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BACKGROUND OF THE INVENTION
[0004] The present invention provides compounds, pharmaceutical compositions
containing one or more of those compounds or their pharmaceutically acceptable salts, which
are effective in inhibiting the binding of various chemokines, such as MIP-1a, leukotactin,
MPIF-1 and RANTES, to the CCR1 receptor. As antagonists or modulators for the CCR1
receptor, the compounds and compositions have utility in treating inflammatory and immune

disorder conditions and diseases.

[0005] Human health depends on the body’s ability to detect and destroy foreign pathogens
that might otherwise take valuable resources from the individual and/or induce illness. The
immune system, which comprises leukocytes (white blood cells (WBCs): T and B
Iymphocytes, monocytes, macrophages granulocytes, NK cell, mast cells, dendritic cell, and
immune derived cells (for example, osteoclasts)), lymphoid tissues and lymphoid vessels, is
the body’s defense system. To combat infection, white blood cells circulate throughout the
body to detect pathogens. Once a pathogen is detected, innate immune cells and cytotoxic T
cells in particular are recruited to the infection site to destroy the pathogen. Chemokines act
as molecular beacons for the recruitment and activation of immune cells, such as

lymphocytes, monocytes and granulocytes, identifying sites where pathogens exist.

[0006] Despite the immune system's regulation of pathogens, certain inappropriate

chemokine signaling can develop and has been attributed to triggering or sustaining
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Receptors may bind more than one ligand; for example, the receptor CCR1 ligates RANTES
(regulated on activation normal T cell expressed), MIP-1a. (macrophage inflammatory

20 protein), MPIF-1/CKf}8, and Leukotactin chemokines (among others with lesser affinities).
To date, 24 chemokine receptors are known. The sheer number of chemokines, multiple
ligand binding receptors, and different receptor profiles on immune cells allow for tightly
controlled and specific immune responses. See, Rossi, et al., Ann. Rev. Immunol.
18(1):217-242 (2000). Chemokine activity can be controlled through the modulation of their

)5  corresponding receptors, treating related inflammatory and immunological diseases and

enabling organ and tissue transplants.

[0008] The receptor CCR1 and its chemokine ligands, including, for example MIP-1a,
MPIF-1/CKf8, leukotactin aqd RANTES, represent significant therapeutic targets (see Saeki,
et al., Current Pharmaceutical Design 9:1201-1208 (2003)) since they have been implicated
30  inrheumatoid arthritis, transplant rejection (see, DeVries, MLE., et al., ibid.), and multiple
sclerosis (see, Fischer, et al., J Neuroimmunol. 110(1-2):195-208 (2000); Izikson, et al., J.
Exp. Med. 192(7):1075-1080 (2000); and Rottman, et al., Eur. J. Immunol. 30(8):2372-
2377 (2000). In fact, function-blocking antibodies, modified chemokine receptor ligands and
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BRIEF SUMMARY OF THE INVENTION ‘
[0009] The present invention provides compounds having a formula selected from the

0 group consisting of:

d=c R3a
RY Q@ N b Ry @ N=
\
2d 3 2d ~
R@:N\) R2 and R\/©:N axys
RZC RZa RZC Rza
Ia Ib

or a pharmaceutically acceptable salt, hydrate or N-oxide thereof. In the formulae above, the

5  subscript m is an integer of from 0 to 4.

[0010] The symbol R is a substituent independently selected from the group consisting of
C.salkyl, Cyg haloalkyl, Cs.¢ cycloalkyl, -CO.R?, -S(O):R?, -X'CO.R?, -X'SO,R?,
-X'S(0)3R?, -X'OR?, -COR?, -CONR?R®, -XNR*R®, -X'NR?*COR?, -X'CONR?R?,
X'S(0),NR*R®, X'S(0),R?, -OR?, -NR*R®, -NR*COR”, -CONR’R?, -NR*S(0),R?,



(see, Liang, et al., J . Biol. Chem 275(25):19000-19008 (2000)), the
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t he treatwenbomfznsseases nmedi ated by CCR signaling. BRCERSSMWNERY; OF THE
| NVENTI ON [ 0009] The present invention provides conpounds having a fornmul a

sel eGSﬁgbé KRORY, LH@)GRY UX' QORS XS CONR AP, aneréNRMODQRB,ewhereleS/1smqept abl e
3

sal t ate or N-omdgthereof In the Iae above, thes bscript mis

an i mﬂle@me aofl epelp Ry and B i independsptly geleet 2Houp gousigiing qf pydrogen,

ot oR R Gt £ %g’%‘%i@alo&p"é’?%@@“ Bt RGBS 5 < 9 3r
’Xl-S ?ggg%mg%@ m&nﬁ%fbﬁﬁﬂ to 7- %Nfbefﬂsﬂés@gagxggﬂﬂw X1 S(O 2NR ,

- §( OjritionabhetzrRetomy pOORR Trembers; gad “%réﬁl é?@}l plgjic p of ﬁa%gﬁzséﬁ'@lb
al kylsgtp&lt@éh% Fsaogpgl ﬁﬁ@gﬁgte'élswl I‘Eﬂﬁxﬂ‘%%g %‘?} de Iﬁ@llﬂgéi‘g §€ieétéc9mohhﬁle%rr&&ﬂ3

consisting o al oal kyl C3-6 cycloalkyl or

opt i apakikynd el DH RtR’W@(@ﬂ\tHK‘h,eﬁ)G(@)Nﬁé“}gaﬂH AR e‘yé})RﬁifﬂfOz)a’lé combi ned

??nfg,%nﬁgﬁgs«awmré@dwe‘% TP LR oM e

bst m| m b
sel R e e R S N i

OC( GNR(IRGOINH, SR “GRHNHRS, GI;IH@(—NHQNJ){ZRNﬁC(—%ﬁWEz, -S(0) 2NHR' 1,

i §§ 3 (212\“““@\,&‘ E@ S ﬁ%ﬁ%ﬁ%ﬁ Ig)ﬁ?mz%@&i@ %%@&N%CFWN%% 0 NH2,
] NRm:( { Fgrm"’bicflﬁg AN N%_ A RNRENRS- gz&iwmwa% )2,
- NHC(- ﬂﬂFNRgfﬂm(ﬁ R™), OCH! ﬁ%& 1‘@&95@% mrr@'i% C?%m NH( R ,

- NHOL QU s, -NW&SZW&H? -%«oz, wlfﬁs%@ﬁﬁm%ﬁms@% d

5 -NR™S(0),NHR™, wherein each R™ is independently an unsubstituted Cy.¢ alkyl.

[0011] The symbols R?% R* and R? in formulae Ia and Ib are each substituents
independently selected from the group consisting of hydrogen, halogen, cyano, aryl,
heteroaryl, -NO,, -CO,R°, -CONRRY, -C(O)R’, -S(O)R®, -S(O)2R°, -S(O1:R", -R",
-C(NOR)RY, -CNR*V)=NV, -N(V)CR)=NV, -X’C(NOR*)R’, -X*C(NR°V)=NV,

0 XEN(VICR)=NV, -X*NRRY, -X’SR®, -X’CN, -X*NOy, -X’CO,R’, -X’CONRR",

XC(O)RS, X2OC(O)NRRY, X NRUC(O)R®, -X2NRUC(0),R°®, -X*NR°C(O)NRR’,

XENH-C(NH,)=NH, -X*NR°C(NH,)=NH, -X*NH-C(NH,)=NR®, -X’NH-C(NHR)=NH, -

X2S(O)R®, X2S(O)RS, X NRS(O),R’, -X2S(0);NRR®, -X*N3, -OR’, -SR’, -NR’C(O)R’, -

NRUC(O)R®, -X2S(0)R®, -S(0),NRRY, -X?0R°, -0-X?0R’, -X’NR°RY, -O-X’NR°R’,

5 NREX?CO,R®, -NR°-C(O)NR°RY, -NH-C(NH2)=NH, -NR°C(NH,)=NH, -NH-C(NH)=NR",
NH-C(NHR%=NH, -NR°C(NHR)=NH, -NR°C(NH,)=NR®, -NH-C(NHR*)=NR", -NH-
C(NR°R®)=NH, NR°S(0),R’, -NR°C(S)NRR’, -X*NRC(S)NR‘R’, -X*OC(O)R’, -O-
X2CONRRY, -OC(O)R?, -NR°RY, -NRU-X?OR® and -NR%-X*NRR".

[0012] Within each of R*, R* and R X2 is C;4alkylene and each R® and RYis

)0 independently selected from hydrogen, Ci.g alkyl, Cy.ghaloalkyl, and Cs.¢ cycloalkyl.
Optionally, R® and RY 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. The symbol R® is independently selected from the group consisting of Cy.
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- INR' CERRECRIRY, 2NRECHHIGRED)-NRRO@)NRRE, -NH-C(NH,)=NH, -NR'C(NH,)=NH, -NH-
C(NH,)=NR", -NH-C(NHR")=NH, -C(=NR)NRER?, -S(0);R’, -S(O)R”, -S(0),R", -S(O):R",
-NR'S(0),R", -S(0),NRRE, -NRS(O),R", -NR'S(0);NR'RE, -N3, -C(C=NORNR'RE,
-X3SO3R’, XPC(=NRHNRERY, -XPORY, -X30C(O)RY, -X*NR'RE, -X?SR, -X’CN, -X*NO,, -
X’CO.R’, -X*CONR'RE, -X*C(O)R, -X>0C(O)NR'RE, -X*NREC(O)R, -X*NREC(O)R",

20 -X’NR-C(O)NR'RE, -X*NH-C(NH,)=NH, -X*NR"C(NH)=NH, -X*NH-C(NH,)=NR", -
X°NH-C(NHRM=NH, -X>S(0)R", -X*S(0),R", -X°NR'S(0),R", -X*S(O),NR'RE, -V, -X7Y,
-X’N;3, -C(O)NRS(O)R", -P=0(ORH(OR?), -X*C(O)NRS(0),R", -X’C(O)NR'S(O)R" and
-X3P=O(0Rf)(ORg). The symbol Y is a five to ten-membered aryl, heteroaryl or
heterocycloalkyl ring, optionally substituted with from one to three substitutents selected

25  from the group consisting of halogen, -OR}, -NRng, -Rh, -SR, -CN, -NO,, -COzRf,
-CONR'RE, -C(O)R', -NREC(O)R’, -S(O)R™, -S(O),R", -NRS(0),R", -S(0),NR'RE, -X*OR, -
X*NRRE, -X*NRS(0):R" and -X*S(0);NR'RE, and wherein each X’ is independently
selected from the group consisting of Cy.4 alkylene, C,.4 alkenylene and C, 4 alkynylene; each
Rf and R®is independently selected from hydrogen, C;. alkyl, Cy_g haloalkyl, Cy.6 cycloalkyl,

30 Cygalkenyl, Cyg alkynyl, aryl, heteroaryl, aryl-Ci-4 alkyl, and aryloxy-C;~; alkyl, or when
attached to the same nitrogen atom can be combined with the nitrogen atom to form a five or
six-membered ring having from O to 2 additional heteroatoms as ring members; and each R

is independently selected from the group consisting of Cy.g alkyl, Cy.g haloalkyl, Cs.¢



-C2H, -CX2R', -NHCO2R', -NR11COZR', -CN, -NO2, -NH2, -NHR', -N(R") 2,
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five &lkyt en-nmenbered aryl, heteroaryl or heterocycloal kyl ring, optionally
substituted with fromone to three substitutents selected fromthe group
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| ndepﬁ)r% n§ Ieyof these compounds in therapeutic methods, primarily to treat diseases associated

with CCR1 signaling activity.
BRIEF DESCRIPTION OF THE DRAWINGS

{5 [0015] NONE

DETAILED DESCRIPTION OF THE INVENTION

| B Abbreviation and Definitions

[0016] The term “alkyl", by itself or as part of another substituent, means, unless otherwise

20  stated, a straight or branched chain hydrocarbon radical, having the number of carbon atoms
designated (i.e. Cj-s means one to eight carbons). Examples of alkyl groups include methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, and the like. The term "alkenyl" refers to an unsaturated alkyl group having one or
more double bonds. Similarly, the term "alkynyl" refers to an unsaturated alkyl group having

25  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.

30 "Cycloalkyl" is also meant to refer to bicyclic and polycyclic hydrocarbon rings such as, for

example, bicyclo[2.2.1Theptane, bicyclo[2.2.2]octane, etc. The term "heterocycloalkyl"
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W?é ?grbgg%pgﬂgte{%o .he use of th_ese corrpounds i n therapeutic met hods,
at seases associated with CCR signaling activity. BRIEF
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at ons atheyking) g:tou;l v(111 heve foms iednearlnneatems, evighthosegiopshavinakhen svent al ky|

grod ps lbgﬁ la oms belng f{referred in the present invention. A "lower alkyl" or "lower alkylene" is

15  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.

[0018] 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

20  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.
Accordingly, a group represented as -NR®R? is meant to include piperidinyl, pyrrolidinyl,
morpholinyl, azetidinyl and the like.

25 [0019] 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
exarple, the term "Cy-4 haloalkyl" is mean to include trifluoromethyl, 2,2,2-trifluoroethyl, 4-
chlorobutyl, 3-bromopropyl, and the like.

30 [0020] The term "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



ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
n-pentyl, n-hexyl, n-heptyl, noctyl, and the |like. The term "al kenyl"
refers toweroammaioar at ed al kyI group havi ng one or norepdomsc@choossas.
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[0022] The above terms (e.g., "alkyl," "aryl" and "heteroaryl"), in some embodiments, will

include both substituted and unsubstituted forms of the indicated radical. Preferred

20  substituents for each type of radical are provided below. For brevity, the terms aryl and
heteroary!l will refer to substituted or unsubstituted versions as provided below, while the
term "alkyl" and related aliphatic radicals is meant to refer to unsubstituted version, unless
indicated to be substituted.

[0023] Substituents for the alky! radicals (including those groups often referred to as

25  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’, -CO,R’, -<CONR’R”, -OC(O)NRR”,
-NR”C(O)R’, -NR’-C(O)NR"R"”, -NR”C(0);R’, -NH-C(NH,)=NH, -NR’C(NH,)=NH, -NH-
C(NH,)=NR’, -S(O)R’, -S(O),R’, -S(0),NR’R”, -NR’S(0),R”, -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.

30 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,
Ci-galkoxy or Ci-3 thioalkoxy groups, or unsubstituted aryl-Cj-4 alkyl groups. When R’ and



9ouble or triple bonds, respectively. [0018] The ternms "al koxy,"

al kyl am no" and "al kyl thi 0" (or thioal koxy) are used in their conventi onal
sense, ansoredmn219e those al kyl groups attached to the remaispaen243ist he

nol ecul e via an oxygen atom an am no group, or a sulfur atom
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ci nnoksbgjifuenisatiaghedAp Bitng at‘P}@ @}%WF ) ri?%;’ll ?no%lazol yl,
benzopyrazol yl, benzotriazolyl, benzisoxazolyl, |sobenzofuryl |50|ndolyl
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razolo
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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

independently -CH,-, ~O-, -NH-, -S-, -8(0)-, -5(0)2-, -S(0),NR’- or a single bond, and r is an
20  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 ~(CHj)s-

X-(CHy)¢-, where s and t are independently integers of from 0 to 3, and X is -O-, -NR’~, -S-, -

S(O)-, -S(O)y-, or -S(0)2NR’-. The substituent R” in -NR’- and -S(O);NR’- is selected from
25  hydrogen or unsubstituted C;-¢ alkyl. |

[0026] As used herein, the term "heteroatom" is meant to include oxygen (O), nitrogen (N),

sulfur (S) and silicon (Si).

[0027] 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

30  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



tetrazolyl, oxazolyl, isoxazolyl, thiadiazolyl, pyrrolyl, thiazolyl, furyl,
thienyl and the like. Substituents for each of the above noted aryl and

het er oar ywonrznomgpozaest ens are sel ected fromthe group of acwap&ahhaﬁls
substituents described bel ow. [0021] For brevity, the term"aryl" when used
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f h titute a
s E SO N T R P
hal ogefesitactifg tHeSicltraltfBen @f-suoﬁ'c%ﬁipou@{wﬁﬁ K%ﬁficf%ht Qﬁoﬁtmf% &%Qﬁé(d 9518’“‘35 or

unsubstltut ed aryl-Q 4 al kyl groups. are attached to
sane rfi b@"é‘hobltncﬁﬁu@wéyn%wl‘{‘ﬁ@t cﬁmmeﬁoﬁmtahn@mtlcﬂlty@gmtalﬂe acidt o for m a

216 i 0y i IERTSEA W e SAGTR i FoBRR or "o
aryl annhcheﬁrbmma,rmd)nmmmn@ﬂﬁmmph@@h&ﬂd mdrdhydrogenphosphoric,
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,
20  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

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

[0028]  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

30 compound for the purposes of the present invention.

[0029] 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

10



generally selected from -halogen, -OR, -OCCOR, -NRR', -SR, -R, -CN,
-N®2, -C2R, -CONRR', -C(OR, -OC(ONRR', -NR'"CCOR -NR5 C(O2R,

- NR - C( 0)Wa2Bv7/002298IH- C( NH2) =NH, - NR C(NH 2) =NH, - NH C( NexaisRws/0243(0) R ,
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[ 0027]entbmpiseedwithinaheBeopy of Gl griseaciaesitrial ahsadbipounds JTRROPrebdti NCl ude
sgl ts of the active conpounds which are prepared with relatively nontoxic
a

Pds iByeniiqa gy A omtaLn yniuteljEroportions of atomic isotopes 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 (H), iodine-125 (**’I) or carbon-14
(*0). All isotopic variations of the compounds of the present invention, whether radioactive

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

20 1L General

[0032] The present invention detives from the discovery that compounds of formula Ia or
Ib (as well as the subgeneric formulae Ia'™ and Ib™) act as potent antagonists of the CCR1
receptor. The compounds have in vivo anti-inflammatory activity. Accordingly, the
compounds provided herein are useful in pharmaceutical compositions, methods for the

25  treatment of CCR1-mediated diseases, and as controls in assays for the identification of

competitive CCR1 antagonists.

III. Compounds

[0033] In one aspect, the present invention provides compounds having a formula selected

from the group consisting of:

11



particul ar substituents found on the conpounds descri bed herein. Wen
conpounds of the present invention contain relatively acidic
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15 ring having from 0-2 additional heteroatoms as ring members; and wherein the aliphatic

portions of each of said R! substituents is optionally 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;NHj, -S(0),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",

20  -NHC(O)NH,, -NR™C(O)NH,, -NR"C(O)NHR"™, -NHC(=NH)NH,, -NHC(=NR")NH,,
NR®C(=NR™)N(R™),, -NRPC(=NR™NH(R™), -NHC(ENR™NH(R"™), -NHCENR™)NR ™),
NHC(ENH)NR™),, -NHC(=NH)NH(R™), -C(=NH)NHj, -C(=ENR™NH,, -C(=NR™)NR™),
_C(=NR™)NH(R™), -NHC(O)NHR™, -NR"C(O)NR™),, -NHC(O)N(R™);, -COH, -COR™,
-NHCO,R™, -NR™CO,R"™, -CN, -NO,, -NHp, -NHR™, -N(R™);, -NR™S(O)NH; and

25  -NR™S(0),NHR™, wherein each R™ is independently an unsubstituted Ci. alkyl.

[0035] In another embodiment, R! in formulae Ia and Ib is a substituent independently
selected from the group consisting of Cy.g alkyl, Cj.g haloalkyl, Cs.¢ cycloalkyl, -CO.R",
X'CO,R?, -X'SO,R? and -X'OR?, wherein the aliphatic portions of each of said R!
substituents is optionally substituted with from one to three members selected from the group

30  consisting of -OH, -OR™, -OC(O)NHR"™, -OC(O)NR™),, -SH, -SR™, -S(O)R™, -S(O)R",
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conpounds of the present invention contain both basic and acidic

functionalities that allow the conpounds to be converted into either base
or acid andizoemme2®al ts. [0028] The neutral forns of theprcomgsewwsds4snmy be
regenerated by contacting the salt with a base or acid and isolating the

it 1 er-SChiGn Sk o AT bor s wa R, GO er 1 es, “such as
sol ubi Idf(bwan;np% gﬁgye@t@RanqH@t(bg{w mx@g)ﬁal r@g(?nt Negui val ent to the

par ent Sund Tof the purgoses of "t he i nventi on.

[ 0029]-NRT'G{QINE ONR"@(@QNHN“Q{NHC(@MB ;&MTC(D)N éRl"E)lz,ON HE@)NGRS)2conpounds
whi ch 5 O 1{? &g f aCribed herein are
t hose ﬁ@?ﬁ’ou‘ﬁ@ h&i’m u(ﬁ(gg{ &Pﬁ _Nigrrg% ﬁﬂgeﬁ’phym ol ogi cal
condi t gy N FeRr @{N}m@%&% ifeabNRPEHABentBYBNA SubAfGielicgnal |y,
prgdrugs ca(tﬁl)s)lgggconvert{(d he coer%pc?an ds cl) tﬁlseenpreg}gnt |F\1vent|or??by
chem cadlkgdr bi ochem cal nethods in an ex vivo environnent. For exanpl e,
prodrugs can be slowy converted to the conpounds of the present invention

when plogseid iMaridther @ﬁ%@@ih{éﬁ{ RO& Etfu®Th Mad T W d SibgtitGenttiadipendslyme or
chem cal reagent. [0030] Certain conpounds of the present inventign can

exi st swcwﬁm&eﬂoﬂm@mwa@g oel1-s Akyls 64 vhftl@%ik}’lchﬂﬁr@3 sioneloaliyh gvheyd® at ed
and. a7 b AHRERG it BEeRf S A SO Fis OByl el B et ™

I meent fhede. m@ﬁsé@we@émamﬁ@gmﬁp theipingfPOH], AVRTL-OM{OYNHRT,i st in mul tiple
caut Vel Erne S8t caff o CudthyS Sniepr bk iR, EolRaf " ar o

i nt endg\g{é@%)qt@nﬁ\gmhggbe)%? %’Séﬁ@H E) ﬁ\IIﬁR@SQﬂb Ntceoyrt, AR (OfR L ai N

conpou 0ssess asy I’c carbon atoms (opti cal
cent ersx)R"Cﬁ(O)E.HbJM{(D@))Miz, ﬂm‘“@(ﬁhﬁﬁht é‘@RmW@)NPHi"éGNHG(O)EHR‘F‘et ric isomers,

e e S CEmeompe R e R c Sl MR AL SFRECK R, R, e

COEpOUnds, olHRme. rme?zenﬁrmc@m{zgﬁd mm@t@ammt /hRrei BahURBls proportions
of atomc |soto es at ‘'one or nore of the atons that constitute such

conpoumdspenﬁﬁﬂlmmu‘estlmtﬁécwﬂ’bﬂunds may be radi ol abel ed

[6037] In one embodiment of the invention, R! in formulae Ia and Ib, if present, is selected

from the group consisting of -CO,H or Cj.4 alkyl, optionally substituted with -OH, -OR™,

-S(0),R™, -CO;H and -CO,R™. In another embodiment of the invention, R is methyl; and m
20  is 0-2.

[0038] The symbols R*® R* and R* in formulae Ia and Ib are each substituents
independently selected from the group consisting of hydrogen, halogen, cyano, aryl,
heteroaryl, -NO,, -CO,R®, -CONRRY, -C(O)R®, -S(O)R®, -S(O)R®, -S(0)sR", -R",
-C(NOR®RY, -C(NR°V)=NV, -N(V)CR%)=NV, -X*C(NOR)R, -X°’C(NR°V)=NV,

25 XEN(V)CR)=NV, -X’NRRY, -X2SR®, -X’CN, -X*NO,, -X*CO,R’, -X’*CONRR",
X2C(O)RS, -X20C(O)NR°RY, -X>NRIC(O)R®, -X*NRC(0),R", -X*NR°C(O)NRR",
“X*NH-C(NH,)=NH, -X’NR°C(NH,)=NH, -X*NH-C(NH,)=NR’, -X’NH-C(NHR®)=NH, -
X2S(0)RS, -X2S(0),R®, -XNR°S(0),R®, -X2S(0),NR°RY, -X*N;, -OR’, -SR°, -NRC(O)R", -
NRIC(O)R®, -X*3(0)sR’, -3(0)2NR'RY, -X?OR®, -0-X’0R’, -X’NR'R’, -O-X’NRR",

30  -NR-XZCO,RS, -NR°-C(O)NRRY, -NH-C(NH2)=NH, -NR°C(NH,)=NH, -NH-C(NH,)=NR",
“NH-C(NHR®)=NH, -NR°C(NHR®)=NH, -NR°C(NH,)=NR°’, -NH-C(NHR®)=NR®, -NH-
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wi th radioactive isotopes, such as for exanple tritium (3H), iodine-125
(1251) or carbon-14 (14C). All isotopic variations of the conpounds of the
present iwoentmezswhet her radioactive or not, are interdedst@ohes3i3
enconpassed within the scope of the present invention. Il. CGeneral [0032]

The pre@e}mme)quqqmg(?ﬁzw mc(gm@he;@yqﬁgg(g?ﬁq{ lﬁhakgéﬁ?@?\””@)s of fornula

la or la eneri ¢ fornu 4) "act as potent

ant agonlp G@(@@ﬁl -NRRepiN LX0RS and AFNRfRYe in vivo

anti-infl ammt ory activity. Accordingly, the conpounds pr OVI ded herein are

usef ul [0089]phat eRcasddeabntCRBRIGHSI W $n forRliDRdS aﬁ@tb X hﬁ‘deg Qél 8&1

-nmedi at ed di seases, and as controls in assays for t ent| F78h of
conpet emfhe @@F@P confisiga i Bydogen, lhaloegnwm Selefnsd] -N@,, 066, RS pect t he

o7 oup. S O RS SR st YRR SRl SRR IR ate o

6"4 o I 0y 4 pi2qnci sc2an; Luheger of
ﬁsx%““mﬁﬂ’ﬁcéﬁﬂ“”’gé” ZENEPR(R) ol s o BN RS Dt m

is an ‘P%pgggra K GANE” Ro X CGQ}RyaeK @@@Mel?enﬁi)m&@(@)w ﬁézl\@.?ﬁfsfb}zRﬁt min

m
For mil 20 aCRaan B i & R e xS B RPN Che g1 oup
consi SX’Ngi- @mﬂke)—mrkszs(m)RhaK?&Ume PGNR°S§@)2R3| R%(RBZI‘QORR and = )‘5(1@. 3Ra,

- X1CORR8, -XlSO2R -XlS(O)BR -

Nqu - NRaCORb,
s Rb, . - NRaS( 0)51% meft C% @ﬁ’?ﬁeﬁﬂb%@‘gﬁa‘&f&@a Is sgfe g%g%lonénd
- X1 NRSB% @)@R@onmfh@ stwﬂmlgeﬂiJF ICé K31 1,4Cal,R; - er?emm , €AGh Rao anﬂbn%bfred
subst it ent | ected from the group consisting o
hydr odSH° S}é?]@g% %%ﬁgﬁ%nﬁ? R/?‘i angther embgdimyent, &1 ishydragenoft yénal |y Ra
and E%nﬂthgﬂexﬁbécﬂﬁiéﬁﬁ tHeR BebsBafiBht Th FrRUER 12 hAITHE SeeORR RGN §rdfpy m @ 3- to
7-

e c%£§1$t1ng of F, Cl, Br, I, -CO,Me, -CONH,, CN, oxazolyl, -CH,NH,, -CH;NHMe,

15 -CH;NMe; and -CH=N-OH. In yet another embodiment, in compounds having formulae Ia

and Ib, the R* substituent is selected from the group consisting of hydrogen, F, Cl, Br and L

[0041] In another embodiment, the symbols R* and R*® in formulae Ia and Ib are each
substituents independently selected from the group consisting of halogen, -OR®, -SR®,
~OC(O)R’, -NRR, -R®, -CN, -NO,, -CO,R°, -C(O)R®, -NRC(O)R’, -NRYC(O),R°, -S(O)R®,
20 -8(0)NR‘RY, -X’0OR", -O-X*0R®, -X*NR°R?, -O-X*NR°R? and -NR4-X?CO,R°. In certain
aspects of this embodiment, R*® and R*® are each independently selected from the group

consisting of hydrogen, halogen, F, Cl, Br, I and OR".

[0042] Within each of R**, R*® and R, X? is C14 alkylene and each R® and R% is
independently selected from hydrogen, Cj.g alkyl, C;.ghaloalkyl, and Cs.¢ cycloalkyl.

25  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. The symbol R°® is independently selected from the group consisting of Cy_g
alkyl, Cy. haloalkyl, Cs. cycloalkyl, Cy.g alkenyl, Cp.g alkynyl, aryl and heteroaryl, and each
of R®, R? and R° is optionally further substituted with from one to three members selected

30 from the group consisting of -OH, -OR”", -OC(O)NHR", -OC(O)N(R™);, -SH, -SR”, -S(O)R",
-S(O)R", -SO;NHj, -S(0)2NHR?, -S(0),N(R"),, -NHS(O),R", -NR"S(0),R", ~C(O)NHa,
-C(O)NHR?", -C(O)N(R");, -C(O)R", -NHC(O)R", -NR"C(O)R™, -NHC(O)NH,,
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ring having fromO-2 additional heteroatons as ring nenbers; and wherein
the aliphatic portions of each of said Rl substituents is optionally
substi t utwo zvmtldozi%om one to three nenbers sel ected frorcrhs2aw024313

consisting of -OH, -ORmM -OC(ONHR'1, -CC(ONRM2, -SH, -SRm -S(ORm
-S(O N

oo N COME R O A R o
- NHC( Q0§12 -COMRACNBIT G > O NINE= PM;IRIP—QN(RNH C))%\%

- NR( NH N 2,
NG mﬁi& @%S”hﬁm%@@% Rgf% : %enﬁpﬁ“ﬁf@ ERBS s SIS B er Ry 2.
- O e

 cror e e e e g X R Rl A 2,
-NRL1DS0S) NH2 and -'NRn5(0) 2NHR , wherein each Rmis independently an
unsubstituted C al kyl. [0035] In another enbodinent, Rl in fornulae la and

Ib is [(ﬂ)é?}’bﬁﬁ atch'ﬁ{ﬂ& ehib@ﬁﬂﬁé?ﬂ%f‘&lc&n?&hﬂq{aeﬁx FroRAIbOE: AHIQUPS Siltsicapimg Of C1- 8
al kyl al oa 6 cycl oa - X1C2R , - X1SQ2R3 and X10R

, wheusa@ ur t;ved dhe ?,ylmlqu R*is hyixogen. ofn a@aﬂwr @nb@camnmh%métmt geistlslsiand
optlo )s(: ﬁstltuted with fromone to three nenbers selected fromthe
group ofidi ¥t'¥'ng of -OH, -OR'1, OC(O)NHRl -0C(O)N(R M2, -SH, -SR,

-S(OR'1, -S(O2R'1, - SO2NH2, -
o s o AR AR

m‘&%% q‘%&%?&%%} 089 WNHw)Z HCOZRl - AR 2Rm

- CNh Iimw%odmwﬂgs oﬂ‘ﬂlfﬁfﬂvenﬁd(ﬂﬁd s)yﬁxbol Nﬁﬂﬁéﬂém fomrtble gidRpBesistitgleti, Chher ei n
eac i s independently an_uns tituted Cl- 6 alkyl. [0036] In another
embodiBre®l, NRe, {GPA3h ‘EOSS >a substituent independently

sel ected fromthe group conS| stl ng O Cl-S al kyl, aqg C3-6 cycl oal kyI
wher el[m45]ie I&Iyepittaﬁha‘r epotlinoens obfhedmeintion, thesymipd R Lisstormulandasandsb

option ituted wit r 3g0) f t he
group glgﬁtégl %golﬁh e(grou_pdqnsm%gﬁ)fo Q&(’%’%ﬂl@?i 82 5RY -5&0?[@4, Q\Cﬂt{%ﬁ, TRt
15 -OR®. In another embodiment, R* is selected from the group consisting of -SMe,
-OCH,OMe, -CH,OMe, -CH,OFt, methyl, ethyl, methoxy and ethoxy.

[0046] In formulae Ia and Ib, each of the ring vertices a, b, ¢ and d is independently
selected from N and C(R*?), and from one to two of said ring vertices is N. In one
embodiment of the invention, the fused six membered ring having vertices a, b, cand d is a
20  fused pyridine ring or a fused pyrimidine ring. In yet another embodiment of the invention,
the fused six membered ring having vertices a, b, ¢ and d is a fused pyrazine ring. In yet
another embodiment of the invention, the fused six membered ring having vertices a, b, ¢ and

d is a fused pyridazine ring.

[0047] Tuming to the R>? substituent in formulae Ia and Ib, at each occurence, the symbol

25  R*is independently selected from the group consisting of hydrogen, halogen, -ORf,
_OC(O)R!, -NR'R, -SR, -R", -CN, -NO,, -CO;R’, -CONR'R?, -C(O)R’, -OC(O)NR'RS, -
NREC(O)RY, -NREC(O)R", -NR-C(O)NR'RE, -NH-C(NH,)=NH, -NR"C(NH;)=NH, -NH-
C(NH,)=NR", -NH-C(NHR®)=NH, -C(=NRHNRER", -S(0);R", -S(O)R", -S(O)R", -S(O)R?,
NR'S(O),RY, ~S(0),NR'RE, -NRS(O),R", -NR'S(0),NR'RE, -N3, -C(C=NORAHNR'RE,

30 -X:SO:RE, X C(=NRHNRERY, -X°OR’, -X’0C(O)RY, -X*NR'RE, -X’SR’, -X’CN, -X’NOy, -
X*CO,RY, -X’CONR'RE, -X°C(O)R”, -X’OC(O)NR'RE, -X’NREC(O)R’, -X’NREC(O)R",
XPNREC(OJNRIRE, -X*NH-C(NH)=NH, -X’NR'C(NH,)=NH, -X’NH-C(NH,)=NR", -
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O2N(RM 2, -NHS(O 2R 1, -NR111S(O 2R 1, -C(O NH2, -C(O NHR'1,
O N( Rm®,200700@9R"' 1, -NHC(O RL , - NRnC(O) Rm - NHC( O) NP2 T/ushiteBg Oy NH 2,
NRnC(O)NHR m 5- NHC(O)NHRlll -NRnC(O)N(R m2, -NHC(O)N(R m)2, - CO2H,

- CC2Rkg: h-
- NRlllS3 9) N and §§2l\ﬂ—|Rm V\/nerel n eagc%rﬁ g(r?aepenélen’t IXy an
unsubsK Nyt-€OBIR S(@)&y4P—Q(OB§)Y‘])RF)m “XI(OINBER( DmRﬁ X?\C(OWR SGO¥RMandn, R1 in

f f
R A Sy e e
- OC2H h% rihg cff)'ﬂgﬁenﬁf suBSREL R fr@ﬂ‘l Jn@ o HHRYERDS ten%eleﬁﬁge thyl; and

mis O- 003 The synbol's R2a, In fornu an b are

eaéh s“umthetgxemn eonsisting ehdogany -G }LQZ d&Rét? fRJIOfﬁR h€Nyr-didh, €& st i ng of

"4 O PN BIOR S ofY @ oS R, VRN %%CM%, —
- N( V) GERIRERY, RS OMR) Bod - X KB NER Y ariiViheretet BhY) E(RBG di&% %E%NRRO',
- X2SR0, - X2CN, -x2 - X2002 -XZCO\IRRd o O RO, CRESEOT NRR d,

- X2NRé€leatp &k fromdbrRaIORRsting o@(NR@le)lwﬁR@z 4 alk@Nﬂer@anﬂiZL)uNH@nylene each

- onmosy S ol s ol il %&@@X@ AR e Q2R

- XaSs Rlkeny! ANRRA, aryXBEBRDaryl Oar @Q?Q],kl-%@&\l V= Rels whdRd- X2CC2R,
Qe $C§3) NH- C( NH2) 2 =NH, “NRe 3i1NHz) NL, N%XNHz CNRe 5 “NiF C HR NH,

. NRe CENPRAS]UA4© SIRRISUEMAR FUTRER S P N R O BACEAR (ROFINMIVERR (O 2R
- NR%%%}}{B&?Q W%@NR@Q aaa%%l@e@oato&%gs%%nbersma@ R? NRRd

5- NRd
is independently selected from the group consisting of Cy.3 alkyl, Ci.g haloalkyl, Cs.¢

OC( ONRTM2, -SH -SRra -S(ORm -S(O2R'1, -S2NH2, -S(O 2NHR111,
(
C(

cycloalkyl, C,.5 alkenyl, Cy.galkynyl, aryl, heteroaryl, aryl-C;-4 alkyl, and aryloxy-C;-4 alkyl,

15  wherein the aliphatic portions of X°, R, R® and R are 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(0),R°, ~-SO;NHj, -S(O),NHR®, -S(0),N(R"),,
-NHS(O);R", -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®,

20 -NR°C(O)N(li°)2, -NHC(O)N(R®),, -CO,H, —COgR",‘—NHCOzR‘), -NR°CO,R®, -CN, -NO,,
-NH, -NHR®, -N(R°),, -NR°S(O)NH, and ~-NR°S(0),NHR®, wherein R° is unsubstituted C_
alkyl.

[0048] In one embodiment of formulae Ia and Ib, the symbol R*® at each occurence, is
independently selected from the group consisting of hydrogen, halogen, -ORY, -OC(O)R’, -

25 NR'RE, -SRY, -R", -CN, -NO,, -COR’, -CONRRE, -C(O)R’, -OC(O)NR'RE, -NREC(O)R’, -
NREC(0),R", -NR-C(O)NR'RE, -S(O)R", -S(0),R?, -NR'S(O),R", -S(0),NR'RE,
-NRS(0),NRRE, -X*ORY, -X*NRRE, -X3SRY, -X3CN, -X*CO.R’, X*CONRRE, -X*C(O)RE, -
X*NREC(O)RY, -X*>NREC(O)R", -Y , -X>Y and -X°Nj3. The symbol Y is a five or six-
membered aryl, a five or six membered heteroaryl, or a three to eight membered

30 heterocycloalkyl ring, optionally substituted with from one to three substitutents selected
from the group consisting of halogen, -OR’, -NR'Rg, -R", -SR’, -CN, -NO,, -CO.R’,
-CONR'RE, -C(O)RY, -NREC(O)RY, -S(O)R, -S(0),R", -NRS(0),R" and -S(O),NRRE, X’ is
independently C;.4 alkylene. The symbols R and R® are independently selected from
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[ 0039] In one enbodinent, the synbol R2a in fornulae la and Ib is

I ndependently selected fromthe group consisting of hydrogen, hal ogen,

cyano hewerzo@wopb293- NO2, - CO2RO, - CONRRd, -C(O RO, - S(OpRT/US286@2BE3 , - Re,
C(NOR) Rd, -C(NROV) =NV, -N(V)C(RC) =Ny, -X2C(NO?)Rd - X2C( NROV) =NV,

o R Al . R AOR s AR R AN

By i o T e o TR e T e T
_X - an
anot é\ez’ r@ﬂ%‘éﬁl& Riard Réz&ogfefﬁ@i}fﬁa%@ﬁﬁubs jtitest with deom anemdhllebmemw ect ed

o F - CN,
o o ¢ okt B o8 bOlkidtng BY OBNERR', FoctQarte: OO st RS
entfodi #O)R°, F&(@)ﬂs" W@z@"s(o)mﬂm S(t@)ﬂildﬁt")z?ém;cHS((DBRf,, NRH@((B&Q" Cing of
P 0o b, bR B o N O R R OB R OB e

- CH=N- 0 I ae la and

| b, thegRRga(lO%NdbétﬁTﬁg I\lngﬁggﬁle{(@egq?r omtEeE mﬂbon&@)@ﬁ 6f hydrogen,

F, O ,-G:IHRE0R’, [NBMLI}zRﬁ; -NRTGhRY, -@Nbdﬂ@ﬂsgm-lz, MéR‘SrNﬁbﬂ)ig -ma%(mfjuﬂaz?hu n

f I h t ependent sel ecte romthe

g?L[I‘; %&éﬁ%?@g@ﬂ%ﬁ%‘é‘%ﬁaﬁﬁ&é thGRpent apapRbsB s SRS - O, NGB,
-NRAIC(O' R, -NRIC(O)2Re, -S(O 2R, -S(O 2NRRd, -X20R0, -0-X

2d|ﬂ0 [-(}RQNRR mw@hexemmmafthmmzemm syimbal &1 of formslpe &t anddb it hi s

enbodl d, a |nd endent | ected .fromthe group
consi s lﬁéerol*% yg(rg%ngt@%eleﬁ{eﬁ&go conglspng X%l?_ygfr g"fl%ﬁlz]&%\ff hin each
of Rzalxmﬁep ld‘n@bmchd @wmresﬁmlkulﬁ%@q ﬁmdn@aséie Iyﬁﬂﬂg,'%dﬁdre?to'sﬂéjePende”t l'y
sel ected drogen, C1-8 alkyl, G -8 hal oal ky -6 cycl oal kyl
Opt | on&fE ere s% et %thr%ﬁcqmgm-mem’@r@bhﬁéerﬁwol@@@ﬁ riagopheelad flom

oD O IS GRS Sl B TR 10 "
i rideperipentihyl, swtidoyk dyfanytéttuhydrofurpnyd ppipératinplg phényClpyBidyl, pyrimidinyl,
oxadiazolyl, oxazolyl and thiazolyl, optionally substituted with from one to three
substitutents selected from the group consisting of halogen, -OR’, -NR'R®, -R", -CN, wherein
each Rf and R® is independently selected from hydrogen, C,.¢ alkyl, Cy.¢ haloalkyl and Cs.6
cycloalkyl, and each R" is independently selected from the group consisting of C;¢ alkyl, C;.¢
20  haloalkyl and Cs.¢ cycloalkyl, wherein the aliphatic portions of RY, R® and R" are 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(0),R®, -SO,NH,,
-S(0)2NHR?, -S(0):N(R’);, -NHS(0),R’, -NR°S(0),R°, -C(O)NH,, -C(O)NHR®,
-C(O)N(R)2, -C(O)R®, -NHC(O)R’, -NR°C(O)R®, -NHC(O)NH;, -NR°C(O)NH,,
25  -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 R° is unsubstituted C;_¢ alkyl.

