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SUBSTITUTED QUINOLONES AND METHODS OF USE
[0001] <deleted>

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

[0002] NOT APPLICABLE
REFERENCE TO A “SEQUENCE LISTING”

[0003] This description contains a sequence listing in electronic form in ASCII text format.
A copy of the sequence listing in electronic form is available from the Canadian Intellectual

Property Office.

BACKGROUND OF THE INVENTION

[0004] The present invention is directed to novel compounds and pharmaceutical
compositions that inhibit the binding of the SDF-I chemokine (also known as the CXCL12
chemokine) or I-TAC (also known as CXCL11) to the chemokine receptor CCXCKR2.
These compounds are useful 1n preventing tumor cell proliferation, tumor formation,

metastasis, inflammatory diseases, treatment of HIV infectivity, and treatment of stem cell

differentiation and mobilization disorders (see also US2005/0074826 and US2005/0214287).

[0005] Chemokines are a superfamily of small, cytokine-like proteins that induce
cytoskeletal rearrangement, firm adhesion to endothelial cells, and directional migration and
may also effect cell activation and proliferation. Chemokines act in a coordinated fashion
with cell surface proteins to direct the specific homing of various subsets of cells to specific

anatomical sites.

[0006]  Early research efforts by a number of groups have indicated a role for the
chemokine receptor CXCR4 in metastasis and tumor growth. Muller, et al., “Involvement of

Chemokine Receptors in Breast Cancer Metastasis,” Nature, 410:50-56 (2001) demonstrated
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that breast tumor cells use chemokine-mediated mechanisms, such as those regulating
leukocyte trafficking, during the process of metastasis. Tumor cells express a distinct, non-
random pattern of functionally active chemokine receptors. Signaling through CXCR4
mediates actin polymerization and pseudopodia formation in breast cancer cells, and induces
chemotactic and invasive responses. Additionally, the organs representing the main sites of
breast cancer metastasis (such as lymph nodes; bone marrow, and lungs) are the most

abundant sources of ligand for the CXCR4 receptor.

[0007] Using immunodeficient mice, Muller and colleagues succeeded in reducing the
metastasis of injected human breast cancer cells by treating mice with an antibody known to
bind CXCR4. Their finding suggests that breast cancer metastasis could be reduced by
treating a patient with a CXCR4 antagonist.

[0008] Bertolini, et al., “CXCR4 Neutralization, a Novel Therapeutic Approach for Non-
Hodgkin’s Lymphoma,” Cancer Research, 62:3106-3112 (2002) demonstrated a reduction of
tumor volume as well as prolonged survival of immunodeficient mice injected with human
lymphoma cells treated with anti-CXCR4 antibodies. They interpreted their finding to mean

that tumnor volume could be reduced by treating a patient with a CXCR4 antagonist.

[0009]  More recent studies suggest that another chemokine receptor, CCXCKR2, may also
be a potential candidate in the treatment of cancer. CCXCKR?2 is preferentially expressed in
transformed cells over normal cells, with detectable expression in a number of human
cancers. In vitro studies indicate that proliferation of CCXCKR2 expressing cells can be
inhibited by an antagonist of CCXCKR2. In vivo studies in mice indicate that CCXCKR?2

anfagonists can ihibit tumor formation and tumor growth.

[0010] The potential importance of CCXCKR?2 is illustrated by an alternative interpretation
of the reduction in tumor volume seen by Bertolini and colleagues. This reduction could
clearly be the result of an antibody-mediated clearance, and not the result of the anti-CXCR4
antibody as originally believed. In an antibody-mediated clearance, any antibody that
recognized a protein on the cell surface of the lymphoma cells would have had the same
effect as that attributed to the anti-CXCR4 antibody. Unfortunately, Bertolini and colleagues

studies are inconclusive as to whether the observed tumor response was due to antibody-

mediated clearance or interaction with CXCRA.

[0011] However it is now known that the lymphoma cells used by Bertolini and colleagues
express both CXCR4 and CCXCKR?2. SDF-1 is the only ligand for CXCR4. SDF-1 and I-
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TAC both bind CCXCKR2, Using anti-SDF-1 antibody, it has now been shown that
antagonists of CCXCKR2 are responsible for the reduction in tumeor load and increased
survival rate. Because SDF-1 is the only ligand for CXCR4, one would expect neutralization
of SDF-1 with anti-SDF-1 antibody would be equivalent to the neutralization of CXCR4 with
anti-CXCR4 antibody. However, experiments using an anti-SDF-1 antibody demonstrated
only a partial reduction in tumor load and an increased survival rate. As a result, CCXCKR2
is the likely target, as the continued activity appears due to the interactions of the second
ligand, I-TAC, with CCXCKR2. '

[0012] Until recently, the possible importance of CCXCKR2 in tumor cell proliferation,
tumor growth, and metastasis was unknown. Now, with recent evidence pointing to the
ability of certain CCXCKR2 antagonists to prevent the growth and spread of cancer, and
expression patterns indicating a limited tissue distribution for the CCXCKR2 receptor.

