibitor.

Although advances have been made, inadequate absorption, distribution, metabolism,
excretion or toxicity properties of peptide inhibitors have limited their clinical uses. Small
non-peptide drugs remain as a major goal of medicinal chemistry programs in this area.

At the present time, the metal-chelating cyclams and bicyclams represent one of the
few reported non-peptide molecules to effectively block CXCR4 (Onuffer and Horuk (2002}
Trends Pharmacol Sci 23: 459-467.36). One of these non-pepiide molecules is AMID3100,
which entered clinical trials as an anti-HIV drug that blocks CXCR4-mediated viral entry



4 WO 2006/074428 PCT/US2006/000604 (Donzella, et al. (1998) Nat

Med 4: 72-77; Hatse, et al. (2002) FEES Lett 527: 255-262; Fuijii, ,,,"et al.
(2003) Expert Opin Investig Drugs 12: 185-195; Schols, et al. (1997)
wisniiratRes 35: 147-156). N CNN NNN NN VI ~~ AM D320/ iishas mebos
been reported whether AMD3100 can efficiently block breast cancer
metastasis, modulated via CXCR4. More importantly, a clinical study
showed cardiac-related side effect of AMD3100 (Scozzafava, et al.

(2002) J Enzyme Inhib Med Chem 17: 69-7641). In fact, AMD3100, was
recently withdrawn from the clinical trials due in part to a cardiac-related
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1 431 290 and PCT Publi atioN 0. WO 02/094261 to Karelia Chemical
Industry Co., Ltd cover R4~inhi 3 thatt are potentially useful in
treating various disease(ﬁiii:lu ng eancer rf(—;;tasg@ ic disease. U.S. Patent
Publication No. 2004/025422% to. Yamamzi ‘et al. also provides
compounds and use thereotfo treat various diseases including cancer
metastasis that are CXCR4 antagonists! The.co unds are of the
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Other nitrogen containing bicyclic molecules have been _developed as CXCR4
.antagomists. European Patent Publication No. 1 431 290 and PCT Publication No. WO
02/094261 to Kureha Chemical Industry Co., Ltd cover CXCR4 inhibitors that are potentially
useful in treating various diseases including cancer metastatic disease.

U.S. Patent Publication No. 2004/0254221 to VYamamazi, et al. also provides
compotinds and use thereof to ireat various diseases including cancer metastasis that are
CXCRA4 antagonists. The compouﬁds are of the general formula: ‘

By

A (0 H g)g=W 5 —CH —~—}’—N\
(CHyla Bs
B
in which A is A;-G-N(Ri)}; A; i8 hydrogen or an optiomally subsﬁtufed, mono- ot
polycyelic, heteroaromatic or aromatic ring; G1 1s a single bond or -C{R2)(R3)-; Ry, Ry, and
Ry can be optionally substituted hydrocarbon groups; W is an optionally substituted
hydrocarbon or heterocyclic ring; x is —C{=0)NH—; y is - {C(=0)—; and Dy is hydrogen
atom, alky! with a polycyclic aromatic ring, or amine.
PCT Publication No. WO 00/56729 and U.S. Patent No. 6,750,348 to AnorMED and

describe certain heterocyclic small molecule CXCR4 binding compounds, teaching that these



5 WO 2006/074428 PCT/11S2006/000604 are useful for the treatment of
HIV infection, tumerogenesis, psoriasis or allergy. The compounds are of
the general formula: X Y-W (CR}RZ),ArCR3R”N (R5)(CR6R7),RB Zin
wwvhiohdMean be a nitrogen or carbon atom; Y is absent or i®¢ARgEH0R04
to R7 can be hydrogen or straight, branched or cyclic Cary alkyl; R8 is a
substituted heterocyclic or aromatic group; Ar is an aromatic or :
heteroaromatic ring; and X is specified ring structure. PCT Publication No.
WO 2004/091518 to AnorMED also describes certain substituted nitrogen
containing compounds that bind to CXCR4 receptors. The compounds
Aresgascribedasbaving dreraifesiratincreasingpiage pitonoaellsasther. - The
stem G Is enp ncmﬁ%#tgn%qtlon of white blood cells, and exhibiting
Rhthara proper fication No. WO 2004/093 8 1 7 to AnorMED
also discloses substituted heterocyclic CXCR4 antagonists which are
described as useful to atteWiaietihflafiitdicry)Earititidhs and elevate
progenitor cells, as well a% white blood cell counts. Similarly, PCT
Publication No. WO 2004/106493 to AnorMED describes heterocycllc
ioovisBUNdeAth binitiaesTCRIEMPBCRE rhsaiords bufertmE ofalegia be
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metasiasaes. goups are preferably benzimidazolyl methyl and tetrahydroquinolyl, and the

ancing

third pendant group contains nitrogen and optiomally contains additional mngs. The
compounds demonstrate protective effects against infections of target cells by a human
immunodeficiency virus (HIV).

In light of the fact that the CXCR4 receptor is implicated in metastatic signaling as
well as a nomber of other pathogenic conditions, it is important to identify new effective
receptor antagonists.

It is therefore an object of the invention to provide new compounds, methods and
composgitions that inhibit CXCR4 receptor signaling.

it is another object' of the invention to provide compounds, methods and compositions
that bind to the CXCR4 receptor and interfere with binding to its native ligand.

It is a more specific object of the invention to provide compound, methods and
compositions for treatment of proliferative disorders, and in particular, for the inhibition of

cancer metastases.



WO 2006/074428 PCTIUS2006/000604 SUMMARY Compounds,
methods and pharmaceutical compositions for the treatment or
.prevention of diseases associated with pathogenic or undesired CXCR4
Wo meeptenactivity and/or signaling are provided. In particulETivE (6l isoes
that the compounds provided herein interfere with the binding of the
native SDF-1 ligand to the CXCR4 receptor and inhibit activation of the
receptor and subsequent downstream signaling pathways. Based on
pcsi...,.. this pathway, the disclosure provides compounds, methods and
pharmaceutical -I for the treatment.of pathogenic conditions, including

- hyperproliferative diseases, andsypawtielarly for the reduction of call
migration and differentiation associated with cancer metastasis;
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particularly f{lnr' the reduction of cell migrition and diﬁ'érenﬁaﬁon ‘associated ‘with cancer
: ._ metastesis, modulated via CXCR4, The compcamds methods .and cumposmons nclede an
effective treatment amount of 2 compound of Formulas (I}-@VII) or a phazmaceuncaﬂy
acceptable salt, ester or prodrug thereof.

In a first aspect, there is prowded the use of a compound of Formula I, Ila, Hb I,

IVa, IVh, Ve, Vb, Ve, Via, VIb, VI, Vila, ViIib, IX, XI, XII or a pharmaceutically

acceptable salt or ester thereof:

§ -,
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| ¢ d,

Formyje ! Foarmuls Hi

H

‘ . }/,Wf_\ia}zf Es Be K
R w—«x TR

Fors ol L , Formels i)
[
' [zl £t
LI ' wﬁ}/y w\"‘:‘ A ,%/V Rr Ry i’f$ }K,/Y
W I~ KL | P
=% )8 - 3 ¥ & z
7 - v
f
&y
Ferm wls I¥D Farmels IVg



Pull ulslvb PareallIVa7F~ RRt XRa~RtI Rs RY KR k 6~, Ry R, R3
Formelk vt FormviaVIKkK~{~QK-K VicRyR~IRtRY.:9KRtRY F
OY ~~a~k4\ FarroulaVc FoxmulaViz 4it, Its Lk[ R R I(i ftt f6Ym
ate V8K Form Die V[1t R A /Ry KJ"_~ 'R R p[~\9 A RY R'--{M\! Re /
Fnr Y1u @ tilt Form u4tV 11hfe: Xar ,/~-q‘-ae Rr RY Fen tlr F% Form

tl X KU Ge-X# R/ Ry=£{i° aﬁzfewﬁxﬁkur
w:%ul Y *Psniih XrPramb ) 1§ 7a }; UV
% {__fd ) . \1 X K—<~
" L3
d

i ]
Ry K.

1

Formuel ¥ : Farmulza ¥

Fermula ¥ia

Femmale ¥ . Formule VI
K ek v S N N . F—
Y wpd LA ) <X
.!’K'? \E ~L ;/g \E _ a[ \__2
yd ¢ D/ " 5
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Form xle ¥ iz , Fomals Viilb
¥ weadt | S 4
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Rr L
Fesmzle i% Formuh &
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wherein each K is independently Nor CH; Q, T, U, V, W, X, Y and 2 are
independently selected from H, R, acyl, F, Cl, Br, I, CN, OH, OR, NH2,
NO2, NHR, NR2, SR, SR, S2R, S-NHR, Sz-NHR, S-NRR', S2-NRR’,
NHacyl, N(acyl)2, CO2H, CO2R, where R and R' are independently
selected from straight chain, branched or cyclic alkyl or aralkyl groups, as
well as aryl and heteroaryl groups; and R,, R2, R3, R4, Rs, Rs, R, and Re
whereip independently selected from H, straight chain, branched or cyclic alkyl
each K v alkyheasghbeteraaryd; acyl (RC-) and imidoyl (RC(NH)- or RC(NR)-)

& T R B S M RSl AT T e om. o,

NH;, M, IRIRC NBR AR, GR3 SR, SAFHRANNERIRENRR SRBRCRERS, N(acyl),

s 8 e e e arap 0 o Bl

: * is jndepende ected from the group consisting o

alky! %%%3& a-‘é?s’(és ?6% 8 aq@%iﬁe&)er(;m grf’élﬁsrrf‘%qe manufacture of a

Ri. RinBuiRarfienkéoR tHedRaamdniaepdevishsiretot drproMesatighiorhain, branched or

eyclicialkaim aralieyy SaoislerassoRAterlon inCXER IRETRIQL. ACHEHEN rﬁhvﬁs;

A andSS oend aspe t,c;[h e | rovided a compouynd of Formula 1, lla, fib, 11T, [Va,
VA R o S8 BHRers ORI s o -bRa: -CRaRe, -CRo, N,

-0-, HiarmicedtRanG BecephiRe SBiRon dRerthersit:Ru-NRsR BNTOR: akd. KNR,-

CRERMT KKK K1 Rr't="~Rs~ A~6 K"~ K A 1=I'~RrVRa K K K 'K Nfd, ~r VQ

R~ FOrinall | FormulallaV W~~K\RaRU\-AKKasRaK rK"A (
-D-E- and —G-J-are independently either -NR;3-CRs- or ~-N=C-;

Mis O, S or NRs; and

A* is independently selected from the group consisting of formulas a-g;

{z} (b} o}
() e} {fi

in the manufacture of a medicament for the treatment or prevention of a proliferative or

inflammatory disorder associated with CXCR4 receptor activation.
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VHR,Rp Formaltlla FormulallUV-WK=KuWiK-K K-KaYKA\E _j
RrR(NK8 A411~XK dTR{ FormaltIlVb FormufalVaTW Q KW <'
RyRRyRaK}~-~Y (~RaRs~R4 11, KI/ KKZ xK "~-'Z NN ft{ Rr R{
Ra Formula Va FormulaVb T ~Caw KW KK Y KRaRe RaRaK""~~
KI(A\J~,,KE RrRa/\tK R TiD f Rf { Formula Va Formula Vla 7c py Y

=K Tokbid dp¥cK et ik plofilR3 ReuRdof Folkmua/T/HA! Ry TN, Ukab,

Va, \E)/bf—%;,r:ﬁ?{}%’ \{/?ﬁ?é%})rmiﬁ Iﬂ"]’;ﬂg ?\gwﬁ.v dr A%chutlcalﬁy acceptrt&afé sa?t or

ester thereof:
Y W K‘—"K
/ B R R Kﬂ/ w\{ | ] Ry B,
__( 2 >==K
Formuis | , Formuls lie

bl

e s ""/;—K )2‘_[\’“"/ /_\<’Y
»«g_@.( % — O

) f@
R LY
_ Fermuia 11 , Formule §
== g =k

I N —K \f . A \/R 4 )\/’Y
P> “\B!f‘ﬁ;{ "E"_/z\ﬁjw\“’\
XY E 2 X FTTOASE B

7 A \ 9/ \\1/

R‘i
Formpis VR Formuls [Va

Formula Vi

0 ! g, el
?(-_—K A\ ! R R, 2, / -}\:f'/v
x"ﬁ‘g / = _K\z
0]
|

\ Farmuls VIz

Formuie Ve
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R, R~N N p Formula IX Formula X W ellRw~=KKx1 K\i,a'\~rRyy
Form %]a XI Formula XII wherein each K is independently N or CH; Q, T,
U, V, W, X, Y and Z are independently selected from H, It, acyl, F, ClI, Br,
I, CN, OH, OR, NH1i NOz, NHR, NRz, SR, SR, S2R, S-NUR, Sz-NHR,

S-NRR’, S2-NRR’, NHacyl, N(acyl)2, 7d CO2H, CO2R, where R and It are
independently selected from straight chain, branched or cyclic alkyl or

aralkyl groups, as well as aryl and heteroaryl groups; and R1, R2, R3, R4,
R5, R6, R7QandIRs are |ndependentl¢y selected from

straight chain;
be”ﬁh hed or alky! alkjd/éryl heteroagyl kacyl ( i W
/(%?C H)\ or C(NR'J} angm@é thezr}w:.ml( )
ently ected\gr M -CRE, -CR3RA- 3-, -N=#"0-,~j-NR3-, -S-,

-CR3=CR4-, -CR3Ra-CRSsR6-, -CR3=N-, -CR3R4-NRs-, -N=CR;., gnd

-NR3- CR4Rs-; -D-E- and -04- are mdependently either -NR3-CR4- or \W
is 0, a or NR&mand A* is independently selected fromFtivesgrdtip consisting
of formulas a-g: (a) (b) (c) -C~--0(d) (e) (f} (s) Ina ﬂﬂlrd aspect, there |s

fevided,a piarma eutlcal (}bnﬁﬁositlcm $rLising a und of f—
ﬁ@rmh’al\lla b, b, i, Vb, é‘;\(vl Ib vu/\/u v |b
Xt or'a phay aceut y aEcebta’bIe ert

pharmaceutlcally acceptgble carrier: WU T Y KOTK ~~ R7
Rr Rr K A\~ -~ Rr Ra K\jK'!

Formala Vi Formula Vi

»

R — ‘f w“‘\(’fﬁx A /ﬁ )i‘}"'fv
?‘ B R Re Ry K/ }f"-—z, ) /8 a(
/"":{ N % “'*-H

¥

=

Formula {X Formuls X

Formala X1 Formule XU

wherein

each K is independently N or CH;

Q, T, U, V, W, X, Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, CN, OH, OR,
NH,, NOz, NHR, NR;, SR, SR, S:R, §-NHR, §;-NHR, S-NRR’, $;-NRR', NHacyl, N(acyl);,
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XrRrVQR1YQRi Formula C Formula”a Q~ or K.KutK-Kv KRaRr
\Rs RaTRa Formule 11b Formula ICl 7e W ~K U J\ 1/ YP~T b\I Ri Rt
KZza-zX~J:arql FarmlIsIV I, FortvitIVaTb7 ~~~x aN 1~ X
ReReIRWROX. (~~KRaRrIRsRaC ~KhJC&~r}~~z ~\T~" Ra
R Ra Farm uit V a Farm uie Yo K_K Rae (RoAs g X/ RrRr~Z X 1”q Ni
RW R FormthVa Farmult Vit K v X.~ d~A. | -r~I / ~,-'Y XJ'K Rr Rd ~\ R6

~"Z B.e, F' Formul Vib Form uisVIl (R ~7R, K Q tuL Formv)a VIII.
Coz}rﬁ&% Wipre R and R’ are independently selected from straight chain, branched or cyelic

alicyl or aralkyl groups, as well as ary] and heteroaryl groups; and

Ry, Ry, Ry, Ry, Ry, Re, Ry and Rg are independently selected from H, straight chain, branched or
cyelic alkyl, aralkyl, arvl he_:teroaryl, acyl (RC-) and imidoy] (RC(INM)- or RC(NR')-) groups;

A and B are one and two atom tethers independently selected from -CR=, «CR3R4v, ~CRy=, -N=,
=0~, “NRi-, 8-, -CR3=CRy4-, -CR;R4-CRR¢-, -CR;=N-, -CR;R;-NRz-, -N=CR;-, and -NR;-
CR4Rs-;

-D-E- and -G-J- are independently either «-NR3-CR4- or -Ne=C:

Mis O, 5 or NR;; and

A¥ is independently sclected from the group consisting of formulas a-g:
{a) {6) {¢)
b
{d) (e} (f}

{g)

In a third aspect, there is provided a pharmaceutical composition comprising a
compound of Formula L, la, IIb, I, TVa, IVh, V_a, Vb, Ve, Vig, Vib, VI, VIia, VIlb, IX,
XI, XIII, or a pharmaceutically acceptable salt or ester thereof and a pharmaceutically

acceptable carrier:

K = y
Ry R, .}_I Ri Ry u \K“i -H Ry By K \
B A
N
I
Ry
Formule | \ Formule Hi
|
W Fe=e, . Y
W F ek Ut f—¥, A ?\\ \K M \é A
4 N e > AAE \)—_?‘
x/'/? / N J; \’!\»l /\)\
AN N e "
B - v
JJ Rg RZ
Pormule 1tb Formula I



K-Xy rcr O Female IX Fanavfe Xvc-cK *~rtre~etVy FamhXi Pam
Wila XII 7f wherein each IC is independently Nor CH; Q, T, U, V, W, X, Y
and Z are independently selected from H, R, zi}ryl E, Cl. Br, I, CN, OH,

OR NH2u O NHR S’R,N@R‘S RS
R* re~_
Y§|IC alkill or .

| |) coz,w CPIR\Whg
S sthaid ,br heR
Rl, R2, R3, Ra4

aralk I grobips, as v?/\éll as aryl and heteroaryl groups; and
Rs, Rs, R7 and Re are independently selected from H, stralght chain,
branched orw@ytic alkyl, aralkyl, aryl hoteroaryk sdyk (RC-) and imidoy!
(RC(NH)- or RC(NR')-) groups; A and B are one and two atom tethers
independgntly selected from -CR=, -CR, Re ¢ Rg-, -MNR, -0;=NRy, -S-,
¥ <CRa;, YERSRA-CRERE*CREN-, YCR, 5. IKJY M, GRe{ andk
: Y - AL _ [ %\N C-;
Mi$9/S or IR3; A*¥S mdependently selected from the gfoup consisting
of fon}nulas a-g: (a) ) (C) (d) (e) (1) (3) Disclosed are & method,
compound gng ﬂharmaceutlcal composition fey,ihe reatment or
prevention of a disorder associated with CXCR4 Jeceptor activation’ and

. _patticularlya oILtEratlve-ehsarder m-aiudmg“sa,n&erfneta?
reo

odilategivia C 44§ _plovidedihapificludds a cotiydbuind &f Formula |,
UTrw

*“ob=phafma ceptdblé's tef orprédrug
. ke Ry

Fermeit Ve Fermuh Vit

?—% )Ii J\}f% ;*%

Formuls Vib Formula YI!

Formeds Viile . Formule Yilib

Formsb X1 Foermeb X1
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Rp Formula | 7g wherein each K is independently N or CH; Q, T, U, V,
W, X, Y and Z are independently selected from H, R, acyl, F, Cl, Br, I, OH,
OR, NH2, NHR, NRz, SR, SR, S2R, S-NHR Sz-NHR, S-NRR', Sz-NRR',
NHacyl, N(acyl)z, COZH, COZR, where R and R' are independently
selected from straight chain, branched or cyclic alkyl or araicyl groups, as
wherelpo|| a5 aryl and heteroaryl groups; and R1, Rz, R3, R4, Rs and R6 are

=ach Hnelapepelentisrigeted. from H, straight chain, branched or cyclic alkyl,
rajk yl,heteroaryl, aryl (RC-) and imidoyl (RC(NH)- or RC(NR')-)
QT g’r?u pﬁ’t %mgﬁ%ﬁégﬁr‘%&y&ﬁé‘%{g fﬁ’é?"é%‘?ﬁﬁﬁﬁﬁ% RetctheiérmBral, TRV, OR,
NHz, NOochFiB4 2Be GRIUB200B/COEDS S-NHR KSHVKR/, 15 WRERY 2NNy, Nasyl),,
COHICBIRAMCRIBARY 4CRIBIMUe M ip gach K,is independently
alicyl N2 %H' T. U, an Vare ] epeynfjégcm%@g%é% (}n%bﬁl?Fgrg%%? yelie
| BETE %‘&Sﬁm"? ﬁ?’zﬁﬂg ClERAEETORRABINHR, Sz NHR, S-NM,
Ri> RogBaNRRR sNidaBy M (Be przinS@aide B 2R ored 6o CHrR GO R Banched or
eyclic HigERaRARAIlY, 0 i i or cycli yl or
e e R TR Y ety

alkyl groups, as well as aryl and heteroar
A and B S5 or S 40 10y 5500 HpEnest LR O R, SBES, N,

0 R SR, SRIARS2-MR-SRMRR - S2-IR R Atkracyir N(asyd)zr C(ZARNR, -
CRRsGO2H, CO2R; n ,n" and n" are independently O, 1, 2, 3, 4, or 5; and RI, R,
e B3, R4, Rs and Rh are independently selected from H, straight chain,

D _E" r%ﬁ%ﬁ}éa%rm%%‘%%@l?iﬁﬁl&?Pﬁ%‘&érﬁé’&é acyl (RC-) and imidoyl

Mis O(Re(RA); or RC(NR')-) groups. In another embodiment, the compound

A is S LEIRRTIIENR Holfftne BRI KorlGRER R GRIRAIN (CRSRS)N'

@ )
L > O e
I
) (e) (f

e R
{g)

Disciosed are a method, compound and pharmaceutical composition
for the treatment or prevention of a disorder associated with CXCR4 receptor activation, and
particularly a proiiferative disorder, mclnding cancer meiastasis, modnlated via CXCR4 is
provided that inciudes & compound of Formula I, or a pharmacentically acceptable salt, ester

or prodrug thereof
V\f\<\-/'"‘m\K Rs. Ry _Uix'}_ Re Ry 7 \(>/ |
| |
' é1‘ V R,
Tormule I

79



V T Is each Kis independently N or CH; Q, T, U, and V are independently
selected from H, It, acyl, F, CI, Br, I, OH, OR, NH2, NHR, NR2, SR, SR,
S2R, S-NHR, S2-NHR,.S-NRR’, S2-NRR’, NHacyl, N(acyl)2, CO2H,

CO2R, where each R and r are independently selected from straight
v&lain, branched or cyclic aIkyI or aralkyl groups, as well as aryl and
heterpar "and n" and R, R2, RR, 4 Rs and R6 are as
E’f‘:i’"'%ﬂne Xg%myg@fsclos ‘are a method, compound and pharmaceutical
QETposiTBroY s Fearinpressprbyeition dom HsBraer aBsbiBtell WHROR.
}@%Q@ﬂz{qcﬁptgk,ss&%l{?s;?@i@ﬁﬂ,@?xﬁ@m@m@639&%@4}1351&13@%3&)2,
. roliferative disorder, including.canc ulate

B A P P B ST B I B
mxpmmmmmepwmﬁe@mﬂ adertepprbaroptharéof: y W, \K-K
1@(({'; KKK KrAand ﬁga%&ﬁgiéﬁe?fd&éﬁf MRRd E@ﬁﬂwlgﬂﬁgﬂtlﬁhﬁmubﬂa&hgd or

Xk ~Zva Faormula Il |ne ch§ ?&8%%% gba(é\gar CH;

5 Ao 7 S St A R SO AL e e B Rt
,atomﬁﬁbﬁ?ﬁnadbp@ndehﬁyse@ﬁ%ﬁh@ﬁl@@ﬁmuMR3R4- -CR3=,-N=-0

<NR3- -S-, -CR=CRYr, -CRS-0RsR6-, -CR-=N -CRoR4-NR-, -N=CR3-, and
- NRs-CR4X"-; R and R'are as defined above;
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-D-E- and -G-J- are independently either NR3-CR4- or N=C-; and R1, R2,

R3, R4, R5, R5, R7 and Rs are independently selected from H, straight

chain, branched or cyclic alkyl , aralkyl, aryl heteroaryl, aryl (RC) and

WO RMEIBTA4RC(NH)- or RC(NR' -; groups. Disclosed are a ni&ERGH2006/600664
compound and pharmaceutical composition for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and -
particularly a proliferative disorder, including cancer metastasis,
modulated via CXCRA4 is provided that includes a compound of Formula,
[, or a pharmaceutically acceptable salt, ester or prodrug thereof: 0 WO
2006/074428 PCT/US2006/0@06904 VUV IM1 ~~KIKR3R " /R5RsKI|
Z QT RZ Form uia Ill wherejy /each K is ndepend ity or CR: Q, T,
U,V, W, X, Y aftZ are as défindd aboverMnd R, :!R2,. R, R4, R5
and Rs are as defin Ve N=BIsch Q eompound and
pharmaceutical composition fé) etr atr'*n%ﬁﬁ or preventlon of a disorder
associated with CXCR4 receptor activation, and particularly a proliferative

- disorder, including cancer metastasi& modulated via CXCR4 is provided

- wﬁ%ﬂ%&%&%&mgﬁ%@nula Na or Nb, or a pharmaceutlcally
acceptable salt, ester or {)rodrug thereof: K=K UK- A\BK KQ' T
BTNWBE

F"Br%t?%d V} IRH, R, acyl ¥, CL, Br, 1, OH, OR, NH;, NHLR1
NR,,, SE, SR, S;R, S-NHR, S;-NHR, S-NRR/, 5;-NRR!, NHacyl, N{acylp, COH, CO:R,
where each R and R are independently selected from siraight chain, branched or cyclic alkyl '

;m

or aralkcy! groups, as well as aryl and heteroaryl groups;

R? is independently seiected from R, acyl, F, Cl, Br, I, OH, OR, NH s NER, NOz, NR;, 80,
SR, $;R, S-NHR, 5;-NHR, S-NRR/, Sz-NRR, NEacyl, N(acyl, C(—-O)R, COLH, COR;

- o' endn” aremdapandenﬂy(} 1,2,3,4,0r5; and

R;, Ra, R.g,, Re Rs and Ry are mdepﬂnﬂantly seiected from H, siz-azgilt chain, branched or
" cyclic alkyl, arallryl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NEL}- or RC(NR"-) groups.

- In another embodiment, the compound has the formula: '

QU
RE

\../' HK»- |‘
$ >\ /k <
\ e el L
{CRyRo)n Y= GR3R4)n (omRam
VoT

- la
each K is independenily N or CH,
Q, 7, T, and V are independently selected from . R, acyl, F, Cl, Br, I, OF, OR, NHs, NHR,
NR, SR, SR, S;R, S-NHR, S-NHR, .S-NRR!, $;-NRR!, NHacyl, Niacyly, CO:H, CO5R,
where each R and R' are indspendently sefected from straighf ohain, branched or cycHic alky!
or aralicyl groups, as well as aryl and heteroaryl groups;
R: n,n° and n” and Ry, Ry, Rs, Rs, Rs and Rg are as defined above,

Disclosed are a method, compound and pharmaceutical

composition for the treatment or preventiorn of & disorder associated with CXCR4 recepior



D Q T 1 Rf Formula IVa wherein each Kis independently N.or CR; Q, T,
U, V, W, X, Y and Z are as defined above; It, R', Ri, Rz, R3, R4, R5, R6,
Rm and Rs are as defined above; and A and B and -D-E- and -G-J- are
woasaaimed above. 70 WO 2006/074428 PCTILTS2006/008604 S2nssiases
are a method, compound and pharmaceutical .composition for the -
treatment or-prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including cancer
metastasis, modulated via CXCR4 is provided that includes a compound
of Formula Va, Vb or Ve, or a pharmaceutically acceptable salt, ester or

il L R
z' rmula ~ ! i ~ _

é Eofmula e%:lln Taln R %lﬁ%%pen CH: ‘?bu or &
pmemﬁwfm&m@mmmmmf _
K-—-K

/_<
| il |
Vs -4 %\

Fermuls IIh

Form ule Iis

[l"l

«~wherein
each K i5 indspendently N or CH,;

'Q,T,U,V, W, X, Y and Z are as defined above; .

. A and B are one and two &toﬁz tethers independently selected ﬁ-ém -CR=, —CR3R4-, ~CRs=, -
N=, -0-, “NRy-, -5+, -CRs=CRu-, -CRsRe-CReRe-, -CRs=N-, -CRqRs-NRs-, -N=CRs-, 20 -
NR>-CR4Rs-; |
R and R’ are as defined above;

-D-B- and -G-J- ate independently sither -NR,-CRs- o -N=C-; and
Ry, Ry, R.é, R4, Rs, Re, Ry and Ry are independently selected from E, straight aham, branched
or cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RCINH)- or RCNRN-
groups. _

Disclosed are 2 method, compound and pharmaceutical

composition for the freatment or prevention of 2 disorder associated with CXCR4 Fecepior
activatior, and particulariy & proliferative disorder, inciuding cancer metastasis, modulated
viz CXCR4 is provided that includes 2 compound of Formula I, or & pharmacentically
acoeptable salt, ester or prodrug thereof:

ey



R R', R1, Ra> R3, R4, Rs and Ra are as defined above. Disclosed are a
method, compound and pharmaceutical composition for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and
wopasbeowasly a proliferative disorder, including cancer metastasig 52606000604
modulated 11 WO 2006/074428 PCT/US2006/000604 via CXCR4 is
. provided that includes a compound of Formula Via or Vib, or a :
phaanaceuticalty acceptable salt, ester or prodrag'thereot 4 TU K-K'Y A"~
R7RaKXRtKE-~."~Z DN"'of FormulaVie W.~~ A RU K -KY ,
FForto ulaVlb wherein each R is independently N or CH; Q, T, U, W,.X, Y
and Z are as defined above; R, R, ' '
as defined a%ve\f"ﬁ\A @pd@ >
above. Dlscloséare Fmetl
(N
composition f§f t
CXCRA4 receptor activation, andarticularly a proliferative dlsorder
including cancer metast |s modulated  via C}GCR4 is provided that
includes a compound of Formula VII, or a pharmaceutically acceptable

- salt; ester or prodrug thereof. UF\,E]g‘(uFﬁIg R,REK KN R12 Formula VII

Whereln
whersin

each K is independlenﬂy N or CH;
Q,T,U,V, W, X, Y and Z are as defmed above; and
R, R’, Ry, Rp, Ry, Ry, Rs and Re are as defined sbove.

Disclosed are a method, compound and pharmaceutical
composition for the treatment of prevention of 2 disorder associated with CXCR4 Teceptor
-activation, and_parﬁculéﬂy a proﬁfe:ative disorder, including cancer metastasis, modulated
via CXCR4 is provided that incindes s compound of Formule IVa or IVb, or &
pharmaceutically acceptable salt, ester or prodrug ﬂnefé:of:

W\‘,Km*(.
K.
5 / E ]— \
Formuls IVb' '
K\ Rs
/ E
K
N
{
Ry
Fermulg IVse
wherein
each K is independently N or CE;

Q,T.U,V, W, X, Y and Z are as defined above;
R, R’, Ry, Ra. R, R4, Rs, Rs, Ry and Rg are as defmed above; and
A and B and -D-E- and -G-I- are as defined above.