[0050] In another embodiment of the invention, the R*? groups in formulae Ia and Ib is
selected from the group consisting of -Y and -X°-Y, wherein Y is selected from the group
30  consisting of homopiperidinyl, morpholinyl, thiomorpholinyl, pyrrotidinyl, piperidinyl,
azetidinyl, pyranyl, tetrahydrofuranyl, piperazinyl, phenyl, thienyl, furanyl, pyridyl,
pyrimidinyl, pyrazinyl, pyrrolyl, pyridizinyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl,
isoxazolyl, isothiazolyl, triazolyl, tetrazolyl and oxadiazolyl, which is optionally substituted
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al kyl, C1 hal oal kyl, C3-6 cycloal kyl, C2-8 al kenyl, C2-8 al kynyl, aryl and

heteroaryl, and each of R Rd and Re is optionally further substituted with
from one wo 20dmee2oaenbers sel ected fromthe group consi eCirrug2@k/0243t5 - OR n,
- OC( O) NHR11, OC(O)N(Rn)Z -SH, -SRn, -S(ORn, -S(O2R", -SO2NH2,

133 e SR S e MR R
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In a certal ‘mpound
ha\’il ndCHs@yonhligl :mal (é]n;dlalda Jkyi.hbn ctascenbmdiments ofthe idvendon, théieysloiidls R2a is

hyd o th nbodj. th 0-1 d R2 F
T L E
Ib i's tﬁﬁ'z&%lt %Mmml&mﬁ 1914511}%%!8%@&6%&%019%@9@%% s‘ﬁ%tﬁuﬁ@g

- CORO0, s nbol R2c is

. I n anot her ertbodi ments of the invention
sel ectle@bphndnmwrselegledlﬁpncmng@m qnysistingf 1alogeBr -ORN-NRBE GH@ZR (O CcH3

d -S | t t di t f t th
o CRRE: -Nehp ot land ' OXE kTl REEndIRORE L Slent iy éﬁ%‘ém' R e g of
th
o200 Bk Rling SRHCE: o Al O E?ny°%“ﬁ2®f*f‘%%§ FEha0Mly IR %ﬂ%ﬁf%&*;, .

- CH2ONadepemiqbseleptst P the tErgup, cqmsﬂm@f 11§tlrféa<qnyotoatmsamd (c‘u a‘ ormul ae |a
d de | d
P NS, Wil R 593l Bosi Sa b SFRERIERLE A, 2oL

enbodlmEnInahertd@pedt,rmemnmaegetherm‘(u$ed si x nenbered ring haV| ng vertices a,
c and d is a fused pyridine ring or a fused pyrimdine ring. In yet

sl ool AT i NS S B i1 o

15 Ibis selected from the group consisting of hydrogen, halogen, C;.4 alkyl and C;.4 haloalkyl,
wherein the aliphatic portions are optionally 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(0):R®, ~SO,NH3, -S(0);NHR?, -S(0),N(R°),, -NHS(O)2R°, -NR°S(0O),R°,
-C(O)NHp,, -C(O)NHR®, -C(O)N(R’),, -C(O)R®, -NHC(O)R®, -NR°C(O)R°®, -NHC(O)NH,,

20  -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, -NOs, -NH,, -NHR’, -N(R°),, -NR°S(O)NH,
and -NR°S(0),NHR’, wherein each R° is independently an unsubstituted C;.¢ alkyl. In
certain instances of this embodiment, m is 0 or 1; R* is preferably hydrogen; and additionally
in other instances, R* is preferably selected from the group consisting of F, Cl, Br, CN, NO,,

25  -CO,CHj3;, -C(O)CHj3 and -S(O),CHj;.

[0052] In yet another embodiment, the R* substituent in formulae Ia and Ib is halogen, Cy.4
alkyl or Ci.4 haloalkyl.

[0053] In yet another embodiment, the R** moiety on the pyrazole ring in formulae Ia and
Ib is hydrogen, halogen, chloro, fluoro, bromo, oxazolyl, pyridyl, pyrimidinyl, oxadiazolyl,
30  thiazolyl, Ci alkyl, Cs.¢ cycloalkyl or C;.g haloalkyl or cyano.

[0054] In a certain embodiment of the invention, in the compounds having formulae Ia and

Ib, R* is a member independently selected from the group consisting of hydrogen, halogen,
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anot her enbodi nent of the invention, the fused six nenbered ring having
vertices a, b, c and d is a fused pyridazine ring. [0047] Turning to the
R3a substwouesmoor1y3f ornul ae la and Ib, at each occurencecCTiUseocsyedsol R3a is
|ndependently selected fromthe group consisting of hydrogen, hal ogen, -O0OR

oo b AR iRy é@%‘g‘%‘?’“ @%ﬁr%%ﬁ“ﬁﬁ@% BN
:g(RhO)C%dh%)é(o Qﬂm S(O)3Rh (GANR R, oNERhX s RECRRMALR and SO SR
5 Rt 3 i A o .
- xsgg}f%é? o el@dﬁ%&%ﬁd Pé%%ﬁé&ﬂ@% ?f??ém-axs N’%tﬁ@%@a - x3 I:\)rC(R(ca» NRf Ry,
- X8 NHhGtmbibieitiryl, mica i1 hommga(rbhmmdwﬁappndmmm@(dmﬂmwml c
3S( O Rh, -xss(o ) 2R11, -xngp (% xss NRf R% Y5 = X3Y - X3N3,

© O O ke dyomranylppipprapngdRpheny L eyedy) R ? Inyh S }é‘(O)Rh and
- X3P= %@3@@}%& %ﬁé’dﬁa%d’(mh%?l?ly Bgt\l&xeﬂl? sﬁl?dﬁhﬂ@d’f%h%n%ﬂé o theeer oar y|

or opti ona ubstituted vmthffro;lnonetot ee
subst istibgtwtesats selleéted &dnf the grm;u:e:ogslsmqg afdnabigeni AR N BF.oBATCN. Ofadh R NRf Rs,

S 9 ngme?% soasfed SR sesy %kﬂ%ﬁ%a%? UGB, an

- XgS( hﬁg %ﬁﬂdéﬂaﬁdt&us} sa@&lad )ﬁ%ni e ighSlgRRA ngf(SleJaelqﬂe(dl Stabvalltie gr oup
e an

consi Stl ng | éne, -4 al ken qu 4 al kynyl ene; each Rf
and Rgmd @316 mgtdpdﬂ{gh mme;mzséie@bpb@twfmmnwr%g% nanddi age ap*k@l}aﬂ}’éiﬁl&ﬂhm oal kyl ,

C3-6 c S al k I o
o Kyl St it ey o R megper s T o B g BhSRARLOA OFELURCS oo
can beo@%@*jamw A@GC@)N@%"){H—SHOM F(OMT, oS ()RR, BOINE,, B(QYNHRENber ed ring
having from Qo addi tional het efoat ons _as Rh is
i nfjepleﬁ(fé)zN(Bl )zgeNéTcSt(@begsr‘Nﬁ 5@2&:0%0%% g@%@@f@?\gﬁ%l C?@i}{%
oa ok 0

e o INRYE eOR SI?&\'CI)%: péiy *E%r/ O)NED; AR ANHG(CyRtEpar yI |

—NR°C(O)N(R°)2, -NHC(O)N(R°)2, -CO.H, -COzR -NHCO,R®, -NR°CO3R’, -CN, -NO3,

“NH,, -NHR?®, -N(R®),, -NR°S(O)NH; and -NR°S(0),NHR®, wherein R° is unsubstituted Ci.¢

alkyl.

[0055] In a certain embodiment of the invention, in the compounds having formulae Ia and

20 Ib, R*is a member independently selected from the group consisting of hydrogen, halogen,
-ORY, -NR'R, -C(O)R’, -C(O)OR’, -S(O)R’, -S(O):R’, -S(0),NR'RE, -R", -CN, X’NR'R?,
NRgC(O)Rf, X*N; and -Y, wherein Y is a five to six-membered aryl, a five or six-membered
heteroaryl ring or a three to eight-membered heterocycloalkyl ring selected from the group
consisting of homopiperidinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, piperidinyl,

25  azetidinyl, pyranyl, tetrahydrofuranyl, piperazinzyl, phenyl, pyridyl, oxazolyl, pyrimidinyl,
oxadiazolyl and thiazolyl, optionally substituted with from one to three substitutents selected
from the group consisting of halogen, -OR’, -NRRE, -R®, -CN, wherein each Rfand REis
independently selected from hydrogen, Cy. alkyl, Cy.c haloalkyl and Cs. cycloalkyl, and each
R" is independently selected from the group consisting of Cy¢ alkyl, Cy. haloalkyl and Cs.6

30  cycloalkyl, wherein the aliphatic portions of RY, R® and R” are optionally further substituted
with from one to three members selected from the group consisting of ~OH, -OR®,
-OC(0)NHR?, -OC(0)N(R"),, -SH, -SR°, -S(O)R°, -S(0),R’, -SO,NHo, -S(0),NHR®,
-S(0)N(R®),, -NHS(O),R®, -NR°S(O)2R’, -C(O)NH;, -C(O)NHR", -C(O)N(R®),, -C(O)R°,
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wherein the aliphatic portions of X3, Rf, Rg and Rh are optionally further
substituted with fromone to three nenbers selected fromthe group

consi st i nyoabo+BkL93- ORO, -OC(O) NHRO, -OC(O) N(R) 2, -SH, PBRAIS2005(083R0,
-S(0O 2RO, -S2NH2, -S(O 2NHRO, -S(O 2N(R) 2, -NHS(O 2R0, -NROS(O) 2RO,

Ny S‘IWCROC(@NH@“?\’%SS% e SN R CONI SR PR,
- NHC({ ONRR(@)N (RS2 INFLCEORR )25 R@ozkmmma mcomg)zcllxi T@é’ ngo,
Al kyl NSRRI TR ROy UPENERS, Weret s Henbyhgin G, at

each ogeyll aMeQubdrsptin gl %@(ﬁ%ﬁ{bl/o éedr%%ﬁﬁtﬁ/él Wohh@-lgfoup consi sting of
hydrogenS|Ll hal oger:ﬁ)- y 9 -CN, - N2, COZRf

Ry - P, %{o@?ezaﬁl%%%%wﬁ% &MN%M@W% ot Bacr
- X3NRf tRg sym DI moidtg Gl the pRERARfing 19?%@%& lo o 36K180Rfhero; brégRIC( O) R,
-XSNRgC(O)ZRh =Y, -X3Y and - X3N3, The synbol is a five or si xmember ed

aryl, oxarolyb pyridgl, Kaaplt tepznil RS aF 9yan00andepntm>n@1éy the spingpt R rmihger ed
t r
neter GRehesl il dd (BPE 8P Robfofld 7 LOM Y s Wl RRIDERE LB\ g

- Rh Y& ;OHCMNRY, N@@)ZReom»Q,H ar@NR)leRg In y&(dahpWer embiRUifleR), lewherS( O Rh
O) 2Rh, -NRf S( O 2Rh and )ﬁ (O 2NRf Rg. X3 is independently Cl- 4 al kyl ene.
S yRTBIG 1530y ﬂ&e%r (glr@‘lf dgb@ﬁ&éﬁfﬁg?fgﬁlp@@t ed fronhydrogen, Cl-8 al kyl,
Cl 8 hal oal kyl and C3-6 cycl oal kyl, and each Rh is independently sel ected
from tIR@5Yr olpanvtireg iestbiodignedt 6f the imslfdnylbn, iCteBphads alf Kyinudeeda @8d oy choal kyl .

L2 G e L B
Cg? 8) ggomg@g;s%% 2NHRO, - &( cg) M - NHS)( O ZIQOB@BRIROS(S(O)O)Z%
-0 NINR® CeP Xy Nefrerein @gmpp:k)onglly sy WHEL @t eRD{romNIRO @oap ROpsisting
I\t"§|C( @f’ﬂlﬁ'gnyl H@Q& %Mfﬁdmyl\lRQ%o@lNIﬂ@onﬁH%Qaz |_lﬂ)zmd nl\ll(')ql“%%le}l( R% R}N HA0) N(R)
an optionally substituted group selected from the group consisting of C;.g alkyl, C;.g haloalkyl
and Cs.5 cycloalkyl, and R and R are each independently an optionally substituted group
selected from the group consisting of hydrogen, C;.s alkyl, C;.g haloalkyl and C; 3 cycloalkyl.
In certain aspects of this embodiment, the R** substituent is selected from the group
20  consisting of hydrogen, fluoro, chloro, bromo, iodo, amino, -CHs, oxazolyl, thiazolyl,
pyridyl, pyrimidinyl, morpholinyl, oxdiazolyl, -NHC(O)CHjs, -CN, CH,N3, CH,SO3H, NO»,
-(C=NOH)NH,, -S(0),CHj3; and CH,NH,.

[0058] In yet another embodiment of the invention, in the compounds having formulae Ia or
Ib, the subscript m is 0 or 1; R* is hydrogen, halogen or -CN ; R% is selected from the group
25 consisting of F, Cl, Br, CN, NO,, -CO,CHj3, -C(O)CH; and -S(0),CHs; R* is selected from
the group consisting of -SR?, -O-X*-0R°, -X%-OR", -R° and -OR’; and R substituents is
selected from the group consisting of halogen, C;.4 alkyl and C).4 haloalkyl, wherein the
aliphatic portions of R* are optionally 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?,
30 -S(O)R’, -SO;NHjy, -S(0),NHR®, -S(0):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)NHj,
-NR°C(O)NH3, -NR°C(O)NHR®, -NHC(O)NHR®, -NR°C(O)N(R°),, -NHC(O)N(R°),,

20



-CO2H, - CO2R0O, -NHCO2RO, -NROCO2RO, -CN, -NO2, -NH2, -NHRO, -N(R)2,
-NROS(O) NH2 and - NROS(O) 2NHRO, wherein each RO is independently an
unsubst i twoedomoz229al kyl . [ 0049] In another enbodi nent ofrctrhus2eoawessis on, the
synbol R3a of formulae la and Ib is a nmenber i ndependently sel ected from

the gr G s LN OIR IR QISR Q - ) and
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Cl-6 @yﬁlygubst@;teazh@a@myk and -6 cycloal kyl, and each Rh is
|ndependently sel ected fromthe group consisting of Cl-6 alkyl, Cl-6

nal oahiydo; 20 o %}s ELBR0dRHent, WG SIeR: 106y BRI R R - RO and

R are er Su one ree ne rs
sel ectfggdl4 Iar‘antme vileBti teondb@ipt AYisah integddidf froBRD to 4.0THE PRI R -1608( O) N(R) 2,

~SH_-SRO. - S(Q RO, -S(0 2R0, .- SPNHR, - S( ) 2NHRO O S( O 2RO,
- NROSEE)Situsnt mé%l@nﬁmﬂé S%xc@%ﬁtm the gropy &@Ii(té}s)tlzlg of é’(l@jﬂ%ﬂ & Nﬁgeé}ﬁ@w (9
b

- N Sy KPR, *%5% Ef?% RS AR N LSRN RIS -~ on - e,

- Nsz -XNH‘RE:%R S{ O OYANRAR HandNREHDBRE NvRg einvf s €)1 nalikplene and
t 005 th mod f ot tion,

e 800, el S5 R SRR S R 0
of - Y @nfariRyYandes @yclba)kyl Sana%%félﬁ%é AR EOSBbRAGE GER ST sid RY Of

honopi peridinyl, norpholin hi omor phol i nyl ,” pyrrolidinyl, piperidinyl,
az et i dubsfityentpyis apwnallb’@ubﬁKWd ofillirfeany bne (s theaeanemiars sqlewed fromithg siopp,

ey R B B R S8 Ko, BORRZ ey w01
-SO,NH,, -S(O),NHR™, -S(O);N(R™),, -NHS(0):R™, -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)NHs,
“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, -NOy, -NH,, -NHR™, -N(R™),,

20 -NR™S(O)NH, and -NR™S(0),NHR"™, wherein each R™ is independently an unsubstituted C;.
¢ alkyl. The symbols R R% and R? are each substituents independently selected from the
group consisting of hydrogen, halogen, cyano, heteroaryl, -NO,, ~-CO2R°, -CONR‘RY,
-C(O)R®, -S(O)R?, -S(0),R®, -R®, -CNORIRY, -C(NR°V)=NV, -N(V)C(R*)=NV,
XEC(NORORY, -X2CNRV)=NV, -X*N(V)C(R)=NV, -X*NRR’, -X*SR’, -X*CN, -X*NO,,

25 -XPCORR’, -X2CONR°RY, ~X*C(O)R’, -X2OC(O)NRRY, -XENRIC(O)R®, -X*NRUC(O),R®,
XPNRCC(O)NRRS, -X*NH-C(NHz)=NH, -X*NR°C(NH,)=NH, -X*NH-C(NH2)=NR",
“X’NH-C(NHR®)=NH, -X2S(O)R’, -X*S(O)R", -X*NR°S(Q),R", -X*S(O),NR'R’, -X*N;,
-OR’, -SR, -NRIC(O)R®, -NR*C(O);R®, -S(0):R®, -S(O),NR°R’, -X*OR’, -0-X*OR°, -
XANRRY, -0-X*NRR¢ and -NR-X?CO,R®. Within each of R*, R% and R*%, X is C14

30 alkylene and each R® and RY is independently selected from hydrogen, Cy.s alkyl, Ci.5
haloalkyl, and Cs.¢ cycloalkyl. Optionally, R® and RY 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. The symbol R° is independently
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| soxazol yl, isothiazolyl, triazolyl, tetrazolyl and oxadi azolyl, which is
optionally substitutedwith fromone to three substituents independently

sel ect ed woamdoeogr oup consi sting of hal ogen, -ORf, - NRCRgIS200608¥313

-CO2Rf, - CONRf Rg, -NO2, -Rh and -CN wherein Rf and Rg are each independently
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t hi azobﬂ @b(@yg{qﬁ@ ssﬁpgkﬁn (I? lez?zlﬁnuts%g &%@(Bémﬁme to three
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anot her ment o I nve the sti n rrul ae la and
Ibis? %qp &EHYPPBH‘? ﬁtétu o@ﬁ aa]]@ﬂs?néltwhﬁel 5 entﬁraqeiﬂj 0@1 the al kyl
angd Chréuphehsiglitey/df -RANENE -0, REARY -N@}atEa%h Bpﬁhg Qgﬁlc@sr £ RehLh ﬁ%l y
substituted with fromone to three nbers seR)gcte fromthe group

consi demnyacta andilp is ighgpendeatiyopiverd fron(ﬁ(ag)i[ﬂ(( 2, andSpm o8R0y twSHRERARD,

] gg 3 ’vertg%)ggﬁﬁﬁhes g)&%}%‘%nzf ré%b?‘%% I%’{ﬁ_@?%)%@e N@ﬁat%) ’f%ém)tg RO,
: mng(( Qi 2 )ogmwmyﬂl'&en- BRSO IR CCOYRE(IRRIROSR £ NRC( @NN(TRDL - NHRO.
-N(R) 202 RR@Q@C%EZC&QH{ M)B&%%Rgm%g%%%@zﬂ& 1@?@%@?&&3 ntly an
1 ”bSN.Héé‘m% oo ﬁi‘ﬁ"y’ r%%enﬁer*% ‘ﬁ@ﬁlﬁﬁ‘éeﬁﬁ COUR ARSI Rs "o 1o
pr ef eIS&@)zR SRS, FS(M)INRREy HBRISERY, SNRIGOINEREGN;, BEOREN, NO2,
-X’0C(O)R”, -X>NRRE, -X>SR, -X3CN, -X*NO,, -X’CO.RY, -X*CONRRE, -X’C(O)R’,
-X*OC(O)NR'RE, -X’NREC(O)R?, -X>NREC(O),R", -X’NR-C(O)NR'RE,
-X’NH-C(NH,)=NH, -X*NR"C(NH,)=NH, -X’NH-C(NH,)=NR", -X*NH-C(NHR™=NH, -
20 X’S(O)R", -X’S(0),R", -X*NRIS(O),R", -X°S(0),NRRE, -Y, -X*Yand -X°Nj;. The symbol Y
is a five to ten-membered aryl, heteroaryl or heterocycloalkyl ring, optionally substituted with
from one to three substitutents selected from the group consisting of halogen, -ORY, -NR'RE,
-R®, -SRY, -CN, -NO,, -CO,R?, -CONRRE, -C(O)R, -NREC(O)R’, -S(O)R", -S(O),R", -
NRS(0),R?, -S(0),NRIRE, -X°0R, -X*NR'RE, -X’NR'S(0),R" and -X>S(0),NR'RE, and
25  wherein each X’ is independently selected from the group consisting of Cy_4 alkylene, Cy.4
alkenylene and Cy.4 alkynylene; each Rf and R®is independently selected from hydrogen, Ci.g
alkyl, Cy.g haloalkyl, Cs.6 cycloalkyl, Cyg alkenyl, Cy.g alkynyl, aryl, heteroaryl, aryl-Ci-4
alkyl, and aryloxy-C,-4 alkyl, or 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
30  heteroatoms as ring members; and each R" is independently selected from the group
consisting of Cy.g alkyl, C;.g haloalkyl, Cs.¢ cycloalkyl, C, ¢ alkenyl, Cy.g alkynyl, aryl,
heteroaryl, aryl-C;-4 alkyl, and aryloxy-C;-4 alkyl, wherein the aliphatic portions of X°, R, R®
and R" are 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®,
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-CRCH3, -C(OCH3 and -S(0O 2CH3. [0052] In yet another enbodi nent, the R3a
substituent in fornulae la and Ib is halogen, Cl-4 al kyl or Cl-4 hal oal kyl .
[ 0053] | nwypeboraneidser enbodi nent, the R3a noi ety on theppyrnszacm243ing in
formulae la and Ib is hydrogen, hal ogen, chloro, fluoro, brono, oxazolyl,

d I | kyl
pyr| X{;Oéﬁglffl (?jzfgg%ﬂano%?gg@%% yNHSi(B 2?210 %@1%{29?{6%1}1 ’he(l%\%n?l o% or
t he C OQLOYN@SE)2H (R, FNEIR{ DGR, LHR%(E(@)Rb,, NHI%(O)BIH@, Wb}fO)NHgl,ependent |y
_sel ect ed from he ﬁi{%‘(ﬂéﬁﬁ@l Sﬁ% %P%?\I(RS%; ro%e(no)Ng\j, OgﬁQ@H S@I?(Q‘))ZRf
X3S O Qﬁd@@ NRIC(O) Rf, X3N3

( ) %GORS( nbol 'S’ a |ve %%Ngilf’f(ﬁ%lé r(R?CL\l&r\I% |ve o?cgli menber ed

heﬁer GNWS(O)QNIjRB,rwhmmmé’es tosubitgthted i phatybd het er ocycl oal kyl ring selected
fromthe group consisting of honopiperidinyl, norpholinyl, thionorpholinyl,

PYT 1 Olrogs1Y! in RLRRE sbchie em%%hérﬂ' 1&13&) Mﬁ(ﬁ%lvm t ﬂﬂwéﬁf 1, RmYé

pi pera2| nzyl, phenyl’, pyridyl, oxazol y pyri m inyl, oxadi azol yl,
i m dazmdepbndqnylyazl@btyd fropy ihagoduyﬁl coameltntgwfaﬁlcxla}'kyl, (b;pxthalmbl«tyﬂ ﬁasa;bfslqatkyﬂ,ed with

hal ogeh 02k ok COREE R Sy bR B RO A RO aBoBROERRY "Sel ect e
from hydeosmRIR® GISEORNRIR? arialx%(bymam&lem@dcts €32 81kG héﬁla@adi kadh, Raadud Pé’ach Rh
IS i ndependentlé selected fromthe group consisting of Cl-6 al k

haf oalikyidepandemy elegjed Bemithe sroup eonsisting wéhedrppeia Cie 2ok Gio h@loeﬁlcyhmd Rg and
o LAY BB BT ARG IO S
- SH, -sﬁml,tute&@vﬁl}l%bm oﬁé € ARG, merﬁéﬁﬁxlkﬂectecﬂr@)ﬁh&‘ﬁﬁup c&{stiN(oR)-QH, NBR["O) 2RO,
A AN o SN eaic O A
:NESC‘%&J&@@‘“%“%‘?@%ROS R B A R o -t
uns ubsC((D)R“ée[NHIZ(@)I&’F kg)\]R“‘C(O)Rm 'NHC(O)NHQ, -NR‘“C(O)NHQ, -NR”“C(O)NHRm

-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. The substituents R**, R*® and

R* are each independently selected from the group consisting of hydrogen, halogen, cyéno,

20  heteroaryl, -NO,, -CO,R®, -CONRRY, -C(O)R®, -S(O)R®, -S(O),R®, -R®, -C(NOR®)RY,
-C(NR°V)=NV, -N(V)C(R®)=NV, -X2C(NOR)R?, -X*C(NR°V)=NV, -X*N(V)C(R)=NV, -
X2NRRY, -X2SR®, -X2CN, -X*NO,, -X?CO,R®, -X2CONRRY, -X*C(O)R®, -X*OC(O)NRRY,
XENRIC(O)R®, -X2NRUC(O)RS, -X*NRC(O)NRRY, -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(O),R", -

25  X2NR°S(O):RS, -X2S(0);NRRY, -X*N; -OR®, -SR’, -R’, -NRIC(O)R®, -NRC(O),R®, -
S(O)R?, -S(0);NR°RY, -X*OR®, -O-X?0R’, -X*NRRY, -O-X*NR°R? and -NR%-X?CO,R’; in
which within each of R?*, R% and R®, X? is Cy4 alkylene and each R® and R%is
independently selected from hydrogen, C;g alkyl, C;.ghaloalkyl, C;.¢ cycloalkyl, or
optionally, R® and R when attached to the same nitrogen atom can be combined with the

30  nitrogen atom to form a five or six-membered ring having from 0 to 2 additional heteroatoms
as ring members; and each R° is independently selected from the group consisting of Cy¢
alkyl, Cy.g haloalkyl, Cs.6 cycloalkyl, Cy.g alkenyl, C,.5 alkynyl, aryl and heteroaryl, and each
of R, R% and R°® is optionally further substituted with from one to three members selected
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[0055] In a certain enbodi nent of the invention, in the conpounds having
formulae la and Ib, R3a is a nenber independently selected fromthe group
consi sti ngoaboinpervegen, hal ogen, -ORf, -NRFRg, -C(O Rf, PeC([USp@R24315( O Rf,
-S(O 2Rf, -S(0) 2NRfRe, -Rh, -CN, X3NRfRe NRgC(O Rf, X3N3 and -Y, wherein Y

Qar d ng or a
!tf]rgef t&gﬁlet?l@ rrenbereciﬁqetero?Rgl ?S(EQI]]QHr?Ir])gGWﬁH ?ﬁb%ﬁﬂ gd&
consi stS(ﬁ)@zPof Mﬂm B0 NHER, ; Sﬁﬁ)ﬁW}zL WHS(@)BR’QHNRM’S(@)&RMQ(@N&—IZOI i d| nyl ,

B T G T e

b .fNRJm 0 St the group
(S:(l;nz;“s??% hal ogen, Q?SHR NH%@?@H@ N%Bﬁﬁz%u ne‘gO and Re is
i ndepe i Q%Bf,ebfﬁﬁpﬂ lehsz&eﬁlN, e Og, -ANHy HNHRE --BI(R3), cHIRR§(O)aH C3- 6

o o wRUNR ROOLEREC, Fhsh Rey MRGRESREY Ay RSuSTRIRd Condid: nd HBoRin Briat 1 ¢ -
por t i ofiflepdndBhtly SSeali&h tad ﬁo@f%ﬁ%ﬂﬁihhﬁbi‘fk‘r thRr. @@w%ha &@9 %rbff rom one

to three nenbers selectedfro roup consistin
- OC( O) Npgrwertiogn, &) miemg d n for@r«lllae-Iaaa@ﬂg Ib-1$QI@eRa1den$(/ @)lamd frofBQP wc(R%x O 2NHRO

: ?} 3 r P b Rt h TRy S sbSingS e pew%@ oSIRRD
NHIC( OfebiRh & groubRGﬁ@tN(g@meydrdﬁbﬂlﬁ) dNeR)-OR’, f@'@k
- NROCOZ @) NH2’ an

wher ei TNR&B @Qﬂ& S(GQ%IR Rg:t@@)@]; @C&@WN% )'ﬁ@gﬁﬁ@&ﬁh YRR q’e-Nl\ln??fg% 8) (ZJNE Boor
he conionRg 2’3?‘%81“??41@? e N R N R R ™
pyr az oSOR" n@(ﬁ)ﬁ VOROHE):R a*(@ﬁmfRé,hNkacO)szh ONRfS(ODMRg ONﬁgQMln%; o RL
when s KRR, KA R, FS R s e o Nt L i Ror Mg R A GRS 4 ol Kyl
anot horroa et A ORI RO S‘% 50% g apd | COBRL L e
i nt egerX N%@(NH@"I‘{@GK?N% GOHRDENE; -3 M(h@hb—lﬁﬁ , EKENHrO@BR Y+NH] A
compouRag ik LR, LErEGER" LR%(0),NRRE, -Y, -X*Yand -X*Ns. The symbol Y
is a five to ten-membered aryl, heteroaryl or heterocycloalkyl ring, optionally substituted with
from one to three substitutents selected from the group consisting of halogen, -ORY, -NR'R®,
20 -R% -SR’, -CN, -NO,, -CO,R’, -CONR'RE, -C(O)R’, -NREC(O)R?, -S(O)R", -S(O),R", -
NR'S(0),R", -S(0)NR'RE, -X°0OR’, -X’NR'RE, -X*NRS(O),R" and -X>S(O),NR'R®, and
wherein each X° is independently selected from the group consisting of Ci4 alkylene, Cp.4
alkenylene and Cy4 alkynylene and each Rf and R®is independently selected from hydrogen,
Ci.salkyl, Cy.g haloalkyl, Cs.¢ cycloalkyl, C,5 alkenyl, C,.5 alkynyl, aryl, heteroaryl, aryl-Cy~4
25  alkyl, and aryloxy-C;-4 alkyl, or 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, and each R" is independently selected from the group
consisting of Cy.g alkyl, Cy.s haloalkyl, C;.¢ cycloalkyl, Cy.5 alkenyl, Cz.g alkynyl, aryl,
heteroaryl, aryl-Ci-4 alkyl, and aryloxy-Ci-4 alkyl, wherein the aliphatic portions of X°, RY, R®
30  and R" are 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",
-SO2NH,, -S(0);NHR?, -S(0),N(R®),, -NHS(O),R®, -NR°S(O),R°, -C(O)NH,, -C(O)NHR®,
-C(O)N(R®)2, -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, -COR®,
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R3a substituted is selected fromthe group consisting of hydrogen, hal ogen,
-ORf, NRfRg, -Rh, -Y, -CN, X3N3, -SO2Rh, X3NRfRg, X3Y, -S(O 3Rf,

- C( C=NORfWORDRA02298IC02, and -NRgC(O R f, wherein Y is anproptuseovalob4si3
substituted group selected fromthe group consisting of phenyl, pyridyl,

pyri m NEgo,RYXIRAGIRY, IéNaszleHg gﬁf@g )éagrodgs @gngwl ngand Rh is an

opt i onal I(y substi t ut ed group sel ec O C1-8
al kyl , -NR'S(QpNSE k yheraindR T u@suhstituted @y alkdnd R and Ry are each
[ ndependent ly an optionally substituted group selected fromthe group

cons sf06g) Of urdiies Hteiftd emBldiitbnt Flndinhalin! dordRinESraviyEl b, |0

certain aspectg of this enbodinent, R3a substltuent I'S

t he gr U, eashdy ds & ﬁ@isbﬁlehy@dwadf;nﬂm sabptad fiom treqgrolyy ocmmstmgdﬁcl patkylp, - CH3,

lc%ftﬁﬂhftl D %ﬁl%%-ﬁ'@é l%gzg&ﬂw @Bﬂ{wéﬁ% b 3?])/%% o%%ﬂglz B CHENER.
[ 0058] aliphaﬁ@f)oﬁﬁﬂsl ofedacke 5Dad K BibsAfuchfigs bﬁli&ﬁ% Qhstitited %h%ﬁ?ﬁﬁ%"tgs havi ng

forrmlae la or Ib, the subscript mis a 1's hydrogen, ogen or

fhoas membess sleciell fromithe proup consistingred FQH; r@R‘&f GC(OQNHB}, , CN, N,

%@C(W?faﬁ“d%&‘%@&%&%ﬁi‘ﬁﬁ%ﬁ? R 2 0l act od
from t INHYIOIRT, CNRES&D),RE, @(omegggomlRﬁ @(byNa@f)Q @@Oﬁi‘*‘aNH@éb)’R‘“
a are tlona Pﬁf]SUbSt'tUte wt'h from

wh h
ond ¢ B%“P@Q?ﬁeﬂéﬁié@&%i{@ﬁ GO VR GONERIS FNHGONHR™ O, - 0RO,

- S(0 N B F O O e N B 3R SO N R QR R

- C( O) ROJH; NHERE) MR 92WE(' SmﬂzﬂhﬁimwmaNHmm%aeﬂ‘Bach RIRYC( O) NHRO,

- NHC( Q) NHRO 0) N(R),, CO2R0O - NHCO 2RO

- NROC! diﬂd\l RC&B)Q St Tfﬁ(‘% @bstlwﬂe@(s @flmzd Siom ﬂimmq NHRO,
V\hereldbnslaﬁ (Eiqu*d% Rl esstahx l?e?erHé}'ileﬁUﬁt Mg ooy (RG] I n one
preferred e di'nen I n onpounds”6f the | nvent I on ha</| He fornul a

0 RS K?ZCCMMROF@(NW‘W BORSRINY.SIECHORIRY ¢ 15 N
oyri h d hyl 2 bstituted
gnpyﬂ dyﬁaquns)uglgt:1 %(Ut @g@ﬂy@mo%%l{d %Sﬂy ngﬁn_xiﬁé y Ca"ﬂﬁ? stitute

“X’CONRRY, -X’C(O)R®, -X*0OC(Q)NR°R?, -X*NRIC(O)R®, -X2NRIC(O),R",
X*NRC(O)NRRY, -X’NH-C(NHz)=NH, -X’NR ‘C(NH,)=NH, ~X?’NH-C(NH,)=NR®,
-X’NH-C(NHR®)=NH, -X*S(O)R®, -X2S(O),R’, -X*NR°S(O);R®, -X2S(0),NR°R? and -X*N.