(0013] Moreover, recently it has been discovered that CCXCKR2 can serve as a co-
receptor for certain genetically divergent human immunodeficiency virus (HIV) and simian

immunodeficiency virus (SIV), in particular for the HIV-2-ROD, an X4-tropic isolate
(Shimizu, N. et al., J. Virol., (2000) 74: 619-626; Balabanian, K., et al., J. Biol. Chem., [2005],
280:35760-66).

[0014] Stiil further, SDF-1, has been described to have a role in the mobilization of
hematopoietic progenitor cells and stem cells, and in particular of those cells bearing the
CXCR4 receptor, to specific hematopoietic tissues inciizciing bone marrow has been described
(Hattori, K., et al., Blood, (2000) 97:3354-3360; WO 2005/000333, the disclosure of which
are incorporated herein by reference). For example, it is known that CD34-+ progenitor cells
express CXCR4 and require SDF-1 produced by bone marrow stromal cells for
chemoattraction and engraftment, and that in vitro, SDF-! is chemotactic fobr both CD34+
cells and for progenitor /stem cells. SDF-1 is also an important chemoattractant, signaling
via the CXCR4 receptor, for several other more committed progenitors and mature blood
celis including T-lymphocytes and monocytes, pro- and pre-B lymphocytes, and
megakaryocytes. As mentioned above, SDF-1 1s the only ligand for the CXCR4 receptor.
SDF-1 and I-TAC are both ligands for CCXCKR2 receptor. More recent studies suggest that
the CCXCKR2 receptor may also play a part in stem cell mobilization processes. '

[0015] Inview of the above, it is apparent that compounds that are able to bind specifically
to CCXCKR2 receptors may be useful to treating diseases and other biological conditions
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that may benefit from such interactions. The present invention provides such compounds along

with pharmaceutical compositions and related methods for treatment.

BRIEF SUMMARY OF THE INVENTION

5 [0016]  The present invention provides, in one aspect, compounds having formula ],

e
C
R3 ()

or pharmaceutically acceptable salts and N-oxides thereof. The various groups (e.g., R', R”,

R> L' A, 2, b, ¢ and d) are described in the Detailed Description of the Invention

10 [0016A] Various embodiments of this invention provide a compound having formula I
0
RY
| |
C A
d N
)3
R (1)

and pharmaceutically acceptable salts and N-oxides thereof; wherein === 1s a double bond; A 1s
N or CH; R' is absent: L' is -C(O)-: R 18 -R% R7is -CH,-R% R in R” is a 5-6 membered aryl or
heteroaryl group that is optionally substituted with 1-5 substituents selected from the group

15  consisting of halogen, -CN, -NO,, -CO,R", -OC(O)R’, -C(O)NR?R*, _C{OR, =S(OYR", -S(0O),R,
R -C(NORDRY, -NR'-C(OINR'RY, -NH-C(NH»)=NH, -NR'C(NH;)=NH, -NH-C(NH,)=NR/,
-NH-C(NHRH=NH, -NR'S(0),R", -NR'S(O)R’, -NR'S(0);NRR®, -N3, -C(NRV)=NV,
NVCRY=NY, -X*CINORDR?, -X2CINR'V)=NV, -X*N(VICRH=NV, -X*NR'R®, -X*SR",
X2CN, -XANO,, ~X2CO.RT, -X*OC(O)RT,-X*CONRRY, -X*C(O)R, -X"OC(O)NR'R’,