10



12 WO 2006/074428 PCTIUS2006/000604 each K is independently N or

CFIl; U, V, W, X, Y and Z are as defined above; )Kr, Ru, Rs, Ry, Rs and

R6 are as defined above; and M is 0, S Or NR;. Disclosed are a method,
WOcWaeIGet and pharmaceutical composition for the treatmBHTBIS2006/000604

prevention of a disorder associated with CXCR4 receptor activation., and -

particularly a proTliferative disorder, including cancer metastasis,

modulated via CXCR4 is provided that includes a compound of Formula

Via or Vlllb, or a pharmaceutically acceptable salt, ester orprodrug

thereof: WK=KV K---KAeYXKKK7 M FormulaVlllaU K -K K =K

KZ KigHedtbdéd Ez@rmnld{ﬁéﬂlﬁbm@ﬁiﬁmﬁqﬂmﬁiaéﬁtﬂﬁpendenﬂy N or CFI U |
.V V\/.. efln abo R4 R R4 2.
cCﬁmtfpeo e%nt’a%cf ovee%grpl% f&vandp% and -1-E- an ? -o- are 2?% % lgcep
schrdive; apEimerisErly Epwwm%r@@lﬁ%&mﬁécwmﬁéﬁ@d‘ﬂﬂWd

wpfmmﬁmeidtlﬁﬂvﬁwmmntiﬁm@stmemmwmﬁm@ﬂ of@ diswrgdesr o
assoma\El W|th C S ﬂ eceptor agmv on and particularly a prollferatlve

PhaTE‘&F& ac'er'?g cancer metcérslfaas mgﬁufated via CXCR4 is provided

- that mcludes a’compound of Fgrmu IX ra pharmaceutlcally

acceptable saJL>,§-E6r=@{r prodruQ\ 3 WO 2006R)
PCT/US2006/00Q0604 K-- - 6™ B K.
dpo4 K W F’ﬁ % SN

f'\_/

N
)
R

N
-
R { 2

Formula Ve

: l
Ry Ry
Formuls Vb
Q 'F Y
M‘%_— 1 RS\/RA\H/-\%;‘, Rg K/—_})/l
L SN \/\ p=
) Y
= 7 R,
?ormuia Voo
wherein
each K is independsnﬁyNorCH;

Q. T, U, W,X Y and Z are as defined above; and .
E.R’, Ry, Bz, Ry, Ry, Rs and Es ave as defined above,
Disclosed are a method, compound and phénnaceutical
composition for the freatment or prevention of & disorder associated with CXCR4 receptor
activation, apd parficularly a proliferative disorder, including cancer metastasis, modulated

11



X\K'N Z R2 Form ula IX wherein each K is independently N or CH; W,
y, y and Z are as defined above; R, R2, R;, Ry, Rs and R6 are as defined
-above; A* is independently selected from the group consisting of formulas
woaegs/Gs24a) (D) (c) (d) (a) (f t8) and .b!is O, S-or NR;. Drsiaseebanooas4
method, compound and pharmaceutical composition for the treatment or
- prevention of a disorder associated with CXCR4 receptor activation, and
particularly a proliferative disorder, including cancer metastasis,
modulated via CXCR4 is provided that includes a compound of Formula
X, or a pharmaceutically acceptable salt, ester or prodrug thereof: WO
@Q@&?%%%f&lduﬁmmme%m\d ¥ KrGionfiet ZVIEoomiBeXor 2
wherein each K IS, independentl Qu;% GHueW, X, Y and Z are as defined
PheTRAGERaGRI Y BECRS 35 péo BS%ie as defined above; and A
and B and -D-B- and -G- 3 ate as defingd above;,and A* is as defined
above; and Whis &5 fingd ab gsed are/a m od compound
and pharmacedtical ment or prevention of a
disorder asspcia retivation. and particularly a
proliferative disorder, i ding cancer metast is, modulated via CXCR4
is provided that includes a compound of Form ulia XL or a pharmaceutically

Formuls Vig

RN \/\/

e N /
X /t \,//' \

[ S

Fermule VIb
wherein .
each K is ndependently N or CE;
Q, ;i", U, W, X, Y and Z are as defined above;
"RELR,, Rg, Rs, Ry, Rs, Re, Ry and Ry are es defined above; and

A and B and -D-B- and -G-J- are as defined above. |

Disclosed are 2 method, compound and pharmaceutical
composition for the treatment or prevention of a disorder associated with CXCR4 receptor
sctivaiion, azad particularly a prohzﬂmuve disorder, including cancer metastasis, modulzted
vie CXCR4 is provided that includes & compound of Formule VI, or a pharmaceutically
acceptabie salt, ester or prodrug thereof: '

y
ISNETN ks >“/ i R ' 7 X
AL )-\

Formula Vil

}‘U_..__Z

wherein



acceptable salt, ester or prodrug thereof: R6 ~ WR~\R<R. X~ Rz RV
“Formula Xl Wherein each K is independently Nor CH; Q, T, U, V, W, X, Y
and Z are as defined above; and RI, R2, R3, R4, R5 and R6 are as
WM aBove. Disclosed are a method, compound and phRFRESAG6Sas604
composition for the treatment or prevention of a disorder associated with
CXCR4 receptor activation, and particularly a proliferative disorder,
including cancer metastasis, modulated 15 WO 2006/074428
PCTItJS2006/000604 via CXCR4 is provided that includes a compound
of Formula XII, or a pharmaceutically acceptable salt, ester or prodrhg
edhierapindbferBently IXKOGHE T V FaTHRUN XII- Wherein each y, is

ol n T V., W, X, Y and Z are as defined above:
T

R7 an(f Rs are as defined above; and A and B
Rakd ltarﬁegman@saraﬁé tedippsrbetEaive. Disclosed are a method,
MeRmPEEEdrand pharmaceutical composition for the treatment or
prevention of a disorder a omated with CXCR4 receptor activation, and
particutdf) B Bifréraf dls H%Ifn?r?@faa%ﬁ’?ﬁﬁlgé‘ia}netasta&s
. compokiliore Srviz GO ST IYRIGNthEE iABhTgrsesserrmgowiftl GHREShmataptor

auz.u&auu, 2RNrRRCautic Y RLERPIABIR:SA In ASIRI 0L Rrad Hiﬁﬂﬂﬁji?%adu}ated

S acer
8%8%‘1 5 x)mded that includes . a com:pound of Formula VIIe or VIIk, or e
'phmaceumcaﬁy gcce:ptable salt, esier or prodmg thereof:

Formuls VIiiz

Evgls Byt

Fermulz YIIIb

;-»/
= I

wherein

each K is independently N or CH; ,

UV, W, XY and Z are as deﬁne& above;

R;, Ry, Rs, Re, Rs, Ry, Ry and Rg are as defined above; and

A and B and -D-E- and -G-J- are as defined above; and

MisQ, S or NRs.

7 Discicsed are a method, compound and phannaceutica’i

compositior. for the treatment or prevention of 2 disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, incinding cancer metastasis, modulated
via CXCR4 is provided that includes & compound of Formula IX, or 2 pharmaceutically
_acceptable selt, ester or prodrog thereof:



(spacerlj (spacer) JQ R~ kr Formula XIli whereinK, Q, T, U, V, W, X, Y
and Z are as defined above; RI, R2, Rs, R4, R5 and R6 are as defined
above; and "spacer" is independently a bond, straight chained or
wohrasenaesC7-Cs alk |; Cz--Cs alkenyl, Cz-Cs alkynyl, C|-BXT&iRoM5/006604
Cz-Cs allcenoxy, and C2-Cs allcynoxy wherein the alkyl group can be
substituted by a heteroatom (such as N, 0 or S), including but not limited
to-CHz- OCHz-, la WO 2006/074428 PCT/US2006/000604
-CH2CHz-OCHz-, -CH2CH2-OCH2CHz-, -CRz-OCH2CE2-,
CH2CHrOCH2CHzCH2-, - CH2CH2CHz-OCHz-,

-CH2CH2C>-E-O@__CHZ-,--CH2CHrOCH2CH2§§-I-2=\«;(C z)n
OH(CH3)-(C é@ CHP-OH(GH3)-O-CHR, -(CHZ)n-, %ﬁg)n-co-,
-(CH2)n N)E n-by, - (3?_(‘ z)n-S-A(CHZQ%-, WMCHZ)-,
-(CH2S-), -(atyl-3)==tQ-ayl)-, -(alkyl-O)-, - -alKyl)- wherein n is
independently O, |, 2, 3, 4‘% 5,6,7,E,9, or 10. Disclosed are a method,
compound and pharmaceytical composition fok the treatment or
prevention of a disorder-associated with CXCR4 receptor activation, and
particularly a proliferative disordenzineliifling cancer metastasis,
modulated via CXCR4 is provided that includes a compound of Formula

or XIVb" or a pharmaceutically acceptable salt, ester or prodrug
- eath&éohdeptederityitheréBaryl ar Uior het | erocyc]e ~~ heterocycle I- -t

w(sPacgl) (spaser£SpasRgpacer) N R2 Formula livay f f
" Ry, Ry, Ry, Ry, Rs and Ry are as defined above; |
A* s independently selected from the group consisting of formuias a-g:

OO
o000

M
(d) el (f}

W

‘WMis Q, S or NR;.

Disclosed are & method, compound and pharmaceutical
composition for the treatment or prevention of & disorder associated with CXCR4 Teceptor
activation, and partioularly B proliferative disorder, inciuding camcer metastasis, modulated
viz CXCR4 is provided that includes & compound of Formule 3, or 2 pharmaceuticalty
acceptabie salt, ester or prodrug thersof: '

B~



Y\\ heteroaryl i f Z (spacer) (spacer)' o; -(spacehr) jSpacer) '~ heterocycle
Formula XIVb wherein P, Q, T, U, V, W, IX, Y and Z are as defined
above; R" Rz, Its, Ito, Re and R6 are as defined above; "spacer"is as
wo sefinsdabove; and "heterocycle” and “heteroaromatic" ar-AgeHa&H0604
herein. The disclosed compounds are particularly useful for inhibiting
CXCRA4 receptor interactions with native ligands. In one embodiment, a
method is provided to inhibit- CXCR4-mediated disorders by contacting a-
cell with a compound of Formula (I)-(XVID. The compounds described
above, are particularly useful for the treatment or prevention of a 17 WO
2006/07442§ PCRI’ %2006/000604 disorder asso |arég #h CXCR4
receptor actlvag % uIarIy a prollfer ISO er, including
cancer meta tas” mgdulat nt, a method
of preventing me{(asta sefa mallgnant cell i vided that includes
administering a compouﬁd of Formula (1)-(XVII) to a host. The malignant
cell can be a tumor cell. In certain embodiments, the compound can be
provided to a host before treatment of a tumor with a second active
compound. In a separate embodirenly the compound is provided to a
-patient that has been treateri for canner to reduce the likelihood of
. WRSTSH
recurrence, or reduce mortality associated with a particular tumor. The

Eﬂ%’&]@mwﬁﬁ%ﬁhm’é@} +(XVII) can also be provided in conjunction with
m@hﬁfﬁ@WMVm one partlcular embodiment, a method of

a mali t cell is provided that includes
%ﬁéﬁt&%g%ﬁi@%é with a com%gogare% %PEO%'&I{JIa XV, or a
A piisPraddutically dedeprabidsiedesyromprodrug thereof: IN ~\/-N N. H

AFRuUNEaXY My paidicular subembodiment, the compound is a salt of a
compo nd of Formula XV, particularly a chloride salt. In another particular
A 'tethod of preventing metastasis of a malignant
Dlsclosed are a method, compound and pharmaceutical

‘one

composition for the treatment or prevention of 2 disorder associated with CXCR4 recepior

activation, and pazﬁciﬂar‘iy a pmiifemﬁve disorder, including cancer metastasis, modulated

via CXCR4 'is provided that mcludes 2 compound of Formula XI, or 2 phammceuﬁcaliy
. --acceptabie salt, ester or prodreg therest:

Formula X1

wherein
each K 1s independentiy N or CH;
Q T, U, V,W,X, Y end Z are as defined above; and
Ry, R.;\_, Rs, Rs, R and R, are as defined above,
Disclosed are a method, compound and pharmaceutical
composition for the weatment or prevention of & disorder associsted with CXCR4 receptor
activation, and particulerly & proliferative disorder, including cancer metastasis, modulated



cell is provided that includes contacting the cells with a compound of
Formula XVI, or a pharmaceutically acceptable salt, ester or prodrug
thereof: N NON H NN C'~ Formula XVI. In another particular
wo smsaoeinsent, a method of preventing metastasis of a maR§A&R28{p§eo04
provided that includes contacting the cells with a compound of Formula
~ XVII, or a pharmaceutically acceptable salt, ester or prodrug thereof: 18
WO 2006/074428 PCTIUS200G/000604 " Fonuula XVI?. Ina separate
embodiment, a method of treating dwrdets madiate;d by CXCR4,
zincluding-m , by administering a compound of Formulas (1)-(S,Vf)toa
via %Régg nesckieldreaunantis prosigedndrof Emipelitidh of 2tRBEFRORFERAAVE
- Isorder is mom, and in' certain particular subembodiments, the disorder
acce%@ﬁ?@%%?{f?ﬁ(?rﬁﬁ%rgﬁ%gsclosed compounds, can be administered to

a host in 'need (hereof to reduce tfe incigen Kﬁxﬁﬁyparticular bodim,t
h e disease is breast, brain, "¢,N#)| an\ ol rian%pithelial, prostate,
kidney, or non-sanglLcell lung i.SU t,*the compound is
administered in dorabination, or tion With another active compound..
in another embod‘ﬁ:{{ent/ m}eth, d of reducing-nevascular nation,
particularly VBGF-depe dentn \sclarization, by ¢ g a cell with a
compound described heréin is pr 1 The cell can be in a host-animal,
including a human. In another embodiment, p+nace fical compositions
including at least one compourieiofEdrmulas (T-(.'VII) are provided. in
certain embodiments, at least a second active compound is included in
whdhg composition. The'second active compound can be a

C otherapeutis. particularly an agent active against a pzimary tumor. In
eacy ‘rp’ﬁw‘gﬁl r?&qeﬁéi% o Po T is used to &1
e Iment, a compound_ of Formula (f7(XVII} is used to stimulate

Q, Thl, oSt ropraAre RS A8 ation of stem cells'and progenitor

R, 6l RDeqringr, EXaR %, mesedinsd 8weh-gedls include but are not limited -
""to hone row.progenitor angdlor sigm cells or progenitor cells for

A g HiE st ™ Pach

n a separate embodiment, a method for treating diseases
of vastudalbsed, drg a method, compound and pharmaceutical

composition for the treatment oF prevention of 2 Gisorder associated with CXCR4 receptor

activaiiop, and particulardy 2 proliferative disordet, incinding ceancer Tmetastasis, moduiated
vie CXCR4 is provided that includes 2 compound of Fommula XTI, or 2 pharmaceutically
_acceptable salt, ester or prodrug thereot:

SOTN U
X / |

{spacer) ispatsr) '
N\ |

|
VP—
i
v o

H
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{spacer) [(spacer)
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Fermule X1
whersin
LQTUV,WXY and Z are as defined above,
R, Ra, Rs, Rs, Rs and Re are as defined above; and ' .
“spaéer” is independently & bond, straight chained or branched C1-Cs alicyl, Cp-Cs alkenyl,
C,-Cs alkynyt, Ci-Cs alkoxy, Cz-Cs alkenoxy, and Co-Cs alkynozy wherein the alkyl group
cam be subsﬁtu‘.‘.ced by a heteroatom (such as N, O or 8), incinding but not limited 10-CH-
OCE:, '
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and degenerates diseases is provided including administering a
compopmd of Formula (3 VI) to a host in a separate ,embodiment, a
process for screening potential drug candidates is provided. The process
WO mesidegbroviding a labeled pepfide-based CXCR4 antagrisHtrapoaeset
detectable signal when bound to a CXCR4 receptor, contacting a C.XCR4
receptor with at least one rest molecule at a known concentration to form
a test sample; contac the test sample with the peptide-based antagonist
separately, comnicting the peptide-based anragcnsis to a sample not
including any test molecule to form a control sample; and comparing the
«czﬁfgﬁﬁetfmm tms@m@&-xm@ﬁ&m&% ,tk@bﬁﬁw@aaﬁfﬁ%a

‘E(? Y2088 %éﬁ?&ﬁ-ﬁbﬂﬁé@ﬁﬁt%@ﬁgéﬁam ment, the
pep’t e-base

OBfilBaT %ls derlved from %g% ﬁf%%—?t% r—:(&%)n-& —

(‘czﬁu@smlz@mmem(mﬁnt@mm mﬁiﬂe}edwuoa biGtaryheleelite-&hd e

| is .elicite |9t5‘n-gape§e§i ﬁ@tggmgt is contacted with a
ﬂk@bgep avadlngcrg %gagt%sugnal ‘molecule. BRIEF DESCRIPTION OF THE

DRAVWN:(B@?E@G PETEBRGTSTIRRIGE S5t RRATRSEFEEM and blots indicating
“SotDBsSReCHiCit: afodNdr 00 Froierkion bﬂmmﬁ&mmma mwmmwaspw :

blocked t /
a"“ﬁ’g{‘i&eﬂgb@gﬁ)ﬁg ejfgdlocr;%e%%gggf@ed Ey) OrﬂBIOtln eled TN14b§O£§%%e

mcmétrepmwcm}u@ar&ﬁm&amwééé) F@éﬂ@%&%’ﬂpﬁéu teF &
h%gcéggggyfg{c%mggﬂﬂ@ﬁaﬁﬁmWId acetone (c). B: Northern -
blot analysis and western blot analysis results show the different
- expression leyAlEGFEXCRA from reast cance ééfﬂﬁfé%‘ DA-MB-231
and MDA-MB 435, Q -3ctin was used as a loadi tgg)n BL or both. C:

roteinon cell’ surﬁacefom

syg&@g b@ ieyated TN14003

lor). “}\Luc I were

Confocal micrographs of CXCR4
MDA-MB-231;and, MDA-M
and streptavidin- coﬁ}ugéted R-P¥ (re
counter-stained by cytbx blue. D: %i sentatlvé|mmunofluorescence
 staining of CXCR4 with the biotinyla TN14003!0n paraffin embedded
tissue sections of bredst .cancer patients and norfal breast tissue. Figure
2 is an image of a western blot sheitig PHosphorylation of Akt. Incubating

MDA-MB-231 yﬂ&m&iih 100 ng/ml of SDF-1 for 30 mia-stijulated
phosphorylatiiza of Akf. This activation was bIocke%' ith %14003 or
AMD3100 in &) gzose ependent manner. Figure 3 shows ixpages of
stained cell$ a s showing invasion of MDA-MB+ZSEt célls
transfected Wltl& CXCR4 S|BNA$\I;A Hﬁ% lning:of pvasion of

MDA-MB-231 ceIIs thangfected thmojﬂﬂr I SIRN SiIRNAL alone, or
SiRNA2 alone in matrigel invation assay. ! -

Ry . R,
"Formule X1V

wherein

¥ Q T, U, V,W,X, Y and Z are as defined above;

Ry, Ry, Ry, By, Rs and R are as defined above;

“spacer” 1s as defined above; aﬁd

“ﬁatero"yuie" and “heteroaromatic” are as defined herein, |

The disclosed compounds are particularly useful for inhibiting CXCR4 receptor

interactions with mative ligends. In ome embodiment, z method is provided to inhibit

CXCR4-mediated disorders by contacting 2 cell with 2 compound of Formula ([-XVID.
. The compounds deseribed above, are particularly usefu! for the treatment or prevention of a

Y
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The invasiveness of MDA-MB-231 cells transfected with SIRNAI+2,

SiRNA1 and siRNA2 relative to the control are 16% (P<0.0003), 39%

(P<0.0014) and 51% (P<0.0026) respectively. B: VEGF, HIF-l and CD44
wmRbbo teasls. Actin was used as a loading control. Figure 2&HEHR806/000604

images of cells and lungs, as well as graphs of the effect of CXCR4

siRNAs on inhibition of breast cancer metastasis in vivo. A: The

photographs of lungs and their H&E stainings of one representative from

each group. B: The average real-time PCR. (RT-PCR) of hHPRT using

primers that only recognize human cells from siRNA-treated . groups

Jelative 1 thatoh 8R 0iXQlor iepp i SFRUR0R; AdGEakDIAI B Crdif@Bivd disorder,

Group 4. C: 20 WO 2006/074428 P. E{ 2006/000604 The percentage
%?lﬁﬁ%cﬁ%ﬁgﬁﬁsg\ﬁgrgﬁguéfﬁ%%%% gé%l of each treated group is |
relativie o e adinentrobghedRiFrgureiBesnens ke ffedetianine jrildgrw yed
ﬁ%ﬁcm’ Qh&ﬁﬂ#giéﬁ%%XCR4ﬁél(§m£@m§i hibiti %Ggmgp e -
Indjcating the cto Sl on Innhipition ot _breast Gancer
oA B T e RSO RS Sl g e 1 ot oo
treprese tAtivermice flom S tiitefcgrnicallantt Gréthireif iR esimEs) the
BiCoronal seciianal imaass afsomshelunaasga.- rame-the same @aRalsdsd of
A

. C: The transaxial sectional images frqm the |u rea from.the same
e e e S e R e

FREh (O -BT2B%E T elis bhaveidrdde rataiptigh IR Brabev ST AeTPONIG
~ that caf) Be. SHRRIESSEHWRY:ALRSE G8ER%: PRMNARE RlbstsiRMA nREant cell

acitivity increase 2.5 fold in hypoxia that can also be suppressed ither
s yeeoided; hah 15r e LURTIRS ﬁﬁu?gﬁ? A %> Qombopnds Dl %gnnul?y , O &

iS‘images SFitioréscence
phicrogeagits]phoelsblouingter drpgedoretnrasfethodology utilizing
biotin-labeled TN14003 as a reporter. Figure 8 is ima of fluorescens
micrographs of stajfied ¢ells. Biotin-labeled TN140Q38 waswused to detect
CXCR4 protein fr@slls pre-iy ed with var oncentrations

of WZZL811 S. ResUltS indicdte tha (O of WZZL 81 | Sis less than 1

nM. Figure 9 is a represenfqation of the chemical sy{ructure of WZZL81IS.
Figure 10 is a graph and répresentative blot of matrigel invasion and Akt
phosphorylation in cells. A: Inhibititibt €XER4/SDF-1 mediated invasion

of MDA; MBir23 %k Bubihb S W2k 8 1S S GRASOIF ongdiaie dfiRvasionk v,
of MDA-MB-231 was, blocked either by 2 nM of TN14003 or WZZLS | IS.
Bfige gtiancéﬂé% B-231 cells with 100 ng/ml of SDF-I for 30 min
stimulatedphosphorykitrbedinkut amsibed o8 15y v ure gtasiasif of 2 malignant
d0P s QeRENACRLIMAMIRE contacting the cells with a compound of Formula XVI, or a

phézmaceuiicaﬂy acceptable salt, ester or prodrug thereof:

by

NN
Y
=N
Formula XVL

In another particular embodiment, 2 method of preventing metastasis of a malignant
cell is provided that includes contacting the ceils with a compound of Formula XVIL, or a

pharmaceutically acceptable salt, ester or prodrug thereof:

18



Figure 11 is X-ray images of mice showing bone metastasis of
. MDA-MB-231 cells. A: FDG-PET (left, transacial; right coronal). B: X-ray

mammography. The animal xenograft was generated by injecting tumor
- WO gelgim#E tibia. Figure 12 is FDG-PET images of mice an®PoIIS ER0G610R6E4
in Example 7. Figure 13 is a graph of the HPLC analysis performed as
described in Example 8. Figure 14 is images and a graph of endothelial
capillary tube formation assay. A) is micrographs of endothelial cell tube
formation. B) is a graph of the number of tubes in each treatment group.
Figure 15 is a graph of p27 levels measured after incubation with
indicated amounts of WZZL811S, WZ40 o 1S. 21 WO 2006/074428
PCT/US2006/000604 Figure 16 is a gra of p2jf levels'measured after
incubation with indicated amourtsxof Infection with SHIV for 2,
4 or 5 days. Figure 17 ggrap ‘ e arﬁount of WZZL811 S measured
at indicted times after SySterhic &Iministration, indicating the in vivo
stability of WZZL811 S and: WMM graph of the levels of

WZZ7ZL811S at.indica |,g!§%§%{ g&@é@
" by ()er'él gaE %age ﬁclbs'g% %@ e levels of WZ40. at 15, 30, 60 and 90
mmmmmwb}wmmm@m&é tEpERpR S-S E’E?sfmmd

omeMFEH&&ﬁ%%m&mmmmaﬂm gnd i
compositions are proyided that modulate the effect of the (CXCRA 04

ParSREn EEPETRAE B B UNGS Can be used to freat tumor metastsis or any

other chsdasémirasticedarly hosarprofifbraen/eininsds; modrPRPERERSRsS.
Y ERRAROMN 0808 Ha8s HaRHAR Wane thﬁd@ﬂﬁ% Iy an

in XRTRIA
- comparlsons the known CXCR4 ant ts AMD310 r%%%c elath&j3
B PR HBEH 08 AR %oca%ps.n a2 e A
Wwwmwm@mm Baoparth

because it.int QSPEaLLiRding by two aspartlc aC|ds
Whllae]%tﬁ]e%ep%i%gggﬁ%% %))%%BR%antggonlst T140 S|m|Ia%no TN14LDO3% 1
DeSRTERFRRA 5 YR ‘Zilfﬁ'%?ﬁ% AEHRIA

| mmfmcmg:omidfeshewm@hmeo&m &%@(ﬁﬁh% PRé GRS ARARE. TPRjuding 2 buman.
strucral plomalioas Usshineiaale adhaniok CABRBNEds ills: one

Itmle nltrogens throughout the molecular framework, but structurally
@B%Fﬁ PO

a&apa@&wm@mmmsmm the qaamwmhagarmip FidfdfesiBD Bethimoingetobe &

R4. C mg%%g&g%ci%pﬂ%&%@m%@ to interact with

LSRR porentraly
in- ome %mm.., a compomnd of Fomonla (D-CTVID) i used to stmulare he

production, pralzze:r&nan snd isolation of stem oelis and‘pmgm.ce?}s bearing & CHCR4
rescepiore.  Such celis include but are not Imited to bone matrow progenitor and/or stem
celis or progenitor cslls for ceardiac fissue.
In & separats embodiment, 2 mefhod for weating diseases of vasculatre, inflammetory -
and degenemmrs diseasss 15 provided mcinding sdministering a campmd of Formule (I)-
{XVII) o & host. '
 In & ssparal embodiment, 2 proc.,ss for screening potemtial dmg uandxcares 18

provided. The process meludes providing 2 labeled pepiide-besed CXCR4 antegomist that
s 8 Gstectabie signal when bound to 2 CXCRA recepior; contacting 2 CXCR4 fecepior with
2t Jeast ome test molsonle &t & known conceniration to form = test semple; contacting the test
semple with fixe peptide-based antagonist, separately, contacting the peptide-besed antagonist
10 2 smple not inchiding auy test molecnls o form & comrd] sempie; and comparing the
signal from fhe test sample fo the signal from the comtrol sampie. In a specific sub- |

ft
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CXCR4 receptor activation. Exemplary compounds have increased
bioavailability and efficacy in inhibiting CXCR4 receptors and
SDF-1-dependent signaling over known CXCR4 antagonists. Although
wegtte/ifg43®und by theory, these compounds may inhibit m@EEERN6/000604
through their capacity to inhibit SDF-1-CXCR4 interactions, which can
decrease cell targeting, and may also reduce VEGF-dependent
endothelial cell morphogenesis and angiogenesis. This endothelial cell
growth is a key event in metastases of tumors. Active Compound, and
Physiologically Acceptable Salts and Prodrugs Thereof In a first principal

eﬁﬁmﬂ%em{a apegz{ml%ge&i aﬁ@m&ulﬁ Idﬁv@dphhafmmuv@alme@me@tabm
sat ester or [ ed far the treat nt or preve (0)

Fyb %%%gg%?g%g%% HO RETEH- dlltsorogl }%éssocﬁag{ ({\:vr% Ble.
ABXOR iebbgtdrettivaivn ardokrioliasyienph slifritdertiadh diotin-labeled

sncliging.canser metastasispmaditaiadvia GxeRAmedylated via CXCR4:
W(KR3R4A4R.RK-K'Z NR, UO RZ Formula | wherein each K is

independently N or CH; Q, T; U, V, W, X, Y and Z are independently
selected from H, R, SBHEFDEICRIETIOBAT BRRPRINEHR, NR2, SR, SR,

S2R, $:NHR. 22 NﬁR SHRR, ZNE%H o] %%4& D2 F0H,
CO2R, ere are indepen entI ecte rom stral ht c aln :

wms»eao?h@mnammﬁ%l@g@ﬁgﬁﬁsw@sbwéheé%maﬂ&%%é?w@ml
@ﬁ@up@eﬁme%lmﬁ%n&%lﬁé pRE:ApdiRG: aipeind eprirteaityiselpotdtbfiom

] d or .cyclic alk ral L Det I cyl
Eé‘%‘% |m| (Ig@?{ﬁ% T %&: ré%oggrﬁ%gr?éﬁs%rqgrﬁk%f)%lment '
mﬁ@wntqrw&vsmd I Aare) evip ﬁq%%@éﬂd Nté‘?r?&iﬁ/%‘}?tow P serdea et
DULQOBM J8s1eh BIROHAEK S RATHI ORI G dferdnr bopredsiraleval dncixagen.

u.etal. 2 A ine1312-0131
éé‘gt?ﬁ‘f‘:?g %ﬁ%erézf?n eeéisg/%)é%%taezr%a yﬁgr% entgi:?e5 Iggcntaqv‘;‘é’s%ed e
udihispyeldmeshaminoniei pjpeamehe o Fok ChdsERsB g COpoiF ™
mﬁmwi%mmfmwépmegrm@mg H@tﬁﬁwzﬂmﬂuﬁd

reference that the gcé({:ggz egd(ﬁg # he, gsec%efgg Jreatment, 3}‘ a Ses,
I U F st 6 ahter matastasie, modulated Vi gy 85232%4 In
mmummoammmmw&mw@mmw@md TN14003 on
M%ﬁ%ﬁ&' Wssue sections of breast cancer patients and normal breast tissue.

Figure 2 is an image of a western blot showing phosphorylation of Akt. Incubating
MDA-MB-231 cells with 100 ng/ml of SDF-1 for 30 min stimulated phosphorylation of Akt.
This activation was blocked with TN14003 or AMD3100 in a dose-dependent manner.

Figure 3 shows images of stained .celis and blots showing invasion of MDA-MB-231
cells transfected with CXCR4 siRNAs. A: H&E staining of invasion of MDA-MB-231 cells
transfected with control siRNA, siRNAI alone, or siRNA2 alone in matrigel inv@ion assay.
The invasiveness of MDA-MB-231 cells transfectad with siRNA1+2, siRNAI and siRNA2
relative to the conirol are 16% (P<0.0003), 39% (P<0.0014) and 51% (P<0.0026}
respectively. B: VEGF, HIF-1 and CD44 mRNA levels. Actin was used as a loading control.

Figﬁre 4 shows images of cells and lungs, as well as graphs of the effect of CXCR4
siRNAs on inhibition of breast cancer metastasis in vivo. A: The photographs of lungs and
their H&E stainings of one representative from each group. B: The average real-time PCR
(RT-PCR) of hHPRT using primers that only recognize human cells from siRNA-treated .
groups relatve to that of control group. 1: Group 2; 2: Group 2; 3: Group 3; 4! Group 4. C:
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acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and
particularly a proliferative disorder, including cancer metastasis, mediated
WORIEHERZAE 23 WO 2006/074428 PCT/US2006/000604 UTPAIUT2P06p{0R04
3R41=IR5RS'C X2NZxN N~Z R,V_.QR2RIVQR2 (1.1) (1-2)
_RSR!RS 4VQR2RVQRR112 (1.T3QN (14 T N /"INR3RQ-
i R5R6~-~ RIVQ R2R1VQ R2 (1'5) (1.6) UTW~UT1=FCyRR Il
RSR6-\ XNZXNNZ RIVQR2R1VQR2 (1-7) (I$)WUT/t)WRU
TWY N~6~3RAIRNXN~N~ZXxN~ReN-Z -ifNI RIVCR2R1

ﬂ&)&t@ﬂﬁ%ﬁ( L han CXCR4 avérage expression level of each treated group is relative
o that of control group.

Figure 5 shows Representatlve images of FDG-PET of animals in Group 1 (contrc:l
$iRNA) and Group 2 (siRNA1+2) indicating the effect of CXCR4 siRNAs on inhibition of
breast cancer metastasis in vivo. A: The maximum intensity projection of 6 representative
miice from Group 1 (Jeft 3 mice) and Group 2 (right 3.mice). B: Coronal sectional images
fromn the lung area from the same animals in A, C: The transaxial sectional images from the
lung area from the same animals in A.

Figuze 6 is a graph of HRE activity. The graph shows that HRE-Luc MB-231 cells
have moderately high HRE activity in normoxia that can be suppressed by either CXCR4
SiRNA or HIF-1 siRNA. HRE acitivity increase 2.5 fold in hypoxia that can also be
suppressed by either CXCR4 siRNA or HIF-1 siRNA. |

Figure 7 is images of fluorescence micrographs of cells showing a drug screen
methodology utilizing biotin-labeled TN14003 as a reporter.

Figure 8 is images of fluorescens micrographs of stained cells. Biotin-labeled
TN14003 was used to detect CXCR4 protein from the cells pre-incubated with various |
concentrations of WZZL.8118. Results indicate that IC50 of WZZL8115 is less fhan 1 nM.

Figure 9 is a representation of the chemical structure of WZZL8115.

Figure 10 is a graph and representative blot of matrigel invasion and Akt
phosphorylation in cells. A: Inhibition of CXCR4/SDF-1 mediated mmvasion of MDA-MB-
231 in vitro by WZZL8118. CXCR4/SDF-1 mediated invasion of MDA-MB-231 was
blocked either by 2 nM of TN14003 or WZZL811S. B Incubating MDA-MB-231 cells with
100 ng/ml of SDF-1 for 30 min stimulated phosphorylation of Akt that,blocked by
WZZ18118 in a dose-dependent manner

Figure 11 is X-ray images of mice showing bone metastasis of MDA-MB-231 cells.
A: FDG-PET (left, transacial; right coronal). B: X-ray mammography. The animal xenograft
was generated by injecting tumor cells intra-fibia.

Figure 12 is FDG-PET images of mice animals described in Example 7.

Figure 13 is a graph of the HPLC analysis perfonnéd as described in Example 8.

Figure 14 is images and a graph of endothelial capillary tube formation assay. A} is
micrographs of endothelial cell tube formation. B) is a graph of the number of tubes in cach
treatment group.

Figure 15 is 2 graph of p27 levels measured after incubation with indicated amounts
of WZZL811S, WZA0 or WZ418S,
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wherein Q, T, U, V, W, X, Y and Z are as defined above; and R1, R2, R3,
Ra, R5 and R6 are as defined above. In another sub-embodiment, a
compound of Formula I-ll to 1-20, or a pharmaceutically acceptable salt,
Westtlo74326drug, is provided for the treatment or preventionP GF/EGIHOHhes04
associated with CXCR4 receptor activation, and particularly a proliferative
disorder, including cancer metastasis,: 24 WO 2006/074428
PCT/US2006/000604 //Y W 1) UT 31~Y _RRRS X~/N--(ZX~aaN\Z
NHVQHVQH (1.L11) I12JRR4\I="R5R N ) QN QH H (.13) (1.14)
~NIN/\gp HVQHHVQH (1.15) (1.16) UTUT/Y (//~1l~QRKHYKR
NN~ N?xéu% $6-1NAZrdpiNG 71 ReliVfh b Ay (DAYt e MMMAtbd imounts

AP SR ARAT nRE NOGRE X RN TN HVQHVOH

W erein
Figure 17 is graphs of the amount of WZZLB11S measu:red at indicted times after

systemic administration, indicating the in vivo stability of WZZL811S and WZ40. A)isa
graph of the levels of WZZL811S at indicated times after administration of 400mg/kg
. compound by oral gavage. B) is a graph of the levels of WZA40 at 15 30, 60 and 90 mmutes

DETAILED DESCRIPTION OF THE INVENTION

Compounds, methods and compositions are provided that modulate 'ths‘ effect'of the
CXCR4 receptor. These compounds can be used to treat tumor metastsis or any other
disease, particularly hyperproliferative diseases, mvolving CXCRA4. .