20  The R* and R* substituents are each independently selected from the group consisting of
halogen, -OR°, -SR’, -R®, -CN, -NO,, -CO,R", -C(O)R’, -NR!C(O)R®, -NRC(O),R®, -
S(O):R", -S(O)NRRY, -X20R’, -O-X?0R°’, -X*NR°RY, -O-X*NR°R? and -NR.-X2CO,R".
Each R* substituent is independently selected from the group consisting of hydrogen,
halogen, -OR", -OC(O)R’, -NR'RE, -SRf, -R", -CN, -NO,, -CO,R, -CONR'RE, -C(O)R’,

25  -OC(O)NR'R, -NREC(O)R, -NREC(O)R?, -NR-C(O)NR'RE, -S(O)R”, -S(O),R, -
NR'S(0),R?, -S(0),NR'RE, -NR'S(0),NRR?, -X’0R, -X*NR'RE, -X3SR, -X3CN,
-C(C=NORHNR'RE, X’SOsR", -X°CO,R", -X*CONR'RE, -X*’C(O)R’, -X*NREC(O)R, -
X3NRgC(O)2Rh, -Y, -X%Y, -X*Ns, wherein Y is selected from the group consisting of a five or
six-membered aryl ring, a five or six-membered heteroaryl ring and three to eight membered

30 heterocycloalkyl ring, wherein said Y group is optionally substituted with from one to three
substitutents selected from the group consisting of halogen, -ORf, -NR'RE, -R", -SRf, -CN, -
NO,, -CO,R", -CONR'RE, -C(O)Rf, -NREC(O)R, -S(O)RY, -S(O)R", -NR'S(O),R" and
-S(O),NRR®, and wherein sach X is independently C_4 alkylene, and each Rf and R® is
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or unsubstituted 2-oxazolyl. [0060] In one specific enbodi nent, the present
I nvention provides conpounds having fornula la and I b wherein the subscri pt
mis an iwoegevooefosfrom Ot o 4. The synbol Rl is a subst ptwarstoosnespendent |y
sel ected fromthe group consisting of C1 8 al kyl, C1 hal oal kyl, C3-6

CYCI th&%kzn%%gﬁaectedﬁ%g%ﬂ%g 3(18 O)ZNR and it &OL%%M(Wl ISN(R;, 4

aI kyI Rids inigpendentlRseleotied fmmlthﬁ g‘fﬁu@ pensiing [of Cs.e hliyt, €4 8habahkyhmd§¢mlp

eher e RS e A ipRatiosRirii ot in R a8 B e o inaly Zufef stittied
opt i ORGH Fomastid Hﬁé@ﬂeﬂibéx@ séleqBd B0 the gcm&)eb@n fsow @th"ed fromthe
group consi sting O:é ] ﬂQ%NSH -SH, - SRm

- S60) ROC(O)NHR) ,ZQ@(()L)@@"W’ZSH -8RY)- 1:S(OBRH) 4 22- S(OMN;@@ 2R1 |

e SR B SRAT £ O et SRR
- NRTCLSEN@)R.NR S HE0) NI ) B, ﬁ%"ﬁ{gg %Ii\ﬁghaﬁgwﬁ@%m%mm m

each %@(@M&knﬁﬁﬁ@ QBNé )unQQ@HtTQQaRed' COgR aFRRCOTRe -SWnid¥iDs R2a, R2c

d R h
consi o iy RGNS BRSPS, REARARCLMIR P op 0 & 20 20 conmame,
e R@depeﬁdéﬁllﬁianunﬁiwlﬁﬁd,&&kyl ( NOR C) Rd -C(NR V) =NV, -N(V) C(RC) =NV,
-X2C(NOR ¢) Rd, - X2C(NROV) =NV, - X2N( V)) =NV, -X2NRcRd, -X2SR , - X2CN,

- X2 = ) R

X2 Noﬁgﬂ c? oRe. %ﬁé%@ﬁ%ﬁ%g "%%@@m %ﬁ’%ﬁq ds SERI W

- X2 NHf@(rNHﬂIchRepres@ﬂZN—bﬂoNhﬁlﬂ? Blleipd IK2S(O) R, - X2S(0) 2R, - X2NROS( O) 2Res,
-X2S( O 2NRRd, -X2N3 -OR0, -SRC, -NRIC(0O)R c, -NRdC(O)2R6 -S(O)2R,

-S(O 2NRRd, - X20R0, -0-X 20R0, r3%a X2NRRd, -0-X 2NRRd and - NRd-g@CO2R. Wt hin
each of R2a, R20 and R2g, X&j.LQ 4 al kyl ene and each R Rd is

i ndependently selected firo en, C1-8 al kyl, Ci-
P y LR Jeemihyegoen. AN 8N

\\
2d - ,C 2d - C
ch RZC '

Ib' Ib®

15 or an N-oxide thereof; wherein R is halogen, cyano or nitro; the symbol R is selected from
-SR®, -0-X*%-0R", -X*-OR", -R®, -OR° and -NRUC(O)R°; each of ring vertices a, b, ¢ and d is
independently selected from N and C(R*®), and from one to two of said ring vertices is N; and
each R* is independently selected from the group consisting of hydrogen, halogen, C.¢ alkyl,
Ci-s haloalkyl, Cs.¢ cycloalkyl, Cs.¢ heterocycloalkyl, -S(O)th, amino, phenyl, pyridyl,

20  pyrimidinyl, oxazolyl, oxadiazolyl, isoxazolyl and thiazolyl. In one embodiment, the ring
vertex ais N. In another embodiment, the ring vertex b is N. In another embodiment, the
ring vertex ¢ is N. In another embodiment, the ring vertex d is N. In yet another
embodiment, the ring vertices a and ¢ are each N; b is hydrogen; and d is C(R*), wherein R*
on ring vertex d is other than hydrogen. In another embodiment, the ring vertex a is N; b is

25  C(R**) wherein R*® on ring vertex b is other than hydro gen; and ¢ and d are each hydro geh.

In another embodiment, the ring vertex a is N; b and ¢ are each hydrogen; and d is C(R*),
wherein R* on ring vertex d is other than hydrogen. In another embodiment, the ring vertex
a is C(R*), wherein R* on ring vertex a is other than hydrogen; b is N; ¢ and d are each

hydrogen. In another embodiment, the ring vertex a is N; b and d are each hydrogen; and ¢ is
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hal oal kyl , and C3-6 cycl oal kyl. Optionally, R and Rd when attached to the
sane nitrogen atom can be conbined with the nitrogen atomto forma five or
si x- menbewedosvoogeobavi ng from o 2 additi onal heteroat egs/@ms0wiong13reNbeErs.
The synbol Re is independentlysel ected fromthe group consisting O Cl-S

an” nSOSTL YRR, i veribe DA Bk ot Sty el AR T Lt o

Wit h {értioesanand: oart bacheN i istdsoges] dtdild GREN wikeeid R0t ﬁﬁg&bﬁéﬂ @g; of -OH,
-OR' ONHR', -OC(ON(Rn)2, -SH, -SR', -S(OR', -S(O - SO2NH2,

- S(O)‘Z‘NPR anhs‘ér $N(Rn) 2, -NHS(O) 2R', -NR'S(O) 2Rn, -C(O) NH2 - (O NHR',
-C(O)N(R n)2, -C(OR", -NHC(O)R', -NRllC(O)R', -NHC(O)NHZ,» -NR'C(O)NHZ, -NR
C( O NHBb64] - II\{H@ét@)mCOzMHE% ¢1nb®dﬁ&iﬁﬁ£bﬂ%hﬂnﬁ2ntloﬂﬂfé(dbhkﬂ(m gﬁ the CNﬂgfi{ﬁSCznO%NHZ ¥ g

- NH NR11 R NHR" - an

-NR' %3}“2‘%&3r%@?@?ﬁbﬁﬁwwemsm%ependentIy an unsubstituted C -6

al kyl ; and wherein V is independently selected fromthe group consisting of
- Re, -CN, -C2R and -NQ2. Each of ring vertices a, b, ¢ and d in fornul ae
la and Ib is independently selected fromN and C(R3a), and fromone to two
of said ring vertices is N The,synbol R3a in fornulae |la and Ibis

i ndependently selected fromt group consi sting of h(gdrogen *hal ogen, -O0R
f, -OC(ORf, -NRfRg, N -CN, -NO2, - CO 2Rf, -C(O Rf,

_OC0(O) NRFR8, - NRg 2Rh, - NRf-C(O) \2) =NH,
- NRAC( NH2) =jH, - NEE C( NH2) " hH C(NHR By =NH, L S(8) Rn, ( Ob2Rn,
- NRF S( O) 2R, Ry, - NRE3(O) 2Rh Rﬁi He N3, 35130 R,
~X300( O) Rf Re, -X3SRf, -X3CN, -X3 3C02Rf . > X3CONRf Re,

-X3C(O RE , REX300( BPNRf Ry, - X3NRgC( O Rf . REGNIEGCRY 2Rh. - X3NRF - O O) NRf Ry,
- X3NH C(NH2) =NH, - X3 C( NH2) =NH, - X3NH G NH2) =NRh, Tb% X3NH- C( NHRh) =NH, -
X3S(O) Rn, -X3S(0) 2Rh, - X3NRf S(O) 2Rh X3S(O)2NRf Re, -Y, -X3Yand - X3N3. The

SYJT0Oby ofy l‘\ISox‘?r?éc th¥Ro %Qvﬁe?é}n ﬁe‘rﬁ@% Iﬁfeﬁhy hQS% orQﬁ Qi Eogyelal Kyl

ring, optiona tituted vvlt From bne ree su tltutents sel ected

fr om frbmm @R&u@-x&ﬁm s{X%@R&f-RﬁaDB@erRﬁRNWS({Nmmd -Nm‘p(@m%g RZEN, - NC2,
- CO2R et AR groﬁggzgl)ls%tfn’g o-flul,:{gf(B?? Ef-co;ﬁ%,q)&g&w H;,,%I\CJ),) olegrzlc’)lyf,
~-CH,NH;, -CH,NHMe, -CH,;NMe; and ~-CH=N-OH,; each of ring vertices a, b, cand d is
independently selected from N and C(R*®), and from one to two of said ring vertices is N; and

5  each R*is independently selected from the group consisting of hydrogen, halogen, C,.¢ alkyl,
Ci.¢ haloalkyl, Cs.¢ cycloalkyl, Cs. heterocycloalkyl, -S(O),R", amino, phenyl, pyridyl,
pyrimidinyl, oxazolyl, oxadiazolyl, isoxazolyl and thiazolyl. In one embodiment the ring
vertex ais N. In another embodiment the ring vertex b is N. In another embodiment the ring
vertex ¢ is N. In another embodiment the ring vertex d is N. In yet another embodiment, the

0 ring vertices a and c are each N; b is hydrogen; and d is C(R*®), wherein R* on ring vertex d
is other than hydrogen. In another embodiment, the ring vertex a is N; b is C(R**) wherein
R* on ring vertex b 1s other than hydrogen; and ¢ and d are each hydrogen. In another
embodiment, the ring vertex a is N; b and ¢ are each hydrogen; and d is C(R??), wherein R*
on ring vertex d is other than hydrogen. In another embodiment, the ring vertex a is C(R?),

5 wherein R* on ring vertex a is other than hydrogen; b is N; ¢ and d are each hydrogen. In
another embodiment, the ring vertex a is N; b and d are each hydrogen; and ¢ is C(R*®);
wherein R* on ring vertex c is other than hydrogen. In another embodiment, the ring vertices
a and ¢ are each N; b is hydrogen; and d is C(R*), wherein R*® on ring vertex d is other than

hydrogen.
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NRf S(O) 2Rh, -S(O 2NRf Rg, -X3O0Rf, -X3NRfRg, -X3NRfS(O) 2Rh and - X3S(O) 2NRf Rg,
and wherein each X3 is independently selected fromthe group consisting of
Cl-4 al kywene)7/062294 al kenyl ene and C2-4 al kynyl ene; each}CRa‘UsaM/OE@lis
i ndependently sel ected from hydrogen, Cil- al kyl, Ci1-8 hal oal kyl, -6

ana. aRlosL 1EeCu Ry Bpoginient o SHkme by e B0 ﬁ?%a%gq%%iaoﬁl%ikkﬁé

conbi g&l{ebbgfrf@rnmlaém%h&tom to forma five or six-nmenbered ring having
from Oco 2 additional heteroatons as ring nenbers; and each Rh is

i ndependent |y sel ected fromthg_ roup consi sting of Cl-8 al kyl,, C1-8

hal oal kyl , C3- cycl oal I@/I a‘+keny| C2-8 al kynyl ary he eroaryl,

aryl-C -4 al kyl, an kyl, wherein t /Ll\prh{a@ grtions of
X3, Rf, Re and R ptlona y urt et substltalfh om one to three
menbers sed®cied NK/Lgbt he gr@&¥ consi sti YLLPO - O) NHRO,

-0C(0)N(R) 2 H “SRO, -S(OR0, -S(O) 2RO, NHZ™ - ¢t 2NHRO - S(O) 2N(R) 2,
-NHS( O 2 (O 2RO -C(ONH2, -C(ON O)N(R) 2, -C(O R0 -NHC( O RO,

“NROC( O) RO" - NHO( O) NH2, -NROC(O)NHZ - NROG( O) NHRO, - NHC(,0) NHRO, - NRC( 0) N(R)
2 -NHC(O)N(R) 2, ItcoH, -NHOCRRO, - NROCCRRO, IaCN, - NO2, - NH2,

01 6 8’f %@NﬁR‘g’F%@ﬂ Of(%%%@ &s%ecR%fsl( @@#@Eﬁg c %c%eéxeﬁl&oﬁ%e Sg‘“b'@?dﬁz%, o ;t ed

for mJls@leétad a6 SR°, RLXPORY a}eben@enfl-@léahecmnébm)am etahle ogﬁmglperaoasssa sting
O a - aI Ky Q - hal oal Kyl cl oaI - X1SO2R ,
- X1ORb; calei“ﬂaas indegsrentiys eQCB@ﬂrﬁF@nRﬁl ;li mom-%im Sal%@ 0 2NR RO

d a
?Edei%éé‘ %@%{ 'se %(%‘?{e ’ ?%%)dr%% eelgt}}g%%é/%ons?rg??en%%ﬁ? ﬁ%ﬁg Olfzhyag% “al kyl ,
Cl- S halbged, I@ils atlod, C3s Il aalkeylp@) kaplcloalityd, Gid hpbaosyel qaticylj S6OYBF, aesion, of sal d
o3 oo bBemI ORI he GBI b oy Di e Og st b D kg g€ METDeT S
- OC( OHH()BH%?@ 't@"nn%sa%x d §(1@ Ranotivé SnBBditnent m&"'glzverteﬂ)% N2 NERRdther
-S(O) 2N (D) 2R 1, - NRTS(O) 2Rm . - O O) NH2, C(O)NHRl “C(O N(Rm) 2, -

-C(0) dumaw]@rmgvertemmemmo pHottR)diment thewring Yare) disd. Invmetlieo) NHR m

embodiment, the ring vertex a is N; b and d are each hydrogen; and c is CR»® Wherein R*is
other than hydrogen. In another embodiment, the ring vertex a is C(R**), wherein R* on ring
5  vertex ais other than hydrogen; b is N; and ¢ and d are each hydrogen. In another
embodiment, the ring vertex a is N; b and ¢ are each hydrogen; and d is C(R*) wherein R®
on ring vertex d is other than hydrogen. In another embodiment, the ring vertex a is C(R*),
wherein R*® on ring vertex a is other than hydrogen; b and ¢ are each hydrogen; and d is N.
In another embodiment, the ring vertex a is C(R*®), wherein R** on ring vertex a is other than
20 hydrogen; b and d are each N; and c is hydrogen. In another embodiment, the ring vertices a
and b are each hydrogen; ¢ is C(R*®), wherein R* on ring vertex c is other than hydrogen; and
disN.

[0066] In yet another embodiment, the compounds of the invention having formula Ia is

represented by formula Ia’ and Ia*:

SIS 2 45
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-NHC(O NHR'1, -NRra C(O)N(R m) 2, -NHC(O)N(Rm 2, -C®RH, -C®2R'1, -NHCR2R'1,
-NRMCO2Rm - CN, -NO2, -NH2, -NHRm -N(Rm 2, -NRnS(O) NH2 and - NRnS5(0) 2NHRm
wher ei n ewohloRMeD®3i ndependent |y an unsubstituted G - alpkylus2i0a®24313
substituents R2a, R2c and R2 are each independently selected fromthe group
consi sting of hydroggm hal ogen, cyano, heteroaryl, 4NC2, -CO2R , -CQONR

cRd, C(O)RO “S(ORe’ -S(O)2R ., -Re, -C(NOR)Rd, -C[NROV)=NV, -N(V)C(R)=NV,

e e
- X2 NRIG(-D.8Re, - W% Al _I% NP sMekted ﬁ%h*ﬂ@l )cdﬁkistln of

- X2NH C( NH2) =NRe ( ) ﬁ); - X25( 0) 2 - X2NROS( O 2R,
- X8S( ©) SNIBRH -CORPRG: COI@H@, CNSR@zolyReCHzN CA1NHMuRad-E62 Ny ez, eahO) 2R |

-S(O) 2NRRd, - X2 X 3 in WhICh
wi t hi Of BG8YeRice OQ% ﬁ% E&e&%’\lﬁ;gselec%fﬁygﬁf&x@g@ a}\l 59 eacg%@and Rd is
i ndepeyRd@ptdid ring lv@ﬁfrc@ﬁist Cuﬂitlfw&{ Rﬁe@mdeéerﬁieﬁﬂw&ect@lfr&nhm gahfsyl , C3
cycloal kyl, or optionally, Rc and Rd when attached to the sane nitrogen

at om carsigmgrd hytiesan. Wieldgener- srﬁlkylogeq‘nh@%ﬂﬁ’]b &35 eydoadkyl Ges or si x- menber ed

ring havi iz} nd each Re
s n AR el R Y S i, A R R, bR TERRIEpAnd 278
hab Oa|1§@jk|azol§l Mdapiabelgl. Kitlone G2b3dimtdne it ringeexad isyhyln, arather embddinemer oar yl |
and each of R, Rd andR6|so naII further subtltut vvlthfro oneto
thr ce therng vetesd) s . crngther 5a a& ﬁ‘gigs %ot N r emigdf

2300 ?R% %ﬁ% gertexmg(l\%%?&pot@%‘%ng? 15“26% @eizﬁl%verMQ@ R;a (v@e?é\ilh'ggg) NR') 2,

-C(O IRln,g veNeiCh @ Gther thidRnyelrQdRy b is Ne@id) mmzd ard\mllﬁy BeiR | In-axeiief 0) NHR n,
R',

LR 'ér'}llﬁn C@N&%«‘ﬁ“ ‘Nﬁg% 096&%%%%?{)%&& %}sﬁ%n‘&h“‘“ BRS(0) 2NR'

Eagh RBnd ‘&e?t@ft‘ Bed@et thin Hdle §IU bt dnbtHef Embbditheat, Kh{d mng:l{?éi’té&f'&% GR*, i s

i ndepende selected fromt group consisting of -Rc, -CN, -CQ2R6 and
Vﬁmﬂn ® oni ring verter acisother ﬂwn hydegagngb ped ¢ eﬁerﬁaplabycirag%m and g iy y.

I ndepeirrll gﬁ&hely enibo ld‘f’mgrﬁdt 5’191@ \Jgrtggg 1&&8)) wherein R* on ring vertex a is other than

hydrogen; b and d are each N; and ¢ is hydrogen. In another embodiment, the ring vertices a

T

and b are each hydrogen; ¢ is C(R*®), wherein R* on ring vertex c is other than hydrogen; and

20 disN.

[0067] A family of specific compound of particular interest having formulae Ia and Ib
consists of compounds, pharmaceutically acceptable salts, hydrates or N-oxides thereof, as

set forth in Table 1.
Table 1

25 1. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-pyrazolo[4,3-b]pyridin-1-yl-

ethanone

2. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-pyrazolo[4,3-b]pyridin-2-yl-

ethanone

3. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-chloro-pyrazolo[3,4-
30 blpyridin-2-yl)-ethanone

4. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl1]-2-(pyrazolo[3,4-blpyrazin-1-y1-7-

oxide)-ethanone
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and fromone to two of said ring vertices is N. The substituent R3a is

i ndependently sel ected fromthe group consisting of hydrogen, hal ogen, -0OR
f, -OC(OWO,2007MB0Hg, -SRf, -Rh, -CN, -NO2, -COR2Rf, - CONRCRJIS2006(0L)3RS ,
-OC(ONRfRg, -NRgC(0)R f, -NRgC(O)ZRh -NRf- C(0O)NR fRg, -NH-C(NH2) NH,

NS S{ 0 2¥n G R R e B G GRS T

- X30C( O) Rf, oxid@NRhMbne- X3SRE, - X3CN, - X3NCR, - X3CORRf, - X3CONRf Ry,
-X3C(O Rf, -X30C(0)NR fRg, -X3NRgC(O Rf, -X3NRgC(O)2Rh - X3NRf - C(O)NRng,

X350 0y - KBS O L R o RS o ey 1N kA vAREOLORaS. The

symbol Y i sbpytidiel dybethefongenbered aryl, heteroaryl or heterocycl oal kyl
r| ng, optionally substituted with fromone to three substitutents sel ected

t he gr f , - CN, -NO2,
i - CoRE R RS’ AR en 1o whe b irSi it 2 ke 4 2
- S( 0) 2NRf Rojpyridid@2-f-ethaneidRf Ry, - X3NRf S( O 2R' and - X3S( O 2NRf Rg, and
wherein each X3 is independently selected fromthe group consisting of

Cral kyl eng, 5 kynyle 1gd, eac

mdependent%? ec?&%ﬁggﬁgw ﬁti}t% (glcgg’lr(?a%luor%gf%%fﬁ Fﬁ"e@ﬁ%
cycl oal kyl , ZW}Squiqk@myh-l ﬂ}%e&aﬂdﬂeynyl , aryl, heteroaryl, aryl-C* al kyl,
and aryl oxy-G -4 alkyl, or when attached to the same nitrogen atom can be

conbi ned g U(];4—Hl@hmr513%€ﬂ‘m§§ i m@aé@gfla%lg o Bloitbt:ROgied. 11 ng havi ng

fromQo 2 diti onal heteroa
i ndependent blpydédineleyBettlianone.t he group consisting O Cl1-8 al kyl, Cl 8
hal oal kyl, C3-6 cycloal kyl, C2-8 al kenyl, C2-8 alkynyl, aryl, heteroaryl,

aryl -Cr 4oa1454/k4-ca[tdo@tmh&zs;5 Qeshoﬁwpuényl)b@%e%ﬁ piffPa - B %'@n{% jLons of

X3, Rf, Rg and Rh are optionally further substituted wt romorie to three
nenmber s sel BErEdoBrobpyHdingl-slisthenars.st i ng of - OH, - ORO, - OC(O) NHRO,
-OC(ON(R 2, -SH, -SRO, -S(OR0, -S(O 2RO, -S2NH2, -S(O 2NHRO, .

- S( O 2N( RY 21 -[4-NHEh0r@-BAneth Al idi R 2,

CE og RO( 21r\||4[£c§mm )r- NROeC( g%oﬁh@?yﬁﬁ% %r)aﬁg?wa%y&ﬁc%@r&ﬁz Fiﬂpyn&ﬁ@)ﬂc )

15 12. 1-{4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-pyrazolo[3,4-b]pyridin-1-yl-
ethanone.

13. 1-[4~(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-yl}-2-pyrazolo[ 4,3-
c]pyridin-1-yl-ethanone.

14. 1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-yl]-2-pyrazolo[ 3,4~
20 c]pyridin-2-yl-ethanone.

15. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2~(3-pyridin-2-yl-pyrazolo[3,4-
b]pyridin-1-yl)-ethanone.

16. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-thiazol-2-yl-pyrazolo[3,4-
blpyridin-1-yl)-ethanone.

25 17. 1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-1-yl]-2-pyrazolo[3,4-b]pyridin-
1-yl-ethanone.

18. 1-[4-(4-Chloro-2-fluoro- S-methoxy-phenyl)—p1peraz1n— -yl]-2-pyrazolo[3,4-b]pyridin-

2-yl-ethanone.

30



- NROC( O) NHRO, - NHC( O) NHRO, -NRC(O)N(R)Z -NHC(0) N(R) 2, -CH,

- CO2R0, - NHCQ2R0, - NROCO2R0O, -CN, - -NH2, -NHRO, -N(R)2, -NROS(O NH2 and
- NROS( O) 2MaR007/00km®Bei n RO i s unsubstl tuted Cl-6 al kyl . [PO®GaRRooGH280Dt her
speci fi c enbodi nent of the invention i n compounds having fornula la or Ib,

ERIE R e e R DA R

-X1CR V\hﬂf]pgﬁdlhl’!eylédeﬂﬁh&id c portl ons of each of said Rl substituents is
optlonally substituted with fromone to three nenbers selected fromthe

750G 0. B Seilors b biaprgbie o 4 (e S prraly ora 11,

- NRS( O) 2Rrb]py i) N ethaf@ NHRL , -C(O)N(R M2, -C(ORL", -NHG(O)R m
“NRTO(0)R M - NHC({ O) NH2, - NRL11C(O) NH2, - NRTC(O) NHRm - NHC( O) NHRL" |

S e R R o N S S R R o

each Rm i s blpdediarid@dimethynede, unsubstituted Cl-6 al kyl . The R2a substituent
is selected fromthe group consisting of hydrogen, hal ogen, cyano,

e Nomy R L R Moy R o e PP R e
- X2N( V) C( R)iyrazoXiI DRy rididk SRPethX@@N, - X2NO2, - XZCOZR - X2CONRCRd,
“X2C(O RO, -X200(O) NRRd, - X2NRAC(O R, - X2NRIC( O) 2Re, - X2NRC(0) NR cRd,

7%?3(32@? 4(8)%%%@ -xm@“ﬁ@w#xzs( ?-ﬁ%&% ﬁ@%@%&#ﬁ%g'\'ﬁ” and

RA8 substi tqﬂ@mxogeare each independently selected fromthe group consisting
of hal ogen, -ORO, -SRO, -R6, -CN, -NO2, -CQ2R0, -C(O RO, -NRdC(O)R

- NRAC( O) 2Rel.-[4-(4SCRI02AR3 metB: - pNRRY-pipfd&iRQ - y11-Q=p§r 25} 3,4- 10- X2NRRd
and - NRd- X2CO2R. Each R3a s}\u@)t;stl tugnlt) is i ndjepe%ent Iy seﬁect ed }f7rom t he

group consi®ka%ege of hydrogen, hal ogen, -OR f, -O0C(0)R f, -NRfRe, -SRf, -Rh,
-CN, -N®2, -C2Rf, -CONRfRg, -C(O)R f, -OC(O)NRfRe, -NRgC(O)Rf, -NRsC( 0)
2Rn, - NRR5.G(-PY-MRChI -2 -6 - Rhmeth &y tidddly] )-piperazin-1-yl]-2-pyrazolo[3,4-b]pyridin-

1-yl-ethanone

15 26. 1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-yl]-2-(3-thiazol-2-
yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone

27. 1-[4~(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-yl}-2-(3-pyridin-2-
yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone

28. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-methyl-pyrazolo[3,4-
20 b]pyridin-1-yl)-ethanone

29. 1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-yl1]-2-(3-methyl-
pyrazolo[3,4-bjpyridin-1-yl)-ethanone

30. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-thiazol-2-yl-pyrazolo[3,4-
b]lpyridin-1-yl)-ethanone

25 31. 1-{2-[4~(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-oxo-ethyl } -1H-pyrazolo[ 3,4~
b]pyridine-3-carbonitrile

32. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(pyrazolo[3,4-b]pyridin-1-y1-2-

oxide)-ethanone
4
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NRf S(O) 2Rh, -S(O 2NRfRg, -NRfS(O 2NRfRs, -X30 Rf, -X3NRfRg, -X3SRf, -X3CN,
-C(C=NOR f)NRfRg, X3SBRf, -X3C2Rf, -X3CQONR fRg, -X3C(ORf, -X3NRgC(O)R f,
- X3NRgC(Wh2miT/002263 - X3Y, -X3N3, wherein Y is sel ected Pcorustéve/ogssazip
consi sti ng of a five or six-nmenbered aryl ring, a five or six-nenbered

het er oar ri nd three to eight penbered heter IoaI Kyl ring, wherein
said Y 0& r}g Cgﬁ?lpéﬁ’élleﬁﬂ? ¥1P§§’@5itb H{PSWZW“]FW]TZ’@TWS% PyragolpBet-substi t ut ent s

sel ected f sisting of halogen, -ORf, -NRfRg, -Rh, -SRf,
BP@&%‘%%%%‘*? “C(0)R f, -NRgC(O)R f, -S(ORh, -S(O) 2Rh,

al“Efylsé? P R Ry AR 3 strmelelbiegrphvhr ojen. G -

al kyl, Cl1 § Idgp,kg YletBdn€3 cycloal kyl, and each Rh is independently
sel ected frmﬁt he roeup C(I)II’ISI sting O C1l-S al kyI Cl hal oal kyI and C -6

ot Sﬁéﬁyilf[“‘lm}lorg%@eﬁm?@%%b@ Riteisih G 2 b brris A BaRe et 3 ed fr om
t he groupg Gk, -OR0, -OC(O NHRO, -OC(O-N(R)2, -SH, -SRo,
- S( O RO, ](3%§l -SozNHZ -S(O) 2NHRO, -S(O 2N(R)2, -NHS(O 2RO - NROS(O) 2RO,

ELALE T N e 1) i

- NHC( 0) N( R)%) ﬁcngn-eﬂlg;gmgo - NHCO2RO, - NROCO2RO, - NO2, -NH2, - NHRO,
-N(R) 2, gno) NH2 and - NROS(O) 2NHRO, wherein each RO is |ndependently an

?Rzugztr;#u?ﬁ JC}?%el%(ﬁl&:tehn%?%ﬁééyltp}?g&%{nh%}]?@%s e’praég}éhﬁ ér%y H)?gul ae

| bdand | b2oxidb)tethiwdbner an N-oxi de thereof; wherein R2c is hal ogen, cyano or
nitro; the synbol R2da .is selected from-SRC, -0-X 2-0R ¢, -X2-ORC, -Rb,

- OR0 andgg W%ﬂ%@}ﬁ%x‘éﬁ-ﬁé&%&ﬁ gn(ehjgl?lgirg%fatzhﬁﬁil]@z \Ag@cl%l&o%aibl n[% s.ndependent |y

sel ected from N and one t g vertices is N,
and each Rehyridin-2vybptimsbene | y sel ected fromthe group consisting of

hydr ogen, hal ogen, Cl-6 al kyl, Cl1-6 hal oal kyl, C3-6 cycl oal kyl, C3-6

het er ocy3d, 9ghkylGhiors(X e Roxy Pend)-pRReR- 1-yBYI-(4do-pyrazolo[3,4-blpyridin-

2-yl)-ethanone

L5 40. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-iodo-pyrazolo[3,4-b]pyridin-

1-yl)-ethanone

41. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-methanesulfonyl-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone

42. 2-(3-Azidomethyl-pyrazolo[3,4-b]pyridin-1-yl)-1-[4-(4-chloro-3-methoxy-phenyl)-

20 piperazin-1-yl}-ethanone

43. (1-{2-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]}-2-oxo-ethyl } -1H-
pyrazolo[3,4-b]pyridin-3-yl)-methanesulfonic acid

44. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(5-chloro-pyrazolo[3,4-
b]pyridin-1-yl)-ethanone

25 45. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-chloro-pyrazolo[ 3,4~
d]pyrimidin-2-yl)-ethanone

46. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-chloro-pyrazolo[3,4-
d}jpyrimidin-1-yl)-ethanone
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pyri mdinyl, oxazolyl, oxadiazolyl, isoxazolyl and thiazolyl. In one
enbodi nent, the ring vertex a is N |In another enbodinent, the ring vertex
b is N Iwoanotdoerssenbodi nent, the ring vertex c isN | RCRUS2IV6/024313
enbodi nent, the ring vertex d is N hi yet another enbodinent, the ring

vertices a0 4C 8 o AhbSnhydrogen: (and, d is C( R3a erein R3a on
ring ver‘tﬂgx1 a@d(ﬁgmg? %e?ﬁﬁ%#yh@l& Pg%g#%r%gﬁ’ﬂg?' %’%ﬁ%ojlo[ 5 ring
vertex a i djpyrichidirs1-&()R3Adnonberein R3a on ring vertex b is other than

hydr ogen; and c¢ and are each hydrogen. In another enbodi nent, the ring

d
vertex § S .4k €. 5 deogen: ,apd, d. i R3a rein R3a on
ring ve?%géj [gggblgtaﬁ)e? ﬁ@omp%ﬁ&%mn% éﬁig{j%g? c@ﬁ%@%ﬂ?&%’he ring
vertex a i djSciaaR;yntagone R3a on ring vertex a is other than hydrogen; b
is N c¢c and d are each hydrogen. In another enbodinment, the ring vertex a

issN, b Jd.@ar c _lﬂgﬂq%',ﬁq%' I} kS 38} 4 el )n ring vertex
C iss ot h??qt[%aﬁ %f/lgiﬁ)ogen. , anylﬁ@ﬁaeéa%%% %%6 Cl}‘fﬁg‘g ?#’%ﬁ@@r’?l ces a and c
are each Nblpyridsn-hysd)-ethemoneand d is C(R3a), wherein R3a on ring vertex d is
ot her than hydrogen. [0064] In yet another enbodi nent of the invention, the
conmpoundsp, of(st | ' lMlﬂn- ] | R inS.. 6 € 1 y formul ae 1b3
and Ib dﬁ)I %3(6I[E§d%%\g€&glﬁ%g@iyde tggljg%f[?‘(‘\%ﬁgp g? %%g&?}gb}?ééggpendent |y

hal ogen, cyinstzin-1niletbandRed i s sel ected from-SRC, -0 X2- ORC, - X2- ORC,

-Re, -OR0O, -NRRd, -NR S(O)2R6 and -NRIC(O Rc; R2a is selected fromthe

gr oup Cogs bl Adirbpyrazdib]3,Bb jpyhdin: B NE4 -GN 0.3 -H¥h . - CH2NH2,

- CH2NHWE, -gIEZNI_\/EZ %}Ed -(B—l:l\l-}ab—’(%l eac of[ r(|-4ng vgr3ti cesogg%g'{l}n%: and d is

i h¥ependenpinprazi-éotleethinasm N and C(R3a), and fromone to two of said ring
vertices is N, and 5 each R3a is independently selected fromthe group
consi st i 529 247~ Awido-pgeaololG4-eiemidin=1-yh)- B &y4-chl6h- $-nltah®al fiehy1) C3- 6

cycl oal kyl,, C - heterocycl oal kyl, -S(O R11, am no, phenyl, pyridyl,

pyri m di nyP‘,PeW&’z‘§1y$]l“?th@%‘§8i azol yl, isoxazolyl and thiazolyl. In one

enbodi nent the ring vertex a is N. hi another enbodinent the ring vertex b
is N | rf3ddiHenirenhoaioiedt4-¢lperidinfgyl-drdeX-chldrs-3Nnethioxpaphedydy- enbodi nent

the ring vertex.d. i hi yet another enbodi nent, the
plperazm-l-y?]-e anone

(5 54. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1]-2-(3 -oxaizol-z-yl-pyrazolq[3,4—
b]pyridin-2-yl)-ethanone '

55. 2-(5-Amino-3-methyl-pyrazolo[3,4-b]pyridin-1-~yl)-1-[4-(4-chloro-3-methoxy-
phenyl)-piperazin-1-yl]-ethanone

56. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-methyl-5-nitro-pyrazolo[3,4-
'0 blpyridin-1-y1)-ethanone

57. 2-(3-Amino-6-methyl-pyrazolo[3,4-b]pyridin-1-y1)-1-[4-(4-chloro-3-methoxy-
phenyl)-piperazin-1-yl]-ethanone

58. 1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-yl]-2-(3-
[1,2,4]Joxadiazol-3-yl-pyrazolo[3,4-blpyridin-1-yl)-ethanone

'S 59. 1-{2-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl } -N-hydroxy-1H-
pyrazolof3,4-bjpyridine-3-carboxamidine

60. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1]-2-(3-[1,2,4]Joxadiazol-3-yl-
pyrazolo[3,4-blpyridin-1-yl)-ethanone
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0 ring vertices a and ¢ are each N, b is hydrogen; and d is C(R3a),
wherein R3a on ring vertex d is other than hydrogen. |In another enbodi nent,
the ring wenvewozss N, b is C(R3a) wherein R3a on ringPcensecosn243s3 ot her

t han hydrogen; and ¢ and d are each hydrogen, hi another enbodi nent, the

ring vertex I * b_and, c are each hydr ; d,i a),..wherein R3a
on ring bi-rk-ﬂ%zzﬁcﬁbrqséﬁa%hwgppw TRORfE .1n19%ﬁ§%t§?~zg-ﬁneé‘&b§ﬂgl@9%a,dwtzﬁ 5 ring

vertex a isg. ?@@z ﬁir?d ddeng vertex a is other than hydrogen;
bis N c angl() ar (e)1 2’3?@ ydrlg'glﬁ?etﬁianadgot her enbodi nent, the ring vertex a

is N b h ) d ' R3a) .. wh ' [

vertex coraBIRe A IR BEER Y AR s REP i GY RSP el 1 ng ver {1 ces a
and c are eagdyobb[3 b pyhrdiaggacetanliied i s C(R3a), wherein R3a on ring
vertex d is other than hydrogen.[0065] In yet another enbodi nent, the

conppounds, o Lhveqgt.i havi ng..\for nul.a (1 a, hS.represented, by formnul ae

| afor | a§.3 ¥ {-g&@fgh@p- Hn%ﬂg@{-gféengfﬁéy%%‘flz,mM}-Qﬁ%—qﬁéan&%&y FRoc i's hal ogen,
cyano or niﬁﬁgzolgébg_%}b @ih- 120 ettans®d ected from -SRC, -O X2-ORC, -X2-OR,
-Re, -ORO and - NRJC( » each of ring vertices a, b, c and d is

i ndependept |.ect _And-f rony ane, ) aid ring
verti ces%?'si'h'%ﬁ’gmggtgx{'@g% ?I\Ilgﬁ?ﬁ]am%gn ﬁ)r} [slleﬁrﬁte‘{:gtlé;ra%f lﬁlgt%%%\ggﬂén@up

consi sti ng siperaxifiriog@ethahadeogen, C - al kyl, Cl-6 hal oal kyl, C3-6

cycl oal kyl, C3-6 heterocycloal kyl, -S(O 2Rh, am no, phenyl, pyridyl,

L B el el

enbodi nment, rrng vertex d n anot g vertex b
i 4O0N. | n anbyhethaaphodi nent the ring vertex ¢ is N I n another enbodi nent
the ring vertex d is N In another enbodiment, the ring vertex ais N b

and d ar gs ANy HIRI N uRES-HethSxF-bR3R])-MHRUSI-BigeRBid-8-yaLNe-iddean
hydrogen. In"another enbodi nent, the ring vertex ais a), wherein R3a
on ring verpszodo[Bg-biptadint hah-ethadeegen; b is N, and ¢ and d are each
hydrogen. In another enbodinent, the ring vertex ais N, b and c are each

hydr ogeng7 anfd-th-Caldeg-BIjorvvsemethox 2Rt -fipdrgzidar§1§2-(d-dxazatdhge t han
hydr ogen. I n another enbodi nent, the ring vertex a is C('R3a), :
pyrazolo[3,4-b]pyridin-1-yl)-ethanone

15 [0068] Another family of specific compounds of particular interest having formulae Ia and
Ib consists of compounds, pharmaceutically acceptable salts, hydrates or N-oxides thereof as
set forth in Table 2.

)

Preparation of Compounds

[0069] As provided in the examples below, the compounds and intermediates of the present
20 invention can be prepared by one of skill in the art in a component assembly manner.

Schemes 1A - 1M illustrate a variety of methods for the preparation of a variety of

azaindazole-type derivatives. In each of these schemes, X is halogen; Nu is nucleophilic

group; the symbol @ within an aryl ring indicate the replacement of one to twb carbon(s) of
said aryl ring vertex (vertices) with nitrogen atom(s); L is a ligand; and non-interferring

25  substituents are provided as -R, -R),-R, and -R™.

Scheme 1A

[0070] Scheme 1A shows the synthesis of azaindazole derivatives from halo-pyridine-
30 carbaldehyde or ketone.
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wherein R3a on ring vertex a is other than hydrogen; b and c_are each
hydrogen; and d is N In another enbodinent, the ring vertex a is C(R3a),
wher ei n R8e@2007/0022%g vertex a i s other than hydrogen; b aou/ub2ewe2sach N,
and c is hydrogen. In another enbodinent, the ring vertices a and b are
each hydrogen; c¢c is C(R3a), pherein R3a on ring vestex ¢ is other than
hydrogen; and d is N [RQ66] Il n yet another Rnbodijrent, the conpounds of

the invention having fo a I8 i byqu?ﬂ@sent \,\prrml a la3 and la4:1a3
a4 or an N-oxide there erein R2 is hal ~\cyano or nitro; R2d is
selected from-SRC, -0O X2- , -X2-ORC, -Re, -ORCHnd -NRAC(O R, R2a is
selected fromthe group consisting of F, 5 Br, |, -CO2M, -CONH2, CN,

oxazolyl, -CH2NH2, -CH2NHMe, and Schi2he@B; each of ring vertices a, b ¢ and
d is independently selected fromN and C(R3a), and fromone to two of said
ring V@mcegcﬁe%né\ts ﬂ%setﬁegyrﬁﬁmmzm@wmdauv@%&ﬁhm fromthe group
consi sting of hydrogen, hal ogen, Cl-6 al kyl, Cl-6 hal oal kyl, C3-6

cycl oadylendpyrid@®aes. het er ocycl oal kyl , -S(0O) 2Rh, am no, phenyl, pyridyl,

pyrim di nyl, oxazolyl, oxadi azol yI , soxazol yl and thi azol yI . I'n one

embodi ment, the ring veggtex a is N In another e iment the ring vertex b

is N In another enbodi GEhhe ryR@-Mer t ex . I'n anot her enbodi nent,
the ring vertex d is N.@%?otheﬁ—eﬁﬂbodrne heNring vertex a is C(R3a),
wherein R3a on ring ver is other than hydfogen; b isN, and ¢ and d are
each hydrogen. I n another enbodinent, the ring vertex a isN, b and c are
each hydrogen; and d is C(R3a) whgggl n ﬁa on ring vertex d is other than
hydrogen. | n another enbodi nent eme vertex a is C(R3a), wherein R3a
on ri nn% vertex a is other than hydrogen; b _and, c are_ each hydr gﬁ_n and d
is N [0872hofeksmeHp shrwieihe synthesis piagaipdagals derivatives fregm pmingeetiVly R3a on
rilrbg \(;ﬁ{{ ! is other than hydrogen; b and d are eachN;, and c is hydrogen.
I n"an enbodi ment, the ring vertices a and b are each hydrogen; c is

C(R3a),Rwherei n R3a on rigng vertex c is otheg than hydrogen; @and d is N

@ Acy0, base @ +BUONO, Acy,O @ \N hydrolysis @ \N
/ / NH N’ / N’

=
) \
Ac Ac

Scheme 1D

[0073] Scheme 1D shows the reaction of azaindazole derivatives with an a-haloacetate or

o-haloacetamide.

R R R’

R R A R
TN KoCO4 N AN
@ N + X" Cco,Rr l@ N + @ _ N—,
N 2 Z N XN COR"
15 H \\COZR"
Scheme 1E

[0074] Scheme 1E shows the reaction of azaindazole derivatives with an electrophilic

halogen source (X+).
R R X
N + N
Z N Z N
T R R
20 Scheme 1F
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[0067] A fam |y of specific conmpound of particular interest having formnul ae
la and | b consists of conpounds, pharmaceutically acceptable salts,

hydr at es woldeenuoe®s t hereof, as set forth in Table 1. Tabrasioot024313

| - [ 4- (4- Chl or o- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-

ryr az

2] 4- ( I Oragieg‘}/nlgdérlllg)\éds_ Xh&&l ?s?@%lﬂ Fc);ér%hngnreftctloln]off halor %Zza%) alzc&e?, b pyri di n- 2
-yl et hrpoagved. 1-[4- (4- ChI or o- 3-rnet hoxy- phenyl ) - pi per azi n-

1-yl]-2-(3-chl oro-pyrazol o[ 3, Ab] pyridin-2-yl)-ethanone 4.

| - [ 4- (4- Chl oro- 3- et hoxy- phenyl ) - pi perazi n-Igyl ] - 2R(pyrazol o[ 3, 4- b] pyrazi n-
| -yl -7- oxide)-ethanone

1-[ 4- (4 Chl or o- 3~net hox
1-yl -7- oxide)-ethanone N Pd(L),

| - 4- (4 Chl or o- 2-f | uor o- 5 met Roxy - phenyl) 2- met hyl Rbl perazin-|-yl]-2-pyrazo
| o[ 3, 4- bj pyridin- 1-yl-eihanone. 7.

1-[4-(4-Chl oro-2-fluoro-5-net hoxy Qﬁ‘ﬁﬂé’m 2- met hyl - pi per azi n-

1- yI] 2-pyrazol o[ 3 ,4- b]pyridin- g et hanone. 8. 2-(3 - Am no-pyrazol o[ 3

2 i ﬁé{ﬁ% §ﬁ]>1é?¥rlf%1_ @A\T Q(E{Il)ﬁc lg%is ecéamlnatmn rRolS QRN DS dko1e

I-[4- -ﬁ@ﬁ&go 3- met hoxy- phenyl) pi perazin-1-yl]-2-(3-chl oro-pyrazol o[ 3, 4-
b] pyri di n-1-yl)-ethanone.

| -[ 4- (4-Chl oro-2- quoro 5- ne%hoxy phenyl) - %RnethyNRpgperaZ|n | -yl]-2-(3-net
hyl - ryrazol o[ 3, 4- b]p idin yI) ethaqone

| -[4-(4-Chl oro- 3- met ho N

rirerazin-1-yl]-2-pyra 4 bjp LSln 2- one. 12.

| -[4-(4-Chl oro- 3-net hoxy- phegyl ) - plﬂ dzin-1-yl]-g«pyrazol o 3, 4-b] pyri din-|
-yl et hanone. 13.