20 -XANRIC(OIR', -XENRECORRY, -X*NR'C(OINRRY, -X*NH-C(NH,)=NH,
JONRIC(NH,)=NH, -X*NH-C(NH2)=NR', -X"NH-C(NHR")=NH, -X*S(O)R’, -X*S(O),R",
SONR'S(ORR', -X2S(0)NRTRS, -X2Nj -OR', -SR', -NR'RY, -NR*C(O)R’, -NR'C(O)R,
S(ORRY, -S(ORNRRY, -X7OR’, -0-X"0R", -X"'NRR’, -0-X°NRR® and -NR*-X*CO,R’,
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wherein any two substituents located on adjacent atoms in R" are optionally combined to form a
5- to 7- membered ring optionally having from 1-3 heteroatoms selected from N, O and S; X is
Cisalkylene, C;.g heteroalkylene, C,.g alkenylene, C,.g alkynylene, arylene or heteroarylene;
and each R" and R’ is independently selected from hydrogen, C;_g alkyl, C,.g haloalkyl, Cs.6
cycloalkyl, C,.g alkenyl, C,.g alkynyl, aryl and heteroaryl, or optionally, R" and R* when
attached to the same nitrogen atom are combined with the nitrogen atom to form a five or six-
membered ring having from 0 to 2 additional heteroatoms as ring members selected from N, O
and S, and wherein each R'is independently selected from the group consisting of C,.s alkyl,
Ci.ghaloalkyl, Cs.¢ cycloalkyl, C,.g alkenyl, C,.g alkynyl, aryl and heteroaryl, V is
independently selected from the group consisting of —R', -CN, -CO,R" and -NO,, and each of
X%, R", R® and R' is optionally further substituted with from one to three members selected from
the group consisting of -OH, -OR", -OC(O)NHR", -OC(O)N(R"),, -SH, -SR", -S(O)R",
-S(O),R", -SO,NH,, -S(O);NHR", -S(O),N(R"),, -NHS(O);R", -NR"S(O),R", -C(O)NH,,
-C(O)NHR", -C(O)N(R"),, ~-C(O)R", -NHC(O)R", -NR"C(O)R", -NHC(O)NH,, -NR"C(O)NH,,
-NR"C(O)NHR", -NHC(O)NHR", -NR"C(O)N(R"),, -NHC(O)N(R",, -CO,H, -CO,R",
-NHCO,R", -NR"CO,R", -CN, -NO,, -NH,, -NHR", -N(R"),, -NR"S(O)NH, and
-NR"S(O),NHR", wherein each R" is independently an unsubstituted C; alkyl;

R®in R’ is a 5-6 membered heteroaryl group that is optionally substituted with 1-5 substituents
selected from the group consisting of halogen, -CN, -NO,, -CO;R’, -OC(O)R’, -C(O)NR'R’,
-C(O)R’, -S(O)R}, -S(O):R', -R', -C(NORNR’, -NR"-C(O)NR'R?, -NH-C(NH,)=NH,
-NR'C(NH,)=NH, -NH-C(NH,)=NR', -NH-C(NHR"=NH, -NR'S(0),R", -NR"S(O),R",
NR'S(0),NRR?, -N3, -CANR'V)=NV, -N(V)C(R)=NV, -X*C(NORNR?, -X*C(NR'V)=NV,
XN(V)C(R)=NV, -X°NR'R?, -X°SR’, -X’CN, -X°NO,, -X*CO,R’, -X*0OC(0O)R",-X*CONR'R’,
-X*C(O)R", -X*OC(O)NR'R®, -X*NRC(O)R", -X*NR*C(O),R", -X*NR'C(O)NR'R’,
-X*NH-C(NH,)=NH, -X*NR'C(NH,)=NH, -X*NH-C(NH,)=NR", -X*NH-C(NHR"=NH,
-X*S(O)R', -X*S(0),R", -X*NR'S(O),R", -X*S(0),NR'R?, -X*N3 -OR', -SR", -NR'R’,
-NR’C(O)R", -NR*C(O);R", -S(O);R", -S(0),NR'R?, -X*OR’, -0-X*0R", -X*NR'R?, -O-X*NR'R®
and -NR*-X*CO,R", wherein any two substituents located on adjacent atoms in R° are
optionally combined to form a 5- to 7- membered ring optionally having from 1-3 heteroatoms

selected from N, O and S; X% is C.g alkylene, C,_g heteroalkylene, C,.g alkenylene, C2-8

4a
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alkynylene, arylene or heteroarylene; and each R and R® is independently selected from
hydrogen, Cygalkyl, Ci g haloalkyl, Cy¢ cycloalkyl, Cs.galkenyl, Co.g alkynyl, aryl and
heteroaryl, or optionally, R" and R* when attached to the same nitrogen atom are combined with
the nitrogen atom to form a five or six-membered ring having from 0 te 2 additional
heteroatoms as ring members selected from N, O and S, and wherein each R' is independently
selected from the group consisting of C;_galkyl, Ci_ghaloalkyl, Cy 4 cycloalkyl, Co.5 alkenyl, Cs.
s alkynyl, aryl and heteroaryl, V is independently selected from the group consisting of —R',
_CN, -CO,R" and -NO,, and each of X*, R", R* and R' is optionally further substituted with from
one to three members selected from the group consisting of -OH, -OR", -OC(O)NHR",
-OC(O)N(R"),, -SH, ¥SR“, -S(O)RY, -S(0)R", -SO,NHs, -S(O)NHR", -8(0);N(RY),,
NHS(O):RY, -NR"S(0),R", -C{(OWNH,, -C(OYNHR", -C(OMN(RMa, --C(O)R“_., NHC(O)R",
NR"C(O)R", -NHC(O)NH;, -NR"C(O)NH,, -NR"C(ONHR", -NHC(O)NHR",
NRYC(OIN(R");, -NHC(OIN(RM,, -CO,H, -CO,R", -NHCO;R”, -NR"CO,R", -CN, -NO,,
-NH,, -NHR", -N{R"),, -NR"S(O)NH; and -NR“S(O)ZNHR“, wherein each R" is independently
an unsubstituted Cy¢ alkyl; and each of the ring vertices a, b, ¢ and d in formula Tis N, C(H) or
C(RY), wherein R* at each occurrence is independently selected from the group consisting of
halogen, C,.g alkyl, Cy.g haloalkyl;, C 14 alkoxy and C).5 haloalkoxy, and optionally any two R
substituents located on adjacent 1'ihg vertices are combined to form a 5- to 6-membered ring
having from 0 to 2 heteroatom ring members selected from the proup consisting of N, O and S,
Also provided are compositions comprising a compound of this invention and a