Exemplary compounds of the invention were identified using structural comparisons
the known CXCR4 antagonists AMD3100 (a metal-chelating bicyclam) and T140 (2 peptide
antagonist). Rhodopsin-based homology models of CXCR4 shows that AMD3100 is a weak
partial agonist because it interacts with CXCR4/SDF-1 binding by two aspartic acids while
the peptide-based CXCR4 antagonist, T140 (similar to TN14003) strongly binds the SDF-1
binding site of CXCR4 in extraceliular domains and regions of the hydrophobic core
proximal to the cell surface. This structural information was used to create a hibrary of
compounds with multiple nitrogens thmughdut the molecular famework, but structurally
different from AMD3100. These compounds were screened for their capacily to compete
with the peptide igand, T140, for SDF-1 hinding to CXCRA.

Compounds described herein have the capacity to interact with and potentially inhibit
CXCR4 receptor activation. Exemplary compounds have increased bioavailability and -
. efficacy in inhibiting CXCR4 receptors and SDF-1-dependent signaling over known CXCR4
antagonists, Although not to be bound by theory, these compounds may inhibit metastasis
through their capacity to imhibit SDF-1-CXCR4 interactions, which can decrease cell
targeting, and may also reduce VEQGF-dependent endothelial cell morphogenesis and

angiogenesis. This endothelial cell growth is a key event in metastases of fumors.

Active Compound, and Physiologically Acceptable Salts and Prodrugs Thereof

In a first principal embodiment, a compound of Formula I, or a pharmaceutically

acceptable salt, ester or prodrug thereof, is provided for the treatment or prevention of a
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Q, T,U,V,W, X, Y and Z are as defined above; and Ri, R2, R3, R4, R5
and R6 are as defined above. In a second principal embodiment, the
invention provides a compound of Formula lla or lib, or a
WoHAmEdditically acceptable salt, ester or prodrug thereof: PERHEF006/000604
2006/074428 PCTIUS2006/000604 WK =KUTIK-K\Y 7RaKK KA
~fR/~KVQRs FormulallaNIKKUIV,V K' KAX, EKI~\Z QVQ
Formula Ilb wherein each K is independently N or CH; Q, T, U, V, W, X, Y
and Z are as defined above; A and B are one and two atom tethers
independently selected from -CR=, -CR3R4-, -CR3=, - -0-, -
disORG=GRAAlCORBFK CRBRGETRIERE. 298 PRHNRE. amdéﬁaé” ‘H&"‘d“

m'&ﬁﬁn%&%%me@sﬁm@%d@aﬁd &f@@ﬁﬂﬂﬂ@ﬂﬂﬁtﬁbﬂ@%@k@m3 -CR4- or

-N=C-; and R1, Rz, R3, R4, R5, R6 FT€7 and Ru ar epepdently
j d gQr @’CH alky , aralkyl, aryl

heteroaryl, acyl (@%«) and imidoylA H)- roups. In one
subembodiment of F la T drogen: Alternatively,
W and X are each hydrogén. In yetianother sul[}embodlment W, X, Y and
Z are all hydrogen. In a subembodlﬁhgnt the in¥ention provides a
compound of Formula 1l-1 to 11-18 , or a pharmaceutically acceptable
salt, ester or prodrug thereof: Formule |

whersin
each K is independently N or CH;
Q, T, UV, W, X Yand Zare independently selected from K, R, acyl,_F, Cl, Br, 1, OH, OR,
NH,, NHR, NRg, SR, SR, 5;R, S-NHR, S»-NHR, S-NRR/, S;-NRR', NHacyl, N(acyl)s,
COQI—I, CO,R, where R and R' are independently selected from straight chain, branched or
eyclic alkyl or aralkyl groups, as well as aryl and hetercaryl groups; and
Ri, Ra, Rs, Ry, Rs and Rg are independently selected from H, straight chain, branched or
cyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoyl (RC(NH)- or RC(NR')-) groups.
In one subembodiment of Formula I, Y and Z are each hydrogen. Altemnatively, W
and X are each hydrogen. In yst another subembodiment, W, X, Y and Z are all hydrogen.
Zou et al. (Zou, et al. (2003) Acta Cryst. E59: oniine 1312-01313) described the
synthesis of a potentially tetradentaie Tigand, 1,4-bis-(pynidine-2-aminomethylbenzene. Zou
described this compound as a potential ligand for metal ions. There is no suggestion in this
reference that the compound could be used for treatment of any diseases, in particular for
treatment of cancer metastasis, modulated via CXCR4.
In a subembodiment, a compound of Formula I-1 to I-10, or a pharmaceutically
acceptable salt, ester or prodrug thereof, is provided for the treatment or prevention of a
disorder associated with CXCR#4 receptor activation, and particolarly a proliferative disorder,

including cancer metastasis, mediated by CXCR4:
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26 WO 2006/074428 PCT/US2006/000604 WTAU/\YW~NUT\Y X
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Q, T, U, V,W, X, Y and Z are as defined above; and
Ri, Ry, Bs, Ry, Rs and R are as defined above.

In another sub-embodiment,

a compound of Formwla I-11 to 120, or a

pharmaceumcally acceptable salt, ester or prodrug, is prowded for the treatment or prevention

of a disorder associated w1th CXCR4 receptor actwa’non, and particutarly a prohferatzve

disorder, including cancer metastasis,:
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(11.11) (11.12) 27 WO 2006/074428 PCP/US2006/000604 W UT UT N
R7R\RiRN X Die-NsZXNpE(\NZ VR1VOR1 (11.13) (11.14) I
RNIHAR7-\WT/A\RN1~-NZN/.E-CT/Y-Re~\XN/D\W\1-I11N"'-V
WOQIRLWGR1L (IM5) (11.18) W-UTNoY W U TN-N"Y PREESGG9604
RR/NE)7”N/DENZVQVQR1 (11 17) (11.18) whereinQ, T, U, V, W,
X, Y and Z are as defined above; A and -D-E- are as defined above; and
RI, RZ, R3, R4, R5, R3, R and Rs are as defined above. In another
subembodiment, the invention provides a compound of Formula 11-19
through 11-30, or a pharmaceutically acceptable salt, ester or prodrug

theregf; 28-WO 200@07442 T/LSZOQG 604 w /5 UTBW
B /X —€-~/?(DB NQ (11 9) —— - gé
W, AU

{11 (142}

BN P,
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H VG H
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r< % NW >EQRE
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(5-151 (1-15)

W uT ) Y
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KON % ="z Emr\z
N \_/ N ||
I

(1447) (18}

BN s 7 X Wl L’ 7Y

3 N == N i & NRsp Rg %

X NS X4 4 e
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Y Wate ”*%%_,%*
H Va K l-!l G H

{118} o (1:20)

wherein .
Q,T,U,V, W, X, Y and Z are as defined above; and
Ry, Ra, Rs, R4, Rs and R are as defined above.

In a second principal embodiment, the invention provides a compound of Formula Ia

or IIb, or a pharmaceutically acceptable salt, ester or prodrug thereof:



D -N-11 D -\l_i~ tiQ21) (1f 22) Xj /- BNY XNj N-N ) DBE-(~G N Z
DE-(~1~J~Z VV (11.23) (11.24) N, A Z DIE \\ ~J~ Z XN DiE~ J\G V V
(11.25) (11.28) -AW XN E 11 BJ2\XNj/ E B)-ljj\G z VQ \Q (11.27)
WOL20EB) W2 T Nov W /=N UT NY X B ABN D G D G E-" ECULB2(cA4p69+
VQ (11.29) (11.30) wherein Q, T, U, V, W, X, Y and Z are as defined
above; A, B, -D-E- and -G-7- are as defined above; and Ri, Ra, R3, R4,
R5, R5, R7 and R$ are as defined above. 29 WO 2006/074428
PCT/1JS2006/000604 In an third principal embodiment, a compound of
Formula lll, or a pharmaceutically acceptable salt, ester or prodrug
thereof, is provided fprLthe treatment;or prevention of-& disorder

associated with 4 r qptor a orRTangI p(oz{rtlc rIy a prollferatlve
disorder, mcludegrt%mc rm

Formuels Ila
W K=k Ut k—k\ ¥
YN R X
N __:
x/\g / /E—< />~m J\G R
b -
i VG
Formeula I1b

wherein

each K is independently N or CH;

Q, T, U, V, W, X, Y and Z are as defined above;
A and B are one and two atom tethers independently selected from -CR=, -CR3R4-, -CR3=, -
N=, -O-, -NR;z-, -8, -CR3=CRs-, -CR3R4-CRsR¢-, “CRs=N-, -CR3Rs-NRs-, -N=CRj-, and -
NR3-CRaRs-;

-D-E- and -G-J- are independently either -NR3-CR.- or -N=C-; and
Ry, Ry, Rs, Ry, Rs, Rg, Ry and Rg are independently selected from H, straight chain, branched
or cychic aikyi , aralkyl, aryl heteroaryl, acyl (RC-} and imidoyl (RC(NH)- or RC(NR'}-}
groups. ‘ '

In one subembodiment of Formulza II, Y and Z are each hydrogen. Altemnatively, W

and X are each hydrogen. In vet another subembodiment, W, X, Y and Z are all hydrogen.
In 2 subembodiment, the mvention provides a compound of Formuig -1 to BI-18 , or

a pharmaceutically acceptable salt, ester or prodrug thereof:
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N R QI ~N R Formula lll wherein each K is independently N or CH; Q, T,
U, V, W, X, Y and Z are as defined above; and R1, R2, R3, R4, R5 and
R6 are as defined above. In one subembodiment of Formula lll, Y and Z

wardedth4aydrogen. Alternatively, W and X are each hydro§&h/Ufpsit00604
another subembodiment, W, X, Y and Z are all hydrogen. Reyes et al.
(Reyes, et al. (2002) Tetrahedron 58:8573-8579) described the synthesis .
of certain polyamines from starting pyridinium N-aminides. No specific

. functions were attributed to these compounds. In a subembodiment, a

- compound of Formula 11-1 through 111-10, or a pharmaceutlcally

aq@e Ie salt egter or pro hereof ig r@# ed for thg treatme
pre\:(;n fa dise eﬁaﬁ ocigted with CX %pt jva % an
pakti & lifer mcludPhg4 CEE rglastagis;

2006/074428 P! 2006,%/000604 WV WV Uy 2%~ R3 M4 (\ /,
R5 R6 N Q-~AT NN QII~¥j~JT N 11 RI (lll.1) R2 RI (1122) R2 K /V R q
~ IIRR, -| OLO{RYNCQ%\T \N/ ry~N Q/~\T N || RI R2iR)R2 (111.3)

(111 ~N~N/ IN RaR , R5 RN lbb N ~\JTN -N N N ~\JTN~ N
R, R2 Rs i 2/ > / />
N‘“"‘""‘\ / _\ \’Rsﬁ“":\i X h— /j /

N TY v \H/ |
v a R va Ry
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" N N
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(1115) (111-6) W~xR5R6 QTNQTI R(1111) R2 R (lll-8) R2 W(\~
NN U'VV N\~ W~~\NR3VRgU\n WV R5 N >x~ZXNj-\Z NQNQTRIR2
RI'R2 (111.9) (Ill.I D) wherein Q, T, U, V, W, X, Y and Z are as defined
WEBOUE 4% R1, R2, R3, R4, Rs and R6 are as defined abo¥/e!/r#iofyast+
subembodiment, a compound of Formula 111-1I through [11-20, or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for
the treatment or prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including cancer
metastasis,: 31 WO 2006/074428 PCT/US2006/000604 W'~/ ~Y ED R3

6 X'V HFH Q N B H¥-Y(111.11) u \~X\/UITN TN Y
N<@q&m%aql3) (I-45N Ly N/_C y&% N\b{T
-/
(n 13 (n 14)

Sl LW g ML &1
N ‘ o’ \_i !_/ b

\!(-l) R1 Ri
{14 (”?5

W/~ . UT | N—R v

- - 74

G Rl
N

Ve R '

{-17) {1I-18}
wherein . '
Q,T,U,V,W,X, Y and Z are as defined above;
' A and -D-E- are as defined above and
Ry, Ra, Ra, Ra; Rs, Rg, Ry and Rg are as defined above.
In another subembodiment, the invention provides a compound of Fonnuia -19

through I1-30, or a pharmaceutically accepiable salt, ester or prodrug thereof:
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HQTNHH(111.16)H wHr~V'YyWUVR3R4RsR6 NHQTHNOQ
N (nl.17) H(HL.L16) H wU fV W ~/=N U~\f|-VITR5N!'4 N Z N~~\R~N Z
XNNQTNHQTH H(111.19) H (111.20) whereinQ, T, U, V, W, X, Y
wardog/ ard28s defined above; and R1, R2, R3, R4, R5 and RE&F&2486/0060604
defined above. In an fourth principal embodiment, the invention provides a
compound of Formula 1Va or Nb, or a pharmaceutically acceptable salt,
ester or prodrug thereof: 32 WO 2006/074428 PCT/US2006/000604 W K

~ -KD~-KRARrRaK K/e-~~/%~Kz D4TR FormulalVaDcX V/DT
- 6 Formula IVb wherein each K is independently NT or CH; Q, T, U, V, W
d Z are @sfdeflned ey R1, sz 4, R5, RQ,, R? and

aﬁ%ﬁfh@ o

nd

and -D- EN d 45~
n\oi Formul& I \and
and X are each hydr@gen I anotﬁer

hydrogei. Alt ely,
subembodlment;, W, X, Y and Z are all hydrogen.
(11-19) (11 20)
N U Py
o By X = /
) It G AR I o I e \L
X e N = I/~ L \ P
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| (11-25) (ii 26) |
W Ut N ? / /
x% ) 2 ‘<I=§_ B§ /WQ(Z :}/ ] m\z
a/ \H/ \G
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(11-27] | (n-zs}
Waii uT N W =N Ut F
. i A rd L 72
S 4] "-'>f§,\<//;\f'fz | x"%ﬁ{“yﬁﬁ—&
p” \I-—l/ e ' \_[/ 8
va - Q '
(H28) {130}
wherein

Q, T, U, V, W, X, Y and Z are as defined above;
A, B, -D-E- and -G-J- are as defined above; and
Ry, Rz, Rs, R4, Rs, Rg, Ry and Rg are as defined above.
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In one subembodiment, the invention provides a compound of Formula
IV-1to IV-12, or a pharmaceutically acceptable salt, ester or prodrug
thereof: 33 WO 2006/074428 PCT/US2006/000604 WA UV W CN A
WO % X(~ Ejl R7T Rz X(~-1RrR=z D QTN D Q T NRIYU§PE/pit6o4
(IV22WUV (\~VAY W Q-AU (V-N, Y ~i Ralt~ XF~~i | R Ra 1=7 D Qi~
T"N'DIiQ7',/ T\WN"IIl (IV.3)(IV.4AWUNVYWUIVYXNE)RRN~
XNZEV)YRezZ DQTIiDQTN (IV-5) R1 (IV.6) RLW A UWVR NY N A
U\9'Y X~E\7Ra>=NZXNIRa\\ NZ QTNDTN(IV-7) R1(IV.8) R
A~VWqU-WNR7RNRIRN 8\8E-L~~\IN~=NXDE-~~(N}=N |,
Z (IV ) &R {hitd pOhdRb! YAadlndf/ A ¥orvidihd 4¢ RotinAld BUNAWhtacEuReally
M%\Kléﬂe'%bﬁ\ Nhe? oPy &Jg Bk N-.@Yﬁ&éﬁ&%&&éﬁngﬁ@%&%%nﬁm ot &

X, Y and Z are as efined above;
d1sorder associated with CXCR4 receptor activation, and pamcuiar}y a proliferative disorder,

| including cancer metastasis,:
: y
W ==K A,
Xy mp g X
x/\['\( ’/ ,,,,,, \/. ‘/7 \/\ / K'
< &
/ Q T

Formula I

‘;{fherein
each K is ndependently N or CH; ' _
Q. T, U, V, W, X Y and 7 are as defined above; and
Ri. Ry, Rg', R4, Ry and R are as defined above.

in one Subembodiment of Formula I, Y and Z are each hydrogen. Alternatively, W
and X are each hydrogen. In vet another subernbodiment, W, X, Y and Z are all 'hydm gen.'

Reyes et al. (Reyes, et al. (2002) Tetrahedron 58:8573-8579) described the synthesis
of certain polyamines from starting pyridinium N-aminides. No specific functions were
atiributed to these cormpounds,

In a subembodiment, a compound of Formula I-1 through III-10, or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer metastasis,:
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Rj, R2, R3, R4, R5, R6, R7 and R5 are as defined above; and A and
-D-E- are as defined above, In another subembodiment, compounds of
the Formula PT-13 to IV-20, or a pharmaceutically acceptable salt, ester
werpreeTHgthereof, are provided: 34 WO 2006/074428  PCT/US2006/000604
PCT/US2006/000604 WA QVBWANWN~VB/NYXXEZ TDQGD
Q\G (IV.13) (IV.14) W -NiN\n~Vt~YWiQJIn/ViIN,jY X/E$~/-\9
JZXDQTGDQT\GZ (IV-15) (IV.16) WAU /N IYWNAU,V/ X
JJAN -NEANAN2XNE~ZDQTGDQTG (IV-17).(IV.18) W N- N \n/V
BW-AN V B/yy XNE--~~J-j~Z XNEZ G D Q G (IV.19) (IV.20) whereln

QWK )@\aéwgy‘(dZar as\éfined Rl RRAR3 R4,
are sd f![;ed ahov >and A "G- J4 &refa
de?fln Il mpal%mb

Va, Vb, orNVc QPa ph&rmapeutlcally acceptable]salt Bster dr pro'brug
thereof, ISPpI’OVId (ﬁ; thefteeatment or prevenfian of a disorderR:
associated with 4 receptor activation, and partlcu(éll‘rﬁh proliferative

disoggb\lncludlgg/@r@cer m?}—ajgas Q?J_> U

N Rz R

\ / M“i,.ﬂ “gmﬁ
N \;\/\{r

N N N
| | ; |
R1 RZ R‘, Rg
{13} (1114}
Y e U~V —
2 A 7N /
D F o IO RN W Tlioly ¥
N—<M R N>—N i~
!
?%1 i¥: le 2
(11151 (18 |
Y U/\\,
) ?R R4 R Rl /)
S \\ \\
N/-(/\,,l"\>“" /N %">\_3<N
| | |
R Ry R R
Y T 8) :
7X NN e X
* \Z G PR Ry IRs 2
it = AL S
5 "i sl
Ry Ry Ry R,

(111-9) | (114 0)
wherein ‘

Q,T,U,V, W, X, Y and Z are as defined above; and

Ry, Ra, Rs, Ry, Rs and R are as defined above.

In another subembodiment, a compound of Formula II-11 through IH-20, or 2
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly 2

proliferative disorder, including cancer metastasis,:
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Wes'\R1RnRaR6 KC~4,NK~KK z RZ Formula Va 35 WO
2006/074428 PCT/US2006/000604 Q \y 1d~'K)j4 K~ Ra Ra K X AKN K
N/--\Z RiR2 FormulaV b ~~Q KU KR3 R4 Rs R6 K K~N N/~--KZ R,
WP R6EG#Mtila Ye wherein each K is independently N or CH<{G/UF2496/iR604
X, Y and Z are as defined above; and Ri, R2, R3, R4, R5 and R6 are as
defined above. In one subembodiment of Formula Va-c, Y and Z are each
hydrogen. Alternatively, W and X are each hydrogen. In yet another
subembodiment, W, X, Y and Z are all hydrogen. In one subembodiment,
a compound of Formula V-i through V-3, or a pharmaceutically acceptable

ﬁal ter or pgodrugjthereo provideg f reatrmepr\ox; preve,

ofa disgrder a ted w g :§R4 rec myaglcgu gogntg ular1§
] rative di C@gﬁ\mc £ancek ﬁT

/YW(N§ 4F& X | NZNNNNNNN PRI

@ (VD‘VZ)T

. |
\_7 W J \ N —
Q\\\/\T ~N r% Q Q“‘/\T E\E>“
A | K H
(1113} | (11-14) |
Sm— UV N\ U~ Y J \
< 7 4 \> § NR Ry PS TTRs N
\ N \ SR b l RN
- /—QL/%AJ—\‘T P i— = A@]T—KNE ¥
1 [ ' ! !
! : *(H16)

W/ , U\,\;\>,V / \/,\Y W/ \
‘ 2 N § & R Ry
x% //'N ” m}z XX[\\; [ _J< .,_.._N>

sl
H (47) " (1118
;;’ /\N 7 <‘) X{; /\Nagm[ ’]Rs RN;“’Q/
\\l ! ‘ ﬁ—/——\ ]
: h_<N N>_— N N G \\\\:;\T——ki\! :
| i | i
H H H
(111-18) (11120}

wherein
Q, T,U,V,W, X, Y and Z are as defined above; and
Ry, Rz, Rs, R4, Rs and Ry are as defined above.

In an fourth principal embodiment, the invention provides a compound of Formula

IVa or IVb, or a pharmaceutically acceptable salt, ester or prodrug thereof:



NQU~jy 84!111'RS N~\11 RI (V 3) R2 36 WO 2006/074428
PCT/US2006/000604 wherein each K is independently N or CH; Q, T, U,
W, X, Y and Z are as defined above; and Ri, R2, R3, R4, R5 and R6 are
wagdsfiriettabove. In another subembodiment, a compound?§fIAGFMEA0 604
V-4 through V-9, or a pharmaceutically acceptable salt, ester or prodrug
thereof, is provided for the treatment or prevention of a disorder :
associated with CXCR4 receptor activation, and particularly a proliferative
disorder, including cancer metastasis,, WQ N, UYWQjU/Y X'NR41
RSR6NX(\sRQIR,R6Z NINNNRIR2Ri2 (V4) (V.5) NX /N~Y
jJU34RR6\ZXNn/R3IRQRRNZ NNNNN R|(V6)R2RI(V.7) R2
W' 'RUW~QUYN=FR 4 R6 R S?I{?XN:S}(a )DXYN\_a-Z NN

NNNN RI (VS?ZK Kis ind@;rzldentlyNor
CH:Q, T, U, W e;}ﬁﬁw R3, R4, R5

invention provides a compound of Formula Via ,r_!
i

Formula [Va

Aw - | f—K
Y |
X 4 / \/‘--mi \é—\\

Formuie IVD
wherein
each K is independently N or CH;
Q,T,0,V, W, X, Y and Z are as defined above;
Ri, Ra, Ra, Ra. Ry, R.E;, Ry and Ry are as defined above; and
A 2nd B and -D-E- ané -G-J- are as defined above. ‘ .
In one subembodiment of Formula IVa or IVb, ¥ and Z are each hydrogen.
Alternatively, W and X are each hydrogen. In yet another subembodiment, W, X, Y and Z
are all hydrogen. |
In one subembodiment, the invention provide's'a compound of Formuia I'V-1 to IV-12,

or a pharmaceutically acceptable salt, ester or prodrug‘thereof:

23



or Vib, or a pharmaceutically acceptable salt, ester or prodrug thereof: 37
WO 2006/074428 PCT/US20.06/000604 QT U=KK-KAW\y RIRSKX
KK-/EKKKKZ DR1 FormulaVlaQ  TUK-KY WK ~=K A X K~~ | K~
Wi Heg/0pie8 Formula V Ib wherein each K is independently IN"BRIE#D6@0p04

U, W, X, Y and Z are as defined above; RI, R2, R3, R4, R5, R6, R7 and
R8 are as defined above; and A and B and -D-E- and -G-d- are as

defined above. In one subembodiment of Formula Vla or b, Y and Z are
each hydrogen. Alternatively, W and X are each hydrogen. In yet another
subembodiment, W, X, Y and Z are all hydrogen. In one subembodiment,

c\:mpgun d otkermtila VI- 6, oraiﬁha_‘ ceyticay
salkcestgr oy prodrug tﬁer}@ f. |/p;owded 6/074428 1 Ry \\)
aZU yw-lﬁq SAE A R7 'L
7,
(V1) (v -2}
w = U Ny
:} ]R? > < ) red S
\'/\ —_HM X » ~ £ }4\\ \8/“ z
R1 R?
(v -3) - (IV-4) :
W Vs 3
LD RlE E R Dy Nl &
07 Q”é‘/'T hi ,
(IVS Rz ' [V -6} Ry
/ 3 N e Y
\) | x%‘i 7 | \i ik “N\>Z
uv-u R1 v.g) R
w N= U VARV
~(} HoNET O Dy Nl i
L =N 7
i}/E Q/\/\? N;
(IV-8) R1 (v-10) R,
w = Uy 7Y
£y Rv rx & ) S ma S
XX / g i XN £l SIAE NS
; &
D Q T b{
1 R

(IV-11) (v-12)

wherein
Q, T,U,V,W,X, Y and Z are as defined above;
Ri Ro, Rs, Ry, Rs, Ry, Ry and R are as defined above; and
A and -D-E- are as defined above,
In another subembodiment, compounds of the Formula IV—VIIB to IV-20, or a

pharmaceutically acceptable salt, ester or prodrug thereof, are provided:

34



NNNI(VIL)RL(V1I2)R T-\TW (~r~AQ f"I'RRB/, YW |jI-AQ Ta
Re(/ N\Y XZ X--\DENN~NZDIENN) (V13)RI(VI4RTT WAa
/U~yY XEa/RIN~ RRBRBXND/ENNNZpNN (VL5 R, (V1.6) Ri
wWohenei4@s3 T, U, W, X, Y and Z are as defined above; RI, RZTRE2R/0RGH4
R6, R7 and RE are as defined above; and A and -D-E- are as defined
above. In another subembodiment, a compound of Formula VI-7 to VI-I0,
or a pharmaceutically acceptable salt, ester or prodrug thereof, is .
provided: TT AUg W-aU\ywaXNEJ/-NZNE!NZ DDN\G (V

147 -8) T T INN Aa Ugrwal\ qa E %y, D N (VLS 1,16y

whigrein %T%F \W/BJ A% d ZZare as defi@@o’vﬂ}R{fﬁ, 4. R\§

RB, ngk e gg {Gove; and* Aari B - _G=r
T e(G ' 7 Q/Qﬁ T %

are as définedhbove' D

{IW-13) (v -14)
=N Ne=
I y bevd g /N_\/Y W<* 4 S /X
KD Ky DR
E ST z AT z
(IV-15) (IV-16)
== N==
£ D RN inE Do N ok AR &
® . ey » - —N
AN D/E o/\‘/\r J\G Nz XN B/E Q/\\/\T 3\6 z
(IV-17) (iV-18)
N === N e
AN o S A W S N
S DO &y I
N : E ){\\/\\T J\G 7 N ; E Q\7<\/>\T J\G Z
(1v-18) (Iv-20)

wherein

Q,T, U, V, W, X Y and 7 are as defined above;

R, Ra, Ry, Ry, Rs, Rg, Ry and Ry are as defined above; and
A, B, -D-E- and -G-I- are as defined above. ‘

In an fifth principal embodipent, a compound of Formula Va, Vb, or V¢ or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, inciuding cancer metastasis,:

Formula Va
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39 WO 2006/074428 PCT/US2006/000604 In an seventh principal
embodiment, the invention provides a compound of Formula VIl or a
pharmaceutically acceptable salt, ester or prodrug thereof: WY ~~~ R3
WRSPYRERE K\ X K1 N J~Z / RIR2 Formula VII whereirP €aER?R§400604
independently N or CH; U, V, W, X, Y and Z are as defined above; RI, R2,
R3, R4, R5 and R6 are as defined above; and Mis 0, S or NR3. In one
subembodiment of Formula VII, Y and Z are each hydrogen. Alternatively,
W and X are each hydrogen. In yet another subembodiment, W, X, Y and
Z are all hydrogen. In one subembodiment, a compound of Formula VII-1
to VII-10, or a_pharmaceuticall prodrug thereof,

is provided: 4 MIOMQ@ V/\yWw-U
V\Y QNMNWR( 11 i . E/! Rs RAr
NM~N N~i | N'M K-R4Y 113y R2 s XDN'R3R4\RS Rs M

NNMN R (V11.5) RZ R{(V 11.6) F§2 WUVH?/yWUV\\Y
-R1 Ry

Formuia Vb

Formula Ve

wherein
each K is independently N or CH;
Q, LU, W, X, Y and Z are as defined above; and
Ry, Ry, Rs, Ry, Rs and Rg are as defined above.
In one subembodiment of Formula Va-c, Y and Z are each hydrogen. Alternatively,
W and X are each hydrogen. In yet another subernbodiment, W, X, Y and Z are all hydrogen.
Ip one suobembodiment, a compound of Formule V-1 through V-3, or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly a

proliferative disorder, including cancer melasgiasis,:

Y W/ \f
Q R D m_,”
R‘l

'?
RZ Ry 2
(V1) e
VAR
N N \KK’ /
N
|
Reo RE
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X/I\N/JzXCNR3R4/R5Rs-NMNNMN R (VIL7) R2R (V 11.8) Rz W
UVVWUV) XN-NN~ZXCR3R4vRR~=NvZ MNIN R'(V11,9)
R2 R (V11.10) R2 wherein U, V, W, X, Y and Z are as defined above; RI,

WRZRB]4R8, Rs and R6 are as defined above; and M isO,SRS¥NRBH/000604
another subembodiment, a compound of Formula VII-11 to VII-20, or a
pharmaceutically acceptable salt, ester or prodrug thereof, is provided: 41
WO 2006/074428 PCT/US2006i000604 WUV /Y W~UV//R3R/-Z"]I

~ Z)LZMNNMN HHHH (V11.11) (VI1.12) NM--~NNNMr~NrN. |
I H(V11.13) HH (V11.149)HUU N ~NRaRa URs N _\~=NNR~=N H

%HM (V11.15) (V11.16) H SRGWV\UUXQ/\RZ NMNNMNHH

117) H
eath K 1s mdependenﬂy N or CH;

Q,T,U, W, X, Y and Z are as defined above; and
R;, Ry, Ra, Rs, Rs and R are as defined above.

In‘ another subembodiment, a compound of Formula V-4 through V-8, or a
pharmaceutically acceptable 'salt, ester or prodrug 'thereof, is provided for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and particularly 2

proliferative disorder, inciuding cancer metastasis,:

W\ G A v 7 \/Y
§ R K )
X 3 Rg S

XN S N2

“i |

Ry T R,
(V-4)

Y
; /
x§\< ﬂ/ \]/\/Rﬁ -————-/>

R, (V5] Rg
N N N N Y %
S R R Rs g N
AN ; X B ety ™7

| A
R R
t (V8] )

whereimn

each K is independently N or CH;

Q, T, U, W, X, Y and Z are as defined above; and
Ry, Ra, Ra, Rs, Rs and Ry are as defined above,

Tn an sixth principal embodiment, the invention provides a compound of Formula Vla

ot Vb, or a pharmaceutically acceptable salt, ester or prodrug thereof:
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(V11.18) H W~~~WU U h Y xzz\N>=NZ X(N~R3 Rq/R5RN Z N M
NMN H(V11.19) HH (VIl.20) H wherein U, V, W, X, Y and Z are as
defined above; R1, R2, R3, R4, R5 and R6 are as defined above; and M
Wig BB@Ua+RER3. In an eight principal embodiment, the inventRSiF Brfigegtat4+
compound of Formula Vllla or VIilb, or a pharmaceutically acceptable
salt, ester or prodrug thereof: 42 WO 2006/074428 PCT/11S2006/000604
WK=KUK-K\XRAE-/RrRe KKKz U~M N~ RI Formula Villa :cr: /I
K-Kx X KE M\ p G Formula V lllb wherein each K is independently N or
CH; U, V, W, X, Y and Z are as defined above; K1, R2, R3, R4, Rs, R6,
R7 and Rs are as defined abovg; and 7A and B and D E and -G-3- are as
defined above: W ,SorNR. YFormuIa
Vlilla or b, Y an re e . Krex are each
hydrogen. In ye;@ kare-all
hydrogen. In a subembo i %t a corﬁpound of Q mula VIII-1 to VIII-12,
or a pharmaceutically acceptable salt, ester or prodrug thereof, is
provided: 43 WO 2006/074428 PCT/USZOOG/OOO§®4

Formula VIa
o b oo Ly
WK\/’”—:Z/A\ l \[ ; 4 {
ey —
X K £ L d K™y
D/ X \G
Formuia Vb

wherein _
each K is indspendently N or CH;
Q. T, U, W, X, Y and Z are as defined above;
Ri, Ro, Rs, Ry, Rs, R, Ry and Rg are as defined above; and
A and B and ~-D-E- and -G-]- are as defmed above.
| In one subembodiment of Formula' Via or b, Y and Z are each hydrogen.
AItemaﬁvely, W and X are each hydrogen. In yet another subembodiment, W, ¥, Y and Z
are all hydrogen. 7
In one subembodiment, a compound of Formula VI-1 to VI-6, or a pharmaceuticaily

acceptable salt, sster or prodrug thereof, is provided:
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VY WUVW\-N Z~zX~/E\R7IRX/E/' RTFDMNDMN RRI (V
{-1) (V111-2) WUV YWes-UVNf (E\l~-N~7 X(~ R7 Re~\7 M N
DMD (VIII-3) (V111.4) R WiKAAVRtWAUNY XNERZXN~ER7
WOZIB/MMD M N (V 111-5) R1 (V111-6) R1 UV W\ A ~p-PLTAIRAI6A4
XER7Ra-NZXNERB,-NDMNDM (VIM.7) R(VII-8) R1ViUV
~fYW-UV~X]Y XNERRBNZX~ER7RB>=N~Z D/MNDM
(VIII-9) R+ (VIM-10) R1 W~-NUV ~Y Wes-UVrY X(Z/R7RN\Z
X(NE/\R7Re>=NIZ DMND/M (VIII-11)Rj(V111.12)R' wherein M,
U, V, W, X, Y and Z are as defined above; R}, RZ, R3, Ra> R5, R6, R7
and R$ are as defined above; and A and -D-E- are as defined above. In

r sube iment, g'compound offRGFmitla VI Mi-20 Nc?r‘%(‘f
pﬁarm ei‘utic lly a dbprfg le s@t, ester or yrodyfig the d: 44
X \ ' E S B dems JA X /E z

/ 1 H

D

{

eof, is} ﬁﬁogi ed:-
.
N

!
Vi-1} Ry (V1-2) 1

T o
T — X S— N
L) f}“%\ﬁa? 3 W.g"\/?aw/\l«fé? s
X\\. / E——J,\\\NA FNZ ‘X N /D E iy | 28>__\/Z

D/ Ni s Y |
(vig) N (vi-4) R
T T
A Y R YK
XN-—L_E N, z\; =N "1 X TN z
vi-s) Ry (V1-6) Ry
wherein

Q, T, U, W, XY and Z are as defined above;
Ry, Ry, Rs, Ra, Rs, Rg, Ry and Rg are as defined above; and
A and -D-E- are as defined above.
Tn another subembodiment, a compound of Formmuila VI-7 to VI-I0, or a

pharmaceutically acceptable salt, ester or prodrug thereof, is provided:

(Vi-9)

wherein

Q. T, 0, W, X, Y and Z are as defined above;

Ry, Ry, Rs, R4, Rs, Rg, Ry and Ry are as defined above; and
A and B and -D-E- and -G-J- are as defined above.
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WO 2006/074428 PCT/U52006/000604 U V A IN X /DE U V ~Z XNi D/t z
M\G (V 111-13) (VIIL14) UVB N-~yWN_AUV NN D\GDM\G (V
Mi5) (VILI6 ) WNUVB/YWN-UUBNXNEIi-N-ZXN\E/\IZ M
WD 4481IM 7) (V ill-18) Wes- U UB N,Y Vd A U V NY JEQEERDPAGITF4
XNDEM\Z G (VIIL9) (VIII.20) wherein M, U, V, W, X, Y and Z are as
defined above; RI, R2, R3, R4, R5, R6, R7 and Rs are as defined above;
and A, B, -D-E- and -G-J- are as defined above. In a ninth principal
embodiment, the invention provides a compound of Formula IX, or a
pharmaceutically acceptable salt, ester or prodrug thereof: W\ ==\ K R3
Ra R; R6 KX N -V~ N/~K'z RR2 Formula IX wherein each K'is
independently M, %@al%%dﬁ%@@e%@eﬁﬁdﬂ%ﬁ%@e@lﬁ%ﬁ%’ 6} Formula

2006/074428 PC 006/000604 R1, R2, Rs, R4, Rsand R5 areas
YermiePhBagecutically acceptable salt, ester or prodrug thereof.