1-[4- (4 Chl or o- 2-f | uor o- 5- nethoxysgnenghh:Z met hyl -ri perazin-1-yl]-2-pyrazo
lo[4,3 - cjpyridin- 1-yl-ethanone.

en\{\i) pi Rérezi n~1-@ 2\m pyrazol o[ 3, 4- b] pyr azi n-

[0077] Scheme 1H shows the amination of an azaindazole derivative.

R 1) MCPBA NH, R R
2) TsCl, py N7
N™ N 3) ethanolamine N S + | N
] N _— | ,N = 1
10 R R R
Scheme 11

[0078] Scheme 11 shows the functionalization of an azaindazole derivative.

R 1) MCPBA Nu R R
2) NuH; PhCOC! N7
Ly Z~N
N l\! Nu v,
l R' R
Scheme 1J

15 [0079] Scheme IJ shows the synthesis of a pyrazolopyrazine derivative.

HZNI( glyoxal [ r(

HoN
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14. 1-[4-(4-Chl oro-2-fluoro-5-nethoxy-phenyl)-2-nethyl - pi perazi n-
1-yl]-2-pyrazolo[3 ,4- c]pyridin-2-yl-ethanone. 15.

1-[ 4- (4- Gubaner@2298t hoxy- phenyl ) -ri perazi n- 1-yl ] - 2- ( 3- pprirdispecdrydzipyr azol o
[3,4- b]pyridin- 1-yl)-ethanone. 16.

I

- [ 4- (4- Cnhl or o- 3- et hoxy- phenyl ) - %ﬂg&gﬁ@- | -yl']-2-(3-thiazol -2-yl-pyrazol o
[3,4- b]jryridin- 1-yl)-ethanone. .

| - [ 4- (080] oScheind I shicwtheeyiibesys dfhaiyazoldpypietidiak detivathe: 2- pyr azol o[ 3, 4- b]
pyridin- 1-yl-ethanone. 18.

| -[4-(4-Chl oro-2-f1l uoro-5-net hoxy- phenyl ) pi perazin-1-yl ] g2- pyrazol o[ 3, 4- b]
pyridin- 2-yl-ethanone.GQ9. HoN formamide N

| - [ 4- (4- GuTOTN- 3t meihoxd pheayl)- pi ferfizig- I—y- 2- (B- Npt Myl - BPFHzol of 3, 4-
bl pyridin- 1-yl)-et hanonéfEtZO. N N A~N

| - [ 4- (4- Chl or o- 3- et hoxy- phenyl ) - Bi%&r aziin-1-y1]- 2- (3] gxdzol -2-yl -

ryrazol o[ 3, 4- pyridin- 1-yl)-ethapone. 2 1.
| -[4-(4- - et hoxy- phenyl - pi perazin-1-yl]-2-(3-fluoro-pyrazol of 3, 4-
b] pyri di nl 1yl )\ ehyrpashelysioo 1NN

| -[4-(4- roﬂZ-quoro-S-net enyl ) - 2- net hyl - pi perazin-I-yl]-2-(3-o0xa
zol -2- yl-myrazol o[ 3, 4-b] pyridin- IHdyl)-ethanone 23.

1-[ 4- (4- Chl or o- 3- met hoxy- phenyl ) - pi perazi n-|

-yl ]-2-pyrazol o[ 3, 4-c] pyri di n-2-yl et hanone 24.

1- [#- (4- Chl or 0- 3- met hoxy- phenyl ) - @chemaain-

1-yl]-2-pyrazol o[ 3, 4-c] pyri di n-1-yl et hanone 25. )

| -] 4- (WDEXJ oPeheme 1Ly doasihepefissis g aaniazplopypmiding detivajivg.- 2- pyr azol of 3, 4- b]
pyridi n- 1-yl-ethanone 26.

| - [ 4- (4- Chl or 0- 2- f | uor o- B¥Hret hoxy- phenyl ) - 2- net hyl - pi per azi n-

1-yl]-2-(3-thi ap&l - 2- zol o [ 3.4- ridi n-1-yl)-et hapgne 27.
I-)[/4]-(4-E:hl oor;E'Z:-fl u 'P’%éa &Ehoxy- e\nE N oyl . )N,);\j;m
riperazin-Iy & k3- pyri di n- 2-, vl <Py o[ 3, 4- %] ngjlj' ~teiyl ) - et hanone

NH, I NHRR'
hydrazine N7 N\ Cul, NaNO, N] X AW Pd(L)4, or Cul
— l , ‘ _ ; —_——

NRR' NRR'
A Raney Ni NS N
DN D
7N N~ N
MeS™ N H H
Scheme 1M

Scheme 1M shows the synthesis of N-oxide derivatives of the invention.

0 o 0
Rmo‘<— ,N\ R'"O_<_ N . HO_<— /N\
N% mCPBA s LIOH N
=
N JR' on . S-N TR

RS NN

¢ N NH "

OO
—— \___/ N’ ~

coupling

—
e ot
10 SN
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28.

| -[4- (4- Chl or o- 3- met hoxy- phenyl ) - pi perazi n-1 -yl ]-2-(3-nethyl -pyrazol o[ 3, 4-
b] pyri di rwb-29é7y00et9Banone 29. PCT/US2006/024313
1-[4-(4- ChI or o- 2- f 1 uor o- 5- net hoxy- ph. enyl ) - 2- net hyl - pi perazi n-1

Y 3% G B RRRE ol e, 0,y ) nanone 0

1-yl]-2-(3-thiazol-2-yl-pyrazolo [3,4- bjpyridin- 1-yl)-ethanone 31. 1-
{2- [ 4-10g825N| BY ftdsiomed Iﬂ@%@b@ﬂ&é I)ropideeabava;lccbmgydltlm%f@%mo&mhmlgccm

-IH-pyrazoI034 bgrldlne -carbonitrile 3
| - [ 4- (a¢t10h‘¥ brlomzgnyendt exipaly WEhtypically pentairianharnaqentcal gyicigs of Gfueni- b] pyri di n

-1 -yl-2- oxide)-ethanone33.

| -[4- (6083]' OThe @nﬁemﬁmtmwraymedmwanasumnue&td erofnPasset grytagpyr azol of 3, 4-
bprrldln- 1-yl)-ethanone 3

| - p4- (mnmsmgdhgsm@xfwdwgfpmw firy theispesified smpunfs.jas svellas ppy RAAupl Whish| o[ 3 54-

b] e 'rgé%%é&lﬁ%} nge@{ %o Ho O?ﬁl?%én @é g@&lfgadrmy%a@ SARAWpLcRbgEr 221 n-
1 [ 4- (a4nc£aihlts:> FB)y §’ ai*rﬂ&tfeﬁhc‘faﬂly@tcb@xablahem}dh&anﬁhmmw d1blep90mu01p1&1t yﬂqste 2- pyr az
olo[3,4- c]p I n-1-yl - et hangne 317

1- [ 4- (e-comt ib w%&hﬁ@ﬁgﬁr pﬂ%?@?ﬂ)’tss {e fopmmylation apdinos delpiFiguiodha

, 4- ] QYL Pﬂé 6 LO oxi de) - et hanone 38.
I-[4 (glt%llnoror -'met hoxy- phenyl) pi perazm | -yl]-2-(4-chl oro-pyrazol of 4, 3-

yri et hanone 3
@ (0B bt ebrmeraRy ampfions e smipisypionof the FRmBOBYF S5 8% 3, 4- b] p
y ridi rlnv&ftﬁbln)mé‘}l M’Q/@tﬂ@nt[ﬁoélﬂesented in unit dosage form and may be prepared by any of
| - [ 4- (4- Chl or 0-"3- met hoxy- phenyl ) - pi perazin-1-yl]-2-(4-iodo-pyrazol o[ 3, 4-b] p
yri di rthe methodstvedlioowmn in the art of pharmacy and drug delivery. All methods include the
step of bringing the active ingredient into association with the carrier which constitutes one or
more accessory ingredients. In general, the pharmaceutical compbsitions are prepared by
15  uniformly and intimately bringing the active ingredient into association with a liquid carrier
 or a finely divided solid carrier or both, and then, if necessary, shaping the product into the
desired formulation. In the pharmaceutical composition the active object compound is
included in an amount sufficient to produce the desired effect upon the process or condition

of diseases.

20 [0085] The pharmaceutical compositions containing the active ingredient may be in a form
suitable for oral use, for example, as tablets, troches, lozenges, aquéous or oily suspensions,
dispersible powders or granules, emulsions and self emulsifications as described in U.S.
Patent Application 2002-0012680, hard or soft capsules, syrups, elixirs, solutions, buccal
patch, oral gel, chewing gum, chewable tablets, effervescent powder and effervescent tablets.

25  Compositions intended for oral use may be prepared according to any method known to the
art for the manufacture of pharmaceutical compositions and such compositions may contain
one or more agents selected from the group cotisisting of sweetening agents, flavoring agents,
coloring agents, antioxidants and preserving agents in order to provide pharmaceutically
elegant and palatable preparations. Tablets contain the active ingredient in admixture with

30  non-toxic pharmaceutically acceptable excipients which are suitable for the manufacture of
tablets. These excipients may be for example, inert diluents, such as cellulose, silicon

dioxide, aluminum oxide, calcium carbonate, sodium carbonate, glucose, mannitol, sorbitol,
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4
I1 4- (4- Chl or o- 3- met hoxy- phenyl ) - pi perazi n-1 -yl ] -2- (4-met hanesul f onyl pyrazo

1.
[
o[ 3, 4- bivpyoomiome31-yl ) - et hanone 42. 2-(3- Azi donet hyl y: 1.0
,4-b] pyridin-1-yl')-1 -[4-(4-chloro-3- rretgoxy Iphgggl)y .gxcrr toliBis
pi perazin-1 - ethanone 43
(1-4 2lapws€,4:aéﬁna phosp) ﬁ@t%%‘iﬂnﬂﬁ’é]ﬁwﬁatep graplasing apd disinteerating agepts o) oo o0

ol 3 ?;f‘ian@;gyéohﬁjgtgmﬁ Hﬁtd&ﬁﬁ %ﬁi&hﬂgayeﬁtsat@r @xﬁﬂ?le PVP, cellulose, PEC,
-[ pheny - pi per azi n- | | or o- pyrazol o[ 3, 4-
b] pyr ktgich; gdlatm or a&iahlarmlddubﬁcaﬂﬁg agents for example magnes1um stearate stearic acid

d] E)yr g;lﬁaécﬁh ln’](.“)l;r_ﬁo blymé{l%gb%wgggtgx o%t eary ecoaged encaily of Bfr: s@WZOl o[ 3, 4-
| -4 4- L A5 1qy?%rl% disﬁﬂt‘%gﬁéhbn %@ﬁfs@@’gﬂ&n'mﬂi@] gadtrbifitestihd taciandazol of 3, 4-

d] pyr i m drn- none4 or 0- 3- met hoxy-r henyl
| y ]4 ﬂze&ﬁy[mb“dw‘swa‘azd’a@m over aljopget mﬂnFonempl@tﬁéﬁ% ﬁ@a%ggate%a?er azin-|

b] pyr e ass A3 s eAtte g g‘??é'ef%g dﬁ’ﬁéa%t%@#agr g %Aeélﬂged( Bl cagys@zol of 3, 4-

rheny
'c%)%t&‘l ch}%.ztb% zdglg ]SFS;?“EQ% ?{)%/IE:LE? gvftaudso [42. 5,108} 1®,3166 dbh-and- yl ) - et hanone

[4 ( 4;2061854de ﬁorlm@myltbﬁén@lﬁ)?ialﬁﬁﬁ@?reﬁﬂpéo rflewe] et hanone 51.
2- (6- Am no- pyrazol o[ 3 , 4-b] pyridin-1-yl)-I -[4-(4-chloro-3-nethoxy-phenyl) -
Pi@per 3g086] | -Bdrhugitidag ﬂﬁ%rﬁ&se may also be presented as hard gelatin capsules wherein

2-(7- |do ryrazol o[ 3, ridin-|-
pi per &x ar—tlvm llg'grfdlé@t%&ﬁ‘@}é@g Lk an inert sof/d dlluenL( fog éelxa%rrl]plg QiR ELE3 Rate, phenyl ) -

[2)| E:)Zr g\% chum ﬁﬁéﬁ%f %kiaé‘hrf; ]oPXsr Al é'é‘le{tlryéa})sdles[ #hédmahé a&pre3ngliea - phenyl ) -

mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil.
Additionally, emulsions can be prepared with a non-water miscible ingredient such as oils

15 and stabilized with surfactants such as mono-diglycerides, PEG esters and the like.

[0087] Aqueous suspensions contain the active materials in admixture with excipients
suitable for the manufacture Qf aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, methylcellulose, hydroxy-
propylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and gum

20 acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for example
lecithin, or condensation products of an alkylene oxide with fatty acids, for example polyoxy-
ethylene stearate, or condensation products of ethylene oxide with long chain aliphatic
alcohols, for example heptadecaethyleneoxycetanol, or condensation products of ethylene
oxide with partial esters derived from fatty acids and a hexitol such as polyoxyethylene

25  sorbitol monooleate, or condensation products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The
aqueous suspensions may also contain one or more preservatives, for example ethyl, or n-
propyl, p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents, and

one or mote sweetening agents, such as sucrose or saccharin.

30 [0088] Oily suspensions may be formulated by suspending the active ingredient in a
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil

such as liquid paraffin. The oily suspensions may contain a thickening agent, for example
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54.

| -[4- (4- Chl or o- 3- met hoxy- phenyl ) - pi perazi n-1-yl]-2-(3-oxazol -2-yl - pyrazol of
3, 4- b] r ywodbew@2208) - et hanone 55. 2-(5- Ani i no- 3- et hyl - pgraseds(034343 b]
ryridin-1-yl)-1-[4-(4-chloro-3-nethoxyphenyl)- pirerazin-1-yl]-ethanone 56.

1-[ 4- (4 chl op hox -

2~ (a Ry DO R oL B vt SV ETEARL Bechiyinbh ps thogs st forth gbove, and
2-(3- @Hvﬂﬁn@aé&lshﬁ&y Wﬁcﬁfe@t@bﬁwﬁe@ patathisle ord] pre)ﬂaiatilon These compositions
-[4-(4-chloro-3 tnethoxygI - pirerazin-1-yl]-ethanone 58.

| - [ 4- (mayhd presereedibyithe 6d lﬁ%pﬁ@k@ntpﬁ?@ﬁw)suél %QSHOWFQ%ﬁl‘geram n-1-yl]-2-(3-
[1, 2, 4] oxadi azol - 3-yl -pyrazol o[ 3 , 4-b] pyridin-1-yl)-ethanone 59.

I -{2- [[6039‘} Qbis é@ﬂaﬁewmmeﬁulbs) suitable for preparation of an aqueous suspension
riperazin- - 2- oxo- et hyl } - N- hydr oxy- | pr

3, 4- b]yyythe adcﬁ@orgowatswr@mdm%ame ingrpdient4n r@%&t&[%wﬁ%? ABRSSHESEY I ) - pi
r er fi)z ' Vg?tL%% %{%ﬂené fﬁsobe[uhmﬁ SR HRE bAE 8! mdtepa¥er PARE! sitdhiddiRYerbidlh B

12[ j] (\ﬂet(ﬁjﬁﬁé @gefhts%nﬂfshtpmﬁnfghg:myﬂs )\érerdxpﬁxphﬁeahgjt thast aﬁedd& -m&ntivpedghoel
oxadi azo -yl )-pyrazol o[ 3 , 4- th 6
{ 2- [ 4-4dditipnad PWB‘@WE{ ﬁ‘?g%}fﬂl?ﬂé ﬁXYF’ﬁteIPPE g’lflﬁlg gn@l, F‘%llo ngﬁg)gn&? %y) %Sollﬁpyr azol o[

3, 4- b]I% %mjl n-6-yl)-acetan de 63.
1~[4-( or o- 3- met hoxy- rhenyl) pi perazin 1-yl] -2-(3-nethanesul fonyl -

di n-I - han
, y 03 %ﬂﬁ%‘g me?g%/lg) %@’P%&P %W%tﬁ‘]hg’ﬁ ?’ﬁ#‘ﬁ Hjvegtiqn pay 3188 e dn s fgrm of ofliins y- phen
yI ) p\!vﬁ@f élfﬁﬁl@ionsl Yhd 0113}1; @fé a vegetable oil, for example olive oil or arachis oil,

| -[4-(4-Chl ol O 3- et hoxy- pheny | perazin- [-yl]-2-(3-iodo- pyrazolo[34b]p
yr| d| ndr-a mpinerad ot affeo seang@e liquid paraf n or mixtures of theése. Suitable emulsifying agent

fl uor.o-5- net I 11-2-(3-i0
d opyr é}lg}’cg fx%tm&ﬁg]orgy?rpgfg s, 1%? Xmﬁﬂg gﬁ}n) acacid Bl Quﬁ[l tra%h@aﬁlrﬂ?ﬁ'aﬂlrén}x ]-2-(
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived
15  from fatty acids and hexitol anhydrides, for example sorbitan monooleate, and condensation
products of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan

monooleate. The emulsions may also contain sweetening and flavoring agents.

[0091] Syrups and elixirs may be formulated with sweetening agents, for example glycerol,
propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a
20  preservative and flavoring and coloring agents. Oral solutions can be prepared in

combination with, for example, cyclodextrin, PEG and surfactants.

[0092] The pharmaceutical compositions may be in the form of a sterile injectable aqueous
or oleagenous suspension. This suspension may be formulated according to the known art
using those suitable dispersing or wetting agents and suspending agents which have been

25  mentioned above. The sterile injectable preparation may also be a sterile injectable solution
orA suspension in a non-toxic parenterally-acceptable diluent or solvent, for example as a
solution in 1,3-butane diol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this

30  purpose any bland fixed oil may be employed including synthetic mono- or diglycerides. In

addition, fatty acids such as oleic acid find use in the preparation of injectables.
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67. _
| -[4-(4-Chl oro-2-f1l uoro-5- nei hoxy- phenyl ) - pi perazi n-1-yl ] -2-(3-oxazol - 2-yl -
ryrazol o[Wo4edjooyr9sdi n- 1-yl)-ei hanone [0068] Another f aoirlus2@k/ospecific
conpounds of particular interest having fornulae la and I b consists of

conpou ' ates ot. N oxides. thereof
s Sot P or) pRLeRERNkdSBY ok SR RRh Sl Bn S s R TstRe T B st e | n t he
exanpl spbsitaies furirectaladponiststionnd thedrag MEHese! @enpokitione cl ’SKEparkd¥ENt i ON
can be pr.epare by.one of skill in the art in a conponent assenbly” manner.
Schene¥!4A6 1he g%ﬂﬁéﬂ"’éﬁtﬁe RORHFitading exeipient Whigh is solid T}t@rtbna‘pﬁr at i onxof a
vari et Adad ; - | ' 3 f these schemes, X is

hal ogebr??ﬁ)l%lﬂ S ﬂggﬁgi)p t{t}@%m‘éﬁ%@é@ﬁﬁﬁﬁg#&ﬁ%&? %’l Iﬁelg_ﬁl @FWCWI{‘TE% i ndi cate
the r eplasethenirugnfSwhenadtaifvincude bowadutief arslaidlyakiylend gljeolyert ex (vertices)

' ' ; ' [ ’ -interf substituents are
or ovi aRABBSE R Hounas in Brredtl g refaia cRofaOPU Y crstvenein Af subens he
t hegd 2 &t e | ' f Q- | di.necarbal dehyde or
et one Ty e R A B S R AT i <
azai noaegompligherd by andans ef fontophinatio patainesmmd il liles . Edrytopisalivie, cbedge 1C [ 0072]

. . ' f, i ndazol e derivati from
S oL TRGHED JBHSH SoUOR G Shepeiore femtor BB RSP O BemElE of hemewet « he

r dact i ianedfonazabmplaz&l. eA dhadeli hdkdiny, 85pivdl bfplafatifn ReSRRRLAYE iRiude the use
a- hal oacet am de.
of mouth washes and gargles.

[0094] The compounds of this invention may also be coupled a carrier that is a suitable
polymers as targetable drug carriers. Such polymers can include polyvinylpyrrolidone, pyran
copolymer, polyhydroxy-propyl-methacrylamide-phenol, polyhydroxyethyl-aspartamide-

15 phenol, or polyethyleneoxide-polylysine substituted with palmitoyl residues. Furthermore,
the compounds of the invention may be coupled to a carrier that is a class of biodegradable
polymers useful in achieving controlled release of a drug, for example polylactic acid,
polyglycolic acid, copolymers of polylactic and polyglycolic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans,

20 polycyanoacrylates and cross linked or amphipathic block copolymers of hydrogels.
Polymers and semipermeable polymer matrices may be formed into shaped articles, such as
valves, stents, tubing, prostheses and the like. In one embodiment of the invention, the
compound of the invention is coupled to a polymer or semipermeable polymer matrix that is

formed as a stent or stent-graft device.

25 V. Methods of Treating Diseases Modulated by CCR1

[0095] In yet another aspect, the present invention provides methods of treating CCR1-
mediated conditions or diseases by administering to a subject having such a disease or
condition, a therapeutically effective amount of a compound of formula I above. The
“subject” is defined herein to include animals such as mammals, including, but not limited to,

30 primates (e.g., humans), cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice and the
like.
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Schene | E [0074] Schenme |E shows the reaction of azai ndazol e derivatives
with an el ectrophilic hal ogen source (X+). Schene |F[0075] Schenme |F shows
a met al - ageizstm®2BOUpPl i ng reaction of a hal o-azai ndazol ecuarseaatzses Schene
| G [0076] Schenme |G shows a netal -assisted am nation reaction of a

- ' | ' ene L H [.O077] Schene 1H shows the am nation
of an. J009815 Gk BEHdeR e EMRARERE il 3f FhornG b etific SheRoh ne

funct i amatunz atli Amctibnsaor MR g&d&a@&,ﬁvvidﬁmw@dﬂsﬁ%oc%atéd Wﬁﬁ’%@ extlsidph COC
Schene 1J [0079] Schepe 1J shows the synthesis of a pyrazol opyrazine

der i vaPh¢avidgrangs oF elhignes inr mopwel, sxséllreé ﬂémmgfs meapcruhdf, ﬁlﬁgirl]lﬂ’l\;\izi t@caﬂ, a
LA SHE N i

DY o2 LML B BN e HUIRIR) el SRR SelGe Ly shgte LG

Sc heme célMimsdsovells] dendsijio tig sietraphilt @ icdfaid eminak Qe Pdell (R dxa¥GN i on. | V.

Phar maceut i.cal. Conpositjons [0082] In addition to the conpounds .pfovi ded
above, 0@8%%)@%”’2”“ ‘Efrth% igPprRysECrRIcogrdinglytthe preseniriaventionds dindotad s Wi | |

typi catd dorfitndé WhRnRRAIIERA e GRve A N/t S Ve wide variety of
inflammatory and immunoregulatory disorders and diseases (see Saeki, et al., Current
Pharmaceutical Design 9:1201-1208 (2003)).

10 [0097] For example, an instant compound that inhibits one or more functions of CCR1 may
be administered to inhibit (i.e., reduce or prevent) inflammation or cellular infiltration
associated with an immune disorder. As a result, one or more inflammatory processes, such
as leukocyte emigration or infiltration, chemotaxis, exocytosis (e.g., of enzymes, histamine)
or inflammatory mediator release, can be inhibited. For example, monocyte infiltration to an

15 inflammatory site (e.g., an affected joint in arthritis, or into the CNS in MS) can be inhibited

according to the present method.

[0098] Similarly, an instant compound that promotes one or more functions of CCR1 is

administered to stimulate (induce or enhance) an inflammatory response, such as leukocyte

emigration, chemotaxis, exocytosis (e.g., of enzymes, histamine) or inflammatory mediator
20  release, resulting in the beneficial stimulation of inflammatory processes. For example,

monocytes can be recruited to combat bacterial infections.

[0099] Diseases and conditions associated with inflammation, immune disorders and
infection can be treated using the method of the present invention. In a preferred
embodiment, the disease or condition is one in which the actions of immune cells such

25  monocyte, macrophage, lymphocyte, granulocyte, NK cell, mast cell, dendritic cell, or certain
immune derived cell (for example, osteoclasts) are to be inhibited or promoted, in order to

modulate the inflammatory or autoimmune response.

[0100] In one group of embodiments, diseases or conditions, including chronic diseases, of
humans or other species can treated with modulators of CCR1 function. These diseases or

30 conditions include: (1) allergic diseases such as systemic anaphylaxis or hypersensitivity
responses, drug allergies, insect sting allergies and food allergies, (2) inflammatory bowel

diseases, such as Crohn's disease, ulcerative colitis, ileitis and enteritis, (3) vaginitis,
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[ 0083] The term "conposition"” as used herein is intended to enconpass a
product conprising the specified ingredients in the specified anounts, as
wel | as awg 2perems whi ch results, directly or indirectPgr/Use@moesmdi nati on
of the specified ingredients in the specified anmounts. By "pharmaceutically

acceptaple”. it is. e i er iJ yent.: ciDi ..he
compatbp@rapand iR RNubIRERARIE o MR, LR HERl: HRIGS
del et gfllefis chiRadt ermfitispintiodrid ddreodtus,[(6P8Abulite (§)saombybeuthiqeaihies,
conpositions for the adm nistration of the conmpoynds.of .this inyention may

cﬁnvedﬂﬁ%ﬁyd@@ap@%fﬁﬂ@cﬂﬂﬂﬁeﬁﬁﬁﬁmﬁd@ g disgrses Suh Fvallensie IR AlEES any of
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Wi tsh tf}ﬂﬁ-ofti%ﬁ]‘ag%[ soMibddint pﬂlsiyildsutg@‘ onhditioy jumerike RscedEpdigedsagrodyhirtenlar | n

general , the arnaceuti cal conpositions.are prepared by .uni - m d

i nt i mavEenle ;@uf@rtmrww@ﬁ&agmy@f&a fhgpga 6‘&?“5‘:#%& ?‘YIX{“%S ayl ?Sui d

carrie . | ' (=Y ol

hapt o BRI Fu b ARE Pl R e il DR B el AR e g boat

;:orrposeépﬂhemtaadsas&ama I\cgambisetype Hotighetesdgliomerul enaptintis,iand dre ltkeo (9D Stad¥ £ i ci ent
0 produce the Sir ef.fect upon t rocess Qr c | thon,.of di. .

| 0055 reiREoR A HABB AP BER EerBEREi e Rt ey oSG Ba ont ey

bejgi N AR tmStel FH Snh AbryPleondSfor ilnBlung ¥aBRlegs ar8%o balihditd, suchafes,

| ozenges, aqueous or ol ly "suspensions, dispersible powders or granules,

emul si endioamduke iseaminadiding atheronderasis dod tastepesis: myasitss, npEedasenupis cat i on

2002- 0012680, hard, ar soft capsul es,;. sy el xir i .. buccal
pat ch, ‘?18‘?33?5 G Al@h%eﬁﬁdﬁﬁqﬁgﬁgﬂ%ﬁ%}t@ {ngﬁlfng{ﬁg, lll%)]a @tzsr’\%@lcrg{nst gl’\ﬁbler and
ef f er vgssatdsid, ahbi@icSoonfoRBRash [t Schirdtie okethcfivs pulmaharyskiseawy sinesifis,epar ed
according to any nethod known to the art, for_ the manufacture. of .

phar meBehset's sindzampans 29w aad 670 immene BEHgEd; fopd pllergisy S‘tcg‘r‘i’tg éfqlfa%ﬂlée%? nor e
agents sel ected fromthe group consisting of sweetening agents, flavoring
agent sjo109] o Aghthgent ofenbodihens) discased oprasktionsegn g tmated withor der t o

rovi de pharmaceutical l
P : mogulators of CCR1 %ungt/ion. Examples of diseases to be treated with modulators of CCR1

function include cancers, cardiovascular diseases, diseases in which angiogenesis or
neovascularization play a role (neoplastic diseases, retinopathy and macular degeneration),
infectious diseases (viral infections, e.g., HIV infection, and bacterial infections) and

20 immunosuppressive diseases such as organ transplant conditions and skin transplant
conditions. The term "organ transplant conditions" is meant to include bone marrow
transplant conditions and solid organ (e.g., kidney, liver, lung, heart, pancreas or combination

thereof) transplant conditions.

[0102] The compounds of the present invention are accordingly useful in the prevention
25  and treatment of a wide variety of inflammatory and immunoregulatory disorders and

diseases.

[0103] Depending on the disease to be treated and the subject’s condition, the compounds
of the present invention may be administered by oral, parenteral (e.g., intramusculat,
intraperitoneal, intravenous, ICV, intracisternal injection or infusion, subcutaneous injection,
30  orimplant), by implantation (e.g., as when the compound is coupled to a stent device), by
inhalation spray, nasal, vaginal, rectal, sublingual, or topical routes of administration and may

be formulated, alone or together, in suitable dosage unit formulations containing conventional
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Addi tional ly, enulsions c.an_beﬁcgrepar ed with a non-wat e(552[(}i sgg@lg
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cont a?fr?gi'ﬁg&gtfﬁ'/% 2@5&??@1 ’sﬁoﬁﬂgg?hbk%dgfdé%&o{oheglg’i pi ér’lt@ gé'g’ui t abl 2’0]90r t he
manuf asilligreme bf theuehusingtedjpean fir dssynGuahatéxadjpiteenisofdthedesagptritie ng agent s,

f I di b t hyl cel | ul : t hyl cel | ul .
nyclr oXBPEIRY PREEHST-CLNY t DRSS B S g a0 g 0 BPFdSFe, gumm
trlggagﬁPweﬁ%lgHﬁ@eqﬁ%k@;pegh?gersi ng or wetting agents nmay be a

nat ur occurring phosphatide, for exanple lecithin, or cqndensat I on
2 00Ut ROl RRE Ak el PitsgL i b0 PR Pl hppe P ene
al i phabt sny particular patient may be varied and will depend upon a variety of factors including
the activity of the specific compound employed, the metabolic stability and length of action
of that compound, the age, body weight, hereditary characteristics, general health, sex and
20  diet of the subject, as well as the mode and time of administration, rate of excretion, drug

combination, and the severity of the particular condition for the subject undergoing therapy.

[0106] Diseases and conditions associated with inflammation, immune disorder, infection
and cancer can be treated or prevented with the present compounds, compositions, and

methods.

25 [0107] The compounds and compositions of the present invention can be combined with
other compounds and compositions having related utilities to prevent and treat the condition
or disease of interest, such as inflammatory or autoimmune disorders, conditions and
diseases, including inflammatory bowel disease, rheumatoid arthritis, osteoarthritis, psoriatic
arthritis, polyarticular arthritis, multiple sclerosis, allergic diseases, psoriasis, atopic

30  dermatitis and asthma, and those pathologies noted above.

[0108] For example, in the treatment or prevention of inflammation or autoimmunity or for

example arthritis associated bone loss, the present compounds and compositions may be used
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exanp| eargmiphat.aaietapenigoenor dexfeerastherphan rudivtetigond arseil#tgpniaoplhedatiaes, f or
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acfsglp %%Hﬁ“%@%&%“tem anhydri des, for exanple sorbitan nonool eate, and

condensati on _products of the said partial esters with_ ethyl gne %xi de, for
exanpl @198] y(g*1§eV@§q,yp@H@11§i§ @Bl egmpositions of the present mvention may be used in

combination with other drugs that are used in the treatment, prevention, suppression or

amelioration of the diseases or conditions for which compounds and compositions of the
present invention are useful. Such other drugs may be administered, by a route and in an

20  amount commonly used therefor, contemporaneously or sequentially with a compound or
composition of the present invention. When a compound or composition of the present
invention is used contemporaneously with one or more other drugs, a pharmaceutical
composition contéining such other drugs in addition to the compound or composition of the
present invention is preferred. Accordingly, the pharmaceutical compositions of the present

25  invention include those that also contain one or more other active ingredients or therapeutic
agents, in addition to a compound or composition of the present invention. Examples of
other therapeutic agents that may be combined with a compound or composition of the
present invention, either administered separately or in the same pharmaceutical compositions,
include, but are not limited to: (a) VLA-4 antagonists, (b) corticosteroids, such as

30 ‘beclomethasone, methylprednisolone, betamethasone, prednisone, prenisolone,
dexamethasone, fluticasone, hydrocortisone, budesonide, triamcinolone, salmeterol,
salmeterol, salbutamol, formeterol; (¢) immunosuppressants such as cyclosporine

(cyclosporine A, Sandimmune®, Neoral®), tacrolirnus (FK-506, Prograf®), rapamycin
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may be.d. nmydephbaslate afiofetils(Cell Cest®)n(dp ehtitiistemieps € Uhigiamink eageawists) such
suspension. This suspensi on may be faornul ated accaqr dl,gg tQ the known art
usi ng 2 ReyRoRhgniramping, chiemberiranyne deyghloiphepigane.JpRHdRGHenatiNg agent s
whi ch f en . [ Ve | L P EE LA reparati on may
al so Bé ae?ﬂs1 %ﬁﬁgﬁlkﬁhgﬁ}%@&é grll%eje%?%%ﬁ%rfef gﬁﬁﬁéﬁé‘ﬁﬁn | n(ﬁlgar&llg’n- t oxi c
Eageg tp;fbmbmgziﬁf,cﬂg\iep@hﬁafﬁﬁdmdme, ?mgtﬁmpmﬁie, ?ﬂtholmgaptmhﬁamme@ygidﬁmihb,onbi n

, 3-but ane diol . Anpbng the acceptabl e vehicles_ and so|vents, that e
enpl oysEmize.igrfenading logaindine, Selingng dexpienadig, é?ﬁ%rb%%w RHoH
sol uti ed. I & d [ Lk xed ol 5;.ar 110 enpl oyed as a
sl verif s e el B e e A b SIOI 0T | “rmy Do
enpljoﬂe@tl}}w@b@?ﬂgroamgeﬁo@l aradwpimlmﬁgmt),t ?}ibgﬂwd:lhrei, d?@olm?m,tatmptr?et at E % 093]
aci ds such as ol ei, ci ind use .in the aration i nj ectabl es.
The cdRFEORYE ?ﬁomclii%??ﬂl@%‘?? a %@Hftﬁ @)‘?‘lg ‘ﬁ?ﬁt’ H?éméety‘ﬂ?aﬁ‘i’ B‘taé‘f Shn t he form
Oflosugmatsf??bﬁﬁlkfa&r and &K1 08903 itk tBbhOPioHnthdi idhidors (H@@or;0MPOSI i ons
can be prepared by mxing the drug wth a suitable non-irritating excipient
whi ch BAYsHI05y (§tnoorsthreidalanticimfematatory sgdnis (NS 4Us) such astpgopiewicarid

tenperature and will. therefpre nmelt in the regtumto rel e the drag. Such
mat er icgflé’ aklyEs Rﬁg—e aié'%‘B b 5@}0}‘31?{8%660?&‘/%?’&‘9 PGy r;?ge se.n%ﬁ\%ai ti onal ?3 t ﬁg
CONMPOUBAISpreRN, MEprafbil MubiRoRE, Buprofdi irdopfbedd, ketoyrdTyn, iRiedsofh, S@rétdnons or

ointnments. Still further, transdermal delivery of the subject conpounds can
be accB@pIoZiheHPIYeBERRePHEen, SeRotianpienisacidrnd tirapiokd), 4cREC a@dr t opi cal
use, c{e | nt ' | | 4t . | cont ai ni ng
g colstRiues P FRAREAR, pldindR b RNR, aphERRRSLARS fofifionac D

t opi cakendpzit acid} featiadas, fatcfonarpibnfenhq isoxepatg) expinac, yskndat, tapitde, whsbis and

argl es : . o L :
garg zidometacin and zomepirac), fenamic acid derivatives (e.g., flufenamic acid, meclofenamic

acid, mefenamic acid, niflumic acid and tolfenamic acid), biphenylcarboxylic acid derivatives
(e.g., diflunisal and flufenisal), oxicams (e.g., isoxicam, piroxicam, sudoxicam and

20  tenoxican), salicylates (e.g., acetyl salicylic acid and sulfasalazine) and the pyrazolones (e.g.,
apazone, bezpiperylon, feprazone, mofebutazone, oxyphenbutazone and phenylbutazone);
(g) cyclooxygenase-2 (COX-2) inhibitors such as celecoxib (Celebrex®) and rofecoxib
(Vioxx®); (h) inhibitors of phosphodiesterase type IV (PDE IV); (i) gold compounds such as
auranofin and aurothioglucose, (j) etanercept (Enbrel®), (k) antibody therapies such as

25  orthoclone (OKT3), daclizumab (Zenapax®), basiliximab (Simulect®) and infliximab
(Remicade®), (1) other antagonists of the chemokine receptors, especially CCR5, CXCR2,
CXCR3, CCR2, CCR3, CCR4, CCR7, CX;3CR1 and CXCR6; (m) lubricants or emollients
such as petrolatum and lanolin, (n) keratolytic agents (e.g., tazarotene), (o) vitamin D3
derivatives, e.g., calcipotriene or calcipotriol (Dovonex®), (p) PUVA, (q) anthralin

30 (Drithrocreme®), (1) etretinate (Tegison®) and isotretinoin and (s) multiple sclerosis
therapeutic agents such as interferon -1 (Betaseron®), interferon (-1 (Avonex®),
azathioprine (Imurek®, Imuran®), glatiramer acetate (Capoxone®), a glucocorticoid (e.g.,

prednisolone) and cyclophosphamide (t) DMARDS such as methotrexate (u) other
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[0094] The conpounds of this invention may also be coupled a carrier that
Is a suitable polyners as targetable drug carriers. Such polyners can

i ncl ude pwbyvemypbpyrrolidone, pyran copol yner, PCT/US2006/024313

pol yhydr oxy- pr opyl - net hacryl am de- phenol , do e

ol yh I I Xi Si

poly YQbﬁ%ﬁﬁﬁd@%hcﬁ%)ﬁ sgﬁ@%gxg ¢ an@pr (ﬁ% Qlyeo? I?‘][yﬁ]'é)xg {9& ]

substituted wth pal mtoy rm)re >of the

i nvent ID}pemm%aJhlmec antphetdbcblﬂesasmhras amthmjmie benércghtonginianinpiedtadarbl e
pol yrre sef ont rolled release of a drug, for exanple

hi
pol yI a tﬁﬁsl a@@ﬁ%’b o8 &@PHW%M RiE b e dmgtera@tgcpfcasm&hlcme
I I I I 0 ut cid
bol yor I‘II‘S3*?5%?Eét“’p%ﬂ%%ifﬁéIﬁmg‘é?@y%@I&SI@%@I%fﬁ% L e T S
cro8s mmaykedagied ang il dedend upbw e affeotive/dose of ezichhﬁglrfe@ﬁﬁi SGGIBQEUW s and

f d t haped articles, such as
val ves cHEgiiSe oY feh g eaddh Bk, R ermee: vhen gmsmmdeﬁﬂmrn@m of the
I nvent iBRntibMR GRIBAVANG1Ph, NRA TDNKE Ve Pra'tl oF PG d%f H’l%l {1

g‘h 'S gr af t

sem perneabl e polyner matrix t as a s
devi ce mvcznthmgtoﬁbq SdeDIWébgann@HDIrsmsfann Mncdm llao&d t@yb@ft?RllODO Ofeferdbly yet

anot her l,nvention provide t hods of treating

OCR medP et 2@63 tﬂ&F?‘I@n‘@ﬁ)o Fripations ng} C&ﬂﬁ??ﬁ(ﬁ?@ﬁ? Rpse invegtion ared other/i ng
suth a aﬁti&&ﬂﬁ%@dféﬁtsﬁﬂﬂcﬁehéﬁﬂy aRo b8 %1@1?@&1%'&1%51111& {IG&‘I”%}{%%%@IITRE% &le, 3n
conpound of formula | above. The bject” is I ne ereinto lndlude
ani mal §fte¢tivg dase plaepshiagtivy lngnedwnh@oubhbe ysod. | i m ted to, primtes (e.g.,
humans), cows, sheep, goats, horses, dogs, cats, rabbits, rats, mce and
t he Iike.[0096] CCR provides a target for interfer| ng with or pronoting
specific aspects of immne cell functions, or nore generally, with _
functi gs agSocupigey Wi th CCRI expression on a w de range of cell types in
a mammal , such as a human. Conpounds that inhibit CCRI , are particularly
usef ul for nodul ati ng nonocyte, macrophage, |ynphocyte, granul ocyte, NK
cel |, HH40] cé‘ﬂkfouwemdrerinmples:eﬂeloffan@monbmnuat@buamﬂ te Hmlitehe clafide deri ved
ce anpl e, osteoclasts) function for therapeutic purposes.
AcL%rg{n% ot 'EnI::e present invention is directed

[0111] Reagents and solvents used below can be obtained from commercial sources such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA). 'H-NMR spectra were recorded on a
Varian Mercury 400 MHz NMR spectrometer. Significant peaks are provided relative to
TMS and are tabulated in the order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m,

20 multiplet) and number of protons. Mass spectrometry results are reported as the ratio of mass
over charge, followed by the relative abundance of each ion (in parenthesis). In the
examples, a single m/e value is reported for the M+H (or, as noted, M-H) ion containing the
most common atomic isotopes. Isotope patterns correspond to the expected formula in all
cases. Electrospray ionization (ESI) mass spectrometry analysis was conducted on a

25  Hewlett-Packard MSD electrospray mass spectrometer using the HP1100 HPLC for sample
delivery. Normally the analyte was dissolved in methanol at 0.1 mg/mL and 1 microlitre was
infused with the delivery solvent into the mass spectrometer, which scanned from 100 to
1500 daltons. All compounds could be analyzed in the positive ESI mode, using acetonitrile /
water with 1% formic acid as the delivery solvent. The compounds provided below could

30  also be analyzed in the negative ESI mode, using 2 mM NH4OAc in acetonitrile / water as
delivery system.
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to conmpounds which are useful in the prevention and/or treatnent of a w de
variety of inflammatory and i munoregul atory disorders and di seases (see
Saeki, etwal2007/@2msent Pharmaceutical Design 9:1201- 1208CTaG0@)N24319097]
For exarrpl e, an instant corrpound that inhibits one or nore functions of

CCRI .
or ceﬁalﬁz et elo EsBe of i tivefion o BYS R ATaRaipel | PETE O
one o rﬁs1h§'5mbﬂééc@6ﬁm%&o ﬂw&hleam@nkwcmleaf@sreamrmem ’

infil axi s, exocytosis (e. enzynmes, hlsta e
i nfl aﬂmwzmmylamﬂddm\@hvwméammmménds iths ltné@pthn&fe P H%cyt e

o 1 nelbovhae i fheqgsseRtappygeom th e inioRf o PG G RReck %E"éﬁ’& method.
[ 0.‘9 (9%%{?&& BY #Rrakpipefhzin $ha Rbtefoai@astichubbigit prReasoiEatere thamed fimne functions

Is adm™nistered to stinulate (induce or e ance an i nfl ammat or
res pons@mescigsoarees. eTkese pommengigh seioshinchig P?ég%‘%}é ergical GR-08F S e, g. 01}/

e G M R s e o L

can b@h@ﬁﬁéa‘l’d tS@Qné Qh@lﬁi@bﬁ@o baﬁﬁ@ﬁﬂeﬁ{}hdm]fcemq) PTET-Ant@Ra] Alh desaePavrid
condi tions associated with inflammati on, 'kmmne di sorder,s a i nfection can

be t r Ehendcals iand GHSChamipds @prtqlaéelﬁya@géw PIPErazing CQAPOYgs 0% or r od
Odl gﬁ@r@%ﬁ%g&?&%‘s Birs cﬂﬁ&jbé P&E‘p eﬁ a9 BEschiBedMH 19 K. phxenek '\ﬁblﬁﬂﬁo@f i une

macr op ocyte, granul ocyte, cell, mast
cel I myendmo@mmmb lconteiits oﬁwﬁlajhns hanhyumcd@prat@bmw antxcefty)for@klamﬁwws

|
O e e i e P B TR s i bR RGNhRh Rk
di seagfs A %@ﬂ\'ef %&Rﬁeﬁii‘ﬁl d’b@ilﬂ&i STPrek&d ¥4 e astifodsQkldR)BiHg asuitabliyer

speci es can reat nmodul at ors 'of CCRI" function, These di seases or
condi toptindzddnaikedenck 43 the kbatylgingt diseriheddn thahody 8€ thiy BVERIQR- anaphy | axi s or
hypersensitivity responses, drug allergies, insect sting allergies and food
alllser qoess] (Bhe knfibamme aftyvilla¥wlrecognize that alternative methods may be employed

to synthesize the target compounds of this invention, and that the approaches described

within the body of this document are not exhaustive, but do provide broadly applicable and

practical routes to compounds of interest.