pharmaceutically acceptable salt or N-oxide thereof, as well as use of such a compound, salt,

N-oxide, or composition for treating a disease or disorder in a mammal as defined herein. Also
provided 18 use of a compound, N-oxide, salt, or a composition of this invention for inhibiting
binding of chemokine [-TAC ot SDF-1 to a CCXCKR2 receptor. The inhibition of binding

may be in a cell that expresses the CCXCKR2 receptor,

[0017])  The compounds provided herein are useful for bincing to CCXCKR?Z (also referred
to as CXCR7), and in some cases, treating diseases that are depcndcnt,'at least in part, on
CCXCKR2 activity. Accordingly, the present mvention provides in further aspects,
compositions containing one or more of the above-noted compounds in admixture with a

pharmaceutically acceptable excipient.

4b
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[0018]  Instill another aspect, the present invention provides methods for treating various
diseases, discussed further herein, comprising administering to a subject in need to such

treatment a therapeutically effective amount of a compound of the above formula for a period

of time sufficient to treat the disease.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]  None '

DETAILED DESCRIPTION OF THE INVENTION
L. Abbreviation and Definitions
[0020] The term “alkyl”, by itself or as part of another substituent, means, unless
otherwise stated, a straight or branched chain hydrocarbon radical, having the number of
carbon atoms designated (i.¢. Cy.g means one to eight carbons). -Examples of alkyl ITOUPS
include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n—ﬁe-ntyl,
n-hexyl, n-heptyl, n-octyl, and the like. For brevity, the term alkyl also includes haloalkyl

group. The term

4¢
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"alkenyl" refers to an unsaturated alkyl group having one or more double bonds. Similarly,
the term "alkynyl" refers to an unsaturated alkyl .group having one or more triple bonds.
Examples of such unsaturated alkyl groups include vinyl, 2-propenyl, crotyl, 2-isopentenyl,
2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl,
and the higher homologs and isomers. The term "cycloalkyl" refers to hydrocarbon rings
having the indicated number of ring atoms (e.g., Cs.¢cycloalkyl) and being fully saturated or
having no more than one double bond between ring vertices. "Cycloalkyl" is also meant to
refer to bicyclic and polycyclic hydrocarbon rings such as, for example,
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, etc. The term "heterocycloalkyl" refers to a
cycloalkyl group that contain from one to five heteroatoms selected from N, O, and S,
wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are
optionally quaternized. The heterocycloalkyl may be a monocyclic, a bicyclic or a polycylic
ring system. Non limiting examples of heterocycloalkyl groups include pyrrolidine,
piperidiny, imidazolidine, pyrazolidine, butyrolactam, valerolactam, imidazolidinone,
hydantbin, dioxolane, phthalimide, piperidine, 1,4-dioxane, morpholine, thiomorpholine,
thiomorpholine-S-oxide, thiomorpholine-S,S-oxide, piperazine, pyran, pyridone, 3-pyrroline,
thiopyran, pyrone, tetrahydrofuran, tetrhydrothiophene, quinuclidine, and the like. A
heterocycloalkyl group can be attached to the remainder of the molecule through aring

carbon or a heteroatom.

[0021] The term "alkylene” by itself or as part of another substituent means a divalent
radical derived from an alkane, as exemplified by -CH,CH,CH,CH,-. Typically, an alkyl (or
alkylene) group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer
carbon atoms being preferred in the present invention. A "lower alkyl" or "lower alkylene" is
a shorter chain alkyl or alkylene group, generally having four or fewer carbon atoms.
Similarly, "alkenylene” and "alkynylene" refer to the unsaturated forms of "alkylene" having

double or triple bonds, respectively.

[0022] The term "arylene" by itself or as part of another substituent means a divalent

radical derived from an aryl group, as exemplified by §§ Typically, an arylene group
1s derived from a 6-12 membered aryl group (can be monocyclic, fused bicyclic or a

covalently linked bicyclic such as a biphenyl group, for example). Similarly, heteroarylene

refers to a divalent radical derived from a heteroaryl group, e. g., N—7 , and the like.
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[0023} As used herein, a wavy line, "~ ", that intersects a single, double or triple bond in
any chemical structure depicted herein, represent the point attachment of the single, double,

or triple bond to the remainder of the molecule.