U V

— A
W\<\f \K' Ry Re / \ Rs R K/ \<
Y /i \ >“””“_K'
X ‘ Z
K . ’ NI )
Rj1 RE |
Formuia VII

wherein
each K is independently N or CH;
U, V, W, X, Y and Z are as defined above;
Ry, Ra, Rs, R4, Rs and R are as defined above; and
Mis O, S or NRs. .
In one su%ﬁembodhnent of Formula VII, Y and Z are each hydrogen. Alternatively, W
.and X are each hydrogen. In yet another subembodimenit, W, X, Y and Z are all hydrogen.
in one subembodiment, a compound of Formula VII-1 to VI-10, or a

pharmaceutically acceptable salt, ester or prodrug thereof, is provided:

46



is independently selected from the group consisting of formulas a-g: (a)
(b) (c) (d) (e) (H (9); and MisO,SorNR3. In one subembodiment, a
compound of Formula 1X-1 to IX-12 is provided, or a pharmaceutically
wacsegtapessalt, ester or prodrug thereof: 46 WO 2006/074&28/US2006/6006604
PCT/US2006/000604 Wes- ( X(~ X N//"Z Ri R W\~~ (1X,1) ~\y W\_
(IX,2Ry NX(NN(~NZX(N~-N-Z R~R2R1 (IX,4) RW (IX 3) X(~ -
X(N/~N/-NZ N~N NI R, (IX-5) R2 R' (IX-6) Rs W(~'~ 1Y,V N-NZ X
NZXNNNNIR(X-7) R2R' (1X-8) R2 X(~Z X N\Z IRqR2 R (1X.9)
R2 N (IX .10) (~'~ N~\\\YW (~~NWY XxININZXNNZ NR (1X11) R2
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wherein
U,V, W, X,Y and Z are as defined above;
Ry, Rz, Rs, Ry, Rs and Ry are as defined above; and
Mis O, S or NRs.
In another subembodiment, 2 compound of Formula VII-11 to VII-20, or a

pharmaceutically acceptable salt, ester or prodrug thereof, 1s provided:
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wherein W, X, Y and Z are as defined above; and R1, R2, R3, 4 R5 and
R6 are as defined above. In another subembodiment, a compound of
Formula IX-13 to 1X-24 is provided, or a pharmaceutically acceptable salt,
westersonprsdrug thereof: 47 WO 2006/074428 PCT/US200@00T68M6 o0604
c>ZXN//N\Z NR (IXM14) R2 R1 (1X13) R2 X a X N\Z IV | Ri (1X15)
R2R' (IX.16) R2YW X-Y Q/NMNR (1X-17) R2R' (IX-18) 2 ~-W N
N W N~\Y X(/~~\Y XNZNNMNMI (1X19) R2 R' (1X24) Rz W~ M
YYM~~MY X~~ZXNZZ NNNN R (IX21) R2 Ry (IX22) R2 w(~~/IN
M N~jv w/- ~~M~ Njv. X N ~N\Z X ND'- V N~N\Z N N Rt (1X-24) R2 R

2 wherein M \W Z arg fined gbove; and Rj
Rs“’f 4 and as define above( ye a(qqithe embq |me1’§
a oynd of FEprm IX2 10 ¥X-36 |s<

“;
i3
(Vi) (VIi-12)
e u /w\
A N R3R4; \;R Rﬁ
¥—< Q Q /—-&
{VI-13) (Vi-14)}
7\ Ry R R N\
N N NIRs Ry 5 N
<\N—f<ﬂm> Q@NQ
' }
(vnm , (vi-tey
U /-—.-\/Y /Y
r SR />@ 3
X\.__< >__J ! N
T, Vis)
S Ty w/\ W3
_< / >_N \\_< 5
|
” (V119 H H vizg) "
wherein

U,V, W, X, Y and Z are as defined above;
Ry, Ra, R3, Ry, R and Ry are as defined above; and
Mis O, S or NR.

In an eight principal embodiment, the invention provides a compound of Formula

VIila or VIIIb, or 2 pharmaceutically acceptable salt, ester or prodrug thereof:
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or a pharmaceutically acceptable salt, ester or prodrug thereof: 48 WO
2006/074428 PCT/US2006/000604 jYY X/ /[~~z X(NN~Z M1 MNR
R2 R (1X25) R2 N (IX-26) N W W ((\=~//INN X X-NZN-N~Z \Y Nivl N

WIV2NISRTI1IK27) 12 R~ (1X2$) R 2 X(~ M Z X/ -N\Z N N NPCRUSERE G064
R2 RI (1X-30) R2 W(~~N M\Y NiN M ~-N)y X N/-/1--NZ XN I-N~Z N
NNNRiR2 R (IX-31) R2 (1X32) NN N N R' (IX33) R2 -N R' (1X-34) R2
N\ w( N/Y X NZ X N~~N~N\Z R (1X-35) R2 R~ (I1X-36) R2 wherein M,
W, X, Y and Z are as defined above; and R1, R2, R3, R4, RS and R6 are
as defined above. In a tenth principal embodiment, the invention provides
a compound of Formula X or aiRharm eutlcally icceft salt, ester or
prodrug thereo“f\d?gml*4 7 w

A ,

Formula Viila
W K ==K K'—“K
s
/\g / E-—-m —“*K\

Formuia VIIb

\

N

wherein

gach X is independently N or CH;

U, V, W, X, Y and Z are as defined above;

Ri. Ry, Rs, Ra, R;, Rs, Ry and Ry are as defined above; and
A and B and ~-D-E- and -G-J- are as defined above; and
Mis G, S or NR;.

In one subembodiment of Formula VIHa or b, Y and Z arc each hydrogen.
Altermatively, W and X are each hydrogen. In yet another subembodiment, W, X, Y and Z,
are all hydrogen.

. Tn a subembodiment, a compound of Formula VII-1 to VII-12, or 2 pharmaceuticaily

acceptable salt, ester or prodrug thereof, igprovided:



WO 2006/074428 PCT/US2006/000604 w K=K AB K-KY K X KE A*|

KZ D G Formula X wherein each K is independently N or CH; W, X, Y

and Z are as defined above; R1, R2, R3, R4; R5, R6, R7 and Rs are as
woehingera@dve; and A and B and -D-E- and -G-J- are as defifbd@badic04

and A*is as defined above; and M is as defined above. In one

subembodiment, a compound of Formula X-I to X-14 is provided, or a

pharmaceutically acceptable salt, ester or prodrug thereof: 50 WO

2006/074428 PCT/US2006/000604 W V=N AB ~~Y W\~=N A B/-/1Y

X(/DEJAG/ZX(// 'EIEZ D\G W (X1) (X-2)i\Y W/OA J\> 'ZXNE

EM\GM GW N= )yY (x&)\ Y XNKE |22 X (i ETg
\G/ \RTRﬂf‘ )T?/_Ma___
N
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w w
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C}I&w }m X
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wherein
M, U, V, W, X,Y and Z are as defined above;

Ry, Ra, R, Ry, Rs, Re, Ry and Ry are as defined above; and

A and -D-E- are as defined above,
In another subembodiment, a compound of Formula VIII-13'to VIH-20, or a

pharmaceutically accepiable sali, ester or prodrug thereof, is provided:
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(X5) N (X-$) NV_/ABf~Y X (~Q/~ABXE--CJZEJD M\G\G N
D/E~\G N Z X DQ BE J~Z Wi N A (XX.99)) B/ NA,Y WI=N (X10) BN
~jY X(~ E>-i Z X(~ DIE~ AG/ Z (X11} W (X12) XW~ /EZ X(N D/EJ\G
WONRSES/ XA M B D G (X.13) (X-14) wherein M, W, X, Y artf°Z/afeoss000604
defined above; Rn, R2, R3, R4, R5, R6, R7 and Rg are as defined above;
and A and B and -D-E- and -G-J- are as defined above. In another
subembodiment, a compound of Formula X-15 to X-28 is provided, or a
pharmaceutically acceptable salt, ester or prodrug thereof: 51 WO
2006/074428 PCT/US2006/000604 W VJQ,-A,DIE-NGZXNDENZ
"¢ X~~ By X18) W\AT g/ X(

N/ E~JZ X ;
3) (X24y {Z - vl
i .
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w = U ¥ N v
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} _U_ ““N)z X N};’ /o }\ X,
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4 N
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wherein

M, U, V, W, X, Y and Z are as defined above;

R;, Ra, Rs, Ra, Rs, Re, Ry and Rg are as -defined above; and
A, B, -D-E- and -G-J- are as defined above.

In a ninth principal embodiment, the invention provides a compound of Formula IX,

or 2 pharmaceutically acceptable salt, ester or prodrug thereof:

K Y

; e

‘A\(}/——\K Rg\/th RS\/RE K//—-—{

S _/ AL ==
X K z
—<’%/ \“i/\
R'1 R2
Formuls IX

wherein
each K is independently N or CH;
W, X, Y and Z are as defined above;
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XjZ21 (X28) C (X2 T)XE Z wherein M, W, X, Y and Z are as defined
above; RI, R2, R3, R4, Rs, R6, R7 and Rg are as defined above; and A
and B and -D-E- and -G-3- are as defined above. In yet another
wsubembedisnent, a compound of Formula X-29 to X-38 is prewidestoatoepess
pharmaceutically acceptable salt, ester or prodrug thereof: 52 WO
2006/074428 PCT/LT52006/000604 AMBWAMBXEXE JAGZND
(X20) (X.30) WA\YWN-"A--MXN/BM~zxDGD (X31) tx.32) W N
-1YW _,D11DG W (X33)\Y (X34) CYyANNj--BNY XD~EJVNN
XE/E-—J~Z D VV A (X35) B W-N (X36) N /7x/Ez(X37)/(X36)

R ﬁe,r 3PR4 Rs and Rg are as defined above;
.A* is independently selected from the group consisting of _formulas a~g;

OO L
0 L <

(g) | Cand

- Mis O, 8 or NR;.
In ome subembodiment, a compound of Formula IX-1 to IX-12 is provided, or 2

pharmaceutically acceptable salt, ester or prodrug thereof:
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M, W, X, Y and Z are as defined above; R1, R2, R3, R4, Rs, R6, R7 and
R$ are as defined above; and A and B and -D-E- and -G-J- are as
defined above. In an eleventh principal embodiment, the invention
WergtieieB#Eompound of Formula Xl, or a pharmaceuticallyP4c¢Eptsfoveod
salt, ester or prodrug thereof: u K -KK R6 K W~RvRaRa XKV
FormoiaXl wherein each K is independently N or CH; 53 WO
2006/074428 PCT/1JS2006/000604 Q, T, U, V, W, X, Y and Z are as
defined above; and R, R2, R3, R4, R5 and R6 are as defined above. In
one subembodiment of Formula Xl, Y and Z are each hydrogen. :
Rt tively, W and X ar ‘hydrogen,/ t another \/
s@odlme W, X, Yand Zare all hydﬁ;@ge In onmbo me@
a 0 g s 0KI-6 is prbv o a R i
acceptatyle salt-ester or rodrug thereof U Y U /-\Y eR4
W\ NWXC~ X3 R4 Rz NKE N ~J\T RIVRIV (XE1) (X jﬁ) l{ ON'2X~| R5
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] |
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W? N W \/yx & > X
x4 =y 7 XN » :
N. *‘i ) ]
Re mery R T8 '
_— v
WZ\"‘ o / \/},
X/< / W\Z "‘ “‘“"'!\ Z
w *% § o
R R
e 2 . oy «
SN 7 \/\y‘f W }\)/
S\/\ Y, ~ hS
XN =i 4
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R R
Ry {111} i¥: ! {112} z
Wharein

W, X, Y and Z are as defined above; and

Ry, Ra, Rs, Ry, Rs and Ry are as defmed above,
In another subembodiment, a compound of Formula IX-13 to IX-24 is provided, ora

pharmaceutically acceptabie salt, ester or prodrug thereof:
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RIVRIV (X1.3) (X1.4) UY QU/NAY W/\\N-/-~R5N\zeR4 RZR~.
WNJIR34. N NXN--CNTR2XNNJ-TRqg RiV.6) (X1.5) R1
(X1V wherein Q, T, U, V, W, X, Y and Z are as defined above; and R1,
wR2)0e8742%, Rs and R6 are as defined above. In a twelfth pP#EipEit06/000664
embodiment, the invention provides a compound of Formula XII, or a
pharmaceutically acceptable salt, ester or prodrug thereof: 54 WO
2006/074428 PCT/US2006/000604 UK -KQB/. WK-KAG XK~~T V
Formula X. Il wherein each K is independently N or CH; Q, T, U, V, W, X,
Y and Z are as defined above; RI, R2, R3, R4, R5, R6, R7 and RB are as )
A and qS<DEad- - are as.def
I,y andZ are each

andiX are -hydrogen: h — .z
rsi nd Z are all hydrc_)genréI Nl
Rz Ry X-14) Ry
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wherein
M, W, X, Y and Z are as defined above; and

R, Ra, Ra, R4, Rs and R are as defined above.
In yet another subembodiment, a compound of Formula IX-25 to 1X-36 is provided,

or a pharmaceutically accepiable salt, ester or prodrng thereof:
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In one subembodirent, a compound of Formula XII-1 to XII-5 is provided,
or a” pharmaceutically acceptable salt, ester or prodrug thereof: U B RI-j
QaXDTXNDE\IT VV (X11-1) (X11.2) o/I\iNzN~ DZV YV
W68 {RE1.4) /Y Z WA\~=N A X (/1IJANT DIEV (X 11.5) REERSHE@/0TU604
U, V, W, X, Y and Z are as defined above; RI, R2, R3, R4, Rs, R6, R7 and
Rs are as defined above; and 55 WO 2006/074428 PCTIUS2006/000604
A and B and -D-E- and -G-J- are as defined above. In a thirteenth
principal embodiment, a method, compound and pharmaceutical _
composition for the treatment or prevention of a disorder associated With

receptor activatio \partlcularl roliferative disorder,
m@ dll‘l? cancef m tastas% Qdulated v@,CX R4 is 5row?ed that )
/@am XHI, or & p all IbZ
salt ester or prodrug theﬁf)of ~J\Y UT (spa@er) (spater) (sp%ﬁcer) ‘
(spacer)R{ E RI 2 Ry

(1%-26)
4 \/\> d
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wherein .
M, W, X, Y and Z are as defined above; and
Ry, Rz, R3, R4, Rs and Re are as defined above.
Tn a tenth principal embodiment, the invention provides a compound of Formuta X, or

a pharmaceutically acceptable salt, ester or prodrug thereof
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Formula Xl wherein K, Q, T, U, V, W, X, Y and Z are as defined above,;
RI, R2, R3, R4, R5 and R6 are as defined above; and "spacer" is
independently a bond, straight chained or branched Cr-C5 alkyl, C2-C5
WaIRSaIT4+42®-C5 alkynyl, Cr-C5 alkoxy, C2-C5 alkenoxy, an8{GAiE2506/000604
alkynoxy wherein the alkyl group can be substituted by a heteroatom
(such as N, 0 or S) for example -CH2-OCH2-, -CH2CH2- OCH2-,
-CH2CH2-OCH2CH2-, -CH2-OCH2CH2-, -CH2CH2-OCH2CH2CH2-,
-CH2CH2CH2- OCH2-, -CH2CH2CH2-OCH2CH2-,
-CH2CH2-OCH2CH2CHZ2-, -(CHz), OH(CH3)-(CH2)n ,
CH2-OH(CH3);0-GH2 -(CH2)n-, -(CH2)n-CO-, - Fa-N~ -(CH2)n-O-,
(CHZ)n-S-, - (& XO®H2)-, -(SCR2)-, -(EHZ5-), A@ryl-0)-,
_(O-aryl)-, -(alkyl-&-, -(f-a &);Juhe@gm.ms jndepsaganty,0, 1, 2, 3, 4, 5,
6, 7, 8, 9, or 10. In aTourteerith principal embodjrfent, a method,
compound and pharmace&tical composition for the treatment or
prevention of a disorder associated with CXCR4 receptor activation, and
particularly a proliferative disorder, including cancer metastasis,
modulated via CXCR4 is providepd’ ¥aridcludes a compound of Formula
wSa.or XIVb, or a pharmaceutically acceptable salt, ester or prodrug
thereof; 56 Wpé) i?%?/O? 28 PCT/US2006/000604 heteroaryl heteroaryl
BTt FOREIBE e (F1>(sPac>(s heterocycle (spacer | /(spacer)
VIpECERnd A eisiRineR abargla XIV a W fl Y X -Kz bete roaryl (spacer)
HSRECR)) RArKSRACRY SRaGaR: Ad/damtereeycls MR Ry Formula XIVb

A and B and ~D-E- and -G-J- are as defined above; and

~~

A¥ig aé defined above; and
M is as defined above.

in one subembodiment, a compound of Formula X-1 to X-14 is provided, or a

- pharmaceutically acceptable salt, ester or prodrug thereof:
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wherein K, Q, T, U, V, W, X, Y and Z are as defined above; R1, Rz, R3,
R4, R5 and R6 are as defined above; "spacer" is as defined above; and
"heterocycle" and "heteroaromatic" are as defined herein. In one particular
wembediment, a method of preventing metastasis of a maligaamticeloG8eo604
provided that includes contacting the cells with a compound of Formula
XV, or a pharmaceutically acceptable salt, ester or prodrug thereof: ~N \ /-
N HFi Formula XV In a particular subembodiment, the compound is a
salt of a compound of Formula XV, particularly a chloride salt. In another
particular embodiment, a method of preventing metastasis of a malignant

Il rovided that includeg tacting {pe/eells with a compound §f—, v
!Cf /%‘IQ? |, 'or'a phak éeﬁ%?ally accepi\ bIe ‘2 es p?ro ug /)
thyek 57¢ 60

0 2006/0744 IST/US200 ‘ ! S?Ie 7y
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ith a/co S XVII, org ph
rqér re =NN, HO H Kojmula [
term alkyg; as us ererFﬁ unless otherwise spe@rfed refers to aG

saturated strarght jgranched or cyclic, prlm,am\g second@n#,}or tertlary_,ﬁ

ocaxpop ally /to 0, and'% crfr yfrnc
ro ethyl thyI prbp ropyl, cych yI
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D 6 |
: (X-14)

wherein
M, W, 3, Y and Z are as defined above;
Ry, Rg, Rs, Ry, Rs, Rg, Ry and Rg are as defined above; and
A and B and -D-E~ and -G-J- are as defined above.
Tn another subembodiment, a compound of Formula X-15 to X-28 is provided, or 2

pharmaceutically acceptable salt, ester or prodrug thereof:
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butyl, isobutyl, t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl,
isohexyl, cyclohexyl, cyclohexyhnethyl, 3-methylpentyl, 2,2-dimethylbutyl,
and 2,3-dimethylbutyl. The term optionally includes substituted alkyl
wgrowps7Msieties with which the alkyl group can be substitUREU/ER@006/000604
selected from the group consisting of hydroxyl, amino, alkylamino,
arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate, 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 at, Protective Groups in Organic Synthesis John Wiley and

@o econd Edition, 199 by inc@rr y referenceB Wifengyer
&ter ’Fl- 58 kyF\ aIkenyI",}LCI- ko J )

aﬂk/ " A@ Ky ?ﬂ C2-C5 4 Eare Leosral

considefed to Iretdde, w?dependently, each me ber of oup, such

examm}’etﬁi}l -C5 a ludes sty branchéd 5 wh yY
é\ and C5 alkyl @m t|on
1de i b ed and wh

branched and;where 58 WO 2006/074428
cycllc C €} "and C
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W

te cycllc G, C3 C 4%nad) C5 al
Iky: xy includgs straigtit, bré e,\
C4 andxC/ yns @ alities: \e

erein, and unless otheTW|se specified, ¥efers to

a C to C4 satwrate)d straight,pranched propriaté - azéycllc |
b ) e optonaly e o

ple, cycloprep orms;
U f{ss thérwi ifi in thi | ig=g=r/™
suitable yoiety, Yawer alkyt’is preferred. Simi

ng ”5 itu Hé#
N cCaon 211
larlyp (v
aIkyI |s a suitahfe. mqlety, unsubstituted a\IA’(yI

Z

hen atkyl or I6wer
ower alk)yr%é preferr

y

TM’ aIKyI PAiNe.Or @ Yrefers to ore hat? ég)r
< Iky or! ar L} . Lespectively.~fhe errél ed" as 7
hereln a 5n|es 0 is€ defined refers to a gedup thatis added to an

=]

oxygen mtrogeﬂ{drﬁphosphorus atom to rﬁvent its furtthra@action b]‘orY |
ses, A |deB arjfty ‘bxygen ni protecti UpS(
0 ntbt dkil ed n the art of orgafic nEhe > term\ands;

n
ad use eréin, and (nléss/otherise specified, Ygfers toptienyl, ¢
biphenyl, or naphthyhand preferably phenyl. The term inélddes both

substituted and
wherein

M, W, X, Y and Z are as defined above;
Ri, Rz, Rs, Ry, Rs, Rg, Ry and Rg are as defined above; and

A and B and -D-E- and -G-J- are as defined above.
In vet another subembodiment, a compound of Formula X-29 to X-38 is prov:ded or

a pharmaceutically acceptable salt, ester or prodrug thereot:
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unsubstituted moieties. The aryl group can be substituted with one or
more moieties selected from the group consisting of hydroxyl, amino,
alkylamino, arylamino, alkoxy, aryloxy, nitro, cyan, sulfonic acid, sulfate,
wWpHosphien8 acid, phosphate, or phosphonate, either unprob&atel2e/ 100664
protected as necessary, as known to those skilled in the art, for example,
as taught in Greene, et at., 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. The term aralkyl or arylalkyl
refers to an aryl group with an alkyl substituent. The term halo, as used
hegerrincludes chloro, bromexnjogo, andlu The term acyl refergtaa ,
cafboxylecgceid sték indwhich tlﬁnon-carbgz)\yl rety of the eg\ r0L>§
i seteeed %f@ﬁhﬁ, bramefied, or cyclicalkdl o J S
alkoxyalldyl incluthn me\moxymethyl, aralkyl inc Dlaing benzyl, %
apyleslicyl su %ﬁpheno ethyl, ary]i ing phehyt*dptionall
sulstitu ith geh: alkyl or
es ch Ikyl phonyl iry )
mono, dindr 59 W& 20064074428 PCT/US2006/
gﬁtegﬁityl or nién'b‘(hethoxyigrit |, substituted benzyl, triaficyisilyl (e.g.
[

/ ‘ . . N !

rethy butyl_ orl ethylsﬂ;‘}I‘ZAry_l roups in the egter )(Y
optimnal C(gm ise, & Iﬁ up. The;eﬁ/ )
acyl groip’in whishrthe ngr-carbonyl moiety is |

wer acyl" referd to\an ~/
"ﬁhaﬁ_r_rlnaceuticalby-m:peptable salt, ester or prodrug" is _ugpgg roughout'
t

ralkyl. The teg Z

?\spe ifigation to desgcribg a harmatedfically acceptable form fSucp.y .
a,@/}gne er%vp@pbg_te les r, st of an ester or/a rglated group) ofa \,N
compou hich, upon ‘administration to 4 patient frovdesthels, 1

©

compound desgri in the specification. Pharmaceutic cceptable
nolude th@s'zgtferifyed oty pharmaceyfical agcepigﬁlqé?iné)rg QL
o icshages and acids ch@s hydrochl%‘i;:_‘%ﬂ,f hydrobromigatid, 7
Sulfunic gt Tt aerd Egoﬁc acid, 'métrnesutfercamictl, ="
ethanesulfonic {#cid,jp-toluensulfonic acid, salicylfc acid, madig)aci\a,
aleic acid, succinic acid, tartaric acid, citric acid and the like. Suitable
P8It include those derived from alkali metals such as potassium and
MsoHivdiny atkdirneceardtinedtaédswstich as calcium and magnesium, among
riuMays ather acidsiyglhknuwn-n. e &/ Rharmaceutically acceptable

rodrugs” refer to a compound that Is metéé):%qized, for example
e o SRitizel A5 tREHBEE &9987m the compound of the present
invention. Typical example's of prodrugs include compounds that have 7
biologicalvdabile pirlzcloay»digHes AN &.00eKena mele olihe acive. o,
omé)ound. Prodrugs include compounds that can
» OF a pharmacevtically acceptable salt, ester or prodrug thereof:

Formuls X1

wherein

each K is independently N or CH;



be oxidized, reduced, aminated, deaminated, hydroxylated,
dehydroxylated, hydrolyzed, dehydrolyzed, alkylated, dealkylated,
acylated, deacylated, phosphorylated, dephosphorylated to produce the

Waaietatapound. The term "heterocyclic” refers to a nonar8fFakigZeyefetco+
group that may be partially (contains at least one double bond) or fully
saturated and wherein there is at least one heteroatom, such as oxygen, -
sulfur, nitrogen, or phosphorus in the ring. The term heteroaryl or
heteroaromatic, as used herein, refers to an aromatic that includes at least
one sulfur, oxygen, nitrogen or phosphorus in the aromatic ring.

d\l@nﬂ;rm{qu gxqrggﬁqsagg helgipaylissveangiheteroaromatics are pyrrolidinyl,
tetrah drofur azin ridinyl, morpholino, thiomorpholino,
I%’d %f Rﬁmdaz%if%&et i

yroohnyl pyrazolinyl, indolinyl, dioxolanyl,
or 1 4:dman§¢n@zmmmoﬁﬁgm%ﬁ%yrf @»pﬁ&yﬁrfﬁ?ﬁh AP Be A S BRN: W
a&&%ﬁr@é@e@'ﬂf&}w eﬂ- %@@éﬁéﬁ%@%e&ﬁcﬁnﬂ%@,mmly in€lazebd]l hydrogen.
Yy

1,3,5-triazin |, tetrazol ofuranyl, q I n ed or a
o2 Ay RBEI . HIT omboR oL, B

pharhazalitabxazehikbthraitotieamreiniafsnpoisothiazolyl, 1,2,4-
thiadiazolyl, |sooxazolyl pyrehr, guinazolinyl, cinnolinyl, phthalazmy}’""“\,‘r
xanthinyl, hyp L, pyrazQle, 1,2,3-triazole, 1,2,4id78eRs o \2

1,2, 2-axadiaz ' aZine, 6OMWE-2Q06/074428 /<, X" 2
PCRF//US 00@/0 benzothiophenyl, |sofﬂyrro [ pyrq{zine,
reln\ald ﬁéteroaryl or , Heté i be

of pi

optlonallygsubstl with one or more substltuenﬁ selectégfromh the
group COFISIS'[IH% of halogen haloalkyl, alkyl, alkoxy hydr%y‘, carboxyl
derivatives, am b hydroxy yI amino, alkylamino, dlaUkyIamlno

arylamino, aIko;;yL qugy, |tro'/hcyano sulfonic acid, PROP omcﬁ

acid .hospha fey either WOR cted, B
o Sessyyy, as hto tﬁose skilled in the@rt f rexa as talﬁyght in
Gréend _Prat ctivé Groups in Orgdn "J Wiley and

Sons, Sécond, n, 1991, hereby mcorporatéb by refefefive.
Functiorfal oxygek and nitrogen groups on the h&eroaryggg p can be
protected as neldéssary or desired. Suitable protecting s are well

N
'known to tho%e lled in ttheéar%nd include tnmethy@lyl,t / /§Y
dimethylhexylsi t lyl, and t- laut Idlphen [ ) S
(fiv] hthgltFy a.LK grougs, acycl group@guch %g prop{onyl,

g angsul tokenelsulfonyl. The imidine
includes, ™0t is ted to, adenine, N6- alkylp mes 1lpurlnes
(wherein épyl is C(, )(alkyl aryl, alkylaryl, or arylalkyl), N6- benzylpurlne
N6-halopurine, N@vinylpurine, N6- acetylenlc purine, N6- é&yﬁdurlne

wherein ‘
Q, T, U, V,W, X, Y and Z are as defined above; and
R1, Rz, Rs, Ry, Rs and Rg are as defined above.