[0114] Certain molecules claimed in this patent can exist in different enantiomeric and

20  diastereomeric forms and all such variants of these compounds are claimed.

[0115] Regioisomerism is a common property in organic chemistry, and is especially
common with regards to certain structural types provided herein. Those skilled in the art will ,
recognize, with respect to the compounds described herein, that the coupling reactions with
the heteroaromatic ring systems can lead to either one of or a mixture of detectable

25  regioisomers.

[0116] The detailed description of the experimental procedures used to synthesize key
compounds in this text lead to molecules that are described by the physical data identifying

them as well as by the structural depictions associated with them.

[0117] Those skilled in the art will also recognize that during standard work up procedures
30  in organic chemistry, acids and bases are frequently used. Salts of the parent compounds are
sometimes produced, if they possess the necessary intrinsic acidity or basicity, during the

experimental procedures described within this patent.
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di seases, such as Crohn's disease, ulcerative colitis, ileitis and
enteritis, (3) vaginitis,(4) psoriasis and inflamatory dermtoses such as
dermatitiwp 2eczep®3 atopic dermatitis, allergic contact pderusedocton4s13
urticaria and pruritus, (5) vasculitis, (6) spondyl oarthropathies, (7)

scl eroderma, (8) asthma and respi E%&%Xe fl| | ergi c di seases such as allergic
asthma, allergic rhinitis, hypersensitivity lung diseases and the like, (9)
aut oi mune di seases, s fi,br omyal agi a, scl eroderma, ankyl osi ng
spondﬁypa?"él,s ‘]%ﬁéﬂyllaéo'léﬁ"‘%ﬁ?ﬁ"i“?@edi sease, polyarticular juvenile RA

pauci articular juvenile RA_ p nyal gi a rheumatica, rheumatoid arthritis,
psoriatic arthritis, ostegarnfhriti $HNol yarfiguhar arthritis, nultiple
sclerosis, system c |upus tihematRsus, type” yi'di abetes, type |1 diabetes,
gl onerul onephritis, and the like, (10 graft rejection (including allograft
rejection and graft-v-host disease), and ( 11) other diseases in which
undesijoer$]i ni-CamrepdosmylpgHons€ss.02 gj Mdunmol)ilsomilgylsydaazind (40meL.,i nhi bi t ed,
such as cardiovascul ar di sease including atherosclerosis and restenosis,
nyési teiksess))and dideaen(©0 ahl ) eediconbired it e sepled tbg hed heatedsatdiSe & &5y 16 hr.
encephalitis, nmeningitis, hepatitis, nephritis, sepsis, sarcoidosis,

al | er gifterconliingtotroemttémperatureiths sadvand mas evaporatedin waeup gl nrovide ¢ ctideease,

[ iti. hcet's. dr. d t ' . I f
a1 er gredieont S BTSN T SelStor R 2F R, Ch IS o 0h e Bied 1
di seasggh Mhtef GUALL), Bfific ¢30MmiG ahd BAEEEvetahflydTBsiHodiuat sultite. IR solwumet i on.
Exanpl es of diseases to be treated with nodul ators of CCR functjon include

cancervas rempdedinavend arpravide d SeryraznlelBkeloyridingas a yelow peydercehish gras

neqvascul ari zatd - 1.0l i I : i i

it P b iAd e it R, FClRTER B 100 PRARSS mif ELUNAEPO BT,

i nf ect@®)2.1a060 hagtpr BRPC] nhbaiin Aow)ratena?2 Srmuppadigproé26%ate 10D%eB yeth such as
organ transplant caonditions, and skin, transplant.. c Lpions. The term "organ
CF ane ol hn BORAR BRSS! S hRAprris aPid) B SO o Sih TG BT b

condi td.on: j A Siofitrilel dney, liver, lung, heart, pancreas or
conbi nfgﬁlﬁﬁgr?e{ag’esf@yfa%rﬁ a%%paleant cgEdi tions. [0102] The conpounds of the
present invention are accordi ngl ydéjsml in the prevention and treatnent of
a wide variety of inflammtory and MRIRSregul atory disorders and

15  Synthesis of 3-Thiazol-2-yl-1H-pyrazolo[3,4-b]pyridine.

N

0 M-S
N S NHaNH x4
mj I Z N'N

7 N
N” ¢l Dioxane, 150°C N

x

[0119] To a suspension of 2-chloro-3-[(2-thiazolyl)carbonyllpyridine (257.5 mg, 1.2 mmol,
1 equiv) in dioxane (3 mL) in a sealed tube was added hydrazine (2 mL). The mixture was
heated at 150 °C overnight, cooled to room temperature and concentrated in vacuo to provide

20  acrude residue. The resultant residue was diluted with dichloromethane (300 mL), washed
with water (50 mL) and brine (50 mL). The organic layer was separated, dried over sodium
sulfate, filtered and concentrated in vacuo to provide 3-thiazol-2-yl-1H-pyrazolo[3,4-
blpyridine (212.3 mg) as a yellow powder which used without further purification: LCMS
(ES) M+H 203.5, R¢ 2.68 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5y, 35 °C, 1ml/min

25  flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at 100% B; A=0.1%
formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9%

acetonitrile).
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di seases. [0103] Depending on the disease to be treated and the subject’'s
condi tion, the conpounds of the present invention nmay be adm ni stered by
oral , parwotes7ao2fee. g., intranuscul ar, intraperitoneal, pcutusassnoisss | CV,
intracisternal injection or infusion, subcutaneous injection, or inplant),
by inplantation (e.g., as when th corrz f?md is coupled to a stent device),
by inhal ati on spray, nasal, vagin mMpst sublingual, or topical routes
of adm nistration and mag be faorml a ed, alone or toget her in suitable
dosageSymthesis of L Psrazetd 3 4 pEridmndYlmiBent i onal non-t oxi ¢ phar maceuti cal Iy
acceptabl e carriers, adjuvants and vehicles appropriate for each route of
adm ni stration. [0104] In t gh{eat ment or_pr %ntl on of conditions which
requi re chenol dne receptor @;I ° pp opri ate dosage level wll
general |y be about 0.001 toniD® nfPPei®iéy pétilent body wei ght per day which
can be admnistered in single or multiple doses. Preferably, the dosage

| evel ! ShydFh%ifle BRI Y and didHage PIOBIRLAREN about
0. 05 t[gﬁ(ﬂout C%g(%g% %% 1@1{1)@%\7 gsgu}ll):m;b eee(p;sage | evel ?rg{/ be gbout 0.01

t 0525 copdineddiara sndalyd txﬂabcaud heatedbatt IS0TC foy ! & §r.pEhe tragtiommixdwgrasgoglet do 5

ng/ kg per d : Wth t hi e the dosa ma be 0.05to
0.5 orr% 'ﬁ’ﬁf ﬁ‘g?at%d;’\% vaﬁ%orto(ﬂrgyl qesrf’?gltl Oﬁ‘e rg%gtaggrrpom tions
are prl%&@ﬁ@%y di@édzwcﬂ%tuyn abdife (VOMPS aﬁcabhﬁiea vﬁ@mamrmem Wall Soltiord (OO
mlligrams of the active’'ingredient, particularly 1.0, 5.0, 10.0, 15.0,

20. 0, 185).0Th&erganictayenway doedover sodiom spifatepfiliosd, @d ‘cgneentrated g vecuodgo 0,

600. 0, 800, d,10 # ngredi ent
for thaefzo§8r]r& (QWP@B %%MIH? -yl%mlgxgagggk 121%%9{'1@%&5 &{éﬁlesg(?%ﬂg e treat ed.
The cofpaensigifsatohe adm nistered on a reginen of 1 to 4 tinmes per day,
preferably once or twice per day. [0105] It will be understood, however,
that the specific dose |evel and fﬁﬁgﬂﬁé‘ﬁy of dosage for any particul ar
patient may be varied and will depend upon a variety of factors including

t he ac t he s A ound enpl oyed, the netabolic stability and
Iength thﬁ%ﬂ’% d%y"?ﬁzi’:ﬁ ﬁBg “the age, body weight, hereditary

characteristi cs| @pergl pyrheaﬁme sqgg,o@,r;\gzo NP, o @N
Z N’

t
N Ny
NP, NH N

Ac Ac H

[0121] Preparation of of 3-N-acetylamino-4-methylpyridine: To solution of 3-amino-4-

15  methylpyridine (540.2 mg, 5.0 mmol, 1 equiv) in dichloromethane (20 mL) was added
pyridine (0.8 mL, 10.0 mmol, 2 equiv) and acetic anhydride (0.57 mL, 6.0 mmol, 1.2 equiv).
The resultant solution was stirred at room temperature for 16 h and concentrated in vacuo to
provide a crude residue. The residue was diluted with dichloromethane (200 mL), and
washed with saturated sodivm bicarbonate aqueous solution (50 mL) and brine (50 mL). The

20  organic layer was separated, dried over sodium sulfate, and concentrated in vacuo to yield 3-
acetylamino-4-methylpyridine (400.2 mg) as yellow solid which was used without further

purification.

[0122] Preparation of 1-pyrazolo[3,4-c]pyridin-l-yl-ethaﬂone: To a suspension of 3-
acetylamino-4-methylpyridine (301.5 mg, 2.0 mmol, 1 equiv) in toluene (3 mL) was added
25  tert-butyl nitrite (~BuONO) (420 pL, 3.2 mmol, 1.6 equiv), acetic anhydride (560 uL, 6.0

mmol, 3 equiv) and potassium acetate (235.2 mg, 2.4 mmol, 1.2 equiv). The resultant
mixture was heated at 80 °C for 2 hours, cooled to room temperature, and diluted with ethyl

acetate (200 mL). The mixture was washed with saturated sodium bicarbonate solution(50
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diet of the subject, as well as the node and tinme of administration, rate
of excretion, drug conbination, and the severity of the particular

condi ti orwbanodoe2osubj ect under goi ng therapy. [0106] Di seaamssooane3i3
conditions associated with inflanmmation, imune disorder, infection and

cancer_.can be . v 1 : :
conpodt ik St AR ER SindCRYInh Fhplrbadit BEaPkasal SarRaRsultte spd,
E; S?ﬁ@b?édlﬁﬁ?@gli@?q(?@?p bﬁax@dﬁﬁ)d:t crodelresidul Théesidne was pudfedbylflagposi ti ons
el ate it '
't er abtomaagrrs(cilise] CHatot JooHRe BEDF e DL BT HEr BBENE FFENS and
di seases, I neludi ne..i nf j e Rchdd
ost eoaary_fwh'ffag,‘%‘?%;@%wi TSRO 070w HicR 3PS Brd IR FRr PSS o
scl erosi s, i as) i iti
t hboe [Btiol SENbBIS R IuPaBENEL A ARBI "o O SRBHOB OF ATt ot o
preventi on.of, b ' r j i) Blett M dRfaaR ! taagi ti
asspcicalﬁe%gh%é _r?ye1 r%ft%azlg},g@ {Zr?gﬂggé%gﬁ%ﬁ%%g%%ﬁ)sﬁéﬁgﬁgg nposi t(iggﬁjs) a%gly Ib: usedin
SOHJ !thtﬁéth@r[bll\_«).ﬁ mlgrwanidded sddiamintoxideaquenvalsgasios (2ded2S smIoh T an opi ate
oni i A .
2 oyc sistippenbuen rimeBre bR osneRmbe T e 58 Ryb IRa dabghiRiet iy v B Yoo
| nter logﬁ-Hlfi'dQ a'cmuet}hstigﬁe. TR uESrefiBud Fhedil@stkivith yatetROhiTland aRtrAVER
antagoni st, an inhibitor of nitric oxide or an inhibitor of the synthesis
of10ni twitke dinklodemethameo@ >s t @ widalhaeambined prganiadasiers werertashed with brive,
BieP WeeITra !

cyt oki ne- suppressi n nti .infla tory a for j t . d
o B e e i e
ket or o} aghitd FyviRIdk, NPhick aRidGHGbut RigResRifidation] LOMS (BF) M+Ht1a0H, ®al0.22

anal gesi c, sufentanyl, sunlindac, tenida

i nst anmim@rgﬂf@uhagba?n 83@%851i % PO HEN. PRy 358?&@% /Hglg%@kvle‘gtewgwré‘h?é’!ﬁﬁie 2 iec
1 st ed@% & LB b 311OhiSWER A5 06ATE, D6 9 Rrife AT ASANbSOn{AID.

raniti I cone, um num or  negnesi um hydr oxi de; a decongest ant

suh asd.phienates Bh 018, fophenadids Shanaérabil.At, acpeeitdidphedri ne, oxynet azol i ne,
ephi nephrine, naphazoline, xylonetazoline, propylhexedrine, or |evo desoxy
ephedrine; an antitussive such as goqges. hydrocodone,

Synthesis of 3-Iodo-1H-pyrazolo[3,4-b]pyridine.
l

N 12, KOH N
N B

Q,
DMF, 0°C to r.t. N ]

[0124] To a solution of 1H-pyrazolo[3,4-b]pyridine (500.0 mg, 4.2 mmol, 1 equiv) in DMF

20 (10 mL) at 0 °C, was added iodine (2.13 g, 8.4 mmol, 2 equiv) and potassium hydroxide (943
mg, 16.8 mmol, 4 equiv). The resultant mixture was allowed to warm to room temperature ‘
and stirred for 1 hour. The reaction solution was slowly quenched with saturated sodium
thiosulfate (Na;S,0s) solution (10 mL), and extracted with ethyl acetate (2 x 200 mL). The
combined organic layers were washed with water (3 x 50 mL), brined (50 mL), dried over

75 sodium sulfate and concentrated in vacuo to give 3-Iodo-1H-pyrazolo[3,4-b]pyridine (1.02 g)
as a yellow powder which was used without further purification: LCMS (ES) M+H 246.2, R
2.17 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5p, 35°C, 1ml/min flow rate, a 2.5 min
gradient of 20% to 100% B with a 1.1 min wash at 100% B; A=0.1% formic acid / 5%
acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile).
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caram phen, carbetapentane, or dextronethorphan; a diuretic; and a sedating
or non sedating antihistam ne. [0109] Likew se, conpounds and conpositions
of the prweend7/domsenti on may be used in conbinati on w t IrCotusesocde43gs t hat
are used in the treatnent, prevention, suppression or anelioration of the
di seases or conditions for which g%%giénéjs and conpositions of the present
i nvention are useful. Such other drugs nay be adm ni stered by a route and

f | h | th
;“Csapsz%w%gmmmuﬁ- BeesRPh DS e et e B ARG o
CO”DOEJ[yh S]B?rlﬁﬁ?esﬁ-gi;tﬁ%@tdnﬂrl -[45(4UaR6k SO THRTRSLABMANFpReny)LD: One or

nor e a pharimaceuti cal conposition containing such other drugs
in addm-mﬂl)ﬂplnehamdmﬂbmrmol@[&ﬂpﬂm’ndm-%ﬁ’letth%nqmesent invention is
preferred. Accordingly, the pharmaceuti cal corrp05| tions of the present
invention include those that al so contain one r):g\reoot her active

i ngredients or therapeutic agents, in additi€ NaN und or conposition
of the present inveption. Exanples of other tderapewti c ents that naybe

conbined with ag ,a/Qr co { {1 ogoOf the present ention, either
adm ni stered sepayate ai’n t saﬁmr maceut i cal corrposi tions,

i ncl ude, but are "ot Iimted to: (a) VLA-4 th {@

corticosteroids, such as becl onet hasone, net jig ed('l ng bet anet hasone,
pr édni sone, pr eni sol one, dexanet hasone fI ut f”iﬁ’asone hydrdcorti sone,
budesonl d m:l n | on ter sal or met erol ;
(c) gz (% %&‘I’TO’ Sl o‘%’ﬁg’f’?‘ {)‘g‘@ﬁ%‘ﬁtﬁﬂé e a{ndl mune(r),
Neor a DRkl (4. 9108, 1425 0@k, (I dqliiv)! Bl 5 110byriditss (2.27
Rapanﬁg aiﬁfﬁ dﬁgt her1 E{ir gt ype |m*runosqhnv)r es?gyﬁtswan b%rrycophenol ate,
e.g., gntédpmemol, dt2eequir)earid po(t@enunwpbqna}f) (20(0@)& A3 2anmela i) G@dv) were

-hi stam ne antagoni sts) such _as_bronophenj ranine,_ ¢ eni r.am ne
dexchl Gssohediin drm%bylfqrmaﬁv@ﬂ GIHYIHE(W&PE)TE&‘;( hegted 8P hgﬁpﬂ?*am fhen cooled
di phenyl pyraline, tri am ne, hydr i.ne thd| t hazi ne,
t rl0 rreﬁPé?‘i’fﬁéemﬁ%é‘P‘éFdl ﬁﬁt&%‘i‘i‘g‘ﬁ?@d’f ar‘ig%éﬂt‘ﬂ?b Hleace{? eﬁaﬁgr‘% il
pyri| W?tﬁtv@zﬁhz(@lxelSOtrﬁU Erﬂﬂﬁiﬂ'ée(lod) airat ade aeganﬁﬂhyérlvzasrmwdf(mmmam ne,
descar oet oxyI or at adi ne,
and concentrated in vacuo to pr0v1de a crude residue. The crude residue was purified by
flash chromatography (silica, 100% ethyl acetate with 1% triethylamine to 100% acetone
with 1% triethylamine) provided 1-[4-(4-Chloro-2-fluoro-5-methoxyphenyl)-2-(S)-
15  methylpiperazin-1-yl]-2-pyrazolo[3,4-b]pyridine-1-ylethanone (2.3 g) and 1-[4-(4-chloro-2-
fluoro-5-methoxyphenyl)-2-(S)-methylpiperazin-1-yl]-2-pyrazolo[3,4-b]pyridine-2-
ylethanone (2.5 g).

[0126] For 1-[4~(4-chloro-2-fluoro-5-methoxy-phenyl)-2-(S)-methyl- piperazin-1-yl}-2-
pyrazolo[3,4-b]pyridine-1-yl-ethanone; LCMS (ES) M+H 418.5, Ry2.34min (Agilent Zorbax

20 SB-C18, 2.1 x 50mm, 5y, 35 °C, 1ml/min flow rate, a 2.5 min gradient of 20% to 100% B
with a 1.1 min wash at 100% B; A= 0.1% formic acid / 5% acetonitrile / 94.9% water, B =
0.1% formic acid / 5% water/ 94.9% acetonitrile): For 1-[4-(4-chloro-2-fluoro-5-
methoxyphenyl)-2-(S)-methylpiperazin-1-yl]-2-pyrazolo[3 ,4-bpyridine-2-ylethanone; LCMS
(ES) M-+H 418.5, R¢ 2.00 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5y, 35 °C, 1ml/min

25  flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at 100% B; A= 0.1%
formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic aéid / 5% water/ 94.9%

acetonitrile).
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the like; (e) non steroidal anti asthmatics {e.g., terbutaline,

nmet aproterenol, fenoterol, isoetharine, albuterol, bitolterol and
pi r but er o206 eepbyl | i ne, cronol yn sodi um atropi ne, i pcatuse@ocoesins om de,
| eukotri ene antagonists (e.g. , zaftnlukast, nontelukast, pranlukast,

i ral ukast, pobilukast and SKB- 106?22%%,] J7eukot ri ene bi osynt hesi s inhibitors
(zileuton, BAY-1005); (f) non stefd antl - i nfl ammat ory agent s ( NSAI Ds)

such as opi oni ¢, aci d derlvatl i nopr of noxa

bucl oxf‘ﬂelg ot To (4 hlerp-2-flugke; e‘ﬁeé‘Pg?@BP lg]?r &? F‘@S“' l‘”fzi“hﬁﬁ%fof en,

i bupr ndopR " fen, naproxen, oxaprozin,

pirpro :dr*”z%:ggpi{)f‘ta?[}l"[ﬁ g@ﬁ?&lﬁﬂ ggl{—’g%% c acid and tioxaprofen), acetic
acid derivatives (e,g., indomethacin, acemetacin, falcl ofenac cl i danac,

di cl of enac, fencl pkenas, o encl aci Gego enté,a@_,(? Df c, ibufenac,

i soxepac, oxpi n%’c& "&ag +1 c-j;z—eanﬂe ne='zi td wg_ n and

zomepi rac), fenam c acnd deri vatl es ('@”F §c f I'Uf enani € am\dl mecl of enam ¢
acid, nefenamc acid, piflumc acid and tol fenam c aci d),

bi phenyl car boxyl |;;,B@p[ob deriyatives (e.g., difmisal and flufenisal),
oxicams (e.g., isoxbcath C,W Xi cam and t enoxi can), salicyl ates
(e.g., acetyl sabirylic aci)@ and s sal azi ne) and the pyrazol ones (e.g.
apazone, bezpi peryl on, feprazone nofebut azone, oxyphenbut azone and

phenyl but azone); (g) cycl ooxygenase- > (COX-2) inhibitors such as celecoxib

(Cqf eb(/q?@r ) by c@?ﬂtl RbE ‘?gzﬁ é@ cﬁl\c{k&é)ﬁdb}a 5 &&ﬁoiﬁﬁﬁ&ﬂyi)oi—ﬁg)%etﬁﬁofﬁﬁmﬁhe5t erase

type | conpounds such as "auranofin and aur ot hi ogl ucose,

Q et ahatlef- 10@E|plyraab(0r{3 - b]pmdmﬁtylbofbynqme T exnpayed veas spatherdeddone

CKT3 | b b S | ect d fl b
ERem 2:%8 i 't%%mﬁy"g'%ﬂﬁ %‘??gi‘é‘%f)oopﬁﬂ&% l%r 'q?P q(ﬁelrmmlil ﬁg §;2:)ep?2r sI nes:o)élc:lrr?tl ly

CCR5, CXCRZ CXCR3, CCR2, CX3CR and CXCR6
| ubri cH¥28] oSyrthesis o%h{%(%déama%ﬂpm%mhwmny%%ﬁ)wet%ﬂwlmfé%% drytic

agents (6. 4. ZAl 0 ni_ cRl@ppetriene

or cal¥ ﬁ po rc{xg%ﬁ%lﬁ%ﬁ%%%@[ﬁfi]@ \8&1&3 )%#gant r a;é:gﬁm?%? arzoc r(g r)),

(rdo et 0.6t nuasle3 edwg) maatrahyirafogni(s atl)endeaaiitro gakt(®plent, twasladdsk| er osi s

th t t h f b- | B t f b- |

a ?L\S gq?,rlépltvgs)e?i euril:ylshtlsulfl%l (2a§ M I-?c(xagfr: %30 pL, 0%4 e sjeerq%%)r )ﬂ'xe résultant ' o1 (
mixture was stirred at -78 °C for an additional 30 min followed by the addition of ZnCl,

_.1

(0.5M in THF, 1.5 mL, 0.72 mmol, 4 equiv.). The reaction solution was allowed to warm to
0 °C and stirred 1 hr followed by the addition of 1-[4-(4-chloro-2-fluoro-5-methoxy-phenyl)-

15 2-(5)-methyl-piperazin-1-yl]-2-(3-iodo-pyrazolo[3,4-b]pyridin-1-yl)-ethanone (100.2 mg,
0.18 mmol, 1 equiv) and palladium tetrakis(triphenylphosphine) (22.3 mg, 0.018, 0.1 equiv).
The reaction mixture was then heated to reflux for 48 hr, cooled to room temperature and
diluted with ethyl acetate (150 mL). The reaction mixture was washed with water (20 mL),
brine (20 mL), dried over sodium sulfate, and concentrated in vacuo to provide the crude

20  product. Purification by preparative HPLC provided the desired product 1-[4-(4-chloro-2~
fluoro-5-methoxy-phenyl)-2-(S)-methyl-piperazin-1-yl}-2-(3-oxazol-2-yl-pyrazolo[3,4-
blpyridin-1-yl)-ethanone as a white powder (38.5 mg): LCMS (ES) M+H 485.5, R¢2.56 min
(Agilent Zorbax SB-C18, 2.1 x 50 mm, 5y, 35 °C, 1ml/min flow rate, a 2.5 min gradient of
20% to 100% B with a 1.1 min wash at 100% B; A= 0.1% formic acid / 5% acetonitrile /

25  94.9% water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile).
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azat hi oprine (hnurek(r), Inmuran(r)), glatiramer acetate (Capoxone(r)), a

gl ucocorticoid (e.g., prednisolone) and cycl ophospham de (t) DMARDS such as
met hot r exsoeoqa2dsher conpounds such as 5-am nosal i cyl i ecaaisdooanes3ps odr ugs
t hereof ; hydroxychl oroqui ne; D-penicillam ne; antinetabolites such as

azat hi opri ne, 6-mercaptopurine an rret Eogr exate; DNA synthesis inhibitors
such as hydroxyurea and mcrotubu gk pters such as col chicine. The

wei ght_ratio of th(ei‘clﬁ nd of tri‘& esent |ont f} codactlve
i ngr edPythesiugf Iytd-(Aashlerp-Znmethpxyphsn Pl‘&'e[ﬁ%‘h eﬂ‘yiré%‘{P é{s €each
ngre I A - Th s, for
;xg di ?m aéﬁﬁg%glgr%p%‘uﬁcai{mgo'fg{éptfr@?%ﬁ ﬁylﬂé/lgﬁxtaa:ig}]‘f’: sl %Sﬁgl ne‘gg’(/‘\‘n tﬁ an NSAI D

t he Web]gptldhﬂt-z-ylediartohe conmpound of the present invention to the NSAID w ||
generally range from about 1000:1 to about 1:1000, preferably about 200:1

to about 1:200. Conbinations of a conpound o@,_@;m@ i nvention and

other active ingredients will generally also b t\a n el af or ement i oned

range, but in each case,,an effective dose of"Bach activ \/ gredi ent shoul d

be used. V. B@@E&j{l{@l% Tﬁejj\\ol | owtomg_exanpl es are offered to

illustrate, butediot to limit the ¢ ai eedthot nvent| on. [0111] Reagents and

sol vents used bel ow can be obtained fromco /‘sg{rices such as Al drich
Sp

Chem cal Co. (M| waukee, Wsconsin, USA). 1H-N edt ran recorded on a
Vari an Mercury 400 MHz NMVR spectroneter. Signf® |cant pea KS ¥re provi ded

0° Gouliiel’ HhEpRy BngEsmadtid Ferontariaf fbEline Pk aPbfitiotrugt i one.
Mass  SRREAINBanpIES UFSS] - BI-€1- C%%-B%tﬁ@xy&)h@lﬂgp&aﬁﬁ-lnﬁaa -B¥&holaBAr ge,

fol l owed by the reI atlvp abundance of each ion Si S In.the

exanpl dpyridingilngpthangne; \FRNMR (400G Mt CREINAY .8 MED(%H(SaH{hétOQdddM H)
ion co C ! of respond
to thefﬁeﬁzéryg? dlt}ﬁbr %ﬁad ﬁmlb g(fasiel@ 6?@@??@2’&%@@ oni zatl §,1?E§0§b' masg
SpECct r @metH)y3.a8 &y $HR ME§Mad)tasted Kor 1a4Hdvildbto- Racdhoxy phBRpiecizios pr ay
RSSO (3 b e 2 Vistacore: s Nidk A8 RLTz, cDCL) 6 8.65 (dd, 1H),

8.12(s, 1H), 8.02 (dd, lH), 7.20(d, 1H), 7.03 (dd, 1H), 6.45 (d, 1H), 6.40 (dd, 1H), 5.35 (s,

2H), 3.88 (s, 3H), 3.87 (m, 2H), 3.79 (m, 2H), 3.15 (m, 4H); MS (M+H)": 386.5.

Example 9

15  Synthesis of 1H-Pyrazolo[4,3-c]pyridine

@[CHO NHQNHz N| RN N
| —_— ‘
Z g Ethanol Z N

reflux

[0130] 1H-Pyrazolo[4,3-c]pyridine was prepared according to the procedure outlined in
Example 1. |

Example 10

20  Synthesis of 1-[4-(d-chloro-2-fluoro-5-methoxyphenyl)-2-(S)-methylpiperazin-1-ylj-2-
pyrazolo[4,3-c]pyridine-1-yl-ethanone and 1-[4-(4-chloro-2-fluore-5-methoxyphenyl)-2-
(S)-methylpiperazin-1-yl]-2-pyrazolo[4,3-c]pyridine-2-yl-ethanone.
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delivery. Normally the analyte was dissolved in nethanol at 0.1 ng/nL and 1

mcrolitre was infused with the delivery solvent into the mass

spect r omawvenrpomtedh scanned from 100 to 1500 dal t ons. APcTasewsondadss coul d

be anal yzed in the positive ESI node, using acetonitrile / water with 1%

formc acid as the delivery solvent. The corrpounds pr ovi ded bel ow coul d

al so be anal yzed inFthe negative ESI node, ug OAC in

acetonitrile / wa As deliver sstem[01124 nt&e(u ithin the scope

of this inventi Snﬁﬁﬂ\g synt h@%{i a&Yescrbed below, {using a variety of
S

reacti ons known #® t he ki I | ed artif sarpMvr.&csanpl e_of +usef routes to the

azai ndazol e derivatives and certai n conpounds t,he |d1vent| on are provided
bel ow or el sewhere within the present applic® mscrl ptions of
the syntheses that follow, sonme of the aryl plmweram ne a eteroaromati c

subunit precursors were obtained fromcomercial sources. These commerci al
sour ce)1BRL| a“ae twa aﬂp éwnmms ausre pthesized aecordigain the progpdureasiogtlined g

| ,

chon o s. PREIIECROEH fuoR SRRl RY Ritnyb SREIShGthy BIHEREER! 1.2 o
Chem CpﬂrrazolaﬂlQB Qﬁ%ﬂiﬁemﬂééﬂsanoﬁ.‘er LaMs (]E)Maﬁtﬂarsykpilﬁérrﬁnm(Agllem:trrpounds can
be commerci al léiObta QG hers could.b epared as de Crl‘%é%e)‘bn u. S.

Pat%ntz%&?ﬁils St 1|\R§501r¥¥lo%{3 337%, Ipigip HYVéﬁ 52 &1 W gAdi
| ncor ppgak ed, tﬁ'a 1fjlsm?rpfvh§hﬁatt¥06‘9rB‘aAL 0R%h P&ﬁﬁéaclé‘l/ 05 acstoRneR /dQAP@%m stries

have been errp oye the aryl pi perazi ne and et eroaromati c subunits
(whet hentee,drve h%efd)ﬂrmc abﬂainS%eWat(ar/ %r%ac@mlmle): heoritefdh@easShloet-luotsfng a

suitably_ o t| m z . such, acet in the body of
Chi s i FOBRRVEHS Do o Rty e p ek b iR -Veabuiohse 't hat

al ter nativie E@tM@HSuG%YRP?66%11‘(’3&@%&‘20%%?&8@@1892'1&esdrﬂﬁggh TpApounds of
this i nvent| on, and that the approaches descri bed within the bod of this

dotunetml/axie ﬂnmra@xhaégnin\@adlbmtof 86%piod V0B tyrited | y maipprasbabl @0%
i I d
P ht s F Rl o RO b v ENEE T 0 DR P BB Bl s, o o

in thi enant T OMeri e an ereoreric forns
and al hcetditilgpar i ants of these conpounds are cl ai ned.

Example 11

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-pyrazolo[3,4-
15 c]pyridine-l-yl;ethanone and 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-ylj-2-
pyrazolo[3,4-c]pyridine-2-yl-ethanone.

/ \ o
c! N N
% ) ~<_N,N\
MeQ =
s
N

O
I N N—(_ T ™ KaCOq
N/ Ci N._ = H’
MeO

DMF, 80°C —~ 0
N\_/N-—QN;:@\I
[0132] The two title compounds were synthesized according to the procedure outlined in
Example 6: For 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-pyrazolo[3,4-
20  c]pyridine-1-yl-ethanone; 'H NMR (400 MHz, CDCl3) 9.02 (s, 1H), 8.34 (d, 1H), 8.09 (d,
1H), 7.63 (dd, 1H), 7.22 (d, 1H), 6.48 (d, 1H), 6.42 (dd, 1H), 5.38 (s, 2H), 3.88 (s, 3H), 3.79
(m, 4H), 3.14 (m, 4H) MS (M+H)", 386.5: For 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-
1-y1]-2-pyrazolo[3,4-c]pyridine-2-yl-ethanone; "H NMR (400 MHz, CDCls) ) 9.22 (s, 1H),
8.13 (d, 1H), 8.10 (d, 1H), 7.50 (dd, 1H), 7.19 (d, 1H), 6.45 (d, 1H), 6.39 (dd, 1H), 5.37 (s,
25  2H), 3.85 (s, 3H), 3.76 (m, 4H), 3.14 (m, 4H). MS (M+H)", 386.5.
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[ 0115] Regi oi sonerismis a common property in organic chem stry, and is
especially common with regards to certain structural types provided herein.
Those skiwbedowom2i9ae art will recognize, with respect tecrhsecrpsunds
descri bed herein, that the coupling reactions with the heteroarongtic ring
systens can | ead to either one of ﬁ% r@pfpﬁture of detectabl e regioi soners.
[0116] The detail ed description of A experinmental procedures used to

hesd i g & hi | | ecul es th descri bed
byt no RSB IIPEC BB Ardrid- 4 Mo ThawvaBpspm i Far el
depi ot ibgperiansDyi-aeslont hid 1 TARY-Cildrl-AHRPSS-kiHok Ehtlellyh Mokt | @l SO

recogni ze that duri ng] standard work up procedures inh- org emstry,
aci ds ¥Hd2-pxsaelel34-hlpsvidiniyfetivmone.Sal t s of the parent conpounds are
soneti mes produced, if they possess the necessary intrinsic acidity or

basicity, during the experinental procedures descfibed within this
pat ent. Exanple 1 Synthesis of LH pyrazol o[ 3, 4¢ -<E»

a
{_/u-r(gi%mm]

2- Chl oro- 3-fornyl pygi dine (15.02 g, 106 nmol, n& equi V), razine (10 ni,
excess), and dig OQM) we ombined in a sealed t and heat ed at
150 0 C for 16 hr Aft—e(r—<egol*i nget@ reettenperature, the sol vent was
evaporated in vi&uo to provide a cfude™F&S due ch was diluted with

di chl oronet hane (600 nlL). The organic solutio NwasHed~pit h wat er (50
mL)5 brine (50 mL) and dried over anhydrous saeg um sul f at A he sol vent was
removed in vacuo to provide | -pyrazolo[3,4- ]Jpyridine as a yell ow powder
whi ch S3is hevivoliiletcoipothds were sithesited arcordEdo (ESrodbbddrd @@ided if 0. 20

B o 2 e e o e e o 2
aci g O/é g@ggﬁﬂgﬁegahb% /a IFr%rléigﬁ’(gs 8 rﬁégﬁg,—ggﬂ%%ﬁlﬁr(%ﬁelﬁ%%ix st £/
3- Thi a¥e01pmy fu 35 ylimlaeinglogy wicpgya indfi gradient of 20% to 100% B with a 1.1 min
10 wash at 100% B; A= 0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid
/ 5% watet/ 94.9% acetonitrile): For 1-[4~(4-Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-
1-y1}-2-pyrazolo[3,4-b]pyridin-2-yl-ethanone; LCMS (ES) M+H, 404.5, R¢ 1.76 min (Agilent
Zorbax SB-C18, 2.1 x 50 mm, 5, 35 °C, Iml/min flow rate, a 2.5 min gradient of 20% to
100% B with a 1.1 min wash at 100% B; A= 0.1% formic acid / 5% acetonitrile / 94.9%

15 water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile).

Example 13

Synthesis of 1-[4-(4-chloro-2—ﬂuoro-S-methoxy—phenyl)-2-(S)-methyl-piperazin-l-yl]-2-
(3-thiazol-2-yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone.