[0024] The term “heteroalkyl,” by itself or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain, or cyclic hydrocarbon radical, or
combinations thereof, consisting of the stated number of carbon atoms and from one to three
heteroatoms selected from the group consisting of O, N, Si and S, and wherein the nitrogen
and sulfur atoms may optionally be oxidized and the nitrogen heteroatom may optionally be
quaternized. The heteroatom(s) O, N and S may be placed at any interior position of the
heteroalkyl group. The heteroatom Si may be placed at any position of the heteroalkyl group,
including the position at which the alkyl group is attached to the remainder of the molecule.
Examples include -CH,~-CH,-O-CHj3, -CH,-CH,-NH-CHs, -CH>-CH3>-N(CH3)-CH;, -CH>-S-
CH>-CHj, ~-CH;-CH;,-S(0)-CHs, -CH»-CH>-S(0),-CH3, -CH=CH-0O-CH3, -Si(CHj3)3, -CHj-
CH=N-OCHj3, and -CH=CH-N(CH3)-CHj3. Up to two heteroatoms may be consecutive, such
as, for example, -CH>-NH-OCHj; and -CH,-O-Si(CH3)3. Similarly, the terms “heteroalkenyl®
and “heteroalkynyl” by itself or in combination with another term, means, unless otherwise
stated, an alkenyl group or alkynyl group, respectively, that contains the stated number of
carbons and having from one to three heteroatoms selected from the group consisting of O,
N, S1 and S, and wherein the nitrogen and sulfur atoms may optionally be oxidized and the
nitrogen heteroatom may optionally be quaternized. The heteroatom(s) O, N and S may be

placed at any interior position of the heteroalkyl group.

[0025] The term “heteroalkylene” by itself or as part of another substituent means a

divalent radical, saturated or unsaturated or polyunsaturated, derived from heteroalkyl, as
exemplified by -CH,-CH,-S-CH,CH,;- and -CH,-S-CH,-CH,-NH-CH>-, -O-CH,-CH=CH-,
-CH,-CH=C(H)CH>-O-CH;~ and -S-CH,-C=C-. For heteroalkylene groups, heteroatoms can
also occupy either or both of the chain termini (e.g., alkyleneoxy, alkylenedioxy,

alkyleneamino, alkylenediamino, and the like).

[0026] The terms "alkoxy," "alkylamino"” and "alkylthio" (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl groups attached to the remainder of the molecule
via an oxygen atom, an amino group, or a sulfur atom, respectively. Additionally, for
dialkylamino groups, the alkyl portions can be the same or different and can also be

combined to form a 3-7 membered ring with the nitrogen atom to which each is attached.
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Accordingly, a group represented as -NR*R” is meant to include piperidinyl, pyrrolidinyl,
morpholinyl, azetidinyl and the like.

[0027] The terms "halo" or "halogen," by themselves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as "haloalkyl," are meant to include monohaloalkyl and polyhaloalkyl. For

example, the term "C;-4 haloalkyl" 1s mean to include trifluoromethyl, 2,2,2-trifluoroethyl, 4-
chlorobutyl, 3-bromopropyl, and the like.

[0028] The termn "aryl" means, unless otherwise stated, a polyunsaturated, typically
aromatic, hydrocarbon group which can be a single ring or multiple rings (up to three rings)
which are fused together or linked covalently. The term "heteroaryl" refers to aryl groups (or
rings) that contain from one to five heteroatoms selected from N, O, and S, wherein the
nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are optionally
quaternized. A heteroaryl group can be attached to the remainder of the molecule through a
heteroatom. Non-limiting exﬁmples of aryl groups include phenyl, naphthy! and biphenyl,
while non-limiting examples of heteroaryl groups include pyridyl, pyridazinyl, pyrazinyl,
pyrimindinyl, triazinyl, quinolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, phthalaziniyl,
benzotriazinyl, purinyl, benzimidazolyl, benzopyrazolyl, benzotriazolyl, benzisoxazolyl,
isobenzofuryl, isoindolyl, indolizinyl, benzotriazinyl, thienopyridinyl, thienopyrimidinyl,
pyrazolopyrimidinyl, imidazopyridines, benzothiaxolyl, benzofuranyl, benzothienyl, indolyl,
quinolyl, isoquinolyl, 1sothiazolyl, pyrazolyl, indazolyl, pteridinyl, imidazolyl, tnazolyl,
tetrazolyl, oxazolyl, isoxazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl, thienyl and the like.
Substituents for each of the above noted aryl and heteroaryl ring systems are selected from

the group of acceptable substituents described below.