In a twelfth principal embodiment, the invention provides a compound of Formula

XTI, or a pharmaceutically acceptabie salt, ester or prodrug thereof:

54



4N6-hydroxyalkyl purine, N6-thioalkyl purine, N2-alkylpurines,
N2-alkyl-6-thiopurines, thymine, cytosine, 5-fluorocytosine,
5-methylcytosine, 6-azapyrimidine, including 6-azacytosine, 2- and/or
wi-meroapipyrmidine, uracil, 5-halouracil, including 5-fluoroetagi2006/600604
C5-alkylpyriniidines, C5-benzylpyrimidines, C5-halopyrimidines,
C5-vinylpyrimidine, C5- acetylenic pyrimidine, C5-acyl pyrimidine,
C5-hydroxyalkyl purine, C5-amidopyrimidine, C5- cyanopyrimidine,
C5-nitropyrimidine, C5-aminopyrimidine, N2-alkylpurines, N2-alkyl-6-
thiopurines, 5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,
imidazolopyridinyl, pyrrolopyrimidiny, and pyra Tﬁfﬁymidinyl. Purine
bases include, but are not limiteéh{g; [gyanine; den'n‘/‘e, hypoxanthine,
2,6-diaminopurine, and 6;chloro \nn
Active Compound$ -@eneral Meth
recorded either on 400 MiZ dr 1
MHz or 150 MHz INOVAGp
referenced to the residual Solvent ey wererecorded in
deuterated chloroform, dimethyl sulfoxide-d6, deuterium oxide or
acetone-d6. Melting points were fakan ©n a Thomas Hoover capillary
melting point apparatus and are uncorrected. Low- resolution El mass
ectra were recorded on a JEOL spectrometer. Element analyses were
61 WO 2006/074428 PCT/US2006/000604 performed by Atlantic
A BB REHErBLE NSRS Helash column chromatography was performed
QSiNg, Sciwniiic AbdBrivent daborperated Silica Gel 60. Analytical thin layer
hﬁg’rﬁ%t_gggrggl%(ﬁ}&h wasdererned.onprapeoated glass backed plates
tific

c

Rflr’om Scien dsorbents Incqrporated (Silica Gel 60 F254). Plates were

Afsf & st B e aViAE 5 ATBEAEREBors or phosphomolybdic acid
(PMA) Gix differentimethddFormete XBeY todfaparacthbydmapoddigmeivis W

aiﬁa%%)&amzab oshajacterizationsiaiBovsisdistedin Table . Maihadn
ucleophilic addition bétween amines and cyanamides. %g% methodd!3 or 2
.perfoF%é%Faﬁ?@B?ﬁ%ﬂ@’P&%‘mSWWe?gtﬂ?g%} %&ré"( dn’® & arees

phhAaRedidANy. LhpnbleSel. e8tel 4Gpiodd)g Th€@w. of diamine dihydrohalide

and 3.0 eq. of cyaramide in olute ethanol were stirred togeth der
refluxing for ho%u:g.‘} e go entWas removed under® ggaming, pressude to
. s . d gy A

get thg=erude saft whighwas purified by re nir ‘N
cm@l’@z F2N Linker NH2 + H2N%N
~ N\ i%

v

(X1}

rthe Preparation of
NMRor 13C NMR spectra were
INOVA Spectrometer or 600

he spectra obtained were

=

b T

— [T
WNX W 2\;
S———
e
R,
e
wherein

CQ, T, U, V, W, X, Y and 7 are as defined above;
Ry, Rz, Rs, Ry, Rs, Rs, Ry and Ry are as defined above; and
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ition-elimination:between amines and methyl
mercapto derivatives. This method is almost similar to a literature
procedure (Linton, et al. (2001) J. Org. Chem. 66(22): 7313-7319). 1.0

WeghetiiEatine and 2.0 eq. methyl mercapto hydrohalide dE@fFAFRASENIRGRI+
dissolved in methanol. A condenser equipped with a NaOH trap at the top
was attached. After refluxing for hours, the solution was reduced to
minimal volume under reduced pressure. Ethyl either was added to

. produce white precipitate. This was recrystallized in hot methanol to give

~ pure product. (("NH H N Me CH30H N H2N Linker NH2 + (1Z / 5 Reflux

Al Bink@rINEF i -KH-Nre2X Befaid) a9oNgethod C: Condensation between
a'defﬂx%%ﬁ&@aﬁspm@igﬂw DpauaRidinestongive gusniysioznpenaceutical
derivatives. This method is modified frrorgl.the IiteratL(J:ret J&rogﬁd&ﬁ 4 receptor

CQmRBRRTK S5t BF. PGS OMET e %ﬂg?gi‘?ﬁ? RSt T 1.0 eq.

adlieldehyde/ kettnsaine 2ditqtamiogomindinditey creisaladasipsistaiiated

Wasbeated ;ngédr el oL AU S odBSuN UG W AS KO0l LopkRaMceutically

temperature and filtered to give the guanylhydrozone hydrohalides. 62

asprErabbBlb PAEDY PENg 8565961000604 R3 R3O R2 N' ~ N'R' |
CH3CHZOHsR "N Linker R2 NNR Linker H Rr G¥zN eflux R5 N
N-NH. R, nXHR3 X} Method ): Reductive amingtion een

aldehydes/ket ¥es apf amines (Ab_%1< agid, et al. Y1996). Org. Clime.
r

61:3849-3862). I'0ep. dialdehyd <etones and 2. qu. afines were

mixed in 1, 2-di¢hloroethaneremdthen tre swithi 13,0 fréeg's0dium
tl7acetoxyborohydrldeJ<0-2.0 mo "31 etic acig hay also be added in
reactions of ketones). The mixture V\/El stirred at foom temperature under
an argon or nitrogen atnjposphere for hdurs until t e disappearance of the
reactants in TLC plates. The reactjgp, mi¢yre was quenched by adding |
N NaOH, and the product was extracted by ethyl ether, washed by Brine
véwebidried
KQ T.U,V,W, X, Y and Z are as defined above;
Ri, Ro, Ra, Ry, Rs and Ry are as defined above; and ,
“spacer”’ is indepéndently a bond, straight chained or branched C1-Cs alkyl, Co-Cs alkenyl,
C»-Cs alkynyl, C1-Cs alkoxy, C2-Cs alkenoxy, and Cy-Cs alkynoxy wherein the alkyl group
can be substituted by a heteroatom (such as N, O or ) for example -CHp-OCHz-, -CHCHo-
OCH;-, -CH2CH,-OCH,CH,-, -CH,-OCH,CH2-, ~CHoCHy-OCH,CHLCHy-, ~CHoCHyCHz-
OCH,-, -CH,CH,CH,-OCH;CHz-, -CHZCHZ—OCchHZQHZ—, -(CHz)-OH(CH3)-(CHa)u-,
CHp-OH(CH;)}-0-CHa, ~(CHp)n-, (CHa)n-CO-, ~(CHz)n-N-, «(CHz)n-O-, (CHa)n-S-, -
(CH;0)-, (OCHz)-, (SCHa)-, «(CHaS-), ~(ary}-0)-, -(O-ary])-, (alkyl-O)-, -(O-alkyl)-
wherein 1 is independently 0, 1,2, 3,4, 5,6,7,8,9,0r 10.

In a fourteenth principal embodiment, 2 method, compound and pharmaceutical
composition fér the treatment or prevention of a disorder associated with CXCR4 receptor
activation, and particularly a proliferative disorder, including camcer metastasis, modulated
via CXCR4 is provided that includes a compound of Formula XIVa or XIVb, or 2

pharmaceutically acceptable salt, ester or prodrug thereof:
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by anhydrous MgSO4. The solvent was evaporated to give the crude free
base which could be purified by chromatography. The free base dissolved
in ethanolic hydrochloride or tartaric acid to give the salts which usually

woanosdgomgtallize from McOH/Et20. R3 O R2 R3 NaBH(OAESrRIA2fpG90604
Linker + HNC R4 1,2-dichioroethane Rl N-R3 R4 Method E: Reduction of
amides (lvlicovic and Mihailovic (1953) J. Org. Chem. .18:1190). The
amides could be prepared from the corresponding carboxylic acid or
carboxylic chlorides. A mixture of carboxylic acid and thionyl chloride was
refluxed for hours in.an anhydrous system with a condenser equipped
with a NaOH trap at the top. The excess thionyl m%rri[gag S removed
under reduced PréEatE to get the carboxylic chl rldem.TRe carboxylic
chloride was i§§gl§5r§ in dichloromT ane followingetheyaddition of 2.0 eq.
amine and 3 €. pynidine! The mixtare 'was stirred at rbom emperature
until the disappgasance ofsthergactants ip-thierddeC phatesi) The solvent
was removed under reduted pressyr get ths, crde amides which can
be purified by chromatggraphy. The fixture of 1 §q. amide and 1.9 eq.
LiAIH4 in THE was refluxed until they disappearanice of the amide from
TLC plates. Then the Sblution was quenched with'the addition of water
and 15% NaOH aqueous as desciibBEHH S and extracted with ethyl
ether, driedmovy::k&g\i;M. Removal of the solvent g e/ftee amine
product which £an be purified by the chromatograplly. TheNree base
dissolved in etignoligZhydrochloride or tartaric acid t ,gi\ie\Ze'salts which
usually can recr ze from Mcj)ﬂ(ggg 4163 WO 20 074428

PCT/US2006/00Q604 cl Oibinket H SOCIZ-tinkenHO:B«@! O Amine ~
Pyridine R1 R1 N-'R?\Wl-M INpIR ¢ e nke?\Lrjm(er RI-N THE R-N O
R2 Rz & i

R: Ry
Formulzs XIVD
wherein
KQT,UV, WX YandZarsas defined above;
Ri, Rz, Rj, R4, Rs and Rg are as defined above;
“spacer” 1s as defined above; and

“heterocycle” and “heteroaromatic” are as defined herein.
In one particular embodiment, 2 method of preventing metastasis of a malignant cell

is provided that includes contacting the cells with a compound of Formula XV, or a

pharmaceutically acceptable salt, ester or prodrug thereof:

Formula XV

In a particular subembodiment, the compound is & salt of 2 compound of Formula XV,

particularly a chloride salt.
In another particular embodiment, a method of preventing metastasis of a malignant

cell is provided that includes contacting the cells with a compound of Formula XVI, or a

' pharmaceutécaﬁy acceptable salt, ester or prodrug thereof:
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Method F:, Nucleophilic substitution of halides with amines. A mixture of
1.0 eq. halides, 2.0 eg. amines and 3 eq. pyridine in ethanol was refluxed
for hours until the disappearance of the reactants. The solution was
WeaheH4&W and extracted with ethyl ether, washed with briRETdHeP&HEAcH
MgSO4 Removal of the solvent gave the free amine product which can
be purified by the chromatography. The free base dissolved in ethanolic
hydrochloride or tartaric acid to give the salts which usually can
recrystallize from McOH/Et20. R1 R1 XLinker X Amines_ N/ Pyridine
R2 Linker N\R2 Table 1. CHARACTERIZATION DATA FOR THE
PREPARED COMPOUNDS MS(EI+) M. Ele . ailz Entry Structure
HNVIIZ 13CNMK (~C) Analysis (M~ Found (Calcd}j Found (Calcd.)
C8H14C1>N6 D20: 600Mz C: 36 34~*H=111"R40(4H, s) 302-304
(36.24); WZISHNA,) NH}?HC 13¢r 159019,136.364, (dec) H: 5.34
(5.32); N:129.981 Gf: S?q/(ZG. 4) NN"3 DMSO: 400Mz IH: 8.66(211, s);
7.6-8.6(4H, C14H22I12N6NW23S NY~ 21" br); 7.31 (411, s); 4.36(411, s);
294-296 C: 32.06 (31,84) NH 3.60 (811, s) (dec) H: 4.35 (4.20) 13C:
159.31, 136.50, 127.53, N: 15.79 51?)1 45.06, 42.54 C1oH16C12N8.0.7
DMS$0:40@Me20:Nibbditnch? 28(Ead of recoaniipp mefaasiehy mabgnant

Z48H . NH fa88:8 20 &1 whih3:l 6oddBuskiar) Forfalde X VIL, or &
cellis BRIYES gﬁ%%‘é%%’;?f%%%%%gg 8,523 (5?2%?;

pharmaceutically acceptable salt, ester or pro
N ’d
/l\\\ ‘
N N
H

W

TFormmis XVIL

Definitions

The term alkyl, as used herein, unless otherwise specified, refers to-a saturated
straight, branche;“i, or cyciic, primary, secondary, or tertiary hydrocarbon of typically Cy to
Cyg, and specifically includes methyl, triflucromethyl, ethyl, propyl, isopropyl, cyclopropyl,
butyl, isobutyl, #butyl, pentyl, cyclopentyl, isopentyl, peopentyl, hexyl, isohexyl, cyclohexyl,
cyclohexylmethyl, 3-methylpentyl, 2.2-dimethylbutyl, and 2 3-dimethylbutyl.  The term
cptionaﬂy; includes substitated alkyl groups. Moieties with which the alkyl group can be
substitated are selected from the group consisting of hydroxyl, amino, allkylamine, arylamine,
alkoxy, aryloxy, mnifro, cyano, sulfonic acid, sulfate, phosphomic acid, phosphaite, or

phosphonate, either unprotected, or protected as pecessary, as known to thoss skilled in the

art, for example, as taught in Greene, et al., Protective Groups in Organic S@thesis, John
Wiley and Sons, Second Edition, 1991, hereby incorporated by reference.

Whenever the terms “C1-Cs alkyl 7, “C2-Cs alkenyl”, “C1-Cs alkoxy”, “Cp-Cs
alkenoxy”, “Co-Cs alkynyl”, and “Co-Cs alkynoxy” are used, these are considered to
inciude, independently, each member of the group, such that, for example, C1-Cs alky!
includes straight, branched and where appropriate cyclic Cy, C2, C3, C4 and Cs allkyl
functionalities; Cp~Cs alkenyl includes straight, branched, and where appropriate cyclic Cg,

C3,Csqand C 3 alkenyl fimctionalities; C1-C5 alkoxy inciudes straight, branched, and where
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127.84 N: 33.42 (33.77 ; 64 WO 2006/074428 PCT/US2006/000604 ClI:
21.11 21.37) DMS0:400Mz NH 1H: 8.08 (2H, s); WZ5S H:N N / 8xNH'
7.32(4H, s); 6.85-7.71 (8H, br); 278-281 "H 2HC 4.37(4H, s) (dec) 13C:

WORPSR7H36.61, 127.53, 43.65 DMSO: 400Mz 1H:12.39(2HCE) I S2E0R0604
(4H, C14H20Br2Ng Wz6S NH N HY~ br); 8 22 (2H, s), 7.92 (4H s);
349-352 C: 41.19 (40 Q6) | ,, z, H"-) 3.75 (8H, s) (dec.) H: 6.35 (6.19) H -
13C: 195.31, 136.50, 127.53, N: 28.32 (28.66) 45.06, 42.54 D20: 1H
(600MHz): 7.58(4H, s); C16H38C14N402 WZ7S 4.37(4H, s), 3.58(8H, s);
250-252 C: 41.75 (41.83) NA" - 4HCi 2H,0 2.98(12H, s) (dec.) H: 8.32

ap%%%atiﬁé@gg (r)@g) %33:@5:1%@ Skoy: fm@cﬁcnehmegzﬁ;z@mli@&osn includes

400Mz 1H:

stgigh [BrncRed bl FIOTR APRIPRRS 5 SRk ﬁz&{éﬁ?}v‘éﬁ% %ﬂ%g%a‘iﬁes

c%l ; ‘a?k%ﬂﬂr?-)néluaZs(4&1@t&@n&ﬁiﬁbﬂﬁﬁ%ﬂbﬁ)@t®e@m|'¢17% C2.21) and

4(4H, t, J=6.2Hz) N: 12.52 (12.
Cs allq(myl ﬁinctlonaht}e)s and Cr-Cs a O o;%rngc!g’xdes 8 a1g %an%%g (axjﬁ! \%hare

appropriate cyclic Cy, C3, C4 and Cs alkynoxy functionalities.
The term lower alkyl, as used herem, and unless otherwise specified, refers to a Ci io
‘ C4 saturated straight, branched, or if appropriate, a cyclic (for example, cyclopropyl} aﬂcyl

‘group, aptlonally including substituted forms. Unless otherwise specifically stated in this
apphcanon when alkyl is a suitable moiety, lower alkyl is preferfed. S1m11ar1y, when alkyl
or Iower alkyl is a suitable moiety, unsubstituted alkyl or lower alkyl is preferred

The term alkylamino or arylamino refers to an amino group that has one or two allcyl
or ary! substituents, respectively. ' |
~ 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
skilled in the art of organic synthesis. |
The term aryl, as used herein, and unless otherwise specified, refers to phenyl,
biphenyl, or naphthyl, and preferably phenyl. The term includes both substituted and
unsubstituted moieties. The aryl group can be substituted with one or more moieties selected
from the group consisting of hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro,
oyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, either

unprotected, or protected 4s necessary, as known to those skilled in the art, for example, as

tanght in Greene, ef ¢l., 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. The
term aralky! or arylalky! refers to an ary] group with an alkyl substituent.

The term hale, as used herein, includes chioro, bromo, iodo, and fluoro,

The term acyl tefers o a carboxylic acid ester in which the non-carbonyl moiety of
the ester group is selected from straight, branched, or eyclic alkyl or lower alkyl, alkoxyalkyl
including methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as phenoxymethyl,
ary! including pheny! optionally substituted with halogen, Cq to Cy4 alkyl or Cq to C4 alkoxy,

sulfonate esters such as alkyl or aralkyl sulphonyl including methanesulfonyl, the mono, di or
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7.18(4H, t, J=5.2Hz); 6.71(2H, t, J=4.8Hz); 6.64(4H, d, WZ8 B p J=6Hz),
3.81(4H, s); 3.23(4H, t, 42-43 J=3.6Hz); 2.91(4H, t, J=3.6Hz); 4.12(2H,

br) 13C (400Mz): 148.64; 139.18; 129.38; 128.36; 117.53; 113.13; 53.49;
WORWAI48B5 D20: 400Mz IH: 8.87(4H, d, J=7.2Hz); C201- PZB0UNAGT00G04
1r~." N 8.12(4H, d, J=7.2Hz); 7.63(4H, 244-246 1120 WZ9S 4HCi );
4.66(411, ); 4.48(4H, s) (dec.) C: 50.60 (50.37) 13C: 151.21; 142.45;
131.84; H: 5.74 (5.79) N :11.49 (11.75) 131.18; 127.47; 51.35; 49.03
CDC13: IH (600Mz): 8.55(4H, d, J=5.4Hz); 7.32(4H, s); 7.30(4H, WZ9 p |
p N d, J-5.4Hz); 3.83(4H, 3.81(4H, s); 1.73(2H, s) 13C (400Mz): 149.73;

149 38: 138,72: - : - : il (oo di )
ey e M
tchuipdsilpl oy, Sipbapimetyislyls 7St #7785 T Be Ko Gy BRaRY comprise & phenyl
Féep/US2006/C00604c5); #66(%ldn 5)yieAtfit, whith the70¢b-ahdiyl moiety is
ié%s%%%%) D20: IH:600mHz 8.61(2H, dd, 3=6Hz,1.2Hz); 8.60(2H, d,

7.99(2H, C20H24CI2N4 .
The term “pharmaceutically acceptable salt, ester or prodrug” is used throughout the

specification to describe any pharmaceutically accepiable form (such as an ester, phosphate
ester, salt of an ester or a related group) of a compound which, upon aciministraﬁbn'to a
patient, provides the compound described in the specification. Pharmaceutically acceptable
salts include those derived from pharmaceutically acceptable inorganic or organic bases and
~ acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
meﬂiénesulfonic acid, ethanesulf.onic acid, p-toluensulfonic acid, salicylic acid, malic acid,
maleic acid, succinic acid, tartaric acid, citric acid and the like. Suitable salts include those
derived from alkali metals such as potassium and sodium, alkaline earth metals such as;
calcium énd magnesium, among numerous other acids well knqwn in the art.

Pharmaceutically acceptable “prodrugs” refer to a compound that is metabolized, for
example hydrolyzed or oxidized, in the host to form the compound of the present invention.
Typical examples of prodrugs include compounds that ha;ve biologically Iabilé protecting
groups on a functional moiety of the active compound. Prodrugs includs compounds that can
be oxidized, reduced, amimated, deaminated, hydroxylated, dehydroxylated, hydrolyzed,
dehydrolyzed, alkylated, dealkylated, acylated, deacylated, phosphorylated, dephosphorylated
to produce the active compound. ‘

The term “heterocyclic” refers to a nonarométio cyclic group that may be partiaily
{contains at least one double bond) or fully saturated and wherein there is at least one
heteroatom, such as oxygen, sulfur, nifrogen, or phosphorus in the ring. The term heteroaryl
or heteroaromatic, as used herein, refers to ap aromatic that includes at least one sulfur,
oxygen, nitrogen or phosphorus in the aromatic ring. Nonlimiting examples of heterocylics
and heteroaromatics are pyrrolidinyl, -tetrahydrofuryl, piperazinyl, piperidinyl, morpholino,
thiomorpholino, tetrahydropyranyl, imidazolyl, pyrolinyl, pyrazolinyl, indolinyl, dioxolanyl,
or 14-dioxanyl. azirdinyl, furyl, furanyl, pyridyl, pyrimidinyl, benzoxazolyl, 1,2.4-
oxadiazolyl, 1,3,4-oxadiazoly}, 1,3,4-thiadiazole, indazolyl, 1,3,5-triazinyl, thienyl, tetrazolyl,
benzofuranyl, quinolyl, isoquinolyl, benzothiemyl, isobenzofuryl, indolyl, isoindolyl,
benzimidazolyl, purine, carbazolyl, oxazolyl, thiazolyl, benzothiazolyl, isothiazolyl, 1,2,%-
thiadiazolyl, isooxazolyl, pyrrolyl, quinazolinyl, cinnolinyl, phthalazinyl, xanthinyl,
hypoxanthinyl, pyrazole, 1,2,3-triazole, 1,2,4-triazole, 1,2,3-0xadiazole, thiazine, pyridazine,
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3(dec.) H: 6.17 (6118)) WzIOS a J4 39 (4H, s); 4.37 (4H, s) m} 13C:
400MHz N: 13.89 (14.32) 148.85;149.82;139.26;132.13; 130.81; 127.48;
124.83; 50,481 48.15 D20: 1H:8.76(2H, d, J=4.8Hz); C23Hz6C14N40.5
WB.3B2H4ds J=8Hz, J=1.2Hz); H20 7.91(2H, d, J=8Hz); 7.98{PAYS2006/000604
236-238 0.2CH3000CH2. N " N J=6.4Hz); 4.62(4H, s); (dec.) CH3 wziis
anti 4.47(4H, s) C: 50.59 (50.89) 13C: 146.12; 145.53; 144.95; H: 6.08
(5.87) 131.84; 131.07; 127.47; 127.26; N: 11.46 (11.41) 51.18; 47.91
DMSO-D20: 400Mz 1H: 7.35 (4H, s), 7.30 (4H, m), , 4.41 (4H, s) WZ13S
7.10 (6H, m) 13C: 137.85, 133.27, 129.88, 129.46, 126.58, 121.70, 51.82

T e Y e T
. HaBOckAg 2813816 E: toiteudly sobpigial 7itheonq SroBozgspEstitERt §gected from
th%OQMﬁalcldﬁszsﬂ)@éw 7@65313,%31’5%1@); alkyl, alkoxy, hydroxy, carboxyl deri;vati'ves,
amido, hydroxyl, acyl, amino, alkylamine, dialkyiamiﬁo, arylamino, alkoxy, aryloxy, nitro,
cyano, sulfonic acid, sulfate, phophonic acid, phosphate, or phosphonate, either unprotected,
.or protected as necessary, as known to those skilled in the art, for example, as taught n
"Greene, et al., “Protective Groups in Organic Synthesis,” John Wiiey and Sonms, Second -
. Edition, 1991, Eereby incorporated by reference. - '
| . Functional oxygen and nitrogen groups on the heteroaryl group can be protected as
necessary or desired. Suitable protecﬁng groups are well-known to those skilled in the art,
and inciude trimethylsilyl, dimethythexylsilyl, tbutyldimethylsilyl, and t-butyldiphenylsilyl,
trityl or substituted trityl, alkyl groups, acycl groups such as acetyl and propionyl,
methanesulfonyl, and p-toluenelsulfonyl. '
The term purine or pyrimidine includes, but is not limited to, adenine, Né-
'alkylpun'nés, NP-acylpurines {whereiﬁ acyl 1s C(O)(alkyl, aryl, alkylaryi,‘ o1 aryl#ikyl), N°-
benzyipuriné, N6~halopurine, Nﬁwvinylpurine, Ns-acetyle_nic purine, Ne-acyl purine,
"NC-hydroxyally! purine, N'-thioalkyl purine, N>-alkylpurines, N*-alkyl-6-thiopurines,
thymine, cytosine, 5-fluorocytosine, S-methylcytosine, 6-azapyrimidine, mcluding
§-azacytosine, 2~ and/or 4-mercaptopyrmidine, uracil, 5-halouracil, including 5-flnorouracil,
CE-alkylpyrimidines, C>-benzylpyrimidines, C*-halopyrimidines, C*-vinylpyrimidine, C*-
acetylenic pyrimidine, C*-acyl pyrimidine, CP-hydroxyalkyl purine, C-anvidopyrimidine, C°-
cyanopyrimidine, C’-nitropyrimidine, C®-aminopyrimidine, N*-alkylpurines, N*-alkyl-6-
thiopurines, S-azacytidinyl, 5-azeuracilyl, triazolopyridinyl, imidazolopyridinyl,
pyrrolopyrimidinyl, and pyrazolopyrimidinyl. Purine bases include, but are not limited to,

guanine, adenine, hypoxanthine, 2,6-diaminopurine, and 6-chloropurine.

Processes for the Preparation of Active Compournds

General Methods. 'H NMR or C NMR spectra were recorded either on 400 MHz
or 100 MHz INOVA Spectrometer or 600 MHz or 150 Mz INOVA Spectrometer. The
spectra obtained were referenced to the residual solvent peak. They were recorded in
deuterated chloroform, dimethy! sulfoxide-d6, deuterium oxide or aceione-d6. Melting points
were taken on a Thomas Hoover capiliary melting point apparatus and are uncorrected. Low-

resolution EI mass spectra were recorded on a JEOL spectrometer. Element analyses were
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7.23 (4H, m); 6.78 (2H, t, WZ14" N 3=7.7Hz); 6.68 (4H, d, 288.5
3=7.7THz); 4.07(211, s) (288.4) 13C: 148.26, 140.09,129.44, 129.03,
126.74,126.54, 117.77, 113.05, 48.42 D20: 400Mz 1H: 7.49(6H, m);

WD 3N@H 429, H 7.21(4H, m); 7.15(1H, s); WZ14S 4.59(4H k)13 61B@:04
133.95, 132.22,131.68, 131.06, 130.32, 129.86, 122.93, 54.6 DMSO:
400Mz WZZL 01 1111:7.93(2H, dd, J=4.8Hz, =- | " .2Hz); 7.34(2H, td,
J=12.8Hz, 811 v " 2Hz); 7.25(4H, s); 6.96(2H, t, J=6Hz), 6.45(4H, m);
4.41(4H, 66 WO 2006/074428 PCT/US2006/000604 d, J=6Hz) 130:
158.66, 147.53, 138.84, 136.60, 127.11, 111.67, 108.11, 43.93 D20:.

pAOOM B AN REFEDabENchédosE, BO(R Hiatll, cohBud ez 58108450 5EF

MERLHLAAEAR SR SHek MRt 0 At g;azamm&

7.43(4H, s); 7.02(2 8.4Hz); 6.90(2 tJ64HZ CI
ch@mstowﬁm(m B ?W?)Pféce#%ﬂﬁiaﬁim}{@a S e S

Adsorbents Incorporated (Silica Gel 60 Fzss). Plates were visualized using ultravzolet or
iodine vapors or phosphomolybdic acid (PMA).

Six different methods were used to prepare fhe corapounds of the invention and the
characterization d_ a weore listed in Table 1. A

Method A: Nucleophilic addition between amines and cyanamides. This method is
performed according to a2 modified literature pmce.dure (Braun, et al. (1938) J. Am. Chem.
Soc. 3: 146-149). 1.0 eq. of diamine ditiydrohalide and 3.0 eq. of cyanamide in absolute
ethanol were stirred together under refluxing for hours. The solvent was removed under

reducing pressure to get the crude salt which was purified by recrystallization in methanol.

NH
, CHsCHoOH  H.N
HN—ClinkeDNHy + NN "SNNH
Xk
Methed B: Additiop-elimination between amines and methyl mercapto
derivati\_ies. This method is almost similar to a Hiterature procedure (Linton, et al. (2001) J.
Org. Chem. 66(22): 7313-7319). 1.0 eq. of diamine and 2.0 eq. methyl mercapto hydrohalide
derivatives were dissolved in methanol. A condenser equipped with a NaOH trap at the top
was atiached. Afier refluxing for hours, the solution was reduced to minimal volume under
reduced pressure. Bthyl either was added to produce white precipitate. This was recrystallized

in hot methanol to give pure product.

| (@NH
: ' M . : ==

N XH Reflux =M
2XH  HN
Vo

Method C: Cordensation between aldehydes/ketones and amine guanidines to

give guanylhydrozone derivatives. This method is modified from the literature procedure
(Murdock, et al. (1982) J. Med. Chem. 25:505-518). A mixture of 1.0 eq. dialdehyde/ketone
and 2.0 eq. amino guanidine hydrohalides in ethanol was heated under reflux for hours. The
mixture was cooled to Toom temperature and filtered to give the guanylhydrozone
hydrohalides. '
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J=8.4Hz); 7:40(4H,s); 7.11(6H, m); 6.90(211, t, J=6Hz); WZZL 81 ITS""
4.58(411, d, 3=5.4Hz); 3.68(2H, 2isOH br) 2.84(4H, S) 13C
(400Mz):152.56, 145.40, 143.49,137.82, 136.26,135.88,

W0 2800271978.93,125.48,112.42, 44.56, 20.78 D20:400Mz IPKTE/Z:3B@44040+
3=9.2Hz); CisHieN4.1.75C4 HH " 7.78(2H, d, J=6.4Hz); 7.42(4H, WZZL "
" off o ff s); 7.02(2H, d, 3=9.2Hz); 151( 81ILT I Ho 6.89(2H, t, 3=6.4Hz);
4.62(4H, C: 53.51 (54.3} R"rsoon o s); 4.45(3H, s) H: 5.35 (5.19) 330:
173.18, 158.52, 147.25, N: 10.11 (10.13) 138.78,136.79,127.14,111.69,
108.23, 72.16, 43.94 DMSO [H (600Mz): 7.96(2H, D, J=3Hz); 7.73(2H,
dd 3=3Hz, 1.2Hz); 7.32(4H,8); 7.02(2H, H N " dd, 3=6Hz, 4. 2Hz TR

90.4°WZ717 " o}, 3=6Hda.oh,Bkiz, Rﬁ SH W%@m
£000.4) JHEEHS; I‘@C (40RKZ): 14543 O,N 8 N-NH . RS
137 57,136.17,128,00,124x01% 118.39, 46.42, D2O:600ME<H.11: 7. 92(411,

g\gZﬂg’Eg)m’edWc%lZ Mn%(ﬂﬁm&eén@&ﬂﬂdﬂ/ﬁ%é@Z@ﬂmmes {Abdel-
136 0, 128.25, 127.85, 127.16, 124.26, 45.73
Magid, et al. (1996) J. Org. Chem. 61:3849-3862). 1.0 eq. diaidehydes or ketones and 2 0eq.

amines were mixed in 1, 2-dichloroethane and then treated with 3.0 eq. sodium

macetoxyboronvande {1.6-2.0 mol eq. acetic acid may also be added in reactions of kstones}.
The mixture was stirred at room temperature under an argon or mtrogen atmosphere for hours
‘ until the disappearance of the reactants in TLC plates. The reaction mixture was quenched by
adding 1 N NaOQH, and the product was extracted by ethy} ether, washed by Brine and dried
by anhydrous MgSO4. The solvent was evaporated to give the crude free base which could be
purified by chromatography. The free base dissolved in ethanofic hydrochloride or tartaric
acid to give the salts which usually can recrystallize from MeOH/ERO.

2

RZ 3 4_.._. 2
ST+ oy omOk, "N G
=¥ ' S ¢ “gé  1,2-dichloroethane R !N——RE

‘ od

Method E: Reduction of amides (Micovic and Mihailovic (1953) J. Org. Chem.
18:1190). The -amides couid be prepared from the corresponding carboxylic acid or
carboxylic chlorides. A mixture of carbexylic acid and thionyl chloride was refiuxed for
hours in.an anhydrous system with a condenser equipped with a NaOH trap at the top. The
excess thiony] chloride was removed under reduced pressure to get the carboxylic chloride.
The carboxylic chioride was dissolved in dichloromethane following the addition of 2.0 eg.
amine and 3 eq. pyridine. The mixture was stirred at room temperature until the
disappearance of the reactants in the TLC plates. The solvent was removed under reduced
pressure to get the crude amides which can be purified by chromatography.

The mixture of 1 eq. amide and 1.9 eq. LiAlH, in THF was refluxed until the
disappearance of the amide from TLC plates. Then the solution was quenched with the
addition of water and 15% NaOH aqueous as described in 1it.5 and extracted with ethyl ether,
dried over MgSO,4. Removal of the solvent gave the free amine product which can be purified
by the chromatography. The free base dissolved in ethanolic hydrochlonide or tartaric acid to
give the salts which usually can recrystaliize from MeOH/EtQ.

63



CDC13: 400Mz 111: 7.24(4H, m): 7.19(4H, s); 6.75(4H, m); 4.53(4H, s);
WZ18 N " 3.02(6H, s) 13C: 149.90,137.83,129.35,
127.16,116.69,112.52,56.53, 38.69 67 WO 2006/074428
WBCHHASR2006/000604 DMSO 1H (600Mz): 7.32(8H, m); 7,P8{AES26)6/000604
7.22(2H, tt, WZ19 T J=7.2Kz, 1.2Hz); 3.66(4H, s); 3.65(4K, s); 2.53(2H, s)
13C (400Mz): 140.44, 139.12, 128.49, 128.33, 128.26, 127.04, 53.24,
53.00 DMSO : 400Mz vl vHv Iv Iv IK: 9.66(4H, s); 7.59(4K, s); VvJZi"*>S
7.54(4K, m); 7.43(6H, m); 2HCI 4.174H4.134H,s) DMSO 1H (600Mz):
10.60(3H, s); 8.71(3K, s); 7.83(6H, d, WZ20 H 0 3=7.8Hz); 7.40(6H, t,
J=7.8Hz); 348-320 _7.15(3H; t, J=7.2Hz); 13C (§00Mz): 164.54, 138.94, 0

0 135.50, 129-7GL #2875 124.00,2226.41 CDC 300N 7.79(3H,
s); 7.62(2K%, 3=7.8Hz), ?.58(1H, s); 7.38(2H!"t, 3=7.8Hz); ©18(5H, m);
Amine
Pyridine
4 R‘i
A\
N~]2 LiAlH, OmNMRZ
R~ e T g Lk o
\Rz \RE

Method F:, Nueleophilic substitution of halides with amines. A mixture of 1.0 eq.
halides, 2.0 eq. amines and 3 eq. pyridine in ethanl was refluxed for hours until the
disappearance of the reactants. The solution was condensed and extracted with ethyl ether,
washed with brine, dried with MgSQs.. Removal of the solvent gave the free amine product
which can be purified by the chromatography. The free base dissolved in ethanolic
hrydrochloride or tartaric acid to give the salts which usually can recrystallize from
MeOH/ELO.