F N/ﬁ F N
M P b5 § § P 0
cl N N K;CO cl N N Na
M‘Q" \—§—<—Cl + ' N ’ 2003 \_Q—QN}ELS
eQ P Q =
N/

N { DMF, 80°C Me

IZ -

20 [0134] The title compound was synthesized according to the procedure outlined in Example
6: LCMS (ES) M+H 501.5, Rr2.82 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5y, 35 °C,
Iml/min flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at 100% B; A=
0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9%

acetonitrile).
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[0119] To a suspension of 2-chloro-3-[(2-thiazolyl)carbonyl]pyridine (257.5
ng, 1.2 mmol, 1 equiv) in dioxane (3 nm.) in a sealed tube was added

hydr azi newO2o00mkgo2293he m xture was heated at 150 C over nieghmtus2a@eobads t o room
tenperature and concentrated in vacuo to provide a crude residue. The

resul tant residue was diluted w thgginghibgqonmet hane (300 nl), washed with
water (50 mL) and brine (50 nL). The organic |ayer was separated, dried

over il rat ed in vacuo to provide

3- thlagg :ﬁﬁiﬁ@a ga§%§g§§;§ﬂ949@§§ﬁ§%% (212.3 ng) as a yel |l ow powder
whi ch used mnthout further purification: LCVS (ES) 203.5, Rf 2.68 mn
(Agilent Zorbax SB-C 8, 3.1 x 50 nm 5m 35 0C, Inﬂ'L'anowrate, a 2.5
m n gradi ent of 20%to, Q W th andil mn wa 100% B; A= 0.1%formc
acid / 5% acetonitrilelyigd % WAl 8 e fioc U 1% it acid / 5% water/

94.9% acetonitrile). Exanple 3 Synthesi's of | JET-Pyrazol o[ 3, 4- 6] pyp

di n- 3- n dl a 5 C 10120 . .

2- i of 0 Cy e RE LT B Sy SRS ARG ucings B sgceite pusinsian Eraely )
werg canbined in a sealed tube and heated at 150 OC for 16 hr. The reaction
m xture was cooled to roon1tenperature and concentrated in vacuo to provide
a crude residue. The resultant %xc,‘i‘ ¥v§§ di ssolved in ethyl acetate (100
m.) and washed with saturat ed NaCI sol*ution (50 nL). The organic |ayer was

dried gve&1sod|qu te filtered, and concentrated in vacuo to afford
i 7- py PEItesis of 4]@ friloyon2-Sluprorfrmethexy-phenyl)-dorSiunethylpiperazind -iked

wi t houys- B&'ﬁﬁﬁﬁﬁgﬂ?&fﬂoﬁﬂﬁh%%ﬁéﬁfmkxﬁ k@g dHehesis of | i -pyrazolo[3, 4-¢]

pyridine. a [01 Preparat | cet yl am no- 4- met hyl pyri di ne: To

sol ution of 3-am no;4-
N \ N2
_/<— _ keo N\—<N—<_ Ny
N
S j MeC Me =
N

DMF, 80°C

N

IZ/

10 [0136] The title compound was synthesized according to the procedure outlined in Example
6: LCMS (ES) M+H 495.54, R¢ 2.73 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5y, 35 °C,
Iml/min flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at 100% B; A=
0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9%

acetonitrile).

15 ~ Example 16
Synthesis of 3-Chloro-1H-pyrazolo[3,4-b]pyridine.

(j\/\\ (Y\(
N “~N
H

N

[0137] 1H-pyrazolo[3,4-b]pyridine (89 mg) and N-chlorosuccinimide (220 mg) were
combined in CH,Cl, (4 mL) and heated at 45 °C for 16 hr, then cooled to room temperature.

20 The resultant mixture was purified by flash chromatography (silica gel, 50% hexane/ethyl
acetate) to afford 3-chloro-1H-pyrazolo[3,4-b]pyridine.

Example 17

Synthesis of 1-[4-(4-Chloro-3-methoxyphenyl)piperazin-1-yl}-2-(3-chloropyrazelo[3,4-
b]lpyridin-1-yl)ethanone.
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met hyl pyridine (540.2 ng, 5.0 mmol, 1 equiv) in dichloronethane (20 nL) was
added pyridine (0.8 nL, 10.0 nmmol, 2 equiv) and acetic anhydride (0.57 ni,
6.0 mmol ,wb.2807mea98) . The resultant solution was stirregcatusc@smed3i3
tenperature for 16 h and concentrated in vacuo to provide a crude residue.
The residue was diluted with dichl oromethane (200 ni), ard washed with
saturated sodi um ca;_hzormte aq Sus sol uti on (50 nL agf br| ne (50 nm.).

The organic | ay efar at edut| { edetver sodi urﬁ{/ﬁ and
concentrated i nwedfacuo to y| 'el d 3- etyl am Mo yl pyr| d| ne (400.2 ny)
as yellow solid which was used WIthOUt furthe urification. [0122]
Preparation of |-pyrazolo[3,4-c]pyridin-I|-yl-ethanone: To a suspension of
3 ac 138k niTine tifle wotrpplipnd wiasi syrehdsBed abconding o thempradeduid wfinied)in Bxaipleuene (3

aceti B LhApaarBeR . 1 @mﬁg@%@mgm% setarE (205

ng, 2 lﬂll/ﬁ:l"ﬁ? lowkate, 88 Yin grhiRnf GSHRA ﬁﬁfo(?@} ﬁt‘}ze"lgl?a “i"qsmﬁ'le\% t §bo BB, Offzf or

hours, cooled to room tenperature, h et hy acet ate (200 m_)
THe mbtbufosmicasiddseatetanithiley/24.9% veder sBdi W h%ﬁonmctwnh/ti% satart 99HYS50L) |

wat er %‘? tmr%) and brine (50 nL). The organic |ayer was dried over sodium
sul f af oncentrated in vacuo to provide a crude residue. The residue
was purified by flash chronmatography (silica, 15% ethyl acetate/hexane to
50% et hyl acet at e/ hexane) to gi véixamplgd8zol o[ 3, 4-c] pyri di n-1-yl - et hanone
(20.2 ng) which was used wi thout further purification. [0123] Synthesis of
| - pySyprthesi§ 8f 3-Méthyl-l 8i-pyrazob[hd-dipwidioa of | - pyrazol of 3, 4-
c]Jryridin-Il-yl-ethanone (20.2 ng, 0.17 mmol, 1 equiv) in tetrahydrofuran (2
m.) and nethanol (0.5 ni)_ was added EOdI um hydrOX| g€ aqueous sol ution (2M
0.25 nL). The reacti o(;[?uwvlg&r St hwegnd at \temperature for 1 hr
and then concentr at ed Macuo t @vdlodsee &00¢ ‘lesi due. The crude
residue was diluted with water (20 nm.) and extracted wi t h di chl or onet hane

(2,5 IS0 ns st mo ot et Pt YSRGS |
- pyr aXoMap debdd]rply\msa iarseluion\off MeMgiinddf in athérc 6.6 9dd). Witieheurtahtumixee
purif] W5l 'ar%]ed to room(tensﬂnera He gir%? stlri'edlgfor g)hr 2The reaction solution was cooled to 0
°C and to it was added aqueous HCI solution (2M, 5 mL). The reaction solution was then
stirred an additional 16 hr at room temperature and then neutralized by the addition of
S saturated sodium bicarbonate (NaHCOs) solution. The reaction solution was filtered to
remove any precipitates and the filtrate was washed with ethyl acetate (3 x 10 mL) and
aqueous brine (NaCl) solution (10 mL). The organic layer was dried over sodium sulfate
(Na380y), filtered and concentrated in vacuo to give 3-acetyl-2-chloropyridine as a yellow
powder which was used without further purification. The title compound (3-Methyl-1H-
.0 pyrazolo[3,4-b]pyridine) was synthesized from 3-acetyl-2-chloropyridine according to the

procedure outlined in Example 2.

Example 19

Synthesis of 1-[4-(4-Chloro-3-methoxyphenyl)piperazin-1-yl}-2-(3-methylpyrazolo[3,4-
blpyridin-1-yl)ethanone.

Me
o} 0

A J_e Me (\NJ\,S?/)

=

N=

Meo:©/N\) . Hh’!?/} KaCOs MeO: : N N

=
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mn (Agilent Zorbax SB-C18, 2.1 x 50 nm 5m 35 C, 1 m/mn flowrate, a
2.5 mn gradient of 20%to 100% B with a 1.1 mn wash at 100% B; A= 0.1%
form c acwd2o7memsetonitrile / 94.9% water, B = 0. 1% f ecmus2@eioet3i3 5%
wat er/ 94 9% acetonitrile). Exanple 5 Synthesis of 3-1odo-12

- A LAk :

pyr arQuti, ng Y b ks Seecad Sl B hmerdye ptigin e ar o
C, wasg:aldpis (BsqmeH(zwo,lsngz 1§nﬁn {Apilent ZofiSB-CABD, PRIFBSHMYHN RS de
(943 ,..16.8 mmol, 4 equiV) e resul tant mxture was allowed to warmto

room t o aterfel2. §ﬁ1iﬂf1r%%ﬁl¢fl§|0f 20%d0rl 0% withack-1 stin swshyag ]CQQ%\BsAsI ow y
o, t d
axtr acr o obfis ¥Ry P SeepRRILTYL OV ORHeLH £ CRR TR IS LML) Tare

wasghedacetdnitrive)t er (3 x 50 nlL), brined (50 nL), dried over sodium sulfate
and concentrated in vacuo to give 3-lodo~l -pyrazolo[3,4- Jpyridine (1.02
g) as a yellow powder which was ug (élmy %tput further purification: LCVS
(ES) MrH 246.2, Rf 2.17 mn (Agllen orbax SB-Cl18, 2.1 x 50 nm 5m 350C,
I/ m ow I [ of 200 010 Bwth a m n wash
. 1003sh S SEHErchighod Budt o SufthoRininyh Pus i et S5 § 15,
f or m cpegiylpyradifo -ghjyr&ﬁna./%lyaﬁametrl le). Exarrpl e 6 Synthesis of

| - [ 4- (4-Chl oro-2-fluoro- oxyphenyl)-2-C ; rrethylplperazm | -yl]-2-
pyrazol o[ 3, 4- Z>] pyri di ne-| -yl et hanone and

| -[ 4- (4-chl oro-2- quoro 5 rrethoxpr;‘genyI) 2-

- et hyl pi perazin-| - M3 4B pX‘I’I di n% "8 b none. [0125]
2-Chloro-1 -[4-(4%c r -2 neg,AoXyph (S>net hyl pi perazin-1 -
yI j et hanone (aryl peper azi Me) (4 81" g, 14.32omdlr 1 eqU| v), |

razol e{ {;P yridine (2.27 g, 17.18 mol, 1 2 equiv), and pOtaSSI um
onddll HBhe 1§ conpegingl Wafoiyn EQZ@Iﬂﬁcvljdl%etpéh@p@%dur@euﬁhﬁed in Example

C
cool ed t By Dakparat or &7 > Sl AE R TR Ps 2, Ex Mo 4 oty

tant m xture Wwas
acet at eml/B@0flow rjte, 206 miapeticntiof BOYed 00%3B with%0l. hindip mmhi abr(0feB( A60 L) .

The or(%] ? t%rrlnfacyaem /V?’; adertgmtnlg N%% 8%4 ater, B = 0.1% formic acid / 5% water/ 94.9%

acetonitrile).

15 Example 21

Synthesis of 1-]4-(4-Chloro-3-methoxyphenyl)piperazin-1-yl}-2-(3-pyridin-2-yl-
pyrazolo[3,4-b]pyridin-1-yl)ethanone.

™\ 9
< £ N N~ e
N MeO M80;©/N\/'
H
cl

[0142] The title compound was synthesized according to the procedure outlined in Example
20  6: LCMS (ES) M+H 463.5, R¢2.32 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5u, 35 °C,

1ml/min flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at 100% B; A=

0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9%

acetonitrile).
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and concentrated in vacuo to provide a crude residue. The crude residue was
purified by flash chromat ography (silica, 100% ethyl acetate with 1%
triethyl anoneom220800% acetone with 1% tri et hyl am ne) precrdsdo06/024313

| -[4- (4- Chl oro-2-fl uoro-5-net hoxyphenyl ) - 2-f $-

met hyl pi perazin-1-yl]-2-pyrazol o] 3ani é'%di ne-| -yl et hanone (2.3 g) and

| -[4-(4-chloro-2- fluoro-5-net hoxyphen;ﬂw- -fli

) - met hySynthesisaf H{4-(4-Chigkol). 4-. 1.pyridi ne-2- yl ethanone (2.5 g).
[0126] For I -] 4-211- ((:hl.or o.°3;7?‘f%‘3¢’§5’§?'#é‘2d1§§vzmaéwr3-< thiag)l-2ngt hy | -
pi per aZP¥ragelp[3.4-plpyridindeydéthadond r yr i di ne-1 -yl - et hanone; LCVS (ES) M+H
418.5, R/ 2.34m n (Agilent Zorbax SB-C18, 2.1 x 50mm 5m 35 C, Im/mn flow
rate, a 2.5 mn gradient of 20%to 100%B with a 1.1 mn h at 100% B; A=
0.1%formc acid / g% acetonitrile / 94.9%water, B = 0. 19%\Eermc acid / 5%
water/ 94.9% acetonitrile): For |-[4-(4-chloro-2-fluore- 5=

nmet hoxyphenyl ) - 2- 4 8) - met hy’?—@ena 1-kdo] - 2- pyraz {JLE./N

] pyri di ne-2-yl et'i’mar”one; LCN ( ES) 918.5, 'RP in ( | ent Zor bax
SB-A 8, 2.1 x 50 nm 5m 35 0C, Im/mn flowy , & 2.5 mn gradient of
20% to[(i](r)‘grB]/_with al.1 mn wash at 100%B; A= 0.1%formc acid / 5%

acet oni e Thegilegmmpeuad waBsynthesiAdd faosdilin e dlsd fhotedi?e YRLRL ind oDy

acet oNONIS eB SRR FRAR gfg&%tghesi of Hedin Example 6:

|- 4-(36%hl.o;]g- 2-ﬁlouor'd- et RN SRS BIGIR, At Hythmpbpesaai n- | -yl ] - 2-

( 3- oxaz®il/ngn Wlowpypteaa al omhdh dadibRydMi b hanone. . [0127] Preparation of
| -[ 4- (?l- (;/héoor 0- Z-éll gor o- 5-%& hox(g/ﬂ-%r]/gfndy (%O@B?%’gl ?TEQHW“—‘W 490%IB; A=

y1 ] - 2- (374 EHBIGRHL BocrsionitalepHioh matoryh e e s, SORPAUG, ves

synt hesdezggtridgcor di ng to the synthetic procedure outli ned/i n ar'rp1/°e 6.
[0128] Synthesis of

| -fc4- (4-chl or o- 2-f | uor o- 5- net hoxy- phenyl ) - 2- (5*- net hyl - pi perazin-1yl] -

2- (3- oxazol ~2-yl - pyrazol o[ 3, 4- & p¥xpdipke 23 y| ) - et hanone: To a sol ution of
oxazol 40. .b4 mmol, 3 equiv) in tetrahydrofuran ( 1 niL) under

nitr og%r?q‘ae?lﬁ%t BT{ST“%‘““W&W‘ Hebeld, Adrlppuitive 191)o14(4-bhloRd- B G0 3. M | N Hexane,

220 nhnel!hoﬁy‘plf@i@l)-z-ﬁle?ﬂ&lb}ije}azi;ﬂl(-ayli e%ﬁ zlajllu;[n%r] '

[ [0144] 1H—Pyrazolo[3,4-b]pyridin—3-ylamine (67 mg), 2-Chloro-1-[4-(4-chloro-2-fluoro-5-
5 methoxy—phenyl)-2-methy1—piperazin—1-yl]-ethanone (167 mg) and K,CO,4 (414 mg) were

combined in DMF (1 mL) and heated at 80 °C for 2 hr, then cooled to room temperature

The resultant mixture was purified by preparative HPLC to provide 2-(3 ~Aminopyrazolo[3,4-
b . . -1 1o - ’
Ipyridin-1-yl)-1-[4 (4-chloro-2-ﬂuoro-5-methoxyphenyl)-2-methy1piperazin-l-yl]ethanone
as a yellow powder. LCMS (ES) M+H 433.5, R¢2.06 min (Agilent Zorbax SB-C18 2.1x50
0 mm, 5y, 35 i

C, lmV/min flow rate, a 2.5 min gradient 0f 20% to 100% B with a 1.1 min wash

at 100% B; A= 0.1% formic acid / 5% acetonitrile / 94.9% water, B=0.1%
water/ 94.9% acetonitrile).

formic acid / 5%

Example 24

Synthesis of 1-[4-(4-Chloro-3-methoxy-phenyl)

| -piperazin-1-yl]-2-(3-oxazol—2-yl—
) pyrazolo[3,4-b]pyridin-l-yl)-ethanone.
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m xture was stirred at -78 C for an additional 30 mn followed by the
addition & znCd (0.5Min THF, 1.5 nL, 0.72 mmol, 4 equiv.). The reaction
sol uti on weo@dogsd to warmto O OC and stirred 1 hr fecraseashyssihe
addition of |-[4-(4-chloro-2-fluoro-5-nethoxy-phenyl) -

2- (S*-nmet hyl - pi perazin-|-yl]-2-(3-iodo-pyrazol o] 3, 4-6] pyridin-I-yl)-ethanon
e (100.2 ng, 0.18 mmol, equi ¥) and pal | adi um tetraki gLt rirhenyl rhosphi ne)
(22.3 ng, 0.018, O. 1C¢{i\nl%e Jrese ikQ26), mxtureﬁ% heated to refl ux
for 48 hr, cooled to weom tenperat “and diP ith &hyl acetate (150
m.). The reaction m xture was washed with wate (20 nL), brine (20 ni),
dried over sodiumsul fate, and concentfated in vacuo to provide the crude
product. Purification by preparative C provided the desired product
1-[4-(4-chloro-2- fl ugr'(l)-S- met hoxy- nEgnyl ) - 2-f

S) - net hyl - pi per azi n- =5 - 2-(3-(3; yl - pyrazol o 3, 4-
%ridin-1-yl)-ethanone asZ?@rf‘ po r (38.5 ng): LCVS (ES) MtH 485.5, Rf
2.56 min (Agilent Zorbax ~€18, 2.1 x 50 mm 5m 35 0C, Im/mn flow rate,
a 2.5 '(g4gfac}i ertl.t of 20%to 100% B with a 1.1 min wash at 100% B; A= 0.1%
formc aci'dl / ‘86 eetasmyrihesieed acodultfp toabeprocure Suthfed Al 8640y 59

wat er /' EER)NeRCBEANRt 5 . Exanpl e 8 Synt hesis of
| - [ 4- (4- CR | or 0- 3- %Fﬁ%??%%%%ﬂ%%@% $B-CI§) 3.1 x-59ymanz 61,045 -1611RyH di ne-
1-y| et W A#te 25 min gradient of 20% to 100% B with a

| -[4 (4 or 0: 3zet hoxyphenyl ) pi per azi n- yH 0 wash 361 4PeBaA=0.1%

b] p;kr i dfor?fgi"z"%c}? é?%eéﬁ?fﬂ%l?{nlﬁd féé%f Water,t e 0 1% iferma o amay B%wﬁﬁf@ st hesi zed
accor di agtohdiritdpe synthetic procedure as outlined in Exanple é For

| - [ 4- (4- Chl or o- 3- met hoxy rhenyl ) pi perazin-|-yl]-2-pyrazol o[ 3, 4-

] pyridine-1| -yl ethanone; 1H NWVR (400 Mz CDCA 3) d 8.57 (dd, IH), 8.1 I(s,
IH), 8.09 (dd, IH), 7.22(d, IH), 7Exgmpk®5 IH), 6.49 (d, IH), 6.42 (dd, IH

5.44 ( . s, 3H), 3.79 (m 4H), 3.18 (m 4H); MS (M+H) + 386.5:
For |-ﬁ?@s&ﬂ%3%ﬁ%!%%%3w@mh& blpyridinazi nl - yl]-2-pyrazol o[ 3
54- 6] pyri di ne- 2-yl et hanone; 1H NVR (400 MHz, CDCl 3) d 8.65 (dd, IH),
8.12(s, IH), 8.02 (dd, IH), 7(?%@, IH), 7.03fdd, IH, 6.45 (d, IH, 6.40
(dd. 1H, 535 (s, 2H. 3.88 (s Nsmﬁe'w B Onw2H), 3.79 (m 24, 3.15 (m
4H); M5 (M+H) +: 386. 5. NTH NTN

10

[0146] The title was synthesized according to the procedure outlined in Example 5 using'

SelectFluor™ (1 -Chloromethyl-4-ﬂuoro—1,4-diazoniabicyclo[2.2.2]octane
bis(tetraﬂuoroborate)) as the electrophile.

Example 26

Synthesis of 1-[4-(4-Chloro-3-methoxy-phenyl)
15 blpyridin-1-yl)-ethanone.

o F O N=
CI—©~N N—‘<_ N= '
.o KzCOs N’U\/N 4
veG — c HNZ ) MeO l\(\/' N‘\
= 1
al

[0147] The title compound was synthesized according to the
6: LCMS

-piperazin-1-yl]-2-(3-ﬂuoro-pyrazolo[3,4-

e procedure outlined in Example
4 . .
(ES) M+H 404.5, Rr2.27 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5p, 35 °C,

Iml/min flow rate, a 2.5 min gradient 0f 20% to 100% B with a 1.1 min wash at 100% B: A=

0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.08%

formic acid / 5%
acetonitrile). o water/ 94.9%,
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Exanple 9 Synthesis of 1i -Pyr azolo [4,3-c]pyridine [0130] |

-Pyrazol o[ 4, 3-c]ryridine was prepared according to the procedure outlined

i n Exanplwoloo7io2aypl e 10 Synt hesi s of PCT/US2006/024313

| - [ 4- (4-chl oro- 2-fl uor o- 5- net hoxyphenyl )-2-(' S)-nethyl pi perazin-|-yl]-2-
pyrazol o[ 4, 3-c] pyridine-1-yl -ethan

| -[4- (4-chl oro-2-fl uoro-5-net hoxypgg%/rﬁ?gzv

( S>- et [SyhphdsRr 0¥ AL 2= 4-MLERR B! | o[ 4, 3-cl pyridme-2-yl -ethanone. [0131] The
two title corrpound{sr !/ve(?e syﬁ({?—%elglééz?'é)ﬁ;'ﬂ‘(%}’cl&pg@e"?@nthﬂ]-ﬁmymecthyl}-la‘s- outlined
i n ExampyEazlo[Bdrblpyfidines-Catbonttrie.f | uor o- 5- met hoxyphenyl ) - 2- (A- et hy|
riperazin-l-yl]-2- ryrazolo[4, 3-c]ryridine-I|-yl-ethanone: LCV5S (ES) MtH
418.5, Rf 1.74 min (Agilent Zorhax SB-Cl18, 2.1 x 50 nm 5m 35 0C, Im/mn

flowrate, a 2.5 mn grad'i/eni/ﬁﬁ/ O(V%E 100% B with @ %m n wash at 100%

B, A= 0.1%fornic aci % acefyapi 94. 9% wat-eei~/By= 0. 1% f orni c

acid / 5%water/ 94.9%gcetonitrile) uPpmgfe | MO “ehl or §=2-f | uor o- 5-

met hoxyphenyl ) - 2- (2*- et hyl pi perazi n-1 -yl ] - 2e azol o[ 4, 3-c] pyri di ne-2-yl -e

t harponego1l (B 8. Rf 1.69 mn (Agilent Zorbax SB-Cl18, 2.1 x 50

mm  5m nli]ssﬂgg,l [Fih/érﬁg}o#mﬁ’@heﬁylkpg’efﬁzﬁl-gfyé]eﬂ-@?todofpyz%d[g),zlloo% B with

a 1.1 nblpyudiahl-sl)-ei00808(1 28 S ahdl i id / 5% acetonitrile / 94.9%

wat er , @ﬁ 5) 1% Sor ({n c ﬁ(ci dn/lé;g% ngau'?re%ﬁgiﬁ Boy ?88?’6‘%1“@9?4@@6@(@@&@1&1

lsynt hestWMB) (I'mL) and heated atr1]65 °? for 16 hr, then co?led I’co room temgeraltur[e The reaction

- [ 4- (dmBdader = - bhe = pi perazin-1 - -2-pyrazol o[ 3,4~

e] Lyr |( di ne- | v:%h I_Sjggﬁg% §1>r1(1 éregﬁr& e dip R atford 1'{2}/[4!(4'Ch?gr°"3'methOXY‘Phenyl)-

| - [ 4- (L RHRBAD-B]Bexoeetlyyl ph &y rhzdbBEL-BTy - ]-2- . . ,

Pynazoliqhd ?Egig%ri_k % P? 2- %Y,l%% %%rhano[rr‘?’e. 9?5@?4}5‘]5%%3?%@1? 759 Bhite Aowderds wer e

synt hesi 704 & 1;1 DR PiocgllentZobk SBed1 8,12, Fx30RLE Sgl 3kep

| - [ 4- (4ndhhiorfowdrHE HXY ¢ - Pi zin-1-yl]-2-pyrazol o[ 3,4~

yridi n@- -yl - et hanone;ygﬁb%%%amq h&%ﬂ%ﬂ"lﬂ@?dﬂ 10 wagH) at 180%4B;(A= | H),

8.09 ({17 Tormic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.99
acetonitrile). ‘ o

Example 28
15  Synthesis of IH-pyrazolo[4,3-b]pyridine.

NH, BU'ONO,
l A A0, Py - NHAC ACsO N= N N=
B ' 2 i N HOH
e L NN HN_ 7N
)
=3 o

N™ "Me Ac
[0149] 1H—pyrazolo[4,3-b]pyridine was synthesized according to the procedure outlined in
Example 4: LCMS (ES) M+H 120.3.

4

2
0 Example 29

Synthesis of 1-[4-(4

1 -chloro-3-methoxy—phenyl)piperazin-1-yl]-2-pyrazolo [4,3-b] pyridihe-

-yl-ethanone and 1-[4-(4-chloro-3-methoxy—phenyl)piperazin—l-yl]

-2-pyrazolo[4,3-
blpyridine-2-yl-ethanone. ’

MeO N
™\ O N= I:r
cl N N \ c
KaCO
Q s _<_C, v PN KeCO; . =
MeQ N= N
~—N

DMF, 80 °G N
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6.42 (dd, IH), 5.38 (s,

: dd, IH, 7.22 (d, IH), 6.48 (d, IH 5 :

T S AT 1,0, 280 a1 08 (e e o
-[4-(4- n@r@2198t hoxy- rhenyl)-pir -

L/I ][?ZEgy?gggl o[ 3, 4-c] pyri di ne- 2-yl - et hanone; 1H NWMR (400 MHz, CDCl 3) ) 9.22

, 7.50.(dd. IH), 7.19 (d, IH) 5 6.45 (d,
|(i|) , ! gl?ggs?]ég?q] ?rtﬁv blf%leﬁgmg’gu&g%‘lg% Stzﬁfi(aﬁ?%rélng.tqéle(mcedm)e,otmlmd iam  4H) .

3 Hechldto Symtihesy-phexyl)piperazin-1.y17-2- Bl ]
:V-B[ E‘lvlz-f}grll%rgg- giof?ﬁﬁigrr{of%- rrg?ﬁgxy- p%—gnyly))-pg?err)aezrl%myn]-?Pwa]ZQIQI%g/Ib%db‘[eB, 4

| ol pthgnonss PG @G MEHz, DMSO-dg) 5 8.71 (dd, 1H), 8.26 (s, 1), 8.04 (dd. 1H),
k FZT'(?;MT /021 Luoro- 5 ot hoxy- phenyl ) p peraz?en-%yﬁslr o nds were
2- pyr az o%;f‘&ra AR B0 (GilRD26.69 (tlkBp@SE (dd, OB, 5The Z%frép% @ HL R,

; i t r.oced outl!ned In _ ]
TY['ZS[] f"iz.%ef O3B0 5L D, Oy AEUR VS (58 M54 386.5 L Re 28pytiazot of 3, 4-
0 ryri digilentylorbiSBADES, 2Bl Ny, Mbt, Aliaf 18 224 JL0( aicatiptnt of
0% 1 0 2P0 K900 Bryvah 8 13 mimsvosist B0V 1A Fo il YodO150 Gechfiiflnd / 5%
rcetont Py} Ster B ERBhte b B sterl B blsmienivaley. BehA-p-gilpesnzi nl -
acet oni : - (4 . 404. 5, .
yl]-2- l&_)elﬂﬁﬁ@l-ﬂ{e%gﬂp ﬁ)é%'-figﬁ:%ﬁ a%ﬁém%m%%y]gpﬁgm%}hNMbMMt e, a
mn (Agilent Zorbax SB(—)/ 106% B with a 1.1 mn vash at 100% B: A= 0. 1%
Form ¢ aeeq TeBYeRaTBRt RS (. 5 5oghdh b0, 70l mt ot i i, ami ks 40 g, vt e
94. 9% aERtOY to bis)3 s XA Sy of ) FEVIT - 2-
T TS P JUSEE 9 e @ g |
(3t hi 3565, 12 169 P et gg?:?ﬁ%g@’?% hsgypr 6?%’2?;5? e’ olfﬂ/hnh G| irﬁte&%ﬁpl e 6:
R i iRy B IR ST SR Ttk s e sz 106% BEAGI 0.8 BrkichcRl) 391 5

' oW o jn gradient of % to 100% t - 1.
?n-Snogéasdﬁmgftmi%/o%/i'%?g "5@5‘8 ?31%%01‘%5? tr%méu% @? ; &@U/gtﬁ%gggrﬁ’ fqefqugirile)94. 9% wat er, B

=& 1%formc acid / 5% wat er/ 94E%(:{0mple30

Synthesis of 2-(3-Chloro-pyrazolo[3,4—b] pyridine-2-yl)-acetic acid.
o]

AN EN§ Q NGS

QIN\'N Ot fNrN\,N)—OEt s

N H K2C03, DMF

o Q o Q
A )—OEt LOH o~ _}—oH
o A, N R P

N N~ N

N

[0151] Preparation of pyrazolo[3,4-b]pyridin-2-yl-acetic acid ethyl ester: This compound
was synthesized according to the procedure outlined in Example 6, using chloro-acetic acid

20 ethyl ester in place of 2-Chloro-1—[4-(4—chloro-2-ﬂuoro-S-methoxyphenyl)-Z-(S)-
methylpiperazin-1-yl]jethanone.

[0152]  Preparation of (3 ~Chloro-pyrazolo[3 4-b]pyridin-2-yl)-acetic acid ethyl ester: To a
solution of pyrazolo[3,4-b]pyridin-2-yl-acetic acid ethyl ester 57 (40.2 mg,
equiv) in 1 mL of dichloromethane was added NCS (32.7 mg,

0.2 mmol, 1
1.2 mmol, 1.2 equiv). The

resultant mixture was heated at 70 °C for 30 min., cooled to room temperature, and diluted

with 100 mL of dichloromethane. The organic solution was washed with 50 mL, of saturated
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nitrile).Exanple 14 Synthesis 3-pyi _
g?gfgl I-I i r-)pyrazcr)r})o[ 3,4-6]pyridine. [0135] The title conpound was ‘o 15
synt hesi zw0 2aemoedBng to t he procedure outlined in Exanmpce/d2oocnaums e
Synt hesi s of

yntr _ i _ | - S|\- et hyl - pi perazhi-1-yl]-2-
L ottt g A O AL it S

dyied : DT I r i j;n Fxanpl e 6:
C oy eLndim:efios cbuondion of ocRSasly GuOUs LREG LR © &
50 (@n?%ﬂ%%@ﬁéﬂgﬁc icglcmﬁg}h}aﬁat@réﬁyelbmszﬂ%to 100% B with a 1.1
35 “u % B, A= 0,10/forn‘ic acid / 5% acetonitrile / 94. 9% water, B
m n wash g{iloo/oB, = 0.1%

9 . idineld-e)). €21 1t hesi s of
i ¢ A Svehlors pautiiseaniie, 4 ) s BATRL S IONERL eS¢
(8g‘qng)p95n8 %?Mé%'%%}'ﬂ?%&@d@ﬂgg ety Wasiteeated moinad 11ﬂnu1ﬁ|-}l&ﬂifl9ﬁﬁdb ni L)
and hedLiHp(1 offivEid OinlL6f MeOH R8proGRR1E EBoh e B ST imiidineney)- 5006

fied by flash chrom )
hoxanc AGEHfAch S Bge 1;35 a$ flovatly3n tiboonuaee: fecoHo Aol S dhtnck B G
anZP l i@?@%ﬁ‘%ﬁé@gx&p%ﬁmm A pider Zorbax- SB-1G138; 2. 3x S0Mned, gﬁyg 220l o[ 3, 4-
6i E)yri((il' nn{.- | ).et han r%e. 0138] The title conpound was synthesized according
to the %‘rlfoé%é]ﬂ efag?u?fzi B SRANERGHP0E ©:10000B Wills) 1 Nirhink2fsh%t 1621374 = n

D /Imn flowrate, a 2.5
|.e0n1? My 35 PG, 1l _
i o adi el S o Rairilk o o 2 D forie ot 806 BRcenLoB 064 105

42
form cacéemittle)50, acetonitrile / 94.9% water, B 0.1%formc acid / 5% wat er/
94. 9% acetonitrile).

Example 31

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)piperazin-1-yl]-2-(3-chloro-pyrazolo[3,4-
b]pyridine-2-yl)-ethanone.

Cl o

O QR Ol ey
15
[0154]  The title compound was synthesized according to standard amide formation
conditions using 2-(7 -Aza-1H-benzotriazole-1-y1)-1,1,3,3 -tetramethyluronium
hexafluorophosphate (HATU) as the coupling reagent: LCMS(ES) M+H 420.4, R¢2.17 min

(Agilent Zorbax SB-C18, 2.1x50 mm, 5y, 35 °C, 1ml/min flow rate, a 2.5 min gradient of
20 20% to 100% B with a 1.1 min wash at 100% B; A = 0.1% formic acid / 5% acetonitrile /

94.9% water, B = 0.1% formic acid / 5% water / 94.9% acetonitrile.
Example 32

Synthesis of 2-(Pyrazolo [3,4-b]pyridin-1-yl-7-oxide)-acetic acid.

Iy _toen O v O
X, N —— \N N )
1
[¢]

N N _—

CH,Cl, NN
O=g 0 Y Sgo

OEt Et0 MG
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[ - idine | <V 'CN
hesis of 3-Methyl-I1ff- ryrazolo[3,4-Z>]pyridi _
%ﬁ/gnglr = é? S%nE0139] To a solution of 2-chloro-3-cyanopyridine (;éQ g?)(gnM
tetrahydrwbﬁnmoéfssnt) at 0 0OC was added dropw se a sol IRCITQRZ(:I%/O e?/gture
in ether, 0.67 nL). The resultant m xture was warnmed to roomtenp

' ' O Cand to it was
Sded nuumal ¢ rethriton oF PPy ER0HY S btk 2 S rcetie nel ofbyastors i
added aqéet?usgﬁ%yrmsm[gﬁgyéén I lofofie BRE LAk LESe dsihen g3l zed by the
. 5 A . . 0 ) V. .
ijldir[iegn gf@g sat.urat ed sodi um bi car bonat e NaH(%) Sor it i ORCL THEUPAAR i on

sol ut i oh0 Wsofdichlatomethane pEAOCewanydded ewitpilila r&@g?%g?c( %ﬁi‘gﬁéﬁ%’ﬁ?on (10

| 3 10 nL) and aqueous .
\Anf)s he'?‘hg‘%gg‘gérrgg P’g@gi ﬁfﬁ;@(ﬂm.?’é@ mmdtanisnﬁb'ttﬁil‘ﬁ way élﬁfvﬁd&g@\éﬂifﬁ?& i |O \tN elro gs\d 2Pd
: ' ' - - 2- opyri
o o Bl ROt i Vs T v it oh M AEDYidine o mpadna 3. Vet hy! - |
- 0 pyteadtisinofiBfute, dndythd ahiieos W@?stiﬁ%&‘?&%ﬁb&lg%é It before e SN ASExanpl & 2.

- i di ding to the proce
3-acety] -2 %i; or opyridi ne accordi ' . .
Exanpl Jemgv hmg&dg aggsidue. The residue was diluted with 200 mL of dichlorometh 8’[ aél,d4-

' in-1-yl]-2-(3-nmethyl pyrazo _

by KB BB o Aot st Shmonpenciopan i
#]pyridin-|- e L . _ 2.12 min
t op%/he sgpaaied and dued bvaneﬁzldllllmxdﬁlé%ﬁpﬁa raaﬁ%/ﬁo\%@% ﬁ%;—eln_%- 0}%‘?%59\;9[5%f e, a 25
D AR 1 G0 b ayheserns pleyellomsblia) wiidd YuBiusey kil for m ¢

: it B=0.1%formc acid 0
acid / fé&ﬁeq%ﬁ{iﬁﬁér&”: 'L%g\/gﬁgq‘lsg W%I‘Q’%;zﬁ%ggagsmm (Sfxgilent Zorbax SB-C18, 2.1X50
o4, 9% 20?:%00: EI - fel yor o- 5- met hoxyphenyl ) - 2- et hyl pi perazin-1-yl]-2-(3-
I-[4-( mny, %u, 3% O%I, lmLignin flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash

at 100% B; A = 0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5%
water / 94.9% acetonitrile.

15 [0156] Synthesis of 2-(Pyrazolo[3,4-b]pyridin—1-y1-7-oxide)—acetic acid: 2~(pyrazolo[3,4-
b]pyridin-1-yl-7-oxide)-acetic acid othyl ester was treated with 1N LiOH (1 equiv) in 1 mL of
methanol (MeOH) to provide 2-(Pyrazolo[3,4-b]pyridin—1-yl-7-oxide)—acetic acid:

LCMS(ES) M+H 194.2, R¢ 0.22 min (Agilent Zorbax SB-C18, 2.1x50 mm, 5, 350C,

Iml/min flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at 100% B; A =

20 0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water / 94.9%
acetonitrile

Example 33

Synthesis of 1-[4-(4-Chloro-3-methoxy—phenyl)piperazin-1-yl]-2-(pyrazolo [3,4-
b] pyridin-1-yl-7-oxide)-ethanone.

a HATU, EtzN s
ct N NH N L/\jfx\ i cl NN N
» N CHyChy, £ {_N' ~
MeQ g (o) 22 Pl MeQ //
N
OH o

[0157] The title compound was prepared according to standard amide formation conditions

as described in Example 43 using HATU as the coupling reagent: LCMS(ES) M+H 402.5,
R¢ 1.54 min (Agilent Zofbax SB-C18, 2.1x50 mm, 5 i, 35 °C, 1ml/min flow rate, a 2.5 min
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met hyl pyrazol o[ 3, 4-6] pyri din-1-yl)ethanone. [0141] The title conpound was

synt hesi zed according to the procedure outlined in Exanple 6: LCVM5S (ES) MtH

432.5, R/WRo4Bomiom9Agi | ent Zorbax SB-C18, 2.1 x 50 mm Paw/u32006/0243m3 / m n

flow rate a 2.5 mn gradient of 20%to 100% B with a 1.1 mn wash at 100%
atienk of [ 9% r, = 1% formc

acr d/ %/o mter‘?@%éfi@go/?bg(%?gqﬁ?? ﬁﬁ%&’ag@géﬂpgﬁ% {gé@i‘@cé?ld/ 5%

| - [ 4- (42@0mitde 8948 watgn Benyl P pipmicdsid/ 5%xrater%cr3mgéét&h&ﬂ@ yl pyrazol of

3,4-#] pyridin-1-yl)ethanone. [0142] The title conmpound was synthesized

according to the procedure outli ne%ﬁ{r% %x%gpl e 6: LCMS (ES) MtH 463. 5,

R 2. 32 m'n(AgiIent Zor bax SB-C18 B mm 5m 35 C Inm/mn flow

rate n i of ,20% to 100% B with a 1.1 m n wash at 100% B; A=
. 1% f or ﬁ%“?‘%?%?/{&g%z)%%ﬁoomeﬁw-p hepyDepiporszin-1-yB-2=(@nikthylor nic acid / 5%

wateﬁr/ Pyi:adbtofS; 2 HPsyridinl By lﬁﬂﬁiﬁ&h 22 Synthesis of

| - [ 4- (4- Chl or o- 3- met hoxyphényl ) pi per azi n- I-yl]-2-(3-thiazol -2-yl pyrazol of

3,4-#]pyridin-l-yl)e pone. 143] The 5 tl e conpound was synt hesi zed

accordi ng the procedurge out e BeHs L CVS ( H 469.5, R/ 2.43
mn (Agilent Zorbd%X ®B-€ 8 Tougnel 5@e <5rn 3ba, | ni flowrate, a 2.5

m n gradi ent of 20%to 100% B with a 1.1 mn wash at 1000/d*B A= 0.1%formc
acid / 5%acetn|trlle/ 94. 9% wat er, Bo= 1%formc acid / 5% water/ 94. 9%

acetonitrile). It23 Synhesi s NJ\/N 4
2- ( 3- Am nopyr azol o[ yried )L -[4x -chI or o- 2-f | uor o- 5-
nmet hoxyphenyl ) - 2- net hyI pi per az -yl ] et hanome. [0144]

| H Pyrazol of 3, 4- b] pyri di n- 3- yi ani ne (67 ng),

2- Chl ongrdsyl 4- @Iﬂo?&é-%gfgno—&plcoﬁne was reduced by diisobutylaluminum hydride (DIBAL-
H) following a literature procedure (Baker et. al., J. Org. Chem., 1980, 45, 1354-1362.)
followed by the hydrazine condensation protocol as described in Example 1 to provide the

10 corresponding 6- -Methyl- 1H-pyrazolo[3,4-bpyridine, which was then subjected to the
alkylation protocol in described in Example 6 to provide title compound as a white powder:
LCMS (ES) M+H 400.5, R¢2.161 min (Agilent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C,
Iml/min flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at 100% B, A =

0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9%,
15 acetonitrile).