]0029] For brevity, the term "aryl" when used in combination with other terms (e.g.,
aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above.
Thus, the term "arylalkyl" is meant to include those radicals in which an aryl group is

attached to an alkyl group (e.g., benzyl, phenethyl, pyridylmethyl and the like).

[0030] The above terms (e.g., "alkyl," "aryl" and "heteroaryl"), in some embodiments, will
include both substituted and unsubstituted forms of the indicated radical. Preferred

substituents for each type of radical are provided below. For brevity, the terms aryl and

heteroaryl will refer to substituted or unsubstituted versions as provided below, while the
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term "alkyl" and related aliphatic radicals is meant to refer to unsubstituted version, unless

indicated to be substituted.

[0031] Substituents for the alkyl radicals (including those groups often referred to as
alkylene, alkenyl, alkynyl and cycloalkyl) can be a variety of groups selected from: -halogen,
-OR’, -NR’R”, -SR’, -SiR’R”R’”’, -OC(O)R’, -C(O)R’, -COR’, -CONR’R”, -OC(O)NR’R”,
-NR”C(O)R’, -NR’-C(O)NR”R"’, -NR”C(O);R’, -NH-C(NH,)=NH, -NR’C(NH;)=NH, -NH-
C(NH>)=NR’, -S(O)R’, -S(O):R’, -S(O),NR’R”, -NR’S(0O)2R”, -CN and -NO; in a number
ranging from zero to (2 m’+1), where m’ is the total number of carbon atoms in such radical.
R’, R” and R’ each independently refer to hydrogen, unsubstituted C;-g alkyl, unsubstituted
heteroalkyl, unsubstituted aryl, aryl substituted with 1-3 halogens, unsubstituted C,-g alkyl,
C,-g alkoxy or C;-g thioalkoxy groups, or unsubstituted aryl-C,-4 alkyl groups. When R’ and
R’ are attached to the same nitrogen atom, they can be combined with the nitrogen atom to
form a 3-, 4-, 5-, 6-, or 7-membered ring. For example, -NR’R” is meant to include 1-
pyrrolidinyl and 4-morpholinyl. The term “acyl” as used by itself or as part of another group
refers to an alkyl radical wherein two substitutents on the carbon that is closest to the point of
attachment for the radical is replaced with the substitutent =O (e.g., -C(O)CHj, -
C(O)CH>CH,OR’ and the like).

[0032] Similarly, substituents for the aryl and heteroaryl groups are varied and are
generally selected from: -halogen, -OR”, -6C(O)R’, -NR’R”, -SR’, -R’, -CN, -NO,, -CO;R’,
-CONR’R”, -C(O)R’, -OC(O)NR’R”, -NR”C(O)R’, -NR”C(0O)2R’, ,-NR’-C(O)NR"R’,
-NH-C(NH;)=NH, -NR’C(NH3)=NH, -NH-C(NH;)=NR’, -S(O)R’, -S(O)2R’, -S(0O),NR’R”,
-NR’S(0)2R”, -N3, perfluoro(C,-Cs)alkoxy, and perfluoro(C;-Cgyalkyl, in a number ranging
from zero to the total number of open valences on the aromatic ring system; and where R’, R”
and R’ are independently selected from hydrogen, C, 5 alkyl, Cs.¢ cycloalkyl, C,.g alkenyl,
C,_s alkynyl, unsubstituted aryl and heteroaryl, (unsubstituted aryl)-C,;-4 alkyl, and
unsubstituted aryloxy-Cj-4 alkyl. Other suitable substituents include each of the above aryl

substituents attached to a ring atom by an alkylene tether of from 1-4 carbon atoms.

[0033] Two ofthe substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -T-C(O)-(CH,),-U-, wherein T and U

are independently -NH-, -O-, -CH,- or a single bond, and q is an integer of from 0 to 2.

Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may

optionally be replaced with a substituent of the formula -A-(CH,),-B-, wherein A and B are
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independently -CHj-, -O-, -NH-, -S-, -S(0)-, -S(0)»-, -S(0),NR’- or a single bond, and r is an
integer of from 1 to 3. One of the single bonds of the new ring so formed may optionally be
replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of the
aryl or heteroaryl ring may optionally be replaced with a substituent of the formula -(CH_).-
X-(CHa)t-, where s and t are independently integers of from O to 3, and X is -O-, -NR’-, -S-, -
S(0)-, -S(O)2-, or -S(O);NR’-. The substituent R’ in -NR’- and -S(O),NR’- is selected from
hydrogen or unsubstituted C,-s alkyl.

[0034] As used herein, the term "heteroatom" is meant to include oxygen (O), nitrogen (N),
sulfur (S) and silicon (Si).