R1 R1

Amines N\ /
= ClnkeD—X PByridine. RE/NN\

RZ

Table 1. CHARACTERIZATION DATA FOR THE PREPARED COMPOUNDS

MS(EI+)
. M.p. Element 1Tz
Entry Structure "HNMR/MCNMR oo Analysis (M)
C Found (Caicd.) Found
(Caled.)
CoHiClalNs
) D:0: 600Mz % 6325’)4
N -NHz - . - ' 2
wzis | KT we %{C ! '1%5%(?)%?36 364 3%?{;?4 H: 5.34 (5.32);
§ 120081 N: 31.76 (31.70)
' ClL: 26.70
(26.74)

HN"> DMSO: 400wz ‘
= TH: 8.66(2H, 5); 7.6-8.6(4H, CraHanlaNg

1
wzas | R\/Q/\ﬁzm br); 7.31 (4H, s); 4.36(4H,5); | 294-296 | C:32.06 (31.84)

4 - |3.60(8H,5) (des) | H:4.35(4.20)
13C: 159,31, 136.50, 127.53, N: 15.77 (15.81)
45.06,42.54
CmH]sCigNg.G.’]
DMSO: 400Mz H;0
sl | TH: 12.28(2H, s); 8.21 (2H, 8); C:136.07
JH N- - L4 ¢l b - - .
W7z4s H,N«&ﬁ'”v@i " W | 7.94 @H, 5); 7.60-8.20 (SH, ) 31(333)18 (36.20);
13C: 155.52, 145.98, 135.18, | w523 (529,
127.84 N: 33.42
| (33.77);
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HN ~~~000 6.75(2K, td, 3=7.8Hz, 1.2Hz); 407.6 WZ21 6.64(4H, d,
3=6.6Hz); 4.41(4H, (407.5) N1/N\S)//13C: 165.97, 147.92, 141.07,
138.00,135.79, 129.80, 129.46, 129.18, 125.03, 124.78, 120.52,

wO800274478.15,48.04 CDC13: 400Mz 9 1K: 7.31(3H, s); 7. PE(BHS290)i/440¢04

6.74 (3K, tt, 3=7.2Hz, 0.8Hz); 393.5 WZ22 6.63(6K, dm, 3=7.2H2);
(393.5) N H 4.32(6H, s): 4.03(3H, br) 13C: 148.24, 140.60, 129.44,
125.66,117.84,113.10,48.42 HN D20:400Mz WZ22S 1H: 7.41(9H, m);
7.16(3K, s); NI N\6.98 (6H, m): 4.51(6K, S) I / 3HCi / CDC13: 1H
(600Mz): 7.41(4K, m); 7.32(1H, t, 3=7.2Hz); 7.22(2K, t, J=7.2Hz);

6.76(1K, td, WZ23 J=7
(2H,s)-4.06(1H br) 13

2Hz, 1.2Hz); 6.68(2H, d, 3
C(400Mz): 148.33 1396

4-35 33
1294

7 2BEPIAB7
4133187

13C: 151.21; 142.45; 131.84;
131.18; 127.47; 51.35; 49.03

127.68, 127.39, 117.7 %‘ﬁ%@ 0%6 68 WO 2006/074438
el rszogeibeos G FiHl cioe ey 1 30100
Wz2 '3662H, s) 231423 HCi 13C: 134,37, (24.26,129.86,
13C: 157.12, 136,61, 127.53,
4365
DMSG- 400Mz
1H:12.39(2H, s); 8.3-9.2 (4H, CiHpBrNy |
M | br): 822 (OFL ) 7.92 (4H, ) | 349.352 | C: 41.19 (40.96)
a2, I k¢ H
wzes | VX0 137568, 9) (dec) | H:635(6.19)
R 13C: 195.31, 136.50, 127.53, N: 28.32 (28.66)
45.06, 42.54
DzO;
A TH (600MHz): 7.58(4H, 5); C1eHigCLN,O,
M | 43T, 5), 3.58(3H, 5); 250252 | C:41.75 (41.83)
WZ75 1 o wﬁ«@/\ﬁm mo | 298(12H, 5) (dec) | H:832(8.26)
13C (400Mz): 13195, 130.81, N: 12,17 (11.92)
52 45, 51.30, 43 45, 41.45
D50 400Mz
1H: 7.45(4H, 5); 7.24(4H, ¢,
CasHzaClNg
F=7.2Hz); 6.82(2H, t, J=72Hz)y, |
3 i .
wzss | O Y 6.73(AEL, d, J=7 2Hzy; A.27(4F, | 220322 | C: 64.42(64.32)
y - -2Hz); 4. (dec) | H:721(721)
. 8); 3.47(4H, t, J=6.2Hz); N: 12.52 (12.30)
3 24(4H, 1, 7=6.2Hz) +12.52 (12.
EDoB:
| 13 (600MHz): 7.29(4H, s);
7.18(4H, 1, J=5.2Hz); 6.71(2H,
t, T=4.85z); 6.64(4H, d,
A | F6T2), 381(AH, 5); 30345, 1,
wzs | a0 3=3.6Hz); 2.91(4H, 1, =3 6Hz), | >
4.12(2H, br) |
1 13C (400Mz): 148.64; 139.18;
129.38; 128.36; 117.53; 113.13;
53.49; 48.17; 43.65
e ?éos%%(}(lf}? 4, 1=7.2Hz); CroFagel.7
WIS ATV 51208, d, 77 2Hz), 7.654H, | 244.246 C: 50.66 (50.37)
WOy 4 664K ): 4.48(AH, 5) @) | G204 50

N 1149 (11.75)

WZ9

SUVCR RS

CDCI3:

1H (600Mz): 8.55(4H, &,

J=5 4Hz); 7.32(4H, 5); 7.30(4H,
d, 1=5.4Hz); 3.83(4H, );
3.81(4H, 5); 1.73(2H, &)

13C (400Mz): 149.73; 149.38;
138.72; 128.21; 122.93; 52.84;
5172

SUNSA A

4HCl

WL298

D20: 600Mz
1H: 8.87(4H, d 7=7.2Hz);

8.12(4H, d, J=7.2Hz), 7.63(4H,

C20H26CIN4.
0.75120

1 C:50.57(50.37)
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129.60,129.58,129.44,128.87, 124.17, 56.18 CDC13: 400Mz IH: -
7.32(411, s); 7.11(4H,.t, J=7.8Hz); 6.66(2H, tm, 1=7.2Hz); 6.52(4H, dm,
WZzZ24 H H J=7.6HZ); 4.48(2H, m); 1.52(3H, s);1.50(3H, s), 13C: 147.51,
wh4t83)143896 129.30, 126.35, 117.35, 117.36, 113.43,53,3L 582012800004
24.91 DMSO 1H (600Mz): 10.13(2H, s); H 7.58(4H, d, J=7.2HZz); 7.28(8H,
t, J=8.1Hz); 7.02(2H, t, WZ25 J=7.2Hz); 3.61(4H, s) H 13C (400Mz):
169.13, 139.23, 134.24, 129.05,128.69, 123.18, 119.10,42.95 CDC13
IH (600Mz): 7.20(8H, m); 6.73(2H, t, J=7.2Hz); 6.64(4H, d, J=7.2H2z);
3.69(2H, br); 316.5 WZz26\ 13.42(4H, t, J=7.2Hz); 2.92(4H, (316.4) t.

" J57.2Hz) 13C (400MZ) =114 8624H, $837801H129.49|129.22, L1ﬁ§77&(§§918

45.24, 35.32 DMSO _1H (600Mz):9.86(2H, s);—-60(4H¢" u;&_éﬁ_h_fm

7.08(4H, ~~ 1, J=7.8HIRF (2t M

£.61(2H, dd, J=6Hz, 1.2Hz);
8 602, d, T=2.4Fiz); 7.99(2H, CorFaiCHN

» N dt 77,80z, 1.8Hz), 7.56(6H, | 318-320 | C: 6045 (6138)
wzios | QD E T ) 430 (4K 5): 437 (4H, 5) | (dec) | H:6.17(6.18)
13C: 400MHz N: 13.89 (14.32)
145.85; 149.82; 139.26; 132.13;

F}

LY

48.15
D,0-
1H:8.76(281, d, T=4.8Hz); CasFlasCLNAOS |
8 35(2ELdt, F=8Hz, J=1.2Hz); i
791(2H, o, =8H2: T.86QH, §, | 435 o3g | 02CHs y
9§ B | 1=6.4Hz); 4.62(45, s); CH;
WIS LS NV@C”:O 4.47(41{? 9 9 (deo) | ¢ 50,50 (50.89)
13C: 146.12; 145.53; 144.95; H: 6.08 (5.87)
131.84; 131.07; 127.47; 127.26, N: 1146 (11.41)
51.18; 47.91

DMSO-D20: 400Mz

Yoo L1 | 1H:7.35 (4H, 5), 7.30 (4H, m),

| WZ138 OO 7.10 (6H, m), 4.41 (4H, 5)
of 11301 137.85, 13327, 129.88,

129.46, 126.58, 121.70, 51.82

CDCI3: 400Mz

| 1H, 7.38 (4T, s); 7.22 (4H, 1,

' £y |remeTsens

- ' 3=7.6Hz). 7.67 (4H, d, ]

- WZi3 SO J=76Hz), 4.35 (4H, 5 406 | 1281
o (2H, b)

13C: 148.28, 138.65, 129.46,

127.98, 11778, 113.03,48.20

CDCE: 400Mz

1H: 7.43(1H, 8); 7.36(3H, m);

7.23 (A, m); 6.78 2H, 1,
'POW: 3=7.7Hz): 6.68 (4H, &, 288.5

WZ4 | Y | i=1782); 20708, 9 (288.4)

< 13C: 148.26, 140.09, 129.44,
129.03, 126.74, 126.54, 117.77,
113.05, 48.42

D20 400Mz
1H: 7.49(6H, m); 7.373E, m};

7.214H, m); 7.15(1H, s);
H
WZ148 ©/n\/©\/"‘© 4.59(4H, s)

ZHEL 13C; 133.95,132.22, 131.68,

131.06, 130.32, 129.86, 122.93,
54.6

DMSO: 400Mz

7Y | 1H:7.93(2E, dd, J=4.8Hz,
WZZL | (JF N 1 12H2): 7340H, 1d, J=12.8Hz, | 192-194
811 ‘ 2Hz); 7.25(4H, s); 6.96(2H, 1,
=6Hz), 6.45(4H, m); 4. 41(4H,

290.5
(290.4)
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WZ27 NH ~-/ '..0 J=7.2Hz); 2.35(2H, br); 1.92(411, d, J=6.6Hz); 1.49(4H,
m) 13C (400Mz): 173.95, 139.43, 128.64,122.93,119.04,44.10, 28.29 -
CDCI3 1H (600Mz): 7.18(4H, m); 6.69(2H, tt, 7.8Hz, 0.6Hz); 6.60(4H,

WOGge T 0Rz, 0.6Hz); HN 3.72(2H, s); 2.99(411, d, 294.5 WECABUNHG000604
J=6.6Hz); 1.92(4H, d, (294.4) J6.6Hz); 1.59(2H, m): 1.03(4H, m) 13C
(400Mz): 148.71, 129.45, 117.19, 112.82, 50.65, 37.94, 30.96 69 WO
2006/074428 PCT/US2006/000604 1CDCI3 1H(600Mz): 7.26(4H, m);
6.78(2H, t, J=7.8Hz); 7.71(4x,. H\/ d, J=7.8Hz); 4.28(4H, s); 344.7 WZ30
/\NH 3.48(2H, br); 2.32(12x, s) (344.5) 13C(400Mz): 148.44, 134.94;

134 3T 129.53; 117671473, 43.70 16.52 DYISO: 400Mz 1H:
10.66(2H, q, J=3.2Hz)| 18244266, M):57.8H6H, m); 6.67(2H, q, J=3.2Hz
7.40(4H, WZ31 _t, Jdé¥§%)%27:i%ééh?7t’,1%ﬂ1H\l J=7.2Hz) 13C:

84:139-4%136-65 e
. 1BL£L184N4.
je D20:400Mz C: 59.28 (59.51)
wzzr | e | 1L 789QH, id, =34k, H: 5.44 (5.55)
. 6Hz), 779(2H, d, J=6 4Hz); :
s1s | o g L : ; N: 15.19 (15.4)
CNNT | T30, 9 T020H, 4, A,
‘ J=8 4¥1z); 6.90(2H t, =6 4Hz); o3
DMSO:
TH (600Mz): 9.07(2H, br),
7.95(4H,m); 7.49(4H, 4,
oy | 1842 TA08EL) TAI(GH,
Z7 | m); 6.90(2H, 1, =6Hz);
| ;’ﬁ% R  assa, , 5=5.48); 3.68(2H,
O e br) 2.84(41L, S)
13C (400Mz):152.56, 145.40,
143.49, 137.82, 136.26, 135.88,
128.12,127.93, 125.48, 112.42,
44.56,20.78 -
| 526: 400V
) | TH: 7.88(2H, t, 1=9.2Hz); -
W | 778GH, 6, 1=6.4Fz): 7424, C”H‘gg'%c“
wzzL | ¢ ov o |5 7.0202H, d, =0 2Fz); P
BULT |~ s A, | 680QH, 1, 7=6.4Hz), 4 62(4H, St Gt
R ol 5T | 64456, s ) :5.35 6.

13C: 173.18, 158.52, 147.25,
138,78, 136.79, 127,14, 111.69,
108.23,72.16,43.94

N: 10.11 (10.13) |

DMSO

1H (600Mz): 7.96(2F, D,

J=3Fiz); 7.73(25L, d, F=3Hz,
) | 1282 732041, 5 7.0208,

SN | Gd, T=6Hiz, 4.257); 6.86(2Hz,

WZ1T | s i dq, J=6Fiz, 428z, 1,85z }; gggj

P 6.46(2H, t, 6Hz); 6.25(4H, d, (2904)

¥=6Hiz); '

13C (400Mz): 145 30, 138.79,

137.57, 136.17,128.00, 124.21,

118.39, 46 42,

D20: 600Mz
; IH: 7.92(4H, m); 7.67 (4H, m);
N 7.42(4H, s); 4.49(4H, 5)
E e ﬁ = ¢ 2 ?
WZi78 1 Rz 13C: 147.21, 136.80, 128.30,
# o 128.25,127.85, 127.16, 124 26,
4573

CDCI3: 400Mz
Q é% '(7.24(4};, m): 7.19(4H, s);
J3(4H, m); 4.53(4H, 8);
w718 W 3.02(6HL 5)
@’ 13C: 149.90, 137.83, 129.35,
127.16, 116.69, 112.52, 56.53,
38.60

67



129.79, 128.78, 120, 125.57, 124.36,123.88,119-91, CDC13 IH (600Mz):
8.15(2H, q, J=3.6Hz); 7.58(2%, q, J=3,6Hz); 7.51(2x, S); 7.23(4x, t,
J=7.2Hz); 6.77(2H, t, 338.5 WZ32\ NH /\ HN 3=7.2x7.); 6.71(4x, d,
W(B3BMA)743287 2Hz); 4.76(4H,s); 4.11(2x, br); 13C (400Mz): F48/242008408¢)+
132.15, 129.56, 126.51, 126.02, 124.58, 117.97, 113.06, 46.75 CDC13:
400Mz 1H: 8.36(4H, dd, J=7.2Hz, 3.2Hz); 7.55(4H, dd, 3=7.2Hz, 3.2Hz);
7.32(4x, t, J=8.0Hz); WZ33 HN 6.85(6H, m); 5.20(4x, s); NH 3.98(2H, br)
13C: 148.51, 130.86, 130.53, 129.68, 126.50, 125.13, 118.15, 112.94,

41.34 CDC13' 400Mz IH: 7.21(6H, m); 6.76(2H, t,

WZ340rY;

8.42, 136.25, 134.21114 308k 12260, k7 .82,
CDCI3 1H (600Mz): 7

WZ19

14

Ja o0

_J=7.2Hz); 6.67(4x, d,

AA6RH, shY 220K, tt,
=728z, 1.3Hz); 3.66(4H, s);
3.65(4HL, 8); 2.53(2H, 5)

13C (400Mz): 140.44, 139.12,
128.49, 128.33, 128.26, 127.04,
53.24, 53.00

2.32(6

113.04, 46.44, 18.68

S (3164) 13C

Q! ﬁ/\ﬁ’\ﬁ

ZHCI

DMSO : 400Mz

1H: 9.66{4H, s); 7.59(4H, s};
7.54(4H, m); 7.43(6H, m);
4,17(4H, 5); 4.13(4H, 5)

WZ20

DMS0

1H (600Mz): 10.60(3H, 5);
$.71(3E, 5); 7.83(6H, 4,

=7 .8Hz); 7.40(6H, t, 7=7.8Hz);
7.15(3H, t, 1=7.2Hz);

13C (400Mz): 164.54, 138.94,
135.50, 129.79, 128.75, 124.00,
12041

318-320

WZzl

CDCI3: 400Mz

1H: 7.79(3H, 8); 7.62(2H, 4,
F=7 8Hz), 7.58(1H, s); 7.38(2H,
t, J="7.8Hz); 7.18(5H, m);
6.75(2H, td, 7=7.8Hz, 1.2Hz);
6.64(4H, d, J=6.6Hz); 4.41{4H,
8}

13C: 165.97, 147.92, 141.07,
138.00, 135.79, 129.80, 125.46,
129,18, 125.03, 124,78, 120.52,
118.02, 113.15, 48.04

4076
(407.5)

WZZ2

HN

CDCI3: 400Mz :
1H: 7.31(3H, 5); 7.18(6H, m);
6.74 (3, tt, J=7.2Hz, 0.8Hz);
6.63(6H, dm, J=7.2Hz);
432(6H, 5); 4.03(3H, br)

13C: 148.24, 140.60, 129.44,
125,66, 117.84, 113.10, 48.42

393.5
(393.5)

WZ228

D20: 400Mz
1H: 7.41{9H, m); 7.16(3H, s);
6.98 (6H, m); 4.51(6H, S)

WZz23

CDCB:

TH (600Mz): 7.41(4H, m);
7.32(1H, t, }=7.2Hz); 7.22(2H,
t, J=7 2Hz); 6.76(1H, td,
7=72Hz, 1.28z); 6.68(2H, d,
J=72Hz); 4.37 (2H, 5Y;
4.06(1H, br)

13C (400Mz): 14833, 139.62,
129.44, 128.81, 127.68, 127.39,
117.72, 113.01, 48.46

34-35
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7.30(2H, m); 7.19(4H, tt, J=6.6Hz, 1.8Hz); 6.77(2H, t, WZ35\\/\
J=7.SHz); 6.68(4H, d, HN NH J=7.8Hz); 4.60(2H, br); 4.40(4H, s) 13C
(400Mz): 148.13, 137.44, 129.56, 129.51, 128.17, 118.21, 70 WO
WROOMO74428 PCT/US2006/000604 113.41,46.55  DMSOP4UTMZ0Q084404
8.25(4H, br); 7.43(2H, m); WZ35S N 7.27(2H, m); 7.16(4H, t, 2HCi NH

3=7.8Hz); 6.79(6H, m); 4.39(4H, s) Acetone-d6: 400Mz 1H: 7.39(2H, s);

7.33(4H, s); W Z36 6.61(4H, m); 6.54(4H, m); 4.86(2H, s); 4.23(4H, s)
130:149.83,143.17,140.13, 128.30, 116.61, 114.88, 49.11 DM8O: 400Mz
1H: 7.42(4H, d, 3=9.2Hz); 7.29(4H, s); 7. 26(2H t, 3=6.0Hz); 6.63(4H,d,

J= Q’)I—I7\ 338.5 \WZ37-4-30(4}=-—c-IF=6

AN 120 4.9

D432 .0

133.31, 127 31,120.54 88,7 4§41, DMSO: 40QMz [H: 7.97(4H
J=9.2Hz); 05K} 7. 88&gj-l4§5@¥§56Hz) 6.66(4H - HN_M 702 d
32|—|§(4 , JEBI61£)7, 131.26, 129.86, 2fi4t?

d
sz§$(

R2.27, b

129.60, 129.58, 129.44, 128.87,
124.17, 56.18

[
OO ot IL} L

) IO Lo, Ua,TO/7.

O;

WZ24

o+

CDCI3: 400Mz

1H: 7.32(4H, 5); 7.11(4H, ¢,
J=7.8Hz); 6.66(2H, tm,
J=728z=); 6.52(4H, dm,
J=7.617); 4 48(2H, m);
1.52(3H, 5);1.50(3H, s)

13C: 147,51, 143.93, 143.96,
129.30, 126.35, 117.35, 117.36,
113.43, 53,31, 53.29, 25.01,
24.91

WZ225

s§¥spas

DMSO

1H (600Mz): 10.13(2H, s);
7.58(4H, &, J=7.2Hz); 7.28(8H,
t, 7=8.1Hz); 7.0202H, 1,
J=7.2Hz); 3.61(4H, 5)

13C (400Mz); 169.13, 139.23,
134.24, 129.05, 128.69, 123.18,
119.10, 42.95

WZ26

CDCI3

1H (600Mz): 7.20(8H, m);
6.73(2H, t, J=7.2Hz); 6.64(4H,
d, 3=7.2Hz); 3.69(2H, br);
3.42(4H, t, 7=7.2Hz); 2.92(4H,
t, 3=7.2Hz7)

13C (400Mz): 14821, 137.60,
129.49, 129.22, 117.87, 113.18,
45.24,3532

316.5
(316.4)

WZX7

DMSO

1H (600Mz): 9.86(2H, s);

7 60(4H, 4, I=1 .8Hz); 7.28(4H,
¢, J=7.8Hz); 7.0202HL,
J=7.2Hz); 2.35(2H, br);
1.92(4H, 4, I=6.6Hz); 1.49(4H,

m)

13C (400Mz): 173.95, 139.43,
128.64, 122.93, 119.04, 44.10,
28.29

WZ28

QNH,Q....%N-@

CDCI3

| 1H (600Mz): 7.18(4H, m);
6.69(2H, tt, 7.8Hz, 0.6Hz); .
6.60(4H, dd, 7=9.0Hz, 0.6Hz);
3.72(2H, 5); 2.99(4H, 4,
J=6.6Hz); 1.92(4H, d,
J=6.6Hz); 1.59(2H, m);
1.03(4H, m)

13C (400Mz): 148.71, 129.45,
117.19, 112.82, 50.65, 37.94,
30.96

294.5
(294.4)
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130: 154.40, 137.42, 135.86, 127.42, 126.14, 45.50 DMSO 1H (600Mz):
8.24(4H, d, J=32Hz); 7.63(2H, t, J=4.0Hz); WZ40 7.21(4H, s); 6.54(2H, t,
292.4CN 3=32M); 4.43(4H, d, J=4.0Hz) (292.3) 130 (400Mz): 162.26,

WOSH098;438.59,126.86, 110.15, 43.62 CDC13: 400Mz 1H: BT (SH(c)00604

3=4.8Hz);, 7.34(4H, s); 6.56(IH, t, 3=4.8Hz); 5.46(1H, br); 215.2 Wz41

Ho % N 4,69(2H, s); 4.62(2H, d. (215.3) 130: 162.27, 157.93, 140.71,
138.74,126.74,126.36,110.14, 62.73, 43.65 CDC13 1H (600Mz):8.73(2H,
dd, 3=3.6Hz, 1.2Hz); 8.08(2H, dd, J=7.8Hz, 1.2Hz), 7.43(4H, s); WZ42 \"
7.37(4H, m); 7.07(2H, d, J=7.8Hz); 6.67(2H, d, J=7.8Hz); 6.6(2H, t,

J
13
12

Wzadd
337

ALl =) Aol AL L [l
IHTL), 4.07 (40, U

8.36,136.23, 128 84

7. 98 127. 9? 3

13C(400Mz} 148.44, 134.94;

43.70, 16.52

134.31; 129.53; 117.67; 112.73;

TERERHZ) I3C (400MzZ) TA7.14, 144,77, 138.43,
1H W2 006( 37,4428 PQ
6178(38, 1. I765882); 4716 CHC13: 40

et ?}%H Hz, 2.0Hz); 7.45(2H, d,

T/US2006/000604

OMz IH: 8.73(1

H 1447
(344.5)

Wz3l

geog
@@

DMSO: 400Mz

1H: 10.66(2H, q, 1=3.2Hz);
8.24(2HL, m); 7.83(6H, m);
6.67(2H, g, J=3.2Hz); 7A0(4H,
t, =7 2Hz); 7.15(2H, 1,
7=7.2Hz)

13C: 166.84, 139.15, 136.65,

124.36,123.88, 11891,

129.79, 128.78, 127.30, 125.57,

- WZ32

ey

CDCI3
1H (600Mz): 8.15(2H, g,
J=3 6Hz); 7.58(2H, g,

t, 1=7.28z); 6.77(2H, 1,
=7.2Hz); 6.71{4H, d,
J=7.2¥iz); 4.T6(4HLs); 4.11(2H,
br);

13C (400Mz): 148.24, 134,54,

124.58,117.97, 113.06, 46.75

=3.6Hz); 7.51(2H, s); 7.23(4H,

132,15, 129.56, 126,51, 126.02,

338.5
(338.4)

WZ33

CDCI3: 400Mz

1H: 8.36{4H, dd, J=7.25z,
3.2Hz); 7.55(4H, dd, 3=7.2Hz,
3.2Hz); 7.32(4H, t, 3=8.0Hz); -
6.85(6FL, m); 5.20(4H, s);
3.98(2H, br)

13C: 148.51, 130.86, 130.53, |

112.94, 4134

129.68, 126.50, 125.13, 118.15,

WZ34

CDCI3: 400Mz
1H: 7.21(6H, m); 6.76(2H, {,
J=72Hz); 6.67(4H, d,

br); 2.32(6H, s)
13C: 148.42, 136.25, 134.21,

46.44, 18,68

J=8.0Hz); 4 24(4H, s); 3.90(2H,

130.85, 129.50,117.82, 113.04,

316.3
(316.4)

WZ35

QR

CDCI3

1H (600Mz): 7.44(2H, m);
7.30(28, m); 7.19(4H, t,
J=6.64z, 1.8Hz); 6.77(2H, t,
¥=7 8Hz); 6.68(4H, 4,

=7 $Hz); 4.60(2H, br);

4 40(4H, 5)

13C (400Mz): 148.13, 137.44,

129,56, 129.51, 128,17, 118.21,

70




7.37(4H, m); 7.07(IH, dd, J=8.4Hz, 1.6Hz); 6.63(2H, d, WZ43 | \/ HN\
3=8.4Hz); 4.70(2H, d, HO / 3=6,0Hz); 4.58(2H, d, J=6.0Hz); 1.66(IH,
6.0HZ) 13C: 147.14,144.65, 139.97, 138.90, 138.37, 136.26, 128.82,
wh2083,42%.76,127.55,'121.61, 114.41,105.39,65.32,47.60CDEH8s/0ibd04
(600Mz): 8.10(2H, d, 3=4.8Hz); 7.40(2H, tt, 3=6.0Hz, 1.8Hz); 7.37(IH, s);
7.31(2H, m); 7.28(IH, s); 6.60(2H, t, WZ48 " J=6.0Hz); 6.36(2H, d,
J=8.4Hz); 4.89(2H,t, J=6.0Hz); 4.50(4H,d, J=6.0Hz) 13C (400Mz):
158.77, 148.44, 139.91,137.67,129.16,126.64, 126.52, 113.42,107.08,
46.42 D20: 600Mz 1H: 7.83(2H, td, 3=9HzHz, H H 1.2Hz); 7.72(2H, d,

J=6-6H2)WZABS Z-AB(H. =7 BHz):7-36(2HXHOd-3=7.8Hsz);
7.47(1H. 5): 6.94(2H. d. 328'0RE3: 6.87(2H, t, J46.6Hz : U.63(4H, )

COCTI3 400MZ THT 8 UHIED; owe6.0HZ) 7.30(2H, M), 7.6 I(1T1T, td,

J=7. 1 ) @ 6(BH: B3R, BI3T42EHM); 6{99(1H, d, WZ49 HN \ +
WZ3355.6 -EZ@ﬁiyn)Hdti(% 82(2H, d, J=6.0Hz), 4,72(211,
A

8

Acetone-d6: 400Mz

_ 1H: 7.39(2H, 8); 7.33(4H, s);

s Y 6.61(4H, m); 6.54(4H, m);
it i 4 B6(2H, 8); 4.23(41, 5)

13C: 149,83, 143,17, 140.13,

128.30, 116.61, 114.88, 49,11

pt

i~

[ 73]

oN
|

]
§

DMSO; 400Mz
1H: 7.42(4H, 4, J=9.2Hz);
s 7.29(dH, 5); 7.26(2H, 1, |

st g 3=6.0Hz); 6.63(4FLd, J=9 2Fiz); - | 3385 -
Wz37 | R | 4304E, 4, 1-6.087) (338.4)
13C: 152.04, 137.68, 13331,
127.31, 120.54, 112,22, 95.88,
45.41

DMSO0: 400Mz

1H: 7.97(4H, d, F=9.2Hz);

. 7.88(2H, t, J=5.6Hz); 6.66(4H,
O W e d, 7=0.287); 4.39(4H, d,

‘ ' J=5.6Hz)

13C; 15440, 137.42, 135,86,

127.42,126.14, 45,50

WZ38

| DMSO

oo~ | 1H (600Mz): 8.24(4H, d,

Y | =3 2w, 7632, ¢ =4 0Ha);

WZA40 w KA B Y 1 7.214H, 5); 6.54(2H, 1,

@T I=3.2Hz); 4.43(4H, &, J=4.0Hz)
: 13C (400Mz): 162.26, 157.95,

138.59, 126.86, 110.15, 43.62

292 4
(292.3)

CDCL3: 400Mz
1H: 8.28(2H, ¢, J=4.8Hz);
7.34(4H, 5); 6.56(1H, 1,

’j =4.8Hz); 5.46(1H, br};
ﬁA 4.69(2H, s); 4.62(2H, d,

J=6.0Hz); 2.08(1H, 5

13C: 162.27, 157.93, 14071,
138.74, 126.74, 126.36, 110.14,
62.73, 43.65

2152
(215.3)

WZ4L Ho\/©/\

CDCI3

1H (600Mz):8.73(2H, dd,

1=3.6Hz, 1.2Hz ); 8.08(2H, dd,

1=7.8%7, 1.2Hz), 7.43(4H, 5);
b 737(4H, m); 7.07(2H, d,

WzA2 Vo Wi G g M ety

J=7.8Hz); 6.6(2H, t, J=5 4Hz);

4.57(4H, d, J=5.4Hz)

13C (400Mz): 147.14, 144.77,

138.43,138.36, 136.23, 128.84,

71



s), 1.79(111, s) 13C: 155.01, 141.51, 140.31, 139.06, 137.28, 129.96,
128.49, 127.60,127.43, 126.17, 121.54, 118.25,111.52,65.30,45.94
CDC13: 400Mz 1H: 8.03(2H, d, J=6.0Hz); 7.78(2H, d, J=8.0Hz); "-

W ZQ(R2414d28=8.0Hz); 7.60(2H, WZ50 H td, J=7.6Hz, 1.6Hz¢ Td&(@klivoddo4
td, J=7.6Hz,1.6Hz); 7.424(4H, s); 6.98(2H, d, 3=5.2Hz); 5.57(2H, br);
4.81(4H, d, 3=5.2Hz) 72 WO 2006/074428 PCT/US2006/000604
13C:154.96,141.33,138.71, 137.26, 130.03, 128.59, 127.42, 1126.22,
121.69, 118.28, 111.49, 45.90 Additional compounds prepared and
tested in cell assays to determine viral inhibition MSX-183 MSX-189 -40

LA

NR/AA.N-MSN 1m:

tor-N ol Wall

T I\

TTIN L TNTIVIO7\™ LY

4

MSX-200 F MSX-191 u

RN N R

36,“.