Example 35

Synthesis of 1-[4-(4-chloro-3-methoxy—phenyl)-piperazin—l-yl]-2-(6-methyl-pyrazolo[3,4-
b]pyridine-2-yl)-ethanone.

Me” SN T NaH, THE
H
-78% tort. Me

= A c Q
m N CICHCOE /(j\/\ _>—05t LiOH AN oM
N N \N'N

N

o= -\ jH

/0
el A PO ey,
HATU N
MeQO N N/ Me

, :
20 [0159] Preparation of (6-methyl-pyrazolo[3,4-b]pyridine-2-yl)-acetic acid ethyl ester: To a
solution of 1H—6-methyl-pyrazolo[3,4-b]pyridine (1 mmol, 1 eq.) in 3 mL of THF was added

NaH (1.5 mmol, 1.5 eq.) portion by portion at 0 °C under nitrogen. The resultant mixture
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[ [ - d K CO8 (414
- | ) - 2- met hyl - pi perazin-1-yl]-ethanone (167 ng) an
rre; h\%?/epgg%i %ed I n DI>\//F F 1 m) and heated at 80 C for 2 hr, then cool egLC
Pg room twopesrateawe. The resultant m xture was purifi edproy/yseepaesis ve H

to provide 2-(3-Am nopyrazol o[ 3,4- ]pyridin-

henyl ) met hyl pi per azi n-
1 Y1) - Lykdsihbach ba Cof h{ﬁ%llg}rﬁ%ﬂg‘}lpe“i? % @?%mdﬁntwa@fa chivid eyl aceraté Agi | ent
1-yl j et hanone as mm 5m 35 C, Im/min flowrate, a 2.5 nin

2o ?)e(n 8?88)2@3%‘2% lli%w@tw ey Slca stamaed £0036side &rHoh 51 ¢
gmd / %etonltrlle [/ 94. 9% water, B =0.1%formc acid / 5% water/

94. 9% a‘& Srpaqtion ml%méamdswrauahmmﬁr aq. solution, and aqueous mlxture yas

|- [ 4- (45 t hox 8 nyjré pi per azi n- I-yI]-2(3 oxazol - 2-yl -

pyr azol oﬁaétggl%i%] jp@rqﬂg Oﬁ EF §F) ?W&ﬁ@ﬁ@xmﬁl‘@lﬁlsepf{rﬂﬁdﬁd Wbﬂleti IWE%MSE S MH

syntshesiodith bica®baitBdq (B8, RERCS ki I s Exa syHa Thpm I min
or bax H‘in Qlif foC;

453.5, R/ 2.20 min (Agilent Zor

f1 ow r ABANIGSAPVent ian rgnmdenwam Mk@nﬁﬁ@%@&waﬁﬁfﬂm%y%ga@s][‘O?tm gOO%

0 le / 94. 9% wat er
Em Q_/ chﬂ; Jt?%% 1%,9% 1’?59)’1&8 g?/g%’ilcg ‘?Sl?llﬁgi E’Ir(@ieéﬁ‘i‘rﬂﬁ%LQ set@ytirrHime s 0578 xﬁrrigtesor ?ol .
T- pyr adAlgipd ZorhaxySB-ati1ge2. 115(@@41@11 ﬁb%St’("é)t)]ksﬂldg‘t"ﬁﬁl/l%}'n hesr%téea? 23 %nute 9

procedure_outlined in Exa anpl e usi’n

% () t 0 o
1- Chl or2HEN 9F 20%tp 89%-B with- adl lazmmutalwaslyaﬂ m[ozx B. (A]gg zlg@%fr?tlchaecéﬁl /5%

P 0L SMIE PSR by 350 TS5 SR o BB oZeobo bty of 5, 4
] pyri dMH eypoctethanofmnd[-0264] The title conmpound was synthesized
according to the procedure outlined in Exanple

[0160] Preparation of (6-methy1—pyrazolo[3,4-b]py1idine-2-y1)-acetic acid: This compound
was synthesized according to standard ester hydrolysis protocol as described in Example 30
using 1N LiOH as the base. The isolated product was used in the next step without

15 purification.

[0161] Synthesis of 1-[4-(4—chloro-3-methoxy—phenyl)—piperazin-1-yl]-2-(6-methy1—
pyrazolo[3,4-b]pyridine-2-yl)-ethanone: The title compound was synthesized according to
standard peptide coupling protocol using HATU as the coupling reagent: 'H NMR (400
MHz, CDCl;) § 8.04 (s, 1H), 7.96 (d, 1H), 7.20 (d, 1H), 6.95 (d, 1H), 6.45(d, 1H), 6.40 (dd,
20 1H), 5.29 (s, 2H), 3.92 (m, 2H), 3.88(s, 3H), 3.78 (m, 2H), 3.13 (m, 4H). LCMS observed for
C (M+H)*: 400.5.

Example 36

Synthesis of 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin—l-yl]-2-(3-morpholin-4-yl-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone.

| .
Roh Pdj(dba)s, Xantph N')
a)a, Xantphos,
OJK/N I\f\\ moz;pholir?e j?\/gj/}
N\

MeO. —_—_— '/\N
D/ Cs2C03, THF, 80°C MeO N\)

Cl

0

[0162] A mixture of 1-[4-(4-Chloro-3-methoxy—phenyl)-piperazin-1-yl]—2-(3 -iodo-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone (102.4 mg), morpholine (0.20 mL), Xantphos (35 mg),
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6: LCMS (ES) MtH 404.5, R/ 2.27 mn (Agilent Zorbax SB-d 8, 2.1 x 50 mm

5m 35 0C, ImM/mn flowrate, a 2.5 mn gradient of 20%to 100% B with a

1 1 m n vaeho@00id8% B; A 0.1%form c acid / 5% acet oni PCirtus20069443986 wat er ,
= 0.08%formc acid / 5%vater/ 94.9% acetonitrile). Exanple 27 Synthesis

(2. Pp;ﬂf"a% %§ magma:aign SRS OHRL ) Tl Py hyated 18096 fp12 b Typyr azol o
3, 4- |1paatiod meixBue wabativadi tb 0%

|[-[4 (] AR e hoxy: “phe§§?1§ pﬁ(giéf%nﬁ?eﬁ?mfeydlutfd{’é‘ H388 B8 o[ 3, 4-

b] pyri T ;ﬁﬁ Ee REYRISvEnoreed W&?Hd @h@m{de Idsﬂdum;)agmﬂied@ jagied i n

V- met R t. 165 0C f , th | ed

![ 0 Pgo mh{dgwtb er a% ur em%%&{raég@@é@ iX fl% H}ﬁégleﬁgmgoiug@ gﬁr)ﬁ white rpawd@rf Cec agL(CaZ

t éffclrQMS( ) 4:11@|mr2c043 -mat(hex
; e HA (e yntZd?BéM;ch zagcr?glgmt%“’bom trile as a

pi pera 2~ ox razol o[ 3,4- ] pyfi
Whi te éo qlgv %Sf)e ag}egtlo 20%to Q(EQ’}anwmh @ Adi thamtvashoit haoo,38-LC 8,

2.1 X qummﬁérhmé%@% 4fdo t Adient of 20% t o
100% B with a 1.1 mn v?/gs?@ /%Ood/{)méoa@% 1&%0“?’}?@8% oﬁ%“@%fé%?%m trile
/ 94. 99ssierititle). B = 0. l%formc acid / 5%water/ 94.9% acetonitrile).

Exanpl e 28 Synthesis of | T-pyrazolo[4, 3-]pyridine. [0149]

| //-pyrazol o[ 4,3- ]pyridine was s%@%ggd according to the procedure
outlined in Exanple 4: LCVS (ES) Exanpl e 29 Synt hesi s of

i L Syt Or 1AL R LA B REhETy Bhens) 2 S Methylpiperazintovil o

I -[ 4- (pyrﬁzbbr[im&ipmﬁdiﬁxy PeRRYéne?! perazin-1-yl]-2-pyrazol of 4, 3-
] pyri di ne-2-yl - et hanone.fOlSO] The two title corrpounds wer e synt hesi zed

o
| -

according to the procedupe outlined in Exanple 6: For
| -[4- (4-chl oro- 3- net nyl)plpgﬁln | -yl]-2- P@r oINo ]Jryridine-
8ch mdok (s IH), 8.04

1-yl - et hanone;me 00 M—Iz
(dd, I'H,
cl F

[0163] The title compound was synthesized following the alkylation protocol as described
in Example 6: LCMS (ES) M+H 418.4, R£2.055 min (Agilent Zorbax SB-C18, 2.1X50 mm,
15 5p,35°C, 1ml/min flow rate, a 2.5 min gradient of 20% to 100% B with a 1.1 min wash at

100% B, A = 0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.08% formic acid / 5%
water/ 94.9% acetonitrile).

Example 38

Synthesis of 1-[4-(4-Chloro-3-methoxy—phenyl)-piperazin-l-yl]-2-(6-oxy-pyrazolo[3,4-
20 c]pyridin-1-yl)-ethanone.
MeQ
0 N=

Oy ot iy

N Hoac N KiCOs DMF MGOD/N\) N

o

cl

[0164] A mixture of 6-azaindazole (119 mg), Hy0, (0.2 mL) in acetic acid (5 mL) was

heated to 60 °C for 2 h. The resultant mixture was cooled to room temperature and

concentrated in vacuo. The crude residue was dissolved in EtOAc (10 mL), washed with sat.
5 aqueous NaHCO; solution (3 mL), dried (N 2280y), filtered and evaporated in vacuo. The

crude product (the N-oxide) was subjected to the alkylation protocol as described in Example

68



7.36 (dd, IH), 7.20 (d, IH), 6.69 (d, IH, 6.51 (dd, IH)é 595(7 (512H)2H)i_CMS
3. 82 (s, 3H, 3.73 (m 2H), 3.59 (m 2H), 3.31 (m 2H), 3. m54m33500
(iES) I\/Hi-l\seat)@/uozﬂfs 1.84 mn (Agilent Zorbax SB- 018(,) 2. P_xcﬁﬁlsmm{/ol 13 waéh
lmM/mn flowrate, a 2.5 mn gradient of 20%to 100%B with a 1.

- T ' [ L% acetonitrile [ 94.9% water, B = 0.1%
10000 A o SR e 0
net hoxy(&i@?lﬂh&p@&@i&-ﬁ&){/ﬂmﬁr,5%395@@[ %ﬁ?gﬂﬂ])&g%{edégg-%@yg@ fegene: B
NVR (40 3) d8.55 (d IH, 834 (s, A T : et 19’ (
2H), 6 ‘2%%’1()@%%“’6&4‘01%8@}%%? 190%413,(1§,=(ﬂl-%,foﬁ‘mB&i(dZéS%h?]et?%gﬁgég[n H),

2 (1 vatde, B3 b fi 86.5 R 1.69 m i
> 7% (%432%3)1%61‘[%2%9%%7171 m‘i“%%s%?%?ﬂ%ﬁcswnﬂg{e& a 2.5 min gradi 0ent of
%8{%)5?)(; 100% B with a 1.1 nin wash at 100%B; A = 0.1%fornic acid / 5%

acetonitrile / 94.9% water, B 0. lfVEX%mpiec”aci d/ 5%water/ 94.9%
acetonitrile). Exanple 30 Synthesis of

Lo . . . ¢

2 (3 o b Ch g bomatoneRnyboeblas 1001 2 SR ERGIEL L 0" ©
- i di n-2-yl-ac ter: _

g%?f\g!scﬁé%éélgglczg¥%':equ‘t°89¥he procedure outlined in Exanple 6, using

chl oro-acetic acid ethyl ester in place of ”on

2- Chl oro-1-[4-(4-chl oro-2-fl Uof o- or phenyl)-2-/-

i i P PF ep&r atipR 0f— o o
hyl pi per azi oA [wegnanong. [ O I epar .
?gE—Chyl grg- pyr i?;tg[&eh-an py i qi n-2-yl,ds, aceri _8' ( N\e_t,Hﬁ_le.r '5I'$ ?40 ,
sol ution of pyrazol of A 6] pyr rali n-awpyaﬁooacet ived aci d et hy a0 s )
0.2 mmol, 1 equiv) in 1nL of dichloromethane was added NCS (32.7 ny,

. 30

L-2 mif165]. Preguition of EL4raRib bonLoRI24 M5 WA, feal ed At 18 9F for

mn,, cooled to roomtenperature; .

di L o}og%gylngmgﬁ-%@lféﬁhgéﬁ@zmm,. lomy Juas! @S RFdhens RO ed oL of

o o e B R ARYER T, e s on of

anic | aye .
Sol venfoncanivatedic gae, ekt agdefesido glak anaky %ﬁ@%{dﬁg%aﬁh@@] xigeteflesi s of
i di - | : . . B

]ZP )(/gl_ : Or%gy lFIJ%’IrJ §§§i|t° C??‘i@tgf]l}eyr 8 iOFganiz- lgyer veas dhéncwashied withbrial) @&t over

anhydrous sodium sulfate, filtered and concentrated to provide a crude residue. To the crude

15  residue was dissolved with 10 mL of dichloromethane and stirred for 5 minutes. The
precipitated solids were isolated by filtration, washed with 2 mL of dichloromethane, and
dried in vacuo to provided 350.2 mg of 1H—4—chloro-pyrazolo[4,3,c]pyridine: HPLC
retention time = 0.44 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) using
Iml/min flow rate, a 2.5 minute gradient of 20% to 100% B with a 1.1 minute wash at 100%

20 B (A =0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/
94.9% acetonitrile); MS (ES) M+H expected = 154.0, found =154.3.

[0166] Synthesis of 1-[4-(4-chloro-,3-methoxy-phenyl)-piperazin-1-y1]-2-(4-chloro-
pyrazolo[4,3-c]pyridine-2-yl)-ethanone: Using 1H—4-chloro-pyrazolo[4,3-c]pyridine, the title
compound was synthesized according to alkylation protocol in Example 6: 'H NMR (400

5 MHz, CDCl;) §.8.18 (d, 1H), 7.31(dd, 1H), 7.21 (d, 1H), 6.47 (d, 1H), 6.42 (dd, 1H), 5.28 (s,
2H), 3.88 (s, 3H), 3.77 (m, 4H), 3.14 (m, 4 H). LCMS observed for (M+H)": 420.4.
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ryrazol o[ 3, 4- & pyri di n-2-yl)~acetic acid ethyl ester was treated with IN
l'ithium hydroxide (LiOH) (1 equiv) in 1nL of MeCOH to provide

2- (3- Chl owo-2pyvmzmBo[ 3, 4-] pyri di ne~2-yl)- acetic acid, wirads20was2433ed as
directly in subsequent reactions w thout further purification: LCVS(ES) MH

212.0, Rf 0.34 mn (Agilent ZorbaxﬁB—C}8 2.1x50 mm 5m 35 0C, Im/mn
flowrate, a 2.5 mn gradient of 2 o %Bwthal 1l mn wash at 100%

B, A= Or g id/ 5%acetonitrile / 94. 9% water, B = 0.1%formc
acid / %}g\/\%%lgPF}Iﬁ@'%‘@&%"éﬁ'@t'Bﬂﬁ}‘tOF‘Y'IPé}*nylEpmhﬁnBI-jzl]%mﬂa&iﬁzr%olo[413-

| - [ 4- ( 4elplykidie-B- - AR Rgrazin-1-yl]-2-(3-chloro-pyrazolof 3, 4-

] pyri di n]gsrz_ yl)- 3%’?5%"?%‘“ !’E‘gﬂ H ?’I aﬁﬂﬁ%i‘j‘“"?ﬁé"%‘l’hﬂevlbpmm-1\@1;2-(4-

synt hesl“i‘@tPYéfEZ!dPHi%gipMidMeaz@Bmﬂhmlﬁ.e formati on conditions using

2-(7-Aza- 1H benzotriazole- 1-yl)-1,1, 3, 3-tetranet hyl uroni um

hexaf | uor ophosphate (HATU) as thelcoupl I n eagery: LCMS(ES) MrH 420.4, Rf
2.17 min (Agilent Zokbawo SR, 8, 12. 1x5¢" oy om<35 OC, Imi/min flow rate,

a 2.5 mn gradient [bf]20%+t6—200fb it 1.1 min wash at 100%B; A = 0.1%
formic acid / 5% acefofitri'f®/ o 9% wat er kB, = 0. 1% fornmic acid / 5%

water / 94.9% acetonitrile. Exanple 32 Synthesis of
2-(Pyrazol o[ 3,4-b] pyridin-1-yl-7-oxide)-acetic acid.[0155] Preparation of

2- (Pyrazol of 3, 4- b] pyr jdi n-/J_< yl5-7- 0%i de) -ac \C a&i doet hyl ester: To a

sol ution of pyrazol -N\]_;mygl ' \-y+l-éE®EN@QW etyl ester (205.4 ng,

1 nmgol, 1 equiv) inyb0 nL of di ogonet kane at 0 0C, | added

met a- chl or oper oxybenzoic acid (rCPBA) (345.3 ng, 1.5 |, 1.5 equiv). The

resul t I xture was allowed to warmto room5 tenperature, and the
gﬁﬂsﬁs’f

reacti EReRiEn valéFﬂii@dﬂ-pyrmo[em,mm@thsem@sma@lﬂsgfg%f&@d eacti on
m xt ur +he_m tircred for _another 30 mn before the sol vent
was ®odoBPAdhbS B ad 2ol leq.) and 5 mL of ethanol was added 4mL, of

hydrazine (excess), the resultant mixture was stirred at rt for 6 h. The reaction mixture was

concentrated in vacuo and crude residue was diluted with 50 mL of water, and extracted with
10 500 mL of dichloromethane. The organic layer was washed with brine, dried over anhydrous
sodium sulfate and concentration in vacuo to provide a crude residue. To this residue was
added 10 mL of dichloromethane, the resultant mixture was stirred for 5 minutes which
resulted in the precipation of the undesired cyclization isomer (1H-4-chloro-
pyrazolo[4,3,c]pyridine) which was removed by filtration. The filtrate was concentrated in
15 vacuo, and purified be by silica gel column (35% acetone in hexane to 50% acetone in
hexane) to provide 250.0 mg of 1H—4-iodo-pyrazolo[3,4,b]pyridine with a purity around 85%
which was used without further purification: HPLC retention time = 1.2 minutes (Agilent ,
Zorbax SB-C18, 2.1X50 mm, 5p, 35°C) using Iml/min flow rate, a 2.5 minute gradient of
20% to 100% B with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile /

) — . . i
20 94.9% water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect =
246.0, found =246.1,

[0168] Synthesis of 1-[4-(4-chloro-3 -methoxy—phenyl)-piperazin-1-yl]-2-(4-iodo—
pyrazolo[4,3-c]pyridine-1-yl)-ethanone and 1 -[4~(4-chloro-3 -methoxy-phenyl)-piperazin-1-
yl]-2-(4-iodo-pyrazolo[4,3-c]pyﬁdine-z-yl)-ethanone: The title compounds were synthesized
5  according to the standard alkylation procedure described in Example 6. For 1-[4-(4-chloro-3-
methoxy—phenyl)-piperazin—1-yl]-2-(4-iodo-pyrazolo[4,3-c]pyridine-l-yl)-ethanone: HPLC
retention time = 2.50 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5p, 35°C) using
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removed to provide a residue. The residue was diluted with 200 nL of

di chl oronet hane, and washed with 1N NaOH aqueous solution (10 nL x 2),
brine (20wol2po7/00b®30r gani ¢ | ayer was separated and dri e@Couseoosoekisusn

sul f at e. Evaporati on in vacuo gave 2-(pyrazolo[3,4- 0

b] pyri di.n 7-,0Xi acetl I el whi ch
was udddt /%ﬂtﬁﬂ% ate, l.?l’%j %@1 |1%lgt ?%ﬁ%q{w g lt%&salfgggn%tgw %§§1ng /ﬁ1 n

(Agi | g gAZQI PogoRBc@id, 5% aaes&ﬁtrnav 950% \%Fnteﬂ,B #mvwfmlh avidr &%ewatar/2. 5 i n
gradient of 20%to 100% B with a 1.1 mn t 100% B @-01 oformc

aci d /9459?6ac@0mm1@},|1\ﬂ§ (ESoM-+dbexnsetct 51260 —f"@“ 93 Wethind'er %E"r‘ -ghl ter /
94. 9% t f
> Py raSEraL B g DBl Blold 2 clovriding 2-ylyethancnes BPLC,

b] Byr'féieﬁnén Mhre7= D23 ﬁﬁhuta@@&glmnaz«)maﬁsml&gtﬁfsomm Bpe3f%€) vaingh | N Li OH (
1 equiv) in 1nL of nethanol

(2) ( Pyrianlénisf Bow rafpysy2.5 ARAULe. qutdlmt@fflg"é)toah?@?e% vyl 1@@?@/6‘6@%")51‘%@%4 2, Rf
22 o a
22 i Cy S g OURE ) SR b iy D2 Wit B PR folalb b7 AR RL E, 2 o6

for M coemk,GebtobfibiRENISNESY MA@ éxpddt 9% Bt fornd BSE2.49. 1% formic acid / 5%
water / 94.9% acetonitrile Exanple 33 Synthesis of

| -[4- (4- Chl or o- 3- met hoxy- phenyl ) pigy gf@g gt!-yl]-2-(pyrazol of 3, 4-
& pyridin-1-yl-7-oxide)-ethanoiie. [0157] The title conmpound was

repared accordin andar é rmat an ribed in
B Synihesis P%b-lmwggﬁg oSt el en- CR0R AR BSE 25 5,
mn ( mm 5m 35 0C, Im/mn flowrat 2.5
m ngr %’%ﬁ@t{){){_@ tho 10 I%aiv:\lnil?ﬁga 1. 1 m n wash at 100% B; A O. ?%ef o?m C

acid / 5%aceto r|I /c94 9% wat er % f m@amd/ 5% wat er /
94. 9% acet oni ¢ N 4 S)Bﬁ%%ﬁm PL\
| -[4-(4-Chl orq;3- thoxy p ’m’pﬁ‘amgl -yl]¥2/(6 'ﬁ%\ygo%razolo[

[0169] A mixture of 1-[4~(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-iodo-
pyrazolo[4,3-c]pyridine-1-yl)-ethanone (0.1 mmol, 1 eq.), Cul (0.3 mmol, 3 eq.) and

15 NaSO,Me (0.3 mmol, 1 eq.) in 1 mL of DMSO was heated at 80 °C for 2 h. The reaction
solution was cooled to rt, and diluted with 20 mL of sat. NH4Cl aq. solution and 200 mL of
EtOAc. The diluted mixture was stirred vigorously for 2 h. The organic layer was then
separated, washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo to
provide the crude product. Purification by HPLC provided 40.2 mg desired product: 'H

20 NMR (400 MHz, CDCls) 3 8.76 (d, 1H), 8.49(d, 1H), 7.65 (d, 1H), 7.23 (d, 1H), 6.50 (d, 1H),
6.44 (dd, 1H), 5.53 (s, 2H), 3.89 (s, 3H), 3.79 (m, 4H), 3.22 (m+s, 4H+3H). LCMS observed

for (M+H)": 464.4. |

Example 42

Synthesis of 1-[4-(4-chloro—3—methoxy—phenyl)—piperazin-l-yl]-2-(3-amidom§thyl-
25 - pyrazolo[3,4-b]pyridine-1-yl)-ethanone.
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3,4-]pyridin-1-yl)-ethanone. al kylation [0158] 2-chl oro-3-cyano-6-picoline
was reduced by diisobutylal um num hydride (DI BALH) followng a literature
procedur ewOBadmm2es. al, J. Og. Chem, 1980, 45, 1354- p86AISpossobdsosed by
t he hydrazi ne condensation protocol as described in Exanple 1 to provide

t he correspondi ng 6- Met hyl -1 H pyrazol of 3, 4nR] pyri di ne, which was then

subj ected to the al 4 @icom, prot ¢EollNiNn desqri be@ini\exanpl e 6 to provide

title conpound §s Ja wi8% Dovdef ) LENS ( ) 0.5. Rf 2.161 nin _

(Agi | ent Zorbax 8B-IC18, 2. 1X50vmih 5m  350CY | nl /maiun fllow rate, a 2.5 mn
1.

gradi ent of 20%to 100%Bwith>={ 1 min om@sSh attMiBd%B, A = 0.1%formc
acid / 5% acetonitrile / 94.9% W8ter, B = ®'1% formiclacid / 5% water/

94. 9% acetonitrile). Exam%lhe 35 Synt hesi s of N (3.4
| - [ 4- (4- chl or 0-cB=ey-hox N -pdkopgﬁ@@hp-&,;@;@,ﬁ £ -pyrazol of 3, 4-
b] pyri di ne- 2-yl &bhaﬁromrﬂ 0l 55‘]’“Prmrat i on rfémy - pYyrazol o[ 3, 4-
] pyri di ne- 2-yl )-=acetic aci dyethyl ester: ToM® sol ution Q]

-6-net hyl -pyrazol o[ 3,4- Jpyridine ( 1 nmol, 1 eq.) in 3 of THF was added
NaH (1.5 1.5 eq.) portion by portion at 0 OC under nitrogen. The

|, 1.
r esul tH}WBn};p Rrenaeation of (3 metleylpyrazos. f- dlryraling- hieecticaicldostleyl aster:t Whiss| ow

tas o) PSRl il sRheRE W oBS Rl 0E SIEGER BhoGlos intfir 1 1R 08 APy T on
m xt ur Exmapledd dERLE astontidnetndHAD6 Bitutes PARHEMR Zor BRI OMS X0 ¥ §1 Was

extracted with 300 nL_of EtOAc. The organi c extract was separated and
vvas{]ed \?Aﬁq)ﬂlsgﬂgtlml B oW mitedr o rapue a’éi‘.%l%f)ﬁ@%dﬁ 10950 withsl Lat minutet i | t er ed

and dr | 0 A UL o2l € ) enpMwed i1 vacuo,

nd t he e L B ek B DR DB e I S el Brovi de
50. 2 nepidé SV wder PdDI6 bcetbiRtrile)r MLMS) Mi-Hienpect=2208 , foundt=2204Agi | ent Zor bax
SB-d 8, 2.1X50 nm 5m 35C) using ImM/mn flowrate, a 2.5 m nute gradi ent

of  20%0101{.0%prationb 33 torbmbiuibithyt) HResdiafs, 4 ABHiBnbA-)Redi@bthp 201 d /
0 ester: A mixture of (3-methyl-pyrazolo[3,4-b]pyridine-1-yl)ethyl acetate (2.5 mmol, 1 eq.),

10 NBS (3.0 mmol, 1.2 eq.), and benzoly peroxide (0.05 mmol, 0.02 eq.) in 10 mL of CCl, was

refluxed for 1.5 h. The resultant mixture was cooled to rt, and diluted with 500 mL of

- EtOAc. The resultant solution was then washed with 100 mL of sat. sodium bicarbonate
aqueous solution, brine solution, dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The crude residue was purified by silica gel chromatography (20%

15 EtOAc in hexane to 35% EtOAc in hexane) to provide 450.2 mg of the desired product:
HPLC retention time = 2,50 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5p, 35°C) using
1ml/min flow rate, a 2.5 minute gradient of 0% to 100% B with a 1.1 minute wash at 100% B
(A =0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/
94.9% acetonitrile); MS (ES) M+H expect = 298.0, found =298.3.

20 [0172] Preparation of (3-azido-pyrazolo[3,4-blpyridine-1-yl)acetic acid ethyl ester: A
mixture of (3-(bromomethyl)-pyrazolo[3,4-b]pyridine-1-yl)acetic acid ethyl ester (0.5 mmol,
1 eq.) and sodium azide (1 mmol, 2 eq.) in 1 mL of DMF was heated at 80 °C for 1 h. The
resultant mixture was cooled to rt, diluted with 150 mL of EtOAc, washed with water (40 mL
X 3), brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The

25  solvent was removed in vacuo to provide 135.2 mg desired product: HPLC retention time =
1.84 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) using 1ml/min flow rate, a 2.5
minute gradient of 20% to 100% B with a 1.1 minute wash at 100% B (A = 0.1% formic acid
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acetonitrile / 94.9% water, B = 0.1%formc acid / 5% water/ 94.9%
acetonitrile); M5 (ES) MrH expect = 220.1, found =220.4. [0160] Preparation
of (6-nmetwple@ymwamel of 3, 4- Z>] pyri di ne-2-yl)-acetic aci dpcThissoocopgsazind was
synt hesi zed according to standard ester hydrol ysis protocol as described in
Exanpl gzo b bhe . E=79)| rfaduct ] in the
e TR, B b Rt o 9.0 6y TS 30 S IR oA SRS

1- [ 4- (@) M-l exBectre 60Xy fqundm2b) 4pi perazin-1 -yl ]-2-(6-net hyl pyrazol of
4- 6] pyri di ne-2-yl)-ethanone: The title conpound was synt hesi zed accordi ng

) T PR R SRR kDB BBHAL Ty Sa0°T

(d, | Hom@uas@as sythesifed40cdqrdihg to H}andﬁd h9dioysisibtocal &ZHeécmbeaIﬂ) 3 88(s,

glg) 58y ﬁﬁwlgggpsmg 13N },101(1 mHPL% retent1on tl(l?rlloes“? r1 \/9?1%11];18{% ?Agﬁgnt Zorbax SB C%arrpl ©
| - [ 4- s b I yrazol
» L3 gﬁlﬁyr | %}h il 16V 8 1"16%‘?“1" lorektidt oFBIABAU0bY B WiltP

| - [ 4- (&1 .Chionie v@a-s}nat m&yﬂoﬁfemﬂl )% Mmﬁc aand h5Ve gde}on?tnaé% b pyataz Bl-o[

(35 Dadorraapis Vo Saths Scncelotiil) 5 ChS] Vi whastt = 25T e hoat o

to 80 O3y, 12 h. The reaction m xture was allowed to cool to room
terrperature diluted by EtOAc (3 nL) and filtered. The filtrate was

B e B! T RO TS e B g e
Z C 5 i
L5 o B are Py g Pﬁﬁmﬁaﬁ*%ﬁ%ﬁ%g&%@w Ph'a 1.1 min

wash a%taqb@@%tldwou@ngm@dme@s alescibed bolpwdiatfpamie #3 using SpIasveer, B =
0. 1% f&hﬁhﬁg ?e%hglt./ PR Glion P2t 9.36 minutes (Agilent Zorbax SB-C18,

2.1X50 mm, 5p, 35°C) using 1ml/min flow rate, a 2.5 minute gradient of 20% to 100% B

15 with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile / 94.9% water, B
= 0.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect = 441.2, found
=441.5.

[0175] Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-amidomethyl-
pyrazolo[3,4-b]pyridine-1-yl)-ethanone: To a solution of 1-[4-(4-chloro-3-methoxy-phenyl)-

20  piperazin-1-yl]-2-(3-azidomethyl-pyrazolo[3,4-b]pyridine-1-yl)-ethanone (0.21 mmol, 1 eq.)
in 2 mL of THF was added dropwise at 1t a solution of tris(2-carboxyethyl)phosphine HCI
saltin 0.5 mL of water. The resultant mixture was stirred at rt for 30 min. The reaction
solution was concentrated i»n vacuo, and the crude residue was diluted with 150 mL of
dichloromethane, washed with 25 mL of water, brine, and dried over sodium sulfate. The

25  solvent was removed in vacuo, and the crude residue was purified by HPLC to provide 26.2
mg final product: 'H NMR (400 MHz, CDCl3) 6 8.17 (dd, 1H), 8.15(dd, 1H), 7.22 (d, 1H),
7.12 (dd, 1H), 6.50 (d, 1H), 6.44 (dd, 1H), 5.40 (s, 2H), 4.25 (s, 2H), 3.89 (s, 3H), 3.77 (m,
4H), 3.19 (m, 4H). LCMS observed for (M+H)": 416.4.

Example 43

30  Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-sulfonic acid-methyl-
pyrazolo[3,4-b]pyridine-1-yl)-ethanone.
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acetonitrile). Exanple 37 Synthesis of

| -[4- (4-Chl oro-2-fl uoro-5-net hoxy-phenyl)-2-(S)-nethyl -pi perazin-1-yl]-2-
pyrazol o[Wo4eejpymsdi n-1 -yl -et hanone. [0163] The title eomusR0d/M333
synt-hesi zed foll owi ng the al kyl ati on protocol as described in Exanple 6:

LCMS (ES) M+H 418. &% Rf 2. 055 mimS%Agi | ent Z8tbax -C18, 2.1X50 mm 5m

35C, Im/nin f at ey, & 2.855n gradi af 2095%6™M8b% B with a 1.1 nmin
0 | N _]:%"?"O . ) 2 ] o, - ;

wash at 100% B~Aw= 0—tvrtor Nac i~/ eto 94. 9% water, B =

0.08% fornic acpd”) 5% Wer/,04. 9% acetquitrile). "ERanple 38 Synthesis of

| - [ 4- (4- Chl or o- 3-aeet hoxy- phenylof- pi per azi redl -yl ] - 251%62 o y- pyrazol o[ 3, 4-

e]pyridin-I-yl)-ethanone. [0164] A m xture_of 6-azaindazole (119 ng), H20

(0.2 n) in acetic acid (5 nL) was heat 6O f o). The resul tant
m xture was cooled to roomtenperature an corcent d in vacuo. The crude

1]

resi due was dissolved in EtQAc (10 ni), "washed withygat. aqueous NaHCOB
solution (3 nL), dried (Na2SO4), filtered and evaporated in vacuo. The

d duct (the N-oxjd bi -
%é : 0Bi | Freeseation 6Ly bupivu e o veeo B ddumm st L Rl B8haer L ove
.4, 7 AN i ) ,
g rﬁ}gzé@g A mBRhurd 0%éé(ﬂ%ﬂog@glgii)gﬁﬁaz%ﬁf[?,%]ﬁdﬂxe@vyl)%cét?@ihd%yﬁm 350C,

lm/m ow rate, a mn of 20% 100% B with a 1.1 m n wash
at 1096 B).1Anmnél, 1% andsadiamisdlfite 698 sel oexicess) irea mixgyregnilvink-@f DMF= 0. 1%

formc acid / 5% water/ 94. 9% tonitril '

|52 e @fxgatﬁ%ﬁémm ggig%g"&&eié@rﬁ?rm PR ofiten BRSS! o 4, 3.
-2- - et hanone. . . td S 1. .

1Y it it Brsaf Sta 30 e Yl AR M b acted with LI MOOH: )

gggg%@g gg) FHICRHATHE BYHBined ofhniEBRiractd wesb dricld vacud, apd thetdhadiol  was

residue was used without further purification: HPLC retention time = 1.63 minutes (Agilent
Zorbax SB-C18, 2.1X50 mm, 5p, 35°C) using 1ml/min flow rate, a 2.5 minute gradient of

0 0% to 100% B with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile /
94.9% water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect =
300.1, found =300.5.

[0177] Preparation of [3-(sulfonic acid-methyl)-pyrazolo[3,4-b]pyridine-1-yl]acetic acid:
This compound was synthesized according to standard hydrolysis protocol as described in
5 Example 30 using 1 N LiOH as the base. The crude product was used without further

purification.

[0178] Synthesis of 1-[4—(4-ch10r0-3-methoxy-phenyl)-piperazin—1-yl]—2;(3—su1fonic acid-
methyl-pyrazolo[3,4-blpyridine-1-yl)-ethanone: A mixture of sulfonic acid (100.2 mg,
contain lots of inorganic salt), JH-4-(4-chloro-3-methoxy-phenyl)piperazine 2x HCl salt

0 (0.37 mmol, excess), and HATU (0.37 excess) was suspended in 3 mL of pyridine, stirred at
1t for 3 h. The pyridine solvent was removed in vacuo, and the crude residue was extracted
with dichloromethane (10 mL X 3). The organic extracts were removed, and the crude
residue was purified by HPLC to provide 10 mg of 1-[4-(4-chloro-3-methoxy-phenyl)-
piperazin-1-y1]-2-(3-sulfonic acid-methyl-pyrazolo[3,4-b]pyridine-1-yl)-ethanone: HPLC

)5  retention time = 0.28 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5p, 35°C) using
1ml/min flow rate, a 2.5 minute gradient of 20% to 100% B with a 1.1 minute wash at 100%
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hydrazine (excess), the resultant mxture was stirred at rt for 6 h. The
reaction solution was concentrated in vacuo, and the crude resi due was

di | ut ed wohos&mordezof water, and extracted with 500 nmlL etCTdisedsoronet hane.
The organic | ayer was then washed with brine, dried over anhydrous sodi um

L : 3 rQvide-a crude resid To the crude
3ot U P TaEP o SRR L B G B rricretd o etertr S
m nut e94.9Vhecapertrile); Mt @5) d6HI dspoverel8DIFaiac-4Ry sfi | tration, washed with 2
nmL of dichl oronmethane, and dried in vacuo to provided_350.20ng4of_ t
- - | o[ 4, 3, c] pyri di Rg, retention tinme = 0. m nut es
l(;:;llll gm OngrB;;aég- CI[ 8, 2]. I%I(SO m%agwkggC) using I'm /hm n fi)gg}/ (r)a'ltge,(Aa 2.5
' dient._qgf 20%to 100% B with a 1.1 mnute wash at 100% (A =
0. 195 { SR 'srﬁe&a9[74—<§wﬁloaeﬁomefuquengu-.mmmme1-yuBz-g-au%pm?m{ﬁg | 5%
ter/ ihiahi , M5 (ES) MtH expected = 154.0, found - . 3.
\[Nglgg] b yr{?%gg??qg?ﬂh%ﬁ?ﬂh@% 4- chl or o- 3- met hoxy- phenyl ) - pi per azi n-
1-yl]-2-(4-chloropyrazol o[ 4,3-c]pyri dihne- _2-|y|l) - et hano%e: Usi ngt Hesi zed
- - 4,3-c kdife, thet co [dnwas syn
Lutt:grgrlngr?opglrﬁ ;: nﬁ%i]ot c \an_LE{Zarrplet&\,N 1Hm 400 >5 MHz, CDd 3)
d.8.18 (d, IH, 7.1310dd, | H), N (d, TH)N Y47 (dyardH),| 6.42 (dd, IH) 5
5.28 (s, 2H), 3.880?{%Et 3H), 3. ?)%ﬁltm 44, 244 (megdohpe |LOVS observed for
(MrH) +: 420. 4. Exanpl €740 Synt hesi'S' of _ _
| -[4- (4-chloro-3-ne oxy—_phecpyl ) - Pipgjepzi n-1 -yl ] - 2-(g-| odo- pyrazol o[ 4, , 3-
c]pyridine-I-yl)<ce rane

d ne Ho0 _CIAQ\N/—\N N !
| -[4- (4-chl oro- 3- ox - gﬁgﬁ?%:l'peram n- | ]\—Z-‘(/<4—-N’
|

i odo~pyr azol of 4, -e] pyridme-2-yl y- et hanon@?o_ \-d [0167L epar ati on of
| // ~4-i odo- pyrazol o[ 3, 4, Z>] pyri e: To a m xture of 2- Qro-4-
i odopyri di ne- 3-car bal dehyde (6.24 nmol, leq.) and 5 nL of ethanol was added

4 of [0170F aPtdrdkiB o2 63 lodol Gl bRSWARS A ML GinASBLLEL £y BT Labor ©
The r e[actygron m xt ulr e wgs 0éi(())ncent rated | n[ Vac]%gﬁalﬁlgqc}? zaﬁel r%cs(ii a%‘é’ Wé%r
di | ut elio wiselytigy of(3-igtloviapiaazole]d d-Elpyridiot-dedylydcttic ﬁbi&@ﬁhyh&st@go._éla leq.) in
: i i i ed over
ghﬁgg%ﬁ?&#ﬁl@ﬁ‘ wJ&%d% glqa{lgrolsl?cycler{iml es(l\%a@ QSC}&\M E gq. Elé Q (saélid. tl“lhe resultant
10  mixture was heated at 70 °C for 3 h. The reaction mixture was cooled to rt, and diluted with

250 mL of EtOAc. The diluted mixture was then washed with water (100 mL X 3), brine,
dried over sodium sulfate, filtered and concentrated in vacuo. The crude residue was purified
by silica gel chromatography (15% EtOAc to 75% EtOAc in hexane) to provide 100.4 mg
white solid as final product: HPLC retention time = 2.48 minutes (Agilent Zorbax SB-C18,

15 2.1X50 mm, 5p, 35°C) using 1ml/min flow rate, a 2.5 minute gradient of 20% to 100% B
with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile / 94.9% water, B
= 0.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect = 365.9, found
=366.3.