[0035] As used herein, the term "progenitor cells” refers to cells that, in response to certain
stimuli, can form differentiated heamtopoietic or myeloid cells. The presence of progenitor
cells can be assessed by the ability of the cells in a sample to form colony-forming units of
various types, including , for example, CFU-GM (colony-forming units, granulocyte-
macrophage); CFU-GEMM (colony-forming units, multipotential); BFU-E (burst-forming
units, erythroid); HPP-CFC (high proliferative potential colony-forming cells); or other types

of differentiated colonies which can be obtained in culture using known protocols.

[0036] As used herein, the term "stem cells" refer to cells that are less differentiated forms

of progenitor cells. Typically, such cells are often positive for CD34. Some stem cells-do not
contain this marker, however. These CD34+ cells can be assayed using fluorescence
activated cell sorting (FACS) and thus their presence can be assessed in a sample using this

technique.

[0037] In general, CD34+ cells are present only in low levels in the blood, but are present
in large numbers in bone marrow. While other types of cells such as endothelial cells and

mast cells also may exhibit this marker, CD34 is considered an index of stem cell presence.

[0038] The term "pharmaceutically acceptable salts” is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired
base, either neat or in a suitable inert solvent. Examples of salts derived from
pharmaceutically-acceptable inorganic bases include aluminum, ammonium, calcium, copper,

ferric, ferrous, lithium, magnesium, manganic, manganous, potassium, sodium, zinc and the
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like. Salts derived from pharmaceutically-acceptable organic bases include salts of primary,
secondary and tertiary amines, including substituted amines, cyclic amines, naturally-
occuring amines and the like, such as arginine, betaine, caffeine, choline, N,N’-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine,
glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the like. When compounds of the present
invention contain relatively basic functionalities, acid addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired acid,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable acid
addition salts include those derived from inorganic acids like hydrochloric, hydrobromic,
nitric, carbonic, monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and
the like, as well as the salts derived from relatively nontoxic organic acids like acetic,
propionic, isobutyric, malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic,
benzenesulfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic,-and the like. Also included
are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, for example, Berge, S.M., et al,
“Pharmaceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow

the compounds to be converted into either base or acid addition salts.

[0039] The neutral forms of the compounds may be regenerated by contacting the salt with
a base or acid and isolating the parent compound in the conventional manner. The parent

form of the compound differs from the various salt forms in certain physical properties, such
as solubility in polar solvents, but otherwise the salts are equivalent to the parent form of the

compound for the purposes of the present invention.

[0040] In addition to salt forms, the present invention provides compounds which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present invention. Additionally, prodrugs can be converted to the compounds of the present

invention by chemical or biochemical methods in an ex vivo environment. For example,
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prodrugs can be slowly converted to the compounds of the present invention when placed in a

transdermal patch reservoir with a suitable enzyme or chemical reagent.

[0041] Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are intended to be encompassed within the scope of the present
invention. Certain compounds of the present invention may exist in multiple crystalline or
amorphous forms. In general, all physical forms are equivalent for the uses contemplated by

the present invention and are intended to be within the scope of the present invention.

[0042]  Certain compounds of the present invention possess asymmetric carbon atoms
(optical centers) or double bonds; the racemates, diastereomers, geometric isomers,
regioisomers and individual isomers (e.g., separate enantiomers) are all intended to be
encompassed within the scope of the present invention. The compounds of the present
mvention may also contain unnatural proportions of atomic 1sotopes at one or more of the
atoms that constitute such compounds. For example, the compounds may be radiolabeled
with radioactive isotopes, such as for example tritium (CH), iodine-125 (**°D) or carbon-14
("*C). All 1sotopic variations of the compounds of the present invention, whether radioactive

or not, are intended to be encompassed within the scope of the present invention.

[0043] "CCXCKR2" also referred to as "RDC1" or "CXCR7" refers to a seven-
transmembrane domain presumed G-protein coupled receptor (GPCR). The CCXCKR2 dog
ortholog was originally identified in 1991. See, Libert et al. Science 244:569-572 (1989).
The dog sequence is described in Libert et al., Nuc. Acids Res. 1 8(7):1917 (1990). The
mouse sequence 1s described in, e.g., Heesen et al., Immunogenetics 47:364-370 (1998). The
human sequence is described in, e.g., Sreedharan et al., Proc. Natl. Acad. Sci. USA 88:4986-
4990 (1991), which mistakenly described the protein as a receptor of vasoactive intestinal
peptide. "CCXCKR2" includes sequences that are substantially similar to or conservatively
modified variants of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ 1D
NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, or SEQ ID NO:10.

11. General

[0044] Compounds of the present invention can inhibit the binding of ligands to the
CCXCKR2 receptor and are useful in the treatment of various diseases, including cancer,

particularly solid tumor cancers and lymphomas. More recently, the inhibition of ligand
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binding to CCXCKR?2 was noted to reduce the severity of rheumatoid arthritis in an animal

model.