Y INTTOTOT

FIN FM$X-205N

MSX-T92 CISTN PN

WZA3

HN

FODEL Adenea -\ N

1H: 8.73(1H, dd, J=4.0Hz,
1.6Hz); 8.08(1H, d¢, F=8.4Hz,
2.0Hz); 745(2H, d, =7 .6Hz);
73M4HE, m); 7.07(1H, dd,

J=8 4Hz, 1.6Hz); 6.63(2H, d,
I=8.4Hz); 470021, d,
I1=6.08z); 4.58(21, d,
F=6.01z); 1.66(1H, 6.0HZ)
13C: 147.14, 144,65, 139.97,
138,90, 138.37,136.26, 128.82,
12793, 127.76,127.55,121.61,
114.41, 105.39,65.32, 47.60

WZ48

CDCI3

1H (600Mz): 8.10(2H, d,

J=4 8Hz); 740(2H, #t, J=6.0Hz,
1.8Hz); 7.37(1H, s); 7.31(2H,
m); 7.28(1H, s); 6.6002H, ,
I=6.0Hz); 6.36(2H, 4,
J=8.4Hz); 4.89(2H 1, J=6.0Hz);
4.50(4H.d, J=6.0Hz)

13C (400Mz): 158.77, 148.44,
139.91, 137.67, 129.16, 126.64,
126.52,113.42, 107.08, 4642

Wz483

X HG

D20: 600Mz

1H: 7.83(2H, td, J=9HzHz,
1.2Hz); 7.72(2H, 4, J=6 6Hz);
7.45(1H, t, J=7.8Hz); 7.36(2H,
4, 1=7.8Hz); 727(1H, s);
6.94(2H, d, J=5.0Hz); 6.87(2H,
t, J=6.6Hz); 4.63(4H, 5)

WZ49

CDCI3: 400Mz

1H: 8.03(1H, d, 7=6.0Hz);
7.30(2H, m), 7.61{1H, i,
J=7.6Hz, 1.2Hz); 7.46(3H, m);
7.37(2H, m); 6.99(1H, d,
J=5.6Hz); 5.44(1H, t, I=6.0Hz);
4.82(2H, d, I=6.0Fz), 4,72{2H,
s), I.79(1H, 5)

13C: 155.01, 141,51, 140.31,
139.06, 137.28, 129.9¢, 128.49,
127.60,127.43,126.17, 121.54,
118.25,111.52, 65.30, 45.94

WZ50

CDCI3: 400Mz

1H: 8.G3(2H, 4, J=6.0Hz);
7.78(2H, d, J=8.0Hz);
7.70(2H.4, }=8.0Hz); 7.60(2H,
td, J=7.6Hz, 1.6Hz); 7.45(2H,
td, J=7.6Hz, 1.6Hz); 7.424{4H,
5); 6.98(2H, 4, =5.2Hz);
5.57(2H, br); 4.81(4H, d,
I=52Hz)
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Additional compounds prepared and tested in cell assays to determine viral inhibition:
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Formulations

In cases where compounds are sufficiently basic or acidic to form stable nontoxic acid
or base salts, admimistration of the compound as a pharmaceutically acceptable salt may be

éppropriate. Examples of pharmaceutically acceptable salts are organic acid addition salts
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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
wphmnmeieestically acceptable salts are organic acid additionPSaIESZ0®604
2006/074428 PCT/US2006/000604 formed with acids, which form a
physiological acceptable anion, for example, tosylate, methanesulfonate,
acetate, citrate, malonate, tartarate, succinate, benzoate, ascorbate, a-
ketoglutarate, and a-glycerophosphate. Suitable inorganic salts may also
-~ be formed, including, sulfate, nitrate, bicarbonate, and carbonate salts.
forﬁ’a@@rﬁéﬁﬁ%éiﬁﬁaﬁl&iial&%ﬁf_abIl?h%&itﬁzg’iaél becqirt?ién@aig&i@rsmn?;m ;iam,
procedures well_known in the art, for.example hy.reacting.g.sufficienie, o-
maﬁﬁ@ﬁ‘?%ﬁ%%%uﬁ&%ﬁ’cﬁla% An-anine ‘with a suitable acrd affor inga . .
keipblpsioizgieadlycagzegseabrsrinion. AREhm SEREF SEIMPIEY &6Giuh, 1%
ino%%bé%‘ef!ﬁtﬂrﬂéﬁmémk@fwl H@élm@md mhﬁmeta!ltetor examgé;d calcium) st;lts of
carboxylic acids can also.he e. The acltive eql caN-As0bRs well
ProiGET A HIH Fﬁ&e,pvt\?ﬁ?gh%?sc{)nr? e?te,d into a_biologicall ﬁe form in
inwivio A oetr dior rerayble Bprivesiag ntBRIEE BRI FAERRPUA RS S 2 amine
witlechanismsdngilging-anzymaticArosessasiaatdime talipliotydiGly sigmple.
Harper, N.J. (1962) jn J cker,leg. Progres elcglli{g&g 5.%?@%10%197%%46f
sofigo ASARH St &1, (1877 iﬁrﬁﬁﬂ%c e ‘ed. Design of Biopharmaceutical
cafxoptictiesitirnalsa RrodAags and Analogs, APhA (Acad. Pharm. Sci.); E.
B. Rgghe e ddRiihBioreyrisiecanderns in fastgdn diidy Desigmited into 2
Theory and Application, APhA; H. Bundgaard 9oL RESIAN. by various
bl@’l‘i@i‘ﬁ)é/ mg@;ve@&?ié‘};% gper?dzfﬁg&%ng ¢ ﬁ\f?ﬁgﬂg{#ﬁpésign. B By e
mBARGE, 28T dia detiinettis PIOGSTS AN BRI OBRTEp iR ERPey Dds(biig) in
JJ%’E%F@@SD% 98P hakm.Bigtestn 13534636 RvGaignaull e1alin E9B6Roche
ract.- Med. Chem. 671-696; M. Asghamej 000) in:G, bz, AMidan, Pacad.
ﬂ‘&.Q@g’aﬁﬁﬁé‘?ﬁ@ﬁr’fﬁfﬂh%agfol??ranne“ssgﬁo?r? eriisjgf"%ﬁuﬁsm?%ys}f, I?Aga’rcel.l (hee
piReikes; p £1B5RALE;, BRIGATE! Bio(@9ty Eur i DR Métaly e Design Theory
“@;’%% %%?@5%’%%?‘%28%‘%%%5%5@ _|@9§;1)e 7) qﬁjﬁmbﬁ?@g%%dﬂe%)e@)f e
B .y = -L = . 1 5 ; R X
(1P98> CatTind; ﬁ&’é’i’i‘dpﬁwg?%}gﬁ?’ 'Fg\ﬁ/gr%l .%ﬁ]er%ﬁ 8@31\4)%1'%% Hrlb%u ndgag?d >

' ¢

22d2{1985)Resignlof PGY RigeyNBinteyoid: BEat CrmaHeflatlal!

Adv-Drug.DieliyeryR : . Eleishan@alp. (1985)MethadsTopp,
N TR S R &

arquhar DA%QE"SQ é harm. Sgi. B T
592-411@25?%%??{%"“?{13_19}’ @%@cﬁi 8r§n§ \(&:.II,E) ili;g.&g, ga zuka'yY.’
[$2Q08)fabirr PRswigichetal., 15(3t-48353M PetimrverafZ0SOe ur PP Higin Drue
Rkt SpRL2i S 2R TEAKRRE (Wt (10890, PIINZ. Do Samdgaand
%4): 5. The active compound can alsq becprow(%gs?%a llgglldfp‘gogirug. N
(waﬂ]iﬁiﬁhg@%ﬁn%@gf- 86(1): 1-39; H. Bundgaard, ed. esign of Prodrugs, New
Vork: Elsevier; Fleisher et al. (1996} Adv. Drug Delivery Reav, 19(2): 115-130; Flei_sher_ et al.
(1985) Methods Enzymol. 112: 360-81; Farquhar D, et al. (1983) J. Pharm. Sci, 72(3%: 324-
325, Han, HK. et al. (2000} 44PS Pharm Sci., 2(1): E6; Sadzuka Y. (2000) Curr. Drug
Metab., 1:31-48; D.M. Lambert (2000} Eur. /. Pharm. Sei., 11 Suppl 2:81 5-27; Wang, W. et
al. (1999) Curr. Pharm. Des., 5(4):265.

The active compound can also be provided as 2 lipid prodrug. Nonlimiting exampies
of U.S. patents that disclose suitable lipophilic substituents that can be covalently
incorporated into the compound or in lipophilic preparations, inciude U.S. Patent Nos.
5,149,794 (Sep. 22, 1992, Yatvin et al); 5,194,654 (Mar. 1€, 1993, Hostetler et al.,
5,223,263 (June 29, 1993, Hostetler et al); 5,256,641 (Oct. 26, 1993, Yatvin et al.);
5,411,947 (May 2, 1995, Hostetler et al); 5,463,092 (Oct. 31, 1995, Hostetler et al.y;
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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.);
Wb, 284/6534¢6Mar. 16, 1993, Hostetler or al., 5,223,263 (Jun@QOU$98g/000604
Hostetler et al.); 5,256,641 (Oct. 26, 1993, Yatvin et al.); 5,411,947 (May
2, 1995, Hostetler et al.); 5,463,092 (Oct. 31, 1995, Hostetler et al.); 75
WO 2006/074428 PCT/US2006/000604 5,543,389 (Aug. 6, 1996, Yatvin
et al.); 5,543,390 (Aug. 6, 1996, Yatvin or al.); 5,543,391 ,,(Aug. 6, 1996,
Yatvin or al.); and 5,554,728 (Sep. 10, 1996; Basava or al.). Method of
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asBgiefigctive dogage rﬁ@&ﬁcﬁ)f 1B8vation, and particularly a proliferative disorder,
including cancer metastasis. The active materials can be administered by any appropriate
route, for example, orally, parenterally, intravenously, intradermally, subcutaneously, or
topically, in liquid or solid form. However, the compounds are particularly suited to oral
delivery. |

A preferred dose of the compound will be in the range from about 1 to 50 mgkg,
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 or prodrug, or

by other means known to those skilled in the art.
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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
wabmoeearsing the weight of the salt, ester or prodrug, or by GtOBUSIe&IE0604
known to those skilled in the art. 76 WO 2006/074428
PCT/US2006/000604 In one particular embodiment, a method of
preventing metastasis of a malignant cell is provided that includes
contacting the cells with a compound of Formula XV, or a
pharmaceutically acceptable salt, ester or prodrug thereof: \/N N~\/N N

yn F%E'Bﬁ@%z?fé’ dﬁ%ﬁ@&ﬁ%‘éﬁ{ YRS MR SRl RESUIRAL RIS 2183l Een

a compound of Formula.”'V, particularly a chloride salt. In a separate
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provided. In certain embodiments, the proliferative disorder is cancer, and

in particular subem ents, the dis rder is a megtastagjc cancer. The
compounds of the inyentjpn can be tered t st in need thereof
to reduce the incidence o ifegative disorder, such as
cancer. In particular embodlments the cancer is breast cancer, brain

tumor, pancreatic cancer, ovarlanFtumqr xRjartlcularly an ovarian epithelial
tumor, prostate cancer, kidney cancer, or.non-small cell lung cancer. In
anothd?. e RREHRTHPChodiTveRitiBA fmmmééla et @ efpeard Ry Formula XV,
p@amggylaﬁmaﬂws@arti‘cularly VEGF-dependent neocascularization, by
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suffering from suc
neovascu?axgzart?on, part?culaﬂy VEGF-dependent neoccascularization, by contacting a cell

with a compound of Formula {I}-(XVII). The cell can be in a host animal.
| Ina eepafate embodimett, a method for freating diseases of vasculature, inflammatory
and degenerative diseases is provided including administering a compound of Formula (I)-
(XVII) to a host. In one embodiment, & compound of Formula (I)-(XVII) is used to stimulate
the production and proliferation of stem cells and progenitor cells. |
The compounds can prevent or reduce the severity of diseases assoclated with
CXCR4 acitivity, and in particular of proliferative diseases in any host. However, typically
the host is 2 mamimal and mors typically is 2 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,

77



disorder. 77 WO 2006/074428 PCT/US2006/000604 "Pharmaceutical
Compositions In one embodiment, pharmaceutical compositions including
at least one compound of Formulas (I)-(XVII) are provided. In certain
wenldeirants, at least a second active compound is includ®eE il $fie6/000604
composition. The second active compound can be a chemotherapeutic,
particularly an agent active against a primary tumor. 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. The compound is conveniently

* mgdminisigreg @M&g@gxssunable dosage form, including but not limited to
one containing 7 to 3000 mg, preferably 70 to 1400 mg of, active
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the professional judgment of the person adm1mstennc or supervising the admmlst.ration 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
adm:mstered 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
administraﬁon, 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 composition.

The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: 2 binder such as microcrystalline cellulose,

gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such
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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 78 WO 2006/074428
WP aTHIB2B06/000604 as alginic acid, Primogel, or corn stafERTESIOYIROAAR
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,
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polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
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_ ration. fadmlnlstered intravenously, preferred carriers are
phySIWgﬁﬁﬁ@l@?%%@pﬁ‘até“ﬁm%%ﬁﬁéf?ﬁ’éegife with carriers that will

protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polvelycolic acid, coﬂageﬁ, polyorthoesters and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art. The muaierials can also be
obtained comumercially from Alza Corporation. If admimistered intravenously, preferred
carriers are physiological saline or phosphate buffered saline (PBS).

Liposomal suspensions (including liposomes targeted to infected celis with
monoclonal antibodies to viral antigens) are also preferred as pharmaceutically acceptable
carriers. These may be prepared according to methods known o those skilled in the art, for

example, as described in U.S. Patent No. 4,522,811 {which is incorporated herein by
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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
wib2methveds known to those skilled in the art, for example, &S RSeilved o4
U.S. Patent No. 4,522,811 (which is incorporated herein by 79 WO
2006/074428 PCT/US2006/000604 'reference in its entirety). For
example, liposome formulations may be prepared by dissolving
.m,appropriate lipid(s) (such as stearoyl phosphatidyl ethanolamine,
stearoyl phosphatidyl choline, arachadoyl phosphatidyl choline, and
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embodiment, the active compound is a compound that is used as a
: .W@?ﬁc‘t)‘?ﬁgﬁ% lrosme ' BRERTM provided in combination or alternation
can, for example, be selected from the following list: 13-cis-Retinoic Acid

@Mmu&g@&.&mﬁmpprme Chlorodeoxyadenosine 5- fluorouracn
5-FU 6-TG 6 - Thloguanlne 6- Mercapto%urlne 6-MP Accutane
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IA%ete-REMdic Acid 2-Amino-6- 2-CdA. 2-
- Mercaptopurine ' Chlorodeoxyadenosine
5-fluorouracil 5-FU 6-TG 6 - Thiognanine
6-Mercaptopurine 5-MP Agccutane Actinomycin-D
Adriamyein Adrucil Agryhin Ala-Cort
Aldesleukin Alemtazumab Alitretinoin Alkaban-AQ
Alksran All-transretinoic Alpha interferon Aliretamine
: acid
Amethopterin Amifostine Aminoglutethimide Anagrelide
Anandron Amnastrozole Arabinosylcytosine Ara-C
Aranesp Aredia Ariniidex Aromasin
Arsenic trioxide Asparaginase ATRA ' Avastin
BCG BCNU Bevacizumab Bexarotene
Bicalutanuide BiCNU Blenoxane Bleomyein
Bortezomib Busulfan Busulfex 225
Calcium Leucovorin Campath Camptosar Camptothecin-1 1
Capecitabing Carac Carboplatin " Cammustine
Carmustine wafer Casodex CCNU CDDFP
CeeNU Cerubidine cetuximab Chlorambucil
Cisplatin Citrovorum Factor Cladribine Cortisone
Cosmegen CPT-11 Cyclophosphamide Cytadren
Cytarabine Cytarabine Cytosar-U Cytoxan
liposomal
Dacarbazine Dactinomycin Darbepoetin alfa Daunomycin
Daunorubicin Daunorubicin Daunornbicin ~ DaunoXome
hydrochloride iiposomal
Decadron Delta-Cortef Deltasone Denileukin diftitox
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Bortezomib Busulfan Busulfex C225 Calcium Leucovorin Cam path
Camptosar Camptothecin- 11 Capecitabine Carac Carboplatin
Carmustine Carmustine wafer Casodex CCNU CDDP CeeNU Cerubidine

woetpsiniadi2®Chlorambucil Cisplatin Citrovorum Factor CladriSif8’26v686ree4
Cosmegen CPT-II Cyclophosphamide Cytadren Cytarabine Cytarabine
Cytosar-U Cytoxan li osomal Dacarbazine Dactinomycin Darbepoetin alfa
Daunomycin - Daunombicin Daunorubicin Daunorubicin DaunoXome
hydrochloride li osomal Decadron Delta-Cortef Deltasone Denileukin
diftitox 80 WO 2006/074428 PCT/US2006/000604 DepoCyt
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Filgra&fiweF|oxuridine FEitkzard Fludar

abine EElbsmsslex

FluoRemraitsil Fluorouracifiepeam) FluoxymeRieddine Elutamide EBlAmCHCid
FUBIRetinWéstrant G-CSEoO&itinib |GemEREBIHE-Gemtuzuindts CEITRF
Gleevec. ozogamicin Gliadel- wafer GlivetSia} E Goderelin
Ethyol Etopophos Etoposide | Etoposide phosphate
Eulexin Evista Exemestane Fareston
Faslodex Femara Pilgrastim Floxuridine
. Fludara Fiudarabine Fluoroplex Fluorouracil
-1 Fluorouracil (cream) | Filuoxymesterons Flutamide Folinic Acid
FUDR Fulvestrant G-CSF Gefitinib
Gemcitabine Gemiuzumab Gernzar Gleavec
ozoganicin _
Gliadei wafer Glivec GM-CSF Goserelin
granulocyte colony Granulocyte Halotestin Herceptin
stimulating factor | macrophage colony
stimulating factor
Hexadrol Hexalen _| Hexamethyimelamine MM
Hycamtin ° Hydrea Hydrocort Acetate Hydrocortisone
Hydrocortisone Hydrocortisone Hydrocortone Hydroxyurea
sodivm phosphate sodivm suceinate phosphate _
Tbritomomab Toritumomab Idamycin Idarubicin
Tiuxetan
Ifex IFN-alpha Ifosfamide IL-2
Ii-11 Imatinib mesylate Imidazole Interferon alfa
‘ Carboxamide
Interferon Alfa-2b Interlenkin - 2 Interleukin-11 Intron A (interferon
{PEG conjugate) alfa-2b)
Iressa Irinotecan Isoiretinoin Kidrolase
" Lanacort L-asparaginase LCR Letrozole
" Leucovorin Leukeran Leukine Leuprolide
Leurocristing Leustatin Liposomal Axa-C Liquid Pred
Lomustine L-PAM L-Sarcolysin Lupron
Lupron Depot Matulane Maxidex Mechlorethamine
Mechloretharnine Medralone Medrol Megace
Hydrochlorine
Megestrol Megestrol Acetate Melphalan Mercaptopurine
Mesna Mesnex Methotrexate Methotrexate Sodium
Methylprednisolone Meticorten Mitomycin Mitomyein-C
Mitoxantrone M-Prednisol MTC MTX
Mustargen , Mustine Mutamycin Myleran
Mylocel Mylotarg MNavelbine
Neosar Neutasta Neumega Neupogen
Nilandron
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granulocyte colony Granulocyte Halotestin Herceptin stimulating factor
macrophage colony stimulating factor Hexadrol Hexalen
Hexamethylmelamine HMM Hycamtin Hydrea Hydrocort Acetate
wiydbegorissone Hydrocortisone Hydrocortisone Hydrocortomer/us2666/6060604
Hydroxyurea sodium phosphate sodium succinate phosphate
Ibritumornab 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 -
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N¥Y! G Sthigd eustatipldpogomal Ata-C Lighdoried
LomusimL PAM L Sarmiyaln Lupron LupieR ot Matulane dvigsaeXx |
Mechiezathamine | Mechtarketitaming Medraleneedrol Mega®amidronate
Hydreldatine Megestrbhiiégastrol Acetaeditelphalan Merc2Bi®ueniaon
Memshiegisex MethdeeiatestitethatrexBi& SHTREN Meth\RBpfedrmsmimgmase
Métheorielaritomycin MRBmpEin-C Mitox&ktiame4-Prednisol ReERG@I0iTe
.MllqrMﬁﬁtﬁ@Mllqrinp‘ Mutmycin Myleran Mylocel Mylotarg Navelbine
iR} W?ﬁ@éﬁ@1 WO 2006784 Rd
PCTIIEH616/000 D(ﬁ{ggg HEN|troger MBERYd Novaldex RegaiErsne
Octreotide Octreot id&” fm’%l Ghtos spar Oncovin
. Rheumatrex thuxan Rituximab Roveron-A (interferon
. o-2a)
Rubex Rubidomycin Sandostatin Sandostatin LAR
hydrochloride : C
Sargramostim Solu-Cortef Solu-Medrol STI-571
Streptozocin Tamoxifen Targretin Taxol
Taxotere Temodar Temozolomide Teniposide
- TESPA Thalidomide Thalomid TheraCys
Thioguanine Thiogunanine Thiophosphoanide Thioplex
Tabloid
Thiotepa TICE Toposar Topotecan
Toremifene Trastuzumab Tretinoin Trexall
Trisenox TSPA VCR Velban
Velcads VePesid Vesanoid Viadur
Vinbiastine Vinblastine Sulfate Vincasar Pl YVincristine
Vinorelbine Vinorelbine tartrate VLB VM-26
VE-16 Vumon Xeloda Zanosar
Zevalin Zinecard Zoladex Zoledronic acid
Zometa

In one embodiment, the compounds of the invention are administered in combination
with another active agent. The compounds can also be administered concurrently with the
other active agent. In this case, the compounds can be administered n the same formulation
or in a separate formulation. There is no requirement that the compounds be administered in
the same manner. For example, the second active agent can be adminisiered via intravenons
injection while the compounds of the invention may be administered orally. In another
embodiment, the compounds of the invention are administered in aliernation with at least one
other active compound. In a separate embodiment, the compounds of the invention are
administered during treatment with a chemotherapeutic, such as, for example, an agent listed
above, and administration of the compounds of the invention is confinued after cessation of

administration of the other active compound. The compound may be adrinistered for at least
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Ontak Onxal Oprevelldn Orapred Orasone Oxaliplatin Paclitaxel
Pamidronate Panretin Para latin Pediapred PEG Interferon Pegas ar ase
Pe filgrastim PEG-INTRON PEG-L-asparaginase Phenylalanine Platinol
WR|2thedIZAeS Prednisolone Mustard Prednisone Prelone Prot@Fieziie/000604
PROCRIT Proleukin Prolifeprospan 20 Purinethol Raloxifene with
Carmustine implant Rheumatrex Rituxan Rituximab Roveron-A (interferon
a-2a) Rubex Rubidomycin Sandostatin Sandostatin LAR hydrochloride
Sar amostim Solu-Cortef Solu-Medrol STI-571 Streptozocin Tamoxifen
Targretin Taxol Taxotere Temodar Temozolomide Tem oside TESPA

a H&ﬂ{y Qmids: m;alf‘ RGNS Thioguanire-dhigealingeven, twelve months
Thiophosphoamide Thigpiex Tabloid Thiotepa TICE Toposar Topotecan
OB ETCP IAS PR YA BRSPS Sin Trexall Trisenox TSPA VCR Velban

Velcamie VeResidd/ et didsiaueavibblabtimsiieblabtine Sufge cessation of
%&@ﬁ@gﬁ{?&%\!im&ﬁ&ngsﬁwgsﬁlpémsd\/inm@ai@a tastatenL BMMndbs may be

-16 Vumon Xeloda Zanosar Zevalin Zingcard Zoladex Zolfedronic :flcic}n
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sédrpinistkethisme aha binagiondwith bnedhenigethdefigentotive donmsoybriepy 1o

reg&lgear!as%mb&(%do@ﬁgé tered. ¢ &%grrgn‘tly with ;he other active age_nt. In this ,
case, the compounds can be administered in the same formulation or in a

separate formulation. There is no requirement that the compounds be
Hashesigristered in the same manner. For example, the second active agent

, can b?h@d Eﬂlﬂﬁ%ﬁﬁ{(ﬁd &Q&fﬂg@\/k@?&ﬂ,s are particularly useful for the treatment or
preventién of a disorder associated with CXCR4 receptor binding or activation, and
particularly a proliferative disorder, including cancer metastasis. Fowever, multiple other_
diseasés have been associated with CXCR4 receptor signaling. In addition, the compounds
can be u.sed to treat disorders of abnormal cell proliferation generally, examples of which
inchude, but are not limited to, types of cancers and proliferative disorders listed helow.

Abnormal cellular proliferation, notably hyperproliferation, can ocour as a result of a
wide variety of factors, including gemetic mutation, infection, .exposure‘ to toxing,
autoimmune disorders, and benign or malignant tamor 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
Jayer to the upper granular layer is 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, Int. J. Dermatol. 18:111, 1979). Chromic
eczema is also associated with significant hyperproliferation of the epidermis. Other diseases
caused by hyperprciiferaﬁan 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, fumors 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 1o an insult to
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injection while the compounds of the invention may be administered orally.
In another embodiment, the compounds of the invention are administered
in alternation with at least one other active compound. In a separate
werpoditheat, the compounds of the invention are administ@Edtagia@oocts
treatment with a chemotherapeutic, such as, for example, an agent listed
above, and administration of the compounds of the invention is continued
after cessation of administration of the other active compound. The
compound may be administered for at least 82 WO 2006/074428
PCT/US2006/000604 a month, at least two months, at least four, six,
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atz% I;Encrease in the number of proliferating cells and an increase in the
prop%r'tion of cells which are dividing (G. Grove, Int. J. Dermatol. 18:111,
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Bypeky liaraion RLiNeapidorN G NaIEaASES TSI Qs Rimic heart disease,
a&g%g&%&g%%ﬂ%%f Rdgells,include;atapic dermalits, Icheh DAt Seis, tipia
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, peritoneum, endocrine glands (adrenal, parathyroid, pituitary, testicles, ovary,

- thymus, thﬁoid), eve, head and neck, nervous (central and peripheral), lymphatic system,
pelvis, skin, soft tissue, spleen, thorax, and urogenital fract. _

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 Lymphocyiic Leukemiz, Adult Acute Myeloid Leukemia, Adult
Hodgkin's Disease, Adult Hodgkin’s Lymphorria, Adult Lymphoeytic Leukemia, Adult Non-
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pemphigus vulgaris, actinic keratosis, basal cell carcinoma and squamous
cell carcinoma. Other hyperproliferative cell disorders include blood vessel
proliferation disorders, fibrotic disorders, autoimmune disorders,
worafeeverges-host rejection, tumors and cancers. Blood vesREEiresiferofiiges
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 insult to 83 WO 2006/074428
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Melanoma, Islet Cell Carcinoma, Islet Cell Pancreatic Cancer, Kaposi's Sarcomna, Kidney
Cancer, Laryngeal Cancer, Lip and Oral Cavity Cancer, Liver Cancer, Lung Cancer, Lympho
proliferative Disorders, Macroglobulinemia, Male Breast Cancer, Malignant Mesothelioma,
Malignant Thymoma, Medulloblastomia, Melanoma, Mesothelioma, Metastatie Occult
Primary Sguamous Neck Cancer, Metastatic Primary Squamous Neck Cancer, Metastatic
Squamous Neck Cancer, Multiple Myeloma, Multiple Myeloma/Plasma Cell Neoplasm,
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limited to neoplasms located in the: colon, abdomen, bone, breast,
digestive system, liver, pancreas, peritoneum, endocrine glands (adrenal,
parathyroid, pituitary, testicles, ovary, thymus, thyroid), eye, head and

whaoke/smmeeus (central and peripheral), lymphatic system, BERAGSXRiI00604

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
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megeseinarhyperplasia, pseudoepitheliomatous hyperplasia, senile sebaceous hyperplasia,
and verrucous hyperplasia; leukemia (including acute leukemia (e.g., acute lymphocytic
leukemia, acute myelocytic lenkemia (including myeloblastic, promyelocytic,
mylomonocytic, monocytic, and erythroleukemia)} and chronic leukemia ‘(elg., chronic
myslocytic (granulocytic) letkemia and chronic Iymphocytic leukemia)), polycythemia vera,
lymphomas (e.g., Hodgkin's disease and non-Hodgkin's disease), multiple myeloma,
Waldenstrom's macroglobulinemia, heavy chain disease, and solid tumors including, but not
limited to, Sarcomas and, carcinomas such as fibrosarcoma, myxosarcoma, fiposarcoma,
chondrosarcoma, osteogenic sarcoma, -chordoma, anglosarcoma, endotheliosarcoma,
iymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesbtheiioma, Ewing's

tumor, lelomyosarcoma, thabdomyosarcoma, colon carcinoma, pancreatic cancer, breast
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Melanoma, Islet Cell Carcinoma, Islet Cell Pancreatic Cancer, Kaposi's
Sarcoma, Kidney Cancer, Laryngeal Cancer, Lip and Oral Cavity Cancer,
Liver Cancer, Lung Cancer, Lympho proliferative Disorders,

WV zsxaygEBtilinemia, Male Breast Cancer, Malignant MesotR&IIGHFGI06/000604
Malignant Thymorna, Medulloblastomia, Melanoma, Mesothelioma,
Metastatic Occult Primary Squamous Neck Cancer, Metastatic Primary
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fvariniasia-henigagiant lynphnede byperpiasisrcement it level of CXCR4

hyperplasia, .congenital adrenal hyperplasia,.copgenital. sehacequs

AR R G R R S e R O TBaaE o, 1999)
Gypeiasiostudidr Bypdfiladidl esloemisrsyharprariassioroRiuseingicating
dvperniasiesfona epithelighhyRerpasingNgividlects of chronic inflammation and

subretinal neovascularization at the RPE site of the blood-retina barrier. (Crane IJ, Wallace

CA, MeKillop-Smith S, Forrester JV. CXCR4 receptor expression on human retinal pigment
epithelial celis from the blood-retina barrier leads to chemokine secretion and migration in
response to stromal celi=derived factor la: J. Immunol.. 200; 165: 4372-4278).

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 scaming. Common first symptoms include metamorphopisia and/or

general central vision loss resuliing in reading disability and difficulties in detecting faces.
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hyperplasia, inflammatory fibrous hyperplasia, inflammatory papillary
hyperplasia, intravascular papillary endothelial hyperplasia, nodular
hyperplasia of prostate, nodular regenerative hyperplasia,
wpseudvefitheliomatous hyperplasia, senile sebaceous hypEflasizpveygoo+
verrucous hyperplasia; leukemia (including acute leukemia (e.g., acute
lymphocytic leukemia, acute myelocytic leukemia (including myeloblastic,
promyelocytic, mylomonocytic, monocytic, and-erythroleukemia)) and
chronic leukemia (e.g., chronic myelocytic (granulocytic) leukemia and
chronic lymphocytic leukemia)), polycythemia vera, lymphomas (e.g.,
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TRHOET e SRR H) L esrda cnitleiial icrls iersmar et drei abmin, smmberifiepithelial
ceBidisinderizs biaddentasitenasesiheliabeare apma glioman FsHO4anNas-
nedpllgllastan yrgiexna. ependymoma, pinealoma, .
41gqma‘m io'bIast(;]rjé?iaéli‘(,(\3 ?ggﬁg%}%euromﬁ o‘%%ﬁ%’ﬁ&%ﬁ’ﬁgim?afe?n %ﬁéﬁﬁ?é?‘?fgfi on
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PSSP, THedromiSBtabascrrBmRBtRkToin RPidekigianttolosy. Whether

C¥fdogtirepiea méﬁﬁaﬂxfﬁto&y?ﬁ@@ﬁmmfn@ Eﬁ;\é%aﬂogrﬁf}é@f %ﬁQﬂéQ&Q on the
SEVELLY: r degeneration (ARMD) and gther )

.leppatho enrﬁgg g%%@ﬁt\%v%%% macu agr}?%a Oéﬁ%pclg(ﬁ%nfoe%ﬁ Seﬂal"(%ﬁﬁ’)a@@ﬂsby

SR B SRieRithet Tt 16 Rheen Aiysolave elbechitetioheiredfeiswithin the
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ol 515 g e Bl st Dl e
asyrteteBhseaithslivag Mbmdeth sielpre9RidmoiaelransBsitabéH4siorage

systenmdditionfriaatmessRatial EhedoROIEEEAREF IRYRH T BEHEINGbects, in
AR SR et e G
ce esidoreiy ,%g;@gﬁgto@@pﬁ/@np@mﬂ:ﬁé]mmay be harvested and used i cell
{ransplantation. In one embodiment, bone marrow progenitor and/or stem cells are mobilized
for myocardial repair. Further, the ‘invention is direcied to methods of treating animal
subjects, in particular, veterinary and human patients, who are defective in white biood cell
(WBQ 8 count, or who would benefit from elevation of WBC levels using the compounds
disclosed herein. Moreover, the invention is directed to methods of effecting regeneration of
cardiac tissue in a subject in need of such regeneration using the disclosed compounds,

The compounds of the invention may be used for the treatment of diseases that are
associated with immunosuppression such as individuals undergoing chemotherapy, radiation
therapy, enhanced wound healing and bum treatment, therapy for autoinimune disease o
other diug therapy (e.g., corticosteroid therapy) or combination of conventional drugs used in

the freatment of autoinimune diseases and grafi/transplantation rejection, which causes
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cells from the blood-retina barrier leads to chemokine secretion and
migration in response to stromal cell-derived factor la. J. Immunol.. 200;
165: 4372-4278). The level of CXCR4 mRNA expression increases upon
wetmwglatigeswith IL-1(3 or TNFa (Dwinell, et al. (1999) Gastrggriieroltoggooo+
117: 359-367). RPE cells also migrated in response to SDF-la indicating
that SDF-la/CXCR4 interactions may modulate the affects of chronic
inflammation and subretinal neovascularization at the RPE site of the
blood-retina barrier. (Crane IS, Wallace CA, McKillop-Smith S, Forrester
.TV. CXCRA4 receptor expression on human retinal pigment epithelial cells
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Savesten egﬁﬁn@uabt eﬂs‘ff(}mn@wmeé)omvals drirgeaeralmBBR4ofcebitheliplesent
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Imm oIo 6- ke with endothelial cells, CXCR4 is the ‘
only c %ﬁ?ﬁ%’*ﬁg %%% M}}‘é@é@&%ﬁ% PRILRETKeH ol 8 BEBRSTHAL o
nhigveen d{imgion almpeinde pif folialpatDa S \ainEthén A@NERY with additional
2RRAIGIPRIES IO Rl BAESRARSREIRINAN 8RS e SR btics, vitamins,

e@ﬁgessed on the epjthelium may faC|I|tate the recruitment of phagocytic

| PSS o EHARREATS: dREEPStie CRUBACER h ATAI%SSIS, ostesRlacyte-
nEragrhiso travey othevlfuingtfariat (OlEiSOAhi Bothdeukin-I (IL-1), Interlevkin-3 (IL-3),

Interlenkm-8 (IL-8), PIXY-321 (GM-CSF/IL-3 fusion protein}, macrophage inflammatory
protein, stem cell factor, thrombopoictin, giowth related oncogene or chemotherapy and the
like. In addition, the compounds of the invention may be administered in admixiure with
additional active ingredients that are therapeutically or nutritionally useful, such as
antibiotics, "vitamins, berbal exiracts, anti-inflammatories, glucose, antipyretics, analgesics,
and the like.