[0180] Preparation of (3-i0do-5-chloro-pyrazolo[3,4-b]pyridine-1-yl)acetic acid: This
20  compound was synthesized according to standard hydrolysis procedure as described in
Example 30 using 1IN LiOH: HPLC retention time = 1.78 minutes (Agilent Zorbax SB-C18,
2.1X50 mm, 5p, 35°C) using 1ml/min flow rate, a 2.5 minute gradient of 20% to 100% B
with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile / 94.9% water, B

= 0.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect = 337.9, found
25 =33709.
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sodi um sul fate and concentration in vacuo to provide a crude residue. To
this residue was added 10 nlL of dichloronethane, the resultant m xture was
stirred fwo 26omiomastes which resulted in the precipationprgii/usb@condesi r ed
cyclization isonmer (IH 4-d oropyrazolo[ 4, 3,c]pyridine) which was renoved

T R e R e T

provi \(Aiﬁlo%égypdzm [Ph-triide ?T)Eéﬂ'iﬁ%ﬁé otrﬁe Al 8Labbed\Gadd Pihﬁ]eﬁz@&'“ ty around

85% ch™Wwas uséd wi'thout further purificatio HPLC retention time =

1. 22 rdconrtling t() s@ndzard pepitebraupi Wot@ol 25 dessbednin BxampB80)singsHAJU ad / i n

fl adient. of 20% t t h at
10056 8¢ wutaE ipefir L ChipoRsuRs & i fried et 2R B BEr . B = 0. 106
; ggnmdcz gyg%(dnﬂn %%@i ru’sm 4313{’{2@%%@%& rai .8 hiinl¥ gfddfont MHb %6 €06%B 246. 0,

| - [ 4- (wﬂchﬂdnnmgtm%@ﬂowé}\%r Opl%épmlncr@md-/ﬁ"/}) aget¢uitrile 48P Y Vawaen B
4,3-c]p

1-[ 4- (—43 é% 1c3acH£ %@%@%ﬂ&ﬂg‘m acg 0ng2§21 MS (ES) M-+H expect = 546.0, found

yl ] -2-4{s46i40do- pyrazol o[ 4, 3-c] pyri di ne-2-yl)-ethanone: The title conpounds
wer e synt hesi zed 5 according to the standard al kyl ati on procedure descri bed

in Ex B¢
Imrslt hojym)éﬁenﬂtﬁﬁllspoet{rlg[z‘ﬁ('é-ﬁﬁl&rﬁ]f?%?lﬁx??&gn%g/Pef etzon[ h—y\l}l % fS %liorc? ne-1-yl)-eth
arnone:pykridolo[ 8 Gt-lﬂpymctiﬁe-ﬂ lypetharbng) ”Imarmﬂlﬁﬁm(o‘fgl- [4ef@t-chiavmmebidx Glph8nyl . 1X50

mm 5m. 3500) usin mn flowrate m nu radl % to 100%
B wit rPlﬁeriﬂli'lnYl}fét(g'lQ\%ﬁ -chlora-pytrelof 3A4 W@Bff’b‘r ﬁ;)r 035’6@&03 nitrile

M el 1S 1kl R o i ity popr %%ﬁ?&% $ t‘f“‘ "¢ M Ghied® (59

met hoxgtoRRREYA0) nIRifRY BZdoRron)dfisoprdpft hikdRedith *BRKAE €0.856 Ll O5Rg)Z1 Y| ) - et h
anone: I—Efc ’)rdet}lentl on tloma = % 1‘rr@lfiﬁlut ese Agi | ent g%rbax SB- 018@2 1X50

mm  SriTHB5ThS regslitang ndirtutanwyas ﬁok d0mriattes at-40. € followedbydmgivesetadditiodd¥ t o 100%
Bwthal1 mnute wash at 100% B (A = 0.1% formc_acid / 5%aceton|trlle
I 194, g ampmenivmhiprids, adBeqHs daqsprtion gbAanateatneraureg ihe seaction selptien ways ( ES)

MrH exp&tiedTo nilditited HAUPB0 Tk 6f Bt sBed rith 50 mL of water, brine, dried over
sodium sulfate, filtered and concentrated in vacuo. The crude residue was purified by HPLC
to provide 5 mg final product: "H NMR (400 MHz, CDCl3) § 8.44 (d, 1H), 8.05(m, 1H), 7.23
(4, 1H), 6.50 (d, 1H), 6.43 (dd, 1H), 5.42 (s, 2H), 3.89 (s, 3H), 3.76 (m, 4H), 3.20 (m, 4H).
20 LCMS observed for (M+H)": 421.1.

Example 45

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-chloro-pyrazolo|3,4- ‘
djpyrimidine-1-yl)-ethanone and 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yI]-2-(4-
chloro-pyrazolo[3,4-dlpyrimidine-2-yl)-ethanone.
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[0183] Preparation of 1H-4-chloro-pyrazolo[3,4-d]pyrimidine: This compound was

synthesized according to standard hydrazine cyclization protocol as described in Example 1:
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Synt hesi s of

| ~[ 4- (4- chl or o- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-(4-nethyl sul fonyl pyrazol
o[ 4, 3-c]wynbeimes-yl)-ethanone. [0169] A mi xture of  PCT/US2006/024313

| - [ 4- (4- chl or o- 3- net hoxy- phenyl ) - pi perazin-I-yl]-2-(4- |odopyrazolo[

4, 3- c] pPrLCkereatib ﬁme£ 3 lo and
NaSO2 Ve (0.3 o gbaﬁﬁgﬁfé ﬁf?‘%‘e“?@”’ba’* SBin hay 55)( ‘9{“ §gmg’cc? h The
r eact i bl ﬂpwantmg Sammumjgmdtentqf%w }:G(]%JBadlﬂmﬂh Rbutdwah as aoow\lkMCI

d .200. jrl_ of Jdiluted re, was stirred
VI gor otfy (P?)(S%n%mﬁ ac;ﬁ{"&%%egm()@ﬁ? éé%? Qe en81'51e}1b {Gaf1d (e FEderfi t h
bri ne, 94i9?/<%1:efbﬁﬁﬁle§01dl!sl{ﬂE‘S§M4fI§E§pecf4=|1t59bef$uﬁ<ﬁ‘dl§9ﬁcemrat ed in vacuo to
provi de the crude roduct Purification by HPLC provided 40.2 ng desired

pr ??j: BJISQLE) §§@h&§9?5 W-Igﬁ C%‘r%ﬁq?ﬁﬁorz 6 e%yg ngg’er%nﬁg}élf 2~ (@I_%]ng(-SGS (d |3H)79
( m 4I-hyra23013[3 4-G1pSrintéthdH)-yl)-efBiroPar VR4t Morb Mtk thox ¢ 3flerfd) Iﬁf%ine 42

Synt hesi s of

| - [ 4- ( b-yHrd éfkehlsrqmm@@@%é]wnpu@mp@rﬂfctﬂwmwt [Thesq @ngpminddsreerey | pyr azol of

(3 ot T Taeh b8 g 4 SRR B0 PR E Rty e iodimmronague
conpoumtiesersbes)inixasiprest Fal 1-pm{4aehlodoe3- ﬁieﬂtbk?lph@ﬁyl}lf)%’éﬁﬁﬁﬂ-l ?111@4(4% . |t gnt he

one described in Exanple 6; HPLC retention tine = 2 m nu

Zothaxchaprodyrazolef3 fx‘%yﬁﬁldlé?nl >éls ethanasicndt NMR. (09 MH@MCD@MB 84/ 62(35 i nut e
adi e f () V7 S 0/ oformc

Scra oy did, PARPY, SR, RS M0 AT R R IR AT

94. 9% (e,ettns £8 |(1Ine)1H) NECNMESbsérved ﬁxmmaﬂ{)i 220 1Forf1ql4r(d ohl?oz&?,dmethaiti-l]

oty Bipae et N BT s Oy gl ybyteapnes HELGT ) of byt

t at d id
?geog %ﬁoégmlgénﬁﬁutksg)&%nﬁo%adf Wgéér% %&*ﬂ’?@rﬁf@?ﬁh%ﬁgmx' e

r éul t HAYmin fewrateym Smmu@cgr@cbemttof 28%dtodioDYi B avithi & h1 BOutetwash atFt(0A6. The
resul tﬁr('A =8 ll*}t fo?rﬁm%%d } o ace omtr%% / \@4t9|% \:;ngt%r rﬂ' %f ‘V?)?’orrmcS: ggh ?g?!/ b\;vgt%{' onate

94.9% acetonitrile); MS (ES) M+H expect = 421.1, found =421.1.
Example 46

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-methoxy-~
20  pyrazolo[3,4-d]pyrimidine-1-yl)-ethanone.

/—\N_/& /P
c
KiCOs |—</ >*N\__/N—<_N,N\
= MeO = 0
I\

/ MeOH

[0185] To a solution of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(4-chloro-
pyrazolo[3,4-d]pyrimidine-1-yl)-ethanone (0.024 mmol, 1 eq.) in 1 mL of MeOH was added

solid potassium carbonate (excess), the resultant mixture was heated at 70 °C for 30 minutes

2

25 then filtered and dried under vacuum. The crude product was purified by HPLC to provide
the desired product as a white powder: 'H NMR (400 MHz, CDCls) 6 8.90 (s, 1H), 8.07 (s,
1H), 7.22 (d, 1H), 6.50 (d, 1H), 6.44 (dd, 1H), 5.29 (s, 2H), 3.90 (s, 3H), 3.81 (m, 4H), 3.19
(m, 4H), 2.25 (s, 3H). LCMS observed for (M+H)": 418.9.
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aqueous sol ution, brine solution, dried over anhydrous sodi um sul fate,
filtered and concentrated in vacuo. The crude residue was purified by
silica gevochemmedsegr aphy (20% Et QAc i n hexane to 35% ErChaskevchesane) to
provi de 450.2 ng of the desired product: HPLC retention time = 2.50 m nutes
(Agi | ent Zorbax SB-C18, 2.1X50 nnbe‘%mgl%ﬁ:) using ImM/mn flowrate, a 2.5
m nute gradient of 0% to 100% B w 971 minute wash at 100% B (A=0.1%
formc acid / 5% acetonitrile / 94 9% water, B = 0.1%formc acid / 5%

wat er / Sputhesis ab k- 4n(d-chlore3-mghox-ghenyl)spipeyazin-L=y-ga(6echlonsupyrazdofs,s-

LORrE) Sipy BT BeiBhndults At 1105 ALERBRS. Sliechod bRV Biper i A0 2562 @

( 3- ( br ciitor@pimazplofy,d-dipyadide2-R)piiandnae- | -yl ) acetic acid ethyl ester (0.5
mml, 1 eq.) and sodiumazide ( 1 mmol, 2 eq.) in 1nL of DW was heated at
80 OC for 1 h. The re @At i Xt ur ey omo%bss'gnnto Jdiluted with 150 niL
of Et QAc, washed vm"%, ' t'er Zhl , bﬂ—ﬁé,i.dri/{éélj'\l/er anhydr ous sodi um
sulfate, filtered and concentrated i'h Vacuo. The YolVeht was renoved in
vacuo to provide 135.2 ng desired product: HPLC retention tune 1.84 m nutes
(Agi | ent Zorbax SB-C18, 2.1X50 m;—@?@ly sing ImM/mn flowrate, a 2.5
m nute gradient of 20%to 100% \LaNT A ute wash at 100% B (A = 0.1%
formc acid/ 5% acetcp_rg?t_hyri\d@ /9% 9% wat er, = 0.1%formic acid / 5%

wat er/ 94. 9% acet oni g7 €); s (ES) M+H expect® = 261.1, found =261 . 4.
[0173] Preparation of {3=(azirdonet hyl)-pyrazo 3,4-6]pyridine-l-yl)acetic
acid: This conpound was synt hesk @e i )40 st andard hydrol ysis

prat ocol as described in Exanpl §,40 usiig IN'Li OH HPLC retention tine =
1.94 mnutes (Agilent Zorbax SB-C 8, 2.1X50 mm 5m 350C) using Im/mn

flow rajige) ap a%ﬂ%@,@-ﬂ?c%ic?@%{ﬁgid@lp@lﬁﬂeﬂ}%g) fogjbfé‘;&an %f%,d‘&i@’d&%-é"-’as*‘ at

100% B (A= 0.1%formc ac 5 cet’oni t o Wat er, = 0.1%

for m cniastichcid 8wl e éq. Pikh. 19MmBoELONTHF iat 8 PC, Was 4deR)l NdBHL 2P @&ho-3233. 1,
found =233. 4. {)0174] Preparation of
| - [ 4- (S XpArBeR bR pesion awderghieegen)atippsnbetez | After-the gvoduti@ efhiydomee By pyr azol of

3, 4- 6] Dladh BoRikA 1Y ds8BE BB bng i e SRR v S S L AR 5 nas S0 di ng to

10 eq.) was added dropwise to the reaction mixture at 0 °C. The resultant mixture was stirred at

0 °C for 20 minutes followed by the slow addition of sat. NH,4ClI aq. solution. The reaction
solution was then warmed to t, and extracted with 300 mL of EtOAc, and the organic layer
was washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo to
provide a white solid, which was used in subsequent reaction without further purification:

15 HPLC retention time = 0.71 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) using
Iml/min flow rate, a 2.5 minute gradient of 20% to 100% B with a 1.1 minute wash at 100%
B (A = 0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/
94.9% acetonitrile); MS (ES) M+H expect = 178.0, found =178.0.

[0187] Preparation of 2,6-dichloro-3-formylpyridine: To a solution of the above alcohol (2
20  mmol, 1 eq.) in 10 mL of dichloromethane was added potassium carbonate (excess) as a
solid, and Dess-Martin periodinate (2 mmol, 1 eq.) at rt. The resultant mixture was stirred at
rt for 30 minutes. A 5% sodium thiosulfate aq. solution was added to the reaction mixture
and the resultant mixture was stirred for another 10 minutes. The reaction mixture was
extracted with 300 mL of EtOAc, and the organic layer was washed with 50 ml of 5% sodium

25  thiosulfate aq. solution, Sat. sodium bicarbonate aq. solution, brine, and dried over sodium
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standard peptide coupling procedure as described below in Exam e 43 using
HATU as the coupling reagent: HPLC retention tinme = 2.36 m nutes (Agilent
Zor bax SBvOD28¢7/@220X50 mm 5m 35C) using I m/mn flow raCeusannd/od3ms nut e
gradient of 20%to 100% B with a 1.1 m nute wash at 100% B (A = 0.1%formc

25 oy RSN by B AIBIE o R R B 28 T 5021

Synt hewhse siflid1 - HLNMR @D (Mldz ,SCIDEL NS Y-37H(e, M) 8AT7RE r11a12j| N42 (d, 1H).
1-yl]-2-(3-am donet hyl pyrazol o[ 3, 4- ]pyridine-I- )-et hanone’ To a

sol ut| f

pi per azi ﬁgll Pr#}éfaﬁéﬁ -Ggg:eﬁ%ﬁgbt @% M6%£(I§W§}nf glliop%/?(il 1'ilor1ne°fi26 fl chgir?nz}none
(0. 21 fommylpytidisq (9.89 mnolnl eq) inlHRI IAE wdsledtiedhyfinizi® (2106mimel, $leqt)la@n of
tris(2-carboxyethyl)phosphine HO salt in 0.5 nL of water. The resultant
mi xt ur®é \I/&@WW selugen was hesteds 130N C mr‘ﬁéalﬁéﬁtbﬁf@howmghh SFhesalyent was
concenli vacu and .t he cr,u luted wth 150 nL of

di chl ore{&ﬁ)ir\a’? (glél & UG é}be iR was ﬂi%ﬁé?ﬁgérggfc%g‘i ﬁ%fumé{h&) HicatomResilisy di um

sul f at gl clifdena tpritfido DEERYLnl rYARMOHPR el ﬁEHfiE‘: L@ eyas
purlfled by Hgigéwtﬂg rovi de 26. 2 ng)flna prodSc 1A é?ﬁ "lﬁzlééva

d 8. 17(Agilgnt Zqgpax §B 8,1 X5Pymmy S 2. B5CE) usipg 1mi/ntig ﬂ(odsdx;atd BiR,5 @ile (d, | H),
.44 o 4 3.19
.10, aplkr b Pyt B 0 Pk A g L e s

| 1[04 (abetinitriter-9B-9% tsaxyB BHETHE DrovicReIEZ W Watet! 94,89 RefmitFiRI WS (ES)

aci d- yrazol 3, 4- # yridi ne-1-yl)-ethanone.[0176] Preparatl on of
[ 3- (sﬁgﬁ‘?}g’e%fm H54n‘£5t fhazol o[ 3,4- ]pyridine-l-yl]acetic acid ethyl

ester: A mxture of (3 (brormrret hyl ) - pyrazol o[ 3, 4- ] pyridine-l-yl)acetic
aci d cl0h§9] eSymhes{sofll3][4nfEnthlord-3eme)hoagebieop)pipesddid-i tye]-2-(6-cBlorgvol , excess)

i 1 Xt d 0. t heated at 80 OC f
hour. Befetida e B ot S aBa drl4d Ao > HAOR K PhEBTLy Bl Y ooy oq
I N vacup2-(§RElEpY RS IRA L BRI RN avm&hoﬁe 1Th@% uﬂ%@%&éﬁmeﬁ@ X 3). The

conbl ned organi c extracts were driéd in vacuo,
synthesized according to the standard coupling procedure descnbed in Example 6: For 1-[4-

CDCIS)

(4-chloro-3-methoxy-phenyl)-piperazin-1-y1}-2~(6-chloro-pyrazolo[3,4-b]pyridine-1-yl)-
ethanone; "H NMR (400 MHz, CDCls) 6 8.08 (s, 1H), 8.01(d, 1H), 7.25 (d, 1H), 7.16 (d, 1H),
6.50(d, 1H), 6.45 (dd, 1H), 5.40 (s, 2H), 3.90 (s, 3H), 3.77 (m, 4H), 3.23 (m, 4H). LCMS
observed for (M+H)": 420.5: For 1-[4-(4-chloro-3 -methoxy-phenyl)-piperazin-1-yl]-2-(6-

20  chloro-pyrazolo[3,4-b]pyridine-2-yl)-ethanone: HPLC retention time = 1.66 minutes (Agilent
Zorbax SB-C18, 2.1X50 mm, 5u, 35°C) using 1ml/min flow rate, a 2.5 minute gradient of
20% to 100% B with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile /
94.9% water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile). LCMS observed for
(M+H)": 420.5.

25 Example 48

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(6-azido-pyrazolo[3,4-
dlpyridine-1-yl)-ethanone.
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resi due was used wi thout further purification: HPLC retention tine = 1.63
m nutes (Agilent Zorbax SB-C 18, 2.1X50 nmm 5m 35C) using Im/mn flow
rate, a 2wbmmet®3gradi ent of 0% to 100% B with a 1.1 wmcwaisecosasdtsiat 100%
B(A=0.1%formc acid / 5% acetonitrile / 94.9% water, B = 0.1%formc
acid / 5%water/ 94.9% acetonitrile); A5 (ES) MrH expect 300.1, found

=300.5. [0177] Pre "n_¥eNg 3- (sulf o i 0N NaNOz, He N
aci d- et hyl ) - pyr ag , 4-Blepyrdodi ng- | NyI?] acetic acwT:w’THi s conpound was

synt hesi zed according to standard hydrol ysis protocol as described in
Exanpl e 30 using 1IN LiOH as the base. The crude product was used w thout
further purificateefi)-y 0E(8] B
| -[4-(4-chl oro- 3- hoxy- phényhlﬂ %} i perazi
pyrazol o[ 3, 4- ] pyri diveaet-yl ) - et hanone: A
ng, contain lots of inorganic salt), i
--(4-chl oro- 3- net hoxy- phenyl ) pi perazi ne 2x Yo salt (0.37 mol, excess),
and HATU (0. 37 excess) was suspended_in 3 nL of pyridipe, stirred at rt for
3 h. TRy Pesppiationp Wt@b\)éf@a@el?ﬁﬂ'%ﬁod%#‘@m&fwa 8 aﬁﬁ&“@?&%%ﬁr’ esi due was
ext rache w.§ 1y i 1 A0 QLB b AR SNET ©
rem)ve‘%{aﬂgirI]Md‘;5 ? K‘g&gl%&g%ﬁ@%lgpgﬁz \g%sgfp%%lle?cf‘s te)ly HPLCCJ tgo prov? d@a 101rrg of

|- [ 4- (frehrbatft &1@%&&9&@'45%@&%@150 OCRivERESZ Wpon ¥bdlig:th3t, S deaid

aci d-net hyl - pyrazol o[ 3, 4- |pyridine-1l-yl)-et hanone; PLC retention time =

0. 28 M Beh@ préofdiat@Nut $0§aonIR-ACvhite IilXThe e PRIuBDAE] istBiteddy M / mi n

flowrate, a 2.5 mnute gradient of 20%to 100% B with a 1.1 m nute wash at

10098 filtration waghebwithe smellgmougbebdiexans and dried/in yacupy, Nhgrcapde ppoduch 194

formc_acid.l .5% 9% AC nitril.e)s. . tr = 0.1,

tound 2A5ba G RHEL py I ECAE PO S { FhidER PR 26702

i -[4- g @m:mnﬁﬁon%hhmwsmgtﬁﬁg htgl/ﬁﬁﬂi fawirate; g/%.]s-nﬁn(l&-ghﬂieﬂt@f poYeaol of 3, 4-
pyridjne-|-yl)-ethanone. ., Preparation of .. s 0

(3-i o_deQ%@h‘V _élrlyp%ilil?ﬂ‘ﬁfsg‘,aﬁ-l %)6’3}?? rr%_i%;@mla@@@i/é/a&?@%ﬁw 9%&er: To a

?gl'détl' wﬁtggf% !:i%;]ﬂm&néc R 259) Qhidy 4. cbpYEdicHifRe), MY (RS RI-HE eRfdcli=aBhY, ester

found =337.9.

Lkyl]-2-(3-sul fonic acidnethyl -
1 ¥ture of sulfonic acid (100.2

[0191] Preparation of 1H-6-azido-pyrazolo[3,4-d]pyridine: 1H-6-hydrazo-pyrazolo[3,4-

d]pyridine was suspended into a mixture of 5 mL of concentrated HCl and 10 mL of water at

0 °C, and to it was added dropwise a solution of sodium nitrate in 5 mL of water. The

15  resultant mixture was stirred at 0 °C for 10 min and warmed to rt. The reaction mixture was

neutralized to pH=7~8, and extracted with (200 mL X 2) EtOAc. The combined organic
extract was washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo
to provide the desired product which was used without further purification: HPLC retention
‘time = 0.50 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) using 1ml/min flow

20 rate, a 2.5 minute gradient of 20% to 100% B with a 1.1 minute wash at 100% B (A =0.1%
formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% watet/ 94.9%
acetonitrile); MS (ES) M+H expect = 161.0, found =160.8.

[0192] Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(6-azido-
pyrazolo[3,4-d]pyridine-1-yl)-ethanone: The title compound was synthesized according to
25  alkylation protocol described in Example 6: HPLC retention time = 2.22 minutes (Agilent
Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) using Iml/min flow rate, a 2.5 minute gradient of
20% to 100% B with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile /
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2 mL of DVMF was added N-chl orosuccinimde (NCS) (0.73, 1.2 eq.) as a solid.
The resultant m xture was heated at 70 OC for 3 h. The reaction m xture was
cool ed t owotzpo7amoekedi | uted with 250 nL of Et OAc. The di | mtedspaosion3e3s was
t hen washed with water ( 100 nL X 3), brine, dried over sodiumsulfate,

filtered and concentrated in v Q.. T ude resi d i {J Dby
Si 11 o bhgeh Wit dna bk ARy ers: o tair e T B ber T S H BiSB0Y o
100. 4 /8 (WRing =si9%iid as final product: HPLC retention time = 2.48 m nutes
(Agi | eztr?tg ZorI%lax SB-C 8, 2.1X50 nm 5m 35C) using ImM/nmin flowrate, a 2.5
m nute gradient of 20%to 100%8@“&1‘@?4& 1 mnute wash at 100% B (A =
0.1%formic acid / -5% acetonitril €4B% % water, B = 0. 1% formc acid / 5%
wat er/ 94.9% acetonitrile); M5 (ES) MtH expect = 365.9, found = 6[3 3.
[ 0180]Symtleesin aftli- r(dechlo-3-seshexy: Rheyd-piperazin-dd]-2-(61amidpmysazalolpdacet i ¢
aci d:dﬁhi S coxolgn vas synt hesi zed according to standard hydrol ysis
pr ocedlPEridwestsylle " Exanpl e 30 using IN Li OH HPLC retention tine =
1.78 mnutes (Agilent Zorbax SB-C 8, 2.1X50 mm 350C) using ImM/mn
flowrate, a 2.5 an @m{(gi, t ogyg)\%%toc :@z R {%17 1.1 m nute wash at
100% B (A = 0. 1% {,@f T c aci a"\A5% aceteni tril€ / 94. 9%'pater, B = 0.1%
formc acid /- 5% water/ 94.99 etonitrile); MS (ES) xpect = 337.9,
found =337.9.[0181] Preparatiqp of NH2
1-[ 4- (4-chl or o- 3- met hoxy- phenyl ) - pi perazin- 1-yl]-2-(3-iodo-5-
chl or o azel o[ 3, 4- [ B { }gaﬁ%, )-oip&atihil-q1-2q8neIRd Was
synt heg}l}pz@d 383[35%188 ?)(g [ggg%ggdrr%_gp%%ﬁ e coggll?ﬁgaplr otgl(]:olq as described in
Exanpl gyrdz16[3{408]pliadide dsyl)-bthatenen0i0dl mmalg éet:) itPinC. oEEEM¢ was added = 2. 71
m nutes (Agilent Zorbax SB-d 8, 2.1X50 nm 5m 350C) using Inl/mn flow
rate, 8nClL,8HDrustassoljdadhe nesubiint20%urowaobes® atidOn Gfor 2. dheyealiggsh at 100%
B(AO 1%formc acid / 5% acetonitrile / 94.9% water, E = 0.1%formc acid
| BV watixnie voas.cooked de rtomid dilinted)with B9 BE)0f GPAs 2pd of mL 84Batosodfiing =546. 4.
[0182] Synthesis Of i i i ddjtional 1 b, before the
| -] 4- (‘%%‘ﬁ%ﬁ% & shlstinn, Jhe diluted mixture was stirred o gn 41O oF o‘E?rr azol of

organic layer was separated, washed with brine, and dried over sodium sulfate. The solvent

was removed in vacuo, and the residue was purified by HPLC to provide 10 mg title

compound: 'H NMR (400 MHz, CDCls) 8 7.86 (s, 1H), 7.74(d, 1H), 7.24 (d, 1H), 7.20 (d,

15 1H), 6.45(d, 1H), 6.39 (dd, 1H), 5.16 (s, 2H), 3.88 (s, 3H), 3.89 (m, 4H), 3.13 (m, 4H).

LCMS observed for (M+H)": 401.1.

Example 50

Synthesis of 1-[4-(4-chloro-3-methoxy—phenyl)-piperazin—l-yl]-2-(7-amino—pyrazolo[3,4-
c]pyridine-1-yl)-ethanone.

0
On-H =N =N o N
lN/ o HF N” ,'j’NHZ N? K3CO3, DMF

N3

~\ (o] Ve %
ol NN N ol NN NS
/ N S| SnCl EtOAC \/ N
MeO = d =
s J
N3

Me
HzN \N

20 N

[0194] Preparation of 7-hydrazo-pyrazolo[3,4-c]pyridine: To a solution of 2-chloro-3-
fluoro-4-formylpyridine (5.75 mmol, 1 eq.) in 20 mL of THF was added 1 mL of hydrazine

(excess). The resultant solution was heated at 110 °C in sealed tube for 5 h. The reaction
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3,4- ]pyridine-l-yl)-ethanone: To a solution of

| -[ 4- (4-chl or o- 3- net hoxy- phenyl ) -

pi per azi rwb-29677002296 3- i odo- 5- chl or o- pyr azol o[ 3, 4- 5] pyr i dipaeAls2gte)2euthanone
(0.037 mmol, 1 eq.) in 1.5 nL of dichloronethane under a nitrogen

at nos C. . was added dropw se,, 30 . of 2. sol uti on of
i sopr gg@% g‘r’%‘ég‘g{gg‘? 311}1%9%%?%1} Wagremv(sggz i pfvfm.%r"@(ﬁ’.r)em He W#Wa%?gl SEYER] t ant
m xt ur eimeBsvithdlex@®, BOWE, @8d dtied AD/RGo tOploawR, Iht JeRMMISE a0y Rh an

anmoni um chl orj de a,%uepus éaqq% solution at |ow tenperat ur%.%q‘%e reaction
sol ut i Hithauisfurtheraualiceion: HRYEC matentionititne 20RO rhinvtesEi@Nent ZumbheSBy@ish 50 i

f t ern; i ¢ iymsulfate, filtered a onc ted in
vacuo. 1Rstaee e S P MR Ben S sFafin ol e

pr aductvithtH . NivRuftd QsiMiZ. 00884 &)= 0118, Fdmicthcid H% sBeRafHle /'9'21.')96% ?va?e’f‘, gd, 1H,
6.50 (d, |H)., 6.43 %dg IH), 5.42 gs,_ 2H), 3.89 (s, 3H), 3.7/6 (m 4H), 3.20
(m  4H 0-Veimmieagdy e Vater/ Ofhg acetoritrila); MS«EH N+ HExggett=hkii s faind

| -[4- (416h§ or o- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-(4-chloro-pyrazol of 3, 4-
<f| pyri mdine-1-yl)-ethanone and

| -[ 4- (4- ~3-neth - ph | )-piperazin-l-yl]-2-(4-

chl[ or gmgtg%??ﬂa@F&EQQ )Y(%‘?%Pr%r;’l}fl@)o}ﬂ?é:g:@P;ﬂ@{lﬁ ]@m]gMQSTaSBV@tbaﬁimd on of

| H 4- A il i mdisRe: i - nt hesi zed

accor o Py ReaLOl R AT e L KEMENE AC P P R P B Sea |

Exthpl A dilenPE@bae SBACT & 2. XX 50emm, 6,35 °6) nsihg $nml/Agh IfRv rafgnaxmEBt&l8, 2. 1X50

5 o) I /mn fl ate, 2. 1 nut dient of 0%to 100% B
it oot PR, LAkt B bl ovebunak Sofioc b8 D Mesbrmiseiari v 1 o /
94. 9% wgtcitrildy S IR0 MENB G @@%ctgﬁn[é%w Swatdy S¥o9¢ it s B (ES)

2

M+H expect = 155.0, found =155.0. [0184] Synthesis o
| - [ 4- (MCERexcet 310k0.Hoxyd pHOR| ) - pi rerazin-1-yl]-2-(4-chl oropyrazol of
3,4-"pyrimdne-l-yl)-ethanone and _
| - [ 4- ([9186] oPreparativh bﬁx{4%€lﬂkbi‘d—3-&h@ﬁfﬁ?pﬁﬁngl)-pi erazin-1-y1]-2-(7-azido-
yl]-2- 4-%@ %r 0- pyr,q?,zol 0[13, 4-<i | pﬁ‘l’l_ m di ne- 2-yl’) - et hanone: These conpounds
e SHFPFREP el Pi g 2ryD-ethangnsy dhiyqomnsiuag 37aa spthesizad atcordingdb| owi ng t he
al kyl atroRIRoPAQGSHNA Iy ' mLe £ -
| - [ 4- ?151 chloror o- 3- rrét o?&lﬁ%ﬁ%{/ - 5‘%%%%5 ZSﬁ E’gﬁ"f‘? (Agilent Zorbax SB-
C18, 2.1X50 mm, 5p, 35°C) using I'ml/min flow rate, a 2.5 minute gradient of 20% to 100%
B with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile / 94.9% water,

B = 0.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect = 427.1, found
20 =427.2.

[0197]  Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl1]-2-(7-amino-

pyrazolo[3,4-c]pyridine-1-yl)-ethanone: The title compound was synthesized according to

the procedure outlined in Example 49: 'H NMR (400 MHz, CDCl3) 6 7.86 (s, 1H), 7.74(4,

1H), 7.24 (d, 1H), 7.20 (d, 1H), 6.45(d, 1H), 6.39 (dd, 1H), 5.16 (s, 2H), 3.88 (s, 3H), 3.89
25 (m, 4H), 3.13 (m, 4H). LCMS observed for (M+H)": 401.1.

Example 51

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-[3-(oxazole-2yl)-
pyrazolo[3,4-b]pyridine-2-yl]-ethanone.
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chl oro-rvrazol o[ 3,4- yrimdine-I-yl)-ethanone; 1H NVR (400 MHz, CDC 3) d
8.76 (s, IH), 8.22 (s, IH 5 7.22 (d, IH), 6.54 (d, IH), 6.44 (dd, IH,
5.41 (s, wORpo70883(s, 3H), 3.77 (m 4H), 3.23 (m 4H), pcCNS2@bmessved for
(MrH) +: 421.1: For [|-[4-(4-chloro-3-nethoxyphenyl) -

pirerazin-1-yl]- 2 (4-chl oro- pyrazol o[ 3, 4-J] pyri m di ne- | )—et hanone; HPLC
retention time 7©lcmmt5ecsg_ entLl Zo} B-C 58" 5m 3500)
usmglrﬂ/mn”'ﬁ wlr APE%TH 1 e_gr.ad f 20%oto 100% B with a 1.1

m nute wash at 10(‘5%8 (A = 0. 1%Yolnic acid / %Naceton*QFrTEAe / 94.9%
water, B = 0.1%formic acid / 5% water/ 94.9% acetonitri M5 (ES) M+H
expect 421. 1, found =421.1. Exanpl e 46 Synt hesis of =\

| -[4-(4-chl oro 3- yoplnenyl) ern%zmrr] ICl- hoxypyr azol of 3, 4-
pyr iniidin e-f
1- [ 4- (4- chl or om& et hoxy ) ﬂ’“f)’ F&Zi n- IMeoyI] 2- (4 o Topyrazol o[ 3, 4-

]pyri mdine-1 -yl)- ethanone (0 024 mmol, 1 eq.) in 1nL of MeOH was added
sol i d poN98}HSiPuEPaEAIRTES-Sodog)eaRII[3,4t ﬁyﬁcﬁﬁélb quetm A ER vmerh%t gd at 70

0OC for 30 mnutes, then filtered and dried er vacuum he crude product

was publptierioh lodor B-pyragelela, %]R&ﬁ@lf@délm@dl, preadie 10 ad of dipi EHF powder 1H

VR (49&2%%13&?%) %M%{SM?% (p%séd}%\ }}Sgal?xgth&@ﬁ}la%é)gf e éejﬁ)zi ol ?m iy

2 25 (&8q.) atHy 8"@%@9&6@&1%115%&%&& the réshfta®: sgﬁﬁgﬁ Iu?as@&rr%’ Rt Resps of
| - 4- (4 chl or o- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-(6-chloro-pyrazol o[ 3, 4-

] pyri diniestés atl-78°€x hetilomestia deetate (8 mmol, 2eq.) was added drogvvlse to the reaction
| - [ 4- (4-chl oro-3-nmet hoxy-phenyl ) -pi perazin-I-yl]-

chl or osqlytieraiddhe rm@q sopatiay \M@»\Qarme}lietthaznnhé hopﬂalﬂfﬂtlrﬁdeparmghton of

h hl or o- 3-
0 cot | EORPHE ol e Wl TR o Py e el g oty
(27 mT@0% Bt@Ajc jn ixxahd @709 BROAS idiexfelas pivideomeDnaldrpsatRLe. After the
evpl uti on of Eﬂ\:girp(g’%gge as subsided (which is observed as bubbling in the

r edit | BHRRIQL3 )apefiogciggilyl ester: HPLC retention time = 2.63 minutes
(Agilent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) using 1ml/min flow rate, a 2.5 minute

gradient of 20% to 100% B with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5%
acetonitrile / 94.9% water, B = 0.08% formic acid / 5% water/ 94.9% acetonitrile); MS (ES)
M-+H expect = 332.0, found =332.1.

15 [0199] Preparation of (3-iodo-pyrazolo[3,4-b]pyridine-2-yl)acetic acid: This compound
was synthesized according to the standard ester hydrolysis protocol as described in Example
30 using 1IN LiOH as the base. The crude product was used in the next step without
purification: HPLC retention time = 1.02 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5u,
35°C) using 1mi/min flow rate, a 2.5 minute gradient of 20% to 100% B with a 1.1 minute

20  wash at 100% B (A = 0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.08% formic
acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect = 303.0, found =303.5.

[0200] Preparation of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-iodo-
pyrazolo[3,4-b]pyridine-2-yl)-ethanone: This compound was synthesized according to
standard peptide coupling protocol using HATU as the coupling reagent: HPLC retention

25 time =297 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5p, 35°C) using 1ml/min flow
rate, a 2.5 minute gradient of 20% to 100% B with a 1.1 minute wash at 100% B (A = 0.1%
formic acid / 5% acetonitrile / 94.9% water, B = 0.08% formic acid / 5% water/ 94.9%
acetonitrile); MS (ES) M+H expect = 512.0, found =512.5.
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eq.) was added dropwi se to the reaction mxture at 0 OC. The resultant

m xture was stirred at 0 OC for 20 m nutes foll owed by the sl ow addition of
sat. NH4AGNvoago7/medoat i on. The reaction sol ution was thenpearuseastoosans, and
extracted with 300 nL of EtOAc, and the organic | ayer was washed with

fBi LCidéﬁd% S e R G el e B e e e R
S8 Elgw‘?“‘i??o?"ngmﬁ““”%’%alﬁtﬁfﬁé' R R e R L R

of 209@insrazipdsyE- @wdéz-m'rqzommdrlépm@ne-atylleﬁm@e((aoa1@nnn% fleq.hamd acid /

5% ace [..5% wat er/. 94. 9%

acet on?’eﬁa}l{ kdj ﬁ?/édl%ég?n {%@ngf 0_02%1% gqj’gofﬂ‘rﬁu LRitpER AROPPhYE 8RSy at i on
of 2, 6addei0.Hixd- &THFWdeXaﬂblél@tn—ﬂ:@u@lm w48>mnca‘1 4.heq3boueRleghol (2
mol, 1 eq.) in 10 nL of dichl or onet hane was added pot a55| um car bonat e

( exces 8)ixiaee waskdated inarsdalpd sbeon Bl G fpedd bdThateactéh soiution Wasepo)edad it . The
resultant mxture was_stirred at rt for 30 mnutes. A 5% sodiumthi osul fate
aq. soNuted witha0 midNHA  speaq. salutipprandiextracted with 30Aenk o§ BtQAat The xt ur e

was stirred .for another The, r actlo mxt re was extracted with
300 i CHPRS IR Wassepapig o‘?’%hﬁ‘f%’etﬁm tefiltaredands oy, sodi um

t hi osubdeitra@d iB bl Me crodt resﬁﬁfé'v&%{@p@lh‘ﬁ%ﬂ 139 RAtcE g@ﬂchréﬁht‘é%a(ﬁg}/ 8@% and

dried over sodiunsul fate. Evaporation of solvent in vacuo e 200 1
ngl®f 4h% Mé@ﬁ@cEt@m&itmproa@eémhng thegisle empbendVEH NMIB (862 MICDOIN)Ld 10. 37

%Schlar%rf’p e R R e R R LN

f or nyl pm,uw 0@, $8), 89801@iﬁ>|4,H);L3 emﬂa im). 3. NS Dhbervabfoagoeghwdnazi ne (1. 06
mmol, 1.2 eq.) at rt. The resultant solution was heated at 120 OC in seal ed

tube for overnight. The sol vent V\@g‘a}'ﬁﬂp d in vacuo, and the residue was
dry | oaded on silica gel colum. Puriftication by silica gel chromatography

providg 29.5 final duct ; entlontlrre=217 m nutes (Agilent
Zor baxggﬁt%ﬁ‘ WPIZH’Z%B -mEth 03‘5 eH¥ TRjP‘FrﬁFWrﬁﬂl]ﬂ WW%PY@ZQI%éaﬂr nut e
grpgi eyg?@fdl,@g(qlﬂ]té{gg,{m@wth al.1 mnute wash at 100% B (A = 0.1%formc
acid / 5% acetonitrile / 94.9% water, B = 0.1%formc acid / 5% water/

94. 9% acetonitrile); I\/S (ES)

Me CI-Q—N N
OZN RN —(‘CI
I = \N HNO3/H,504 | \N MeO
P -_— P
N N

N H 90°C N h K2CO3, DMF

{} O & Fopeot —{}\JJ& &

N

[0202] Preparation of 3-methyl-5-nitro-pyrazolo[3,4-b]pyridine: 3-Methyl-pyrazolo[3,4-
blpyridine (1 mmol, 1 eq.) was suspended