IX1. Embodiments of the Invention

A. Compounds

[0045] The present invention provides, in one aspect, compounds having formula J

O -
v TR
C\\.d l\;l'A
RS (1)

or pharmaceutically acceptable salts and N-oxides thereof: wherein

=== represents a single or double bond.

[0046] In formula I, the symbol A is -N(H)-, -N(R?)-, -CH,-, -CH(R%)~, or -C(R"),-, wherein
R" is absent or is Cj4 alkyl.

[0047] In formula I, the substituent R' is absent; or alternatively is hydrogen or C.¢ alkyl.
The linker L! is —C(0)-. The substituent R” is -R°®, and the substituent R> is selected from
-X'-R® and -R®, wherein the linker X' is a Ci.2 alkylene.

[0048] For the substituents R and R>, the symbol R” represents a 5- or 6-membered aryl or
heteroaryl group that is optionally substituted with 1-5 substituents selected from the group
consisting of halogen, -CN, -NO,, -CO,R", -OC(O)R’, -C(O)NR'R?, -C(O)R’, -S(O)R’,
-S(0).R’, -R’, -C(NOR)R?, -NR"-C(O)NR'R?, -NH-C(NH,)=NH, -NR'C(NH,)=NH, -NH-
C(NH2)=NR', -NH-C(NHR)=NH, -NR'S(O);R", -NR'S(O),R", -NR'S(0),NR'R?®, -N,
-C(NR'V)=NV, -N(V)C(R)=NV, -X’C(NOR"R?, -X*C(NR"V)=NV, -X*N(V)CR)=NV,
-X°NR'R?, -X’SR’, -X2CN, -X*NO,, -X?CO,R", -X?0C(O)R".-X>CONR'R’, -X*C(O)R",
-X*OC(O)NR'R?, -X*NR°C(O)R", -X’NR’C(O),R", -X2NR'C(O)NR'R’, -X*NH-C(NH,)=NH,
-X*NR'C(NH,)=NH, -X*NH-C(NH,)=NR', -X*NH-C(NHR)=NH, -X2S(O)R’, -X2S(O),R",
-X*NR'S(O)R", -X*S(0),NR'R®, -X?N; -OR”, -SR’, -NR'R®, -NR°C(O)R", -NR’C(O),R!,
-S(0)2R’, -S(0)NR'R?, -X’OR’, -0-X?0OR", -X>NR'R?, -0-X*NR'R® and -NR*-X2CO,R",
wherein any two substituents located on adjacent atoms in R® can be combined to form a 5- to
/- membered ring having optionally having from 1-3 heteroatoms selected from N, O or S.

The linker X* is C;.g alkylene, C,.g heteroalkylene, C,.g alkenylene, C,.g alkynylene, arylene or

12
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heteroarylene; and each R" and R’ is independently selected from hydrogen, C,_s alkyl, C;.g
haloalkyl, Cs. cycloalkyl, Cy.g alkenyl, C,.g alkynyl, aryl and heteroaryl. Optionally, R" and
R® when attached to the same nitrogen atom can be combined with the nitrogen atom to form
a five or six-membered ring having from 0 to 2 additional heteroatoms as ring members
selected from N, O or S. Each R’ substituent is independently selected from the group
consisting of C;.g alkyl, Cy.g haloalkyl, C;.¢ cycloalkyl, C,.g alkenyl, C,_g alkynyl, aryl and
heteroaryl. The symbol V is independently selected from the group consisting of ~R', -CN,
-CO,R" and -NO», and each of Xz, R’, R® and R' is optionally further substituted with from
one to three members selected from the group consisting of -OH, -OR", -OC(O)NHR",
-OC(O)N(R"),, -SH, -SR", -S(O)R", -S(O);R", -SO,NH,, -S(O),NHR", -S(O),N(R"),,
-NHS(O)2R", -NR"S(0),R", -C(O)NH,, -C(O)NHR", -C(O)N(R"),, -C(O)R", -NHC(O)R",
-NR"C(O)R", -NHC(O)NH;, -NR"C(O)NH,, -NR"C(O)NHR", -NHC(O)NHR",
-NR"C(O)N(R"),, -NHC(O)N(R"),, -CO,H, -CO;R", -NHCO,R", -NR"CO,R", -CN, -NO»,
-NH>, -NHR", -N(R"),, -NR"S(O)NH, and -NR"S(0),NHR", wherein each R" is
independently an unsubstituted C,.¢ alkyl.

[0049] Returning to formula I, each of the ring vertices a, b, ¢ and d is N, N-O, C(H) or
C(R*), wherein the R* substituent, at each occurrence, is independently is selected from the
group consisting of halogen, C,.g alkyl, C,_g haloalkyl, C,.g alkoxy and C,_g haloalkoxy.
Optionally, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>