The binding of SDF-1 to CXCR4 has also been implicated iu the pathogenesis of
atherosclerosis (Abi-Younes et al. Circ. Res. 86, 131-138 (2000)), renal allograft rejection
(Eitner et al. Tramsplantation 66, 1551-1557 (199%)), asthma and allergic airway
inflammation (Yssel et al. Clinical and Experimental AlfierD; 28, 104-109 (1998); J
1777771unol. 164, 59355943 (2000); Gonzalo et al. J finmunol. 165, 499-508 (2000)),
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iImmune 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.
WMOPEBTH2ZRt al. (1999) Immunology. 98(1): 36-41). In additR§FE/He006/000604
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 transplantation. In one embodiment, bone
. marrow progenitor and/or stem cells are mobilized for myocardial repair. ;,
Aledhimer ARG 1 LRI PRE thSds b teRRrgairhiissdispdest al. | -
Timmpadticdarsoisté oinai3oamol human patients, who are defective in white
blood cell (WBQ 8 count, or who would benefit from elevation of WBC
Plevels sigg the comggg&ds disclosed herein. Moreover, the invention is
HeER LY eae LIRS S8 G589 REration of cardiac tissue in a
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- the .0., carticosteroid therapy) or combinatjon of conventional drugs.
S e e NS s
G & SEHBI, WhitHBEIS 85Y SS WO I0d6!0 Taaps FOTHUSIONG/@606gparing the
SIEBAT YRS URPReSSiampin i LR supRIessio niduete-soRganial deticiengydnsun-
receptor function or other causes; and infectiqus di ,such as .
“parasitic t iglga%e g,({?ﬁ% ﬁed{n%n BPhot 1|Sm(£|?5&ef%%ﬁe mﬁi%%?egéj%sﬁrsl%%&ﬁ 5T
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| aﬁwgwéﬁﬂeﬁ H@élladi%ﬂoih Bi’%ﬂﬁﬂﬂﬁ%ﬁl@'ﬁ@ﬂﬂ/ﬂbﬁ?@eﬁﬁﬂ&ig}ﬁaﬁlﬁg%ﬁiﬁQ%kd
_he beneficial or, where haryesting of progenijtor cells and/or stem cell for
ot °§’ésqtﬁse%°t€‘§i"et?pd ‘é’“'éﬁ atrsérﬁg%l‘éar‘#‘éﬁé’“ R SEL BRI, 1n addition, the
methbepGigre pigirdion tirges of Hro A Speentapemoftcodaitionseptor can be a

- fiehasasiesized biia defigieney-ienvnite hiard sellispunt R whigh:wo Wiessory
% g&@tigrgg%le%leg{la ioarg said WBC Cﬁunt. The te{m "g)rogenitor cells"
TYeTOrs t6 colls that, in TeSpSHIgPLE EotAT A O RRH TSP Ut Sriticqulg that
bisdrithio ot artrmyivitdielisleT hénpresentediprogbnioragelscanbenle is
1-8856Swad Bisthe Al iéh’e%&ﬂﬁs@%“%ﬂ@i&tﬁ@qbo le o JRun. oﬂﬁéﬁgﬁ%%tavadin

Y its gf various types, including, for example, CFU-GM (colony-forming
anits, granulocytemacrophage); CFU- GEMM (colony-forming units,
multipbteprizijc Ber Rutrgosistormnimgiaatiitss enptbrdid )wHP Bigk RGigitgtior the

reBepiferativa-naisttialaolaryouning Callss Lraih el tepp o b diffsrentiated:
colonies whjch.can bﬂe1 obtained in culture using known porotocol_s. "Stem”

InCEé fREGHC fraRodiment, the anfagonist is TINI14003 (described m PCT Publication No, WO

04/087068 to Emory University). The receptor is typically expressed in a cell line. The

process can be performed as a dose-response curve. In this embodiment, the test compound

is incubated with the receptor at varying concentrations and the signal elicited after binding

of the labeled antagonist is measured-and compared-to-control, as well as-to each other.
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differentiated forms of progenitor cells. Typically, such cells are often
positive for CD34. Some stem cells'do not contain this marker, however.,
In general, CD34+ cells are present only in low levels in the blood, but are
Were@srirgAdarge numbers in bone marrow. The compounds BE THE2006/600604
invention may be administered as sole active ingredients, as mixtures of
various compounds of Formula (I)-(XVII), and/or in admixture with
additional active ingredients that are therapeutically or nutritionally useful,
such as antibiotics, vitamins, herbal extracts, anti-inflammatories,
glucose, antipyretics,, analgesics, granulocyte- macrophage colony
stimulating factor (GM-CSF), Interleukin-I (IL-1), Interleukin-3 (IL-3),
Interleukin-8 (IL-8), PIXY-321 (GWY.CSEIIL-3 fusion protein), macrophage
inflammatory protein, stem cell factor, !ﬁrombopomtln growth related
nco r chemot and the, i dtlon the, compou
Ef F?ven% ar%%:[i/ J‘S m|n|s ere, "llr%t’a m|x ure’f/valt %H’ Bhal (9 V& eafc
Fon§r&@Rhts that are therapeutlcally or nutritionally useful, such as
antibiotics, -vitamins, herbal extracts, anti-inflammatories, glucose,
antipy Y, STRAGESRIS WER PRFETes, \F e D €19E binds ¢oxbsredicted
| c!mmatsﬁdb@eﬂt@memmakh&mﬁa@geae&&@hﬁmermlemsm cells were

taI C Re 8 131-138 (2000 a aft reje
TR Fbreclie T Donston R B AR R 1o
fmr@\ﬁ‘ayxlmﬁaﬁnﬁmtuﬁﬁeéwgs@b@p& a@ﬂmmaﬁmu@ﬁpmmmmmfr@mzf&labeied

TAGHIEL A8 kivt th L6 AR 18 R0kaPR S LA GRAZAIR §58l1d for
linmunol. 165, 499-508 (2000)), 89 WO 2006/074428

B EgBsdddosoa Alzheimer's disease (Xia at al. 7. Neurovirologv 5,
32-4 110980y afichA Hiortig ARSI 4008 by 2 pruuoDCGR4 503 @xpltdd coupled

+20ANReassssfarddentificatie @u‘i’%@&(%a‘kt%%@? Lﬂ@&?&%@é&bedded

embodiment, a process for screeni apotentla rug candidates is

RTIGEE PR RSN MDY AP Fp BN e R
GxiTagonishithat lydsoaideicgtablméiGhalmhissb otnihdaa NGRS Hae (Miyire

159 RSHAGE SR LPERRIOR IR %ﬁ%ﬂ@%@%}g@a qohie ?&e% %M-

concentration, to form a test sample COI’l'[c’:lCtIl'I%Fa e test sample wi

eﬁ@ﬁﬁﬂﬁgt}@éﬁ%&ébﬁf'ﬁs JEFaRENY sy e Jépirfb- b‘gggsas the Tow
CGXtRgenisksking Salnpldiat inetidikes afjciest pblaghle torfdsnma eohtiht low
Samplexand gﬁ;&gggm the. signal from the test sample to the signal from '

the control sample. In, a specific sub- embodiment, the gﬂémde -based

antam@&%%&ﬁlmm e RiBEATY BETATDE fBReN 2tients’
PVABAABAI6S tadumeaniibini\GRsiygrdrd furt e suwoenabadirsenisdhes detect

c?ﬂﬁ%%otm ﬁ%ﬁ%‘%ﬁ'e&whcéu? Anmpleghis.RRd hesianal i glcied wheR .,
(Figare 1D). A total of 41 patient tissues provided by Avon Tissue Bank for Translational
Genomics Research at Grady Memorial Hospital in Atlanta, GA, were stained and 0 out of 4
normal breast tissues, 9 out of 12 Ductal Carcinoma in sifu (DCIS), and 23 out of 25 node-
positive cases were p051t1ve for CXCR4. Many samples carrynng the d1agnoses of DCIS
already acquired CXCR4 overexpression (Figure 1D).

Example 2: TN14003 is a more potent inhibitor of CXCR4-associated signaling than
AMD3100

CXCRA4/SDF-1 interaction activates PI3K/Akt and Ras/RaffMEK/Erk pathways in a
Goy; protein (PTX-sensitive)-dependent manner, Experiments were conducted to determine

the effect of blocking CXCRA4/SDE-1 interaction by either TNI14003 or AMD3100 at
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antagonist is contacted with a streptavadin-conjugated signal molecule.
The signal elicited by binding of the CXCR4 antagonist and the receptor
can be a. fluorescent signal. In one embodiment, the signal is elicited
wohessasesond, accessory molecule is added, such as, forrgxanspdes asosos
fluorescent molecule bound to.a molecule that binds the labeled
antagonist molecule. In one embodiment, the antagonist molecule is
labeled with biotin, and the accessory molecule is afluorescently labeled
streptavadin molecule. The peptide-based antagonist is typically a
molecule with high affinity for the receptor. In one embodiment, the.
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W&agﬁz&rd%t'tﬁgtﬁwwer chamber to attract CXCR4-positive breast cancer cells to migrate
through the matrigel. The invasion of MDA-MB-231 cells transfocted with siRNA1
. decreased to 39+4% of the controi cells, 5128% with siRNA2, and only 16+6% with both
- siRNAI+2 (Figure 34). Figure 3B shows that lowering CXCR4 influenced the mRNA
levels of VEGF and CD44 without affecting mRNA levels of HIF-1¢. |
To determine whether lowering CXCR4 levels in MDA-MB-231 cells blocks lung
» metastasis in the experimental animal model, MDA-MB-231 celis were transfected with
various combination of CXCR4 siRNAs and injected into the female SCID mice through the
tail vein twice weskly infravenonsly by themselves (without liposome) following the
injection of tumor cells (Groups 2- 4). Forty-five days after the tumor cel] injection, all
animals in the control group (Group 1) developed lung metastases. In contrast, only one
animal in Group 2 developed metastases and these were barely visible. A represeniative

picture of lungs in Figure 4A demonstrated grossly cystic lung micro-metastasis in the
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paraffin-embedded tissue sections demonstrated that TN14003 could be
used to detect CXCR4 receptors on tumor cells from the archived
paraffin-embedded tissue sections (Figure 1D). A total of 41 patient
whissuespsos/ided by Avon Tissue Bank for Translational GaEROmigs06/060604
Research at Grady Memorial Hospital in Atlanta, GA, were stained and O
out of 4 normal breast tissues, 9 out of 12 Ductal Carcinoma in situ
(DCIS), and 23 out of 25 node- positive cases were positive for CXCRA4.
Many samples carrying the diagnoses of DCIS already acquired CXCR4
overexpression (Figure 1D). Example 2: TN14003 is a more potent
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Eé%fféf%fﬁ:@ﬁ] ﬁg‘{mg%ﬁ%@ m&ges respectively. The maximum standardized
uptake values (SUVya) of the lung area in Figure 5 were 8.6, 7.1, 6.3, 2.2, 2.5, and 2.1

Collectively, these images show that FDG uptake is much higher in langs from the controt
group (left) than SiIRNAI+2 treated group (right), which correlates with increased hung
metastases in the control group than the siRNAI+2 treated group.

Example 4: VEGF promotor regulation by CXCR4 and HIF-1¢o

To determine whether lowering CXCR4 levels might affect VEGF iranscription
compared to H}F-l‘cx ﬂae-hypoxia—reporting Tuciferase/LacZ plasmid from Dr. Van Meir's
laboratory was used as a reporter system to detect hypoxia-responsive element (HRE) of
VEGF promoter activity (Post, D. E. and Van Meir, E. G, (2001) Gene Ther 8: 1801-1807).
The sequence of HIF-la siRNA was 5'- UUCAAGUUGGAAUUGGUAGATAT-3". Pooled
celi clones were created with MDA-MB-231 cslis stably transfected with this plasmid (called
HRE-Luc MB-231). Unexpectedly, HRE activity in normoxia was moderately high in MDA-
MB-231 cells that have high CXCR4 levels in nommoxia (Figure 6, left), which was not
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Lowering CXCR4 mRNA levels by siRNAs inhibited CXCR4/SDF-I
-mediated invasion as measured by a matrigel invasion assay. The
CXCR4 ligand, SDF-I (400 ng/ml) was added to the lower chamber to
weattrmet GXER4-positive breast cancer cells to migrate throgITA#2006/000604
matrigel. The invasion of MDA-MB-231 cells transfected with SIRNA1
decreased to 394% of the control cells, 51=8% with siRNA2, and only
166% with both siRNAI+2 (Figure 3A). Figure 3B shows that lowering
CXCR4 influenced the mRNA levels of VEGF and CD44 without affecting
mRNA levels of HIF-I a. To determine whether lowering CXCR4 levels in
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compete agamst biotin-labeled TN14003. On the other hand, some candidate compounds
were as potent as TN14003 at very low concentrations. Therefore, one of the;se compounds,
WZZ18118, was selected to study its therapeutic potential based on potency and low toxicity
to cells (Figure 9). Figure 8 shows the binding affinity of WZZL811S to the ligand-binding
site (approximately the same as TN14003 binding site) of CXCR4 on tumor célls at nano-
molar concentration. WZZLB11S did not decrease cell viability of MDA-MB-231 cells even

at 100 uM (the highest concentration tested). -
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uptake can also be seen in the bladder due to the secretion of FDG.
Figures SB and 5C are selected coronal and transaxial section images,
respectively. The maximum standardized uptake values (SUVmMX) of the
winrgareain Figure 5 were 8.6, 7.1, 9.3, 2.2, 2.5, and 2.1. @oliacideedyno0604
these images show that FDG uptake is much higher in lungs from the
control group (left) than siRNA1+2 treated group (right), which correlates
with increased lung metastases in the control group than the sSiRNA1+2
treated group. Example 4: VEGFpromotor regulation by CXCR4 and
FPIF-1 a To determine whether lowering CXCR4 levels might affect VEGF
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The small molecular anti-CXCR4 compound WZZLS11S (20 mg/mouseftwice weekly)
showed 80% efficacy of TN14003, potentially due to shorter half-life of the compound.

Example 8: Pharmacokinetics of ¢ novel anti-HIF1 o compound

A pharmacokinetic study of a novel anti-HIF-la small molecule was performed. A
stably integrated hypoxia-reporter system of glioma cells transfected with the hypoxia-
reporting plasmid (described above) was ufilized. A natural prociuct-like small molecule

tibrary of 10,000 compounds was screened and the "best hit" was identified. HPLC

85



Using biotin-labeled TN14003 along with streptavidin-conjugated
rhodamine allowed a determination of the binding efficiency of these
chemicals to the SDF-1 binding site of CXCR4 on tumor cells and
woampareedit to AMD3100-SDF-1 interactions (Figure 7). ThBCEa&IE066/000604
incubated with compounds with high affinities for the ligand-binding site
showed only blue nuclei staining, whereas compounds with low affinity
resulted in both CXCR4 in red (rhodamine) and blue nuclei staining. Cells
were pre-incubated with different concentrations ofAMD3100. The results
indicated that 10 pM concentration was needed for AMD3100 to compete
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.compounds were as potent as TN14003 at very%ow concentrations.
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CXCR4/SDF-1-mediated invasion. As shown in Figure 10A, WZZL811S
was as potent as TN14003 in blocking SDF-1-induced invasion at the :
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pl7 antigen capture using infected celis. Cells were incubated with 0, 0.1, 1, 10 or 100
nM drug prior to infection with SHIV, Viral titer was measured after infection by analyzing
levels of p27 antigen. Results for incubation with WZ40, WZZI.8118 and 'WZ41 are
provided in Figures I5 and 16. Test compounds inhibited SHIV infection at all
concentrations tested. The inhibition was measurable at 2 days, and continued to 5 day

incubations.

Example 11: Compounds tested against SDF-1 in binding to CXCR4

Results of assays showing the IC50 in nM of test compounds binding to CXCR4
when compared to SDF-1 (competition assays) are shown in Table 2 below. The half life of

the compounds 1n mice where determined are also shown.
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peptide-based CXCR4 antagonist, TN14003 (20 mg/mouse/twice weekly),
treated group determined by non-invasidve [15F]-fluorodeoxyglucose ‘
Positron Emission Tomography (FDG-PET) (Figure 12). Each panel
wshoneoRI8-PET image of 6 mive and large lung metastasessrs2066/000664
indicated by green arrows (bladder shows high FDG-uptake due to
excretion, not tumor related). These 3-D projection images show lung
metastases well (bone mets and liver mets were apparent in axial section
images of mice in control groups, data not shown). The small molecular
anti-CXCR4 compound WZzZZ1L811S (20 mg/mouse/twice Weekly) showed
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p27 antigen capture using SHIV infected cells. Cells were incubated with
0,0.1, 1,10 or 100 nM drug prior to infection with SHIV. Viral titer was
measured after infection by analyzing levels of p27 antigen. Results for
widcobatiamsvith WZ40, WZZL811S and WZ41 are providedrifiTRigemresiidsos
and 16. Test compounds inhibited SHIV infection at all concentrations
tested. The inhibition was measurable at 2 days, and continued to 5 day
incubations. Example 11: Compounds tested against SDF-1 in binding to
CXCR4 Results of assays showing the IC50 in nM of test compounds
binding to CXCR4 when compared to SDF-1 (competition assays) are
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Fornele Xi

Wwherein

each K is independently N or CH:

QG T, U, V, W, X, Y and Z are independently selected from H, R, acyl, F, CI, Br, I, CN, OH, OR,

NH;, NO,, NHR, NR,, SR, SR, S:R, S-NHR, $,-NHR, S-NRR!, S,-NRR", NHacyl, N(a;yl)g,

CO2H, COsR, where R and R' are independently selected from straight chain, branched or cycﬁ{;

alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and

Ri, Rz, Ry, Ry, Rs, Rg, Ry and Ry are independently selected from H, straight chain, branched or

cyclic alkyl , aralkyl, aryl heteroaryl, acyt (RC-) and imidoy] (RC{NH}- or RC(NR")-) groups;

A and B are one and two atom tethers independen‘_dy selected from -CR= -CR3R4-, -CR;= —,N=

;:C;:R—NRp, -8-, ~CR;=CRy-, ~CR3R4-CRsRg-, “CR3=N-, -CR;R4-NR;-, -N=CRj3-, and :NR3:
543
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NW WN 100 CLAIMS 1. Use of a compound of Formula 1, lla, lib, Ill, IVa,
IVb, Va, Vb, Vc, Vla, Vb, VII, Vllia, VIlib, IX, XI, XIII, or a
pharmaceutically acceptable salt or ester thereof: JK WU T " Y YJ\=K V
T: X, NK"mss,A(-i_//RiReK/I/K NI~NKXKN R40ptal0>7 Farm
ulalFarmalallavVvd~V KmTK"~4Si rmrnala[ltEin4lai{l YaY W
-D-E--af K3 liRfemitiaiasmala ddrgr04Re@ K NRI Ra K Rx RnN
MAxX'd:rS Nt R, N& s $g Fnamin&Vs. Form ulavVb Q Q aay R, I Rs
Mis{de %5 M 21 SNK 1/ b! K Ra Tz Farm ala V Formula Vra 101 P J U
A* iWinde@dentAditedeWiitok R RovpRs s otk aly/ 11

{a] Ib) {6

O <

{ (e} i

A

in the manufacture of a medicament for the treatment or preveation of a proliferative or

inflammatory disorder associated with CXCR# receptor activation.

2. The use of claim 1, wherein at least one K in each ring is nitrogen.

3. The use of claim 1 or claim 2, wherein Y and Z are each hydrogen.

4, The use of claim 1 or claim 2, wherein W and X are each hydrogen.

5. The use of claim I or claim 2, wherein W, X, Y and Z are all hydrogen.

6. The use of any one of claims 1 to 5, wherein R; and R; are hydrogen.

7. The use of claim 1 or claim 2, wherein at least one of W, X, Yand Zis C1, F, Bror 1.
8. The use of claim I or claim 2, wherein at least one of W, X, Y and Z is OH.

9. The use of claim 1 or claim 2, wherein at least one of W, X, Y and Z is CN.

103



"WN-KUK-NIS PrFerns]svlilt Fotln U14 Y Hit WK =% N N6 R.a.
SitAVF~R, By Form Flo It for"all 9 K-NK )Y B X-KW, 0, srXx %---r
C, w Ft,n sk X) Formula X 1) wherein each K is independently N or CH,;
Q, T,U,V, W, X, Y and 2 are independently selected from H, R, acyl, F,
Cl, Br, I, CN, OH, OR, NH2, NO2, NHR, NRz, SR, SR, S2R, S-NHR,
. S2-NHRscSNRRY, S2-NRR'2 NHaeyh N@eXBRe &0v-.K, TR, whare R
and R' are independently selected from straight chain, branched or cyclic
alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and RI, R2,
. R3 R4, Rs, Rb,dRjrand Ré$haranindspendentipdeiectdd fronstiicstraighivl, or a
Chalf,ra0ched grcy IRl Al fietoroary) acyl (RC-) and
oyl (RC(NH)-or RC(NR')-) groups; A and B are one and two atom
tethers independently selected from -CR=, -CR3R4-, -CR3=, -N=, -0-,
-NR3-, -5-, -CR3-CR4-, -CR3R4-CR5R6-, -CR3=N-~, -CR3R4-NR5-,
-N=CR3-, and -NR3- CR4R5-; 102 -D-E- and - -J -afe independently
either NR3 CR4- or N=C-; M is 0, NRS; is independently
selected from the grouphpon%tmg

Ry
AL

Formauia X'%1,

12.

13.

I4.

15.

16.

17.

18.

15.

The use of any one of claims 1 to 11, wherein the disorder is cancer metastasis.

The use of any one of claims 1 to 12, wherein the administration reduces endothelial

cell migration or proliferation or reduces angiogenesis.
The use of any one of claims 1 to 11, wherein the disorder is a proliferative disorder.

The use of any one of claims 1 to 11, wherein the compound is administered to a host

at high risk of suffering from an inflammatory disease.

The use of any one of claims 1 to 15, wherein the compound is administered in

combination or alternation with a second agent.

The use of any one claims 1 to 16, wherein the compound enhances or elevates the

number of progenitor cells or stem cells.

The use of claim 1, wherein the disorder is selected from the group consisting of
atherosclerosis, rheumatoid arthritis, inflammation, chronic inflammation,
inflammatory fibrous hyperplasia, inflammatory papillary hyperplasia, acute or
chronic inflammatory disease states associated with the epithelium, asthma, allergic

airway inflammation and a disorder associated with immunossuppression.

The use of any one of claims 1 to 18, wherein the compound is of Formula 1.
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in the manufacture of a medicament for the treatment or prevention of a
proliferative or inflammatory disorder associated with CXCR4 receptor
activation. 2. The use of claim 1, wherein at least one Kin each ring is
nitrogen. 3. The use of claim | or claim 2; wherein Y and Z are each
hydrogen. 4. The use of claim 1 or claim 2, wherein W and X are each
hydrogen. 5. The use of claim 1 or cIaim 2, wherein W, X, Y and Z are aII

ydro el 6 a Q,5, wherein R1 and R
20, B B R R N VD BVt Wi iR YT
I &k %“@I‘C*IFa Pemricogicihe assenblsl ahot etecitiers@: wherein at least

9.01%\4 X, Y and Z.is OH heyu of claim 1 or cﬂg{m 2, wherginat
Ie to 1}3;%2: C 10316T yseof i, col |m)§/Y
e co und is

ZX|
Whereln f the structure XVI @r ap aceutitally
accepta e salt oroestert reof: NON fry Formula XV 42. The &ise of any
one of claims & to,;11, wherein the disorder is cancer, megaﬁta&s 13. The
use of any one of claims 1 to 12, whierein the admlnlstratlon reduces
endothelial cell migration or proliferation or reduces angiogenesis. 14.

The use of any one of claims 1 to 41 rein the d? risa
1y ku{éreH"K'/

pliferative disprder. 154The yse Sf‘any eq f l ®r1

% adm) fer to a;lﬂrﬁ,et ? g:?mla}m

*n e se of any O of claims % to 15;wvherein
the corﬁpozg‘é admlnlstered in combinatiq n or alternation witf} ,a second
agent. 17. The use of any one claims 1 to 16, 'wherein the compound
enhances ofedevétes the number of progenitor cellsmornstem cells. 18.

The use of clalm 1, wherein the dlsorder is selected fstom the group ,
w OGBSIS'[II‘IQ of’ erosclerosiss rheu amla“a thyitis, inftany
) atlon infl: mn)“a y féﬂss erp S|a nfla a
I,aéla aicin Famma ory ase ﬁtgé assosjated with

the ep hehur% a§thma aIIerglc airway mflammatlon and a dlsordler

associated with immunossuppression. 19. The use of any one of Claims
Ito 18, wheneisa thercompound is of Formula I. 104 fopmuls 1va
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20. A compound of Formula 1, Ira, IIb, I, IVa, IVb, Va, Vb, Vc, Vla, VIb,
VII, Vllla, Vllib, 1X, XI, XIlI, or a pharmaceutically acceptable salt or ester
thereof: WU Tvy{urA~RrRrRs RaARiRaK % aK N~ ~N~~'Z Kva

RrJQ ft Formolal FormulallaV wK U rK-K\it,,,,~/ KK RaR, ~"~~'R5
6 KIKAXKI~r>-~KKZ aT40R,Ra formalallb Formulalll 4 U CK
-KarW-KAVI&K-K wKA XK~ ~E-/J‘~~4y zKEZ "~~"UUUTR
Formula IV6 FormulalVa () TO W ~'R9 R< "'~ Rs Ra K\
RyJ'/~R -\bTI~,]. Ra Ra K K K~ K" R, Rl Formul
"~ 475 | |g ﬁ }\ R
Ry For 5 7xWx 4
Ra R\ X K~E R{Jf / Z '1
R
Formule Vb , Formula Vil
— U —X K-——K
w?il“(:j/z“\ / \ Re. Rs /X \Eé}‘k\
LT N)_ X a
|
Ry

Foermala V1ils Formula VIIE

Ry R, Ry - Ri K

w\é{ﬁ
HL

Farmmula X

=

Formul X1 ' Formula X[

whergin

cach K is independently N or CH; _

Q, T, U, V, W, X, Y and Z are independently selected from H, R, acyl, F, C}, Br, I, CN, OH, OR,
NHz, NOa, NHR, NR;, SR, SR, S:R, $-NHR, $;-NHR, S-NRR!, $,-NRR', NHacyl, N(acyl),,
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RI R2 Formula V Ib Formula VIl K=K U K-K W KdC U K-K W N E-l R2 Ra
K-KKZXA~J KKZ D/uNOu.R Form ala Villa FormulaV 111b K RI
RaRsREK,K.x~KR-A..VN"~~Zx Kr,F AK D R, Formula fX
FormulaXUXxUK-K'Y YR W~'"\A, NK~-2W~KAJ~-KZ RI4V
Formals xI Form ula MCI wherein each K is independently N or CH; Q, T,
U,V,W, X, Y and Z are independently selected from H, R, acyt, F, Cl, Br,

. Q2 NH S R, S2R,.S-NHR, S2-NH
COL RS DA R A MOl Sy S5 R e prevet
alky Q@fﬁ&éb@ﬁﬁ%ﬁﬂ?%@%wlf%ﬁmwwgﬁi gioas; Brdnched or cyclic alkyl or

Ry, RalkyRamy s, s welkasranvians fatsrearytaraupsHanshil E%%uR%a%ed or

eyl B B e e B et R s
A anBra e SRR N tbup dapande B!y relenies driortidR atoRRIBIEIER—, -N=,

-0-, indRpersientir selpcte ddrRR AGRR,-; C&&Rﬂ-; -CR& NG, ~@T¥Cﬁ!‘.ﬁ3ands-NR3~
Cmgm —CR4-, -CR3RI-CRSR6-, -CR3=N-, -CR3R4-NR5-, -N=CR3-, and

: R3 CR4Rs- -D-E- and -0-1- are mdependently either -NR3-CR4- or
-D-E-gaG-lnes ndspppdqrts cither Afs- (e peddetly selected from the group

M isarisisting, offormulas a-g: (@) (b) (c)

A¥ s independently selected from the group consisting of formulas a-g:

{a) (b} {¢)
L0 <>
M :
(d) (e) {f)

{9)

21, The compound of claim 20, wherein the compound is of Formula |,
22. The compound of ¢laim 20 or 21, wherein at least one K in each ring is nitrogen,
23. The compound of any one of claims 20 to 22, wherein the compound is of the structure XV,

or a pharmaceutically acceptable salt or ester thereof:

Formula XVL
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(d) (e) (f) (9) 21. The compound of claim 20, wherein the compound is of

Formula 1. 22. The compound of claim 20 or 21, wherein at least one K in

each ring is nitrogen. 23. The compound of any one of claims 20 to 22, -

wherein the compound is of the structure XVI, or a pharmaceutically

acceptable salt or ester thereof: NY Hr Formula XVI. 107 24. The

compound of any one of claims 20 to 22, wherein Y and Z are each

5 The compoun one of |ms 20 to 22, wherein W

24 ﬁ% %?gpolre Caal y r%ce% "ﬁ %r‘ﬁ ﬁWd ‘T“Q a5 et RYSRIES™O to
23, Tilz coypisrend vany, mea@%p@mammmzv amhéc corepsLiydogany

26. medaﬁp“dadmaf?éayt@&%fwﬁﬁﬁ@'ﬁb\% 2%, whavth £yate pdepondenily Er%'%%‘r’ated
Iand OR. 28, n% o\F%d of any one of clalms 20

27. Tffx r@orﬁﬁrﬁ&?ﬁ one of dent]
ereih Rl and R2 are Ry |’ac5 Jckutieal cfholitidhfependently
Sﬁéﬁﬂﬁ‘rfsﬂﬁ@% B@ﬁaﬁa@nd@RFormulm lla, 1Ib, I1l, Wa, IVb, Va, Vb, Vc, Vla,

28, wm@muomu@%mn%fmkﬁg hoob 2RRARACRY A, gfqum@géﬁ salt nr
29 [ thereof nd 0 table -- ---- ---

I
' A7 fa~y~ a\?\t/ie: ~HTE gmgax[f %%Eﬁgg%ffﬁgﬁw B Roppela IUHP’/ﬁbJIQHGLVév Ive,
. Kb 7R KIA Rk KINYIA,D/ B RKES I8, loF orpheimdtieyfiog iéobdBtable salt
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Formula IVb FormulalVa 108 TO RaR,ReReKKaR,RaRe~KKQ
U~IYVI~~ -GRK~ XK Il kRIR=RiRa Form ulaVa Form ula V
bW"r. KRs R, Kam™ RS R6 K//w /---K (YA Rr Re (/\%-KPK liuRi T Rp
Rr FormulaYcFormulaVitTU rY WKK-Kr~ W\,~RRaRaR
aK A%KE-~ZKHMp RrR= Formula Vib Formula VIl W K U // -Kd
W '=KAUK-Ka E-/RrRe K,""ZRK ~s.. |'it""g D/ M H.~kt Rr
Formula Vlila FormuIaVIllb 109 KRRY WK - KA%/ X\ pXAKK-~x
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OaK-K~y~8aKY/~Q\Ra\\_d8[H,/KI z~~alxI|pForm als XI
orm ala XII wherein each K is independently N or CH; Q, T, U, V, W, X, Y
and Z are independently selected from H, R, acyl, F, Cl, Br, I, CN, OH,
OR, NH2, NO2, NHR, NR2, SR, SR, S2R, S-NHR, S2-NHR, S-NRR,
S2-NRR', NHacyl, N(acyl)2, CO2H, CO3R, where R and R' are
independently selected from straight chain, branched or cyclic alkyl or
aralkyl groups, as well as aryl and heteroaryl groups; and R,, Rz, R3, R4,

w. R 6, It, and its are inde ently we|¢ frgm H, straight chain, ¥ —X .
\i?ehéa r cyclic Bk, {alk:@iiéryl rig,{\@ro ,Aacyl (RC-) and j '6y| %’f"'

( H)/or X r}ﬁ* :and B &re’qpe atidtwolatormtethe =
indepehdently selected from -CR=, -CR3R4-, -ER3=, -N-, -0-, -NR3-, -S-,
-CR3=CR4-, -CR3R4-CR5R6-, -CR3=N-, -CR3R4-NR5-, -N=CR,-, and
-NR3- CR4R&;,.:3sE- and -G-J- are independently eiFther -NR3-CR4- or

_N=C-; Mis0,50rNR3; A* is independently selected fréf Hié group ,

consisting of formulas a-g: klax(a)r (b) (c) -0--<> M% 30. The N
pharmaceutical positiog of efgim 29, wherein th ou% g of /;
fFormula 1. 31 & | compasition of ¢fa W%.mclai ,’z
thtla%\(at.,leka K in &ach ring is;rﬁtrogén.gz. rmagéutical

e ofitz:laims 29 10°31, fyffthelr ¢
agent. 83 aceutical composﬁion E;,cd%u

Formule Y1 Formula Xif

wherein

cach K is independently N or CH;

QT, UV, W, X ¥ and 2 are independently selected from H, R, acyl, F, Cl, Bt, 1, CN, OH, OR,
NHz, NO;, NHR, NR;, SR, SR, S:R, S-NHR, $;-NHR, 8-NRR', §,-NRR', NHacyl, N(acyl),,
COzH, CO.R, where R and R' are independently selected from straj ght chain, branched or cyclic
alkyl or aralkyl groups, as well as aryl and heteroaryl groups; and

Ri, Ry, Rg, Ry, R, Rs, Ry and Ry are independently selected from H, straight chain, branched aor
eyclic alkyl , aralkyl, aryl heteroaryl, acyl (RC-) and imidoy} (RC(NH)- or RC(NR")-) groups;

A and B are one and two atom tethers independently selected from -CR=, -CR3R4-, -CR3=, -N=,
-0~ -NRz-, -5-, -CR;=CRy-, ~CR3R4-CRsRg-, -CRy=N-, -CR3R4-NRs-, -N=CRj-, and -NR,-
CR4R5-;

-D-E~ and -G-J- are independently either -NR3-CRy- ot -N=C-;

Mis O, 8 or NR;;

A* is independently selected from the group consisting of formulas a-g:
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chemotherapeutic agent or an anti-inflammatory agent.

(g)

30. The pharmaceutical composition of claim 29, wherein the compound is of Formula L.

31. The pharmaceutical composition of claim 29 or claim 30, wherein at 1éast one K in each ring
is nitrogen, _

32. The pharmaceutical composition of any one of claims 29 to 31, further comprising a second
agent,

33. The pharmaceutical composition of claim 32, wherein the second agent is a

chemotherapeutic agent or an anti-inﬂammatery agent,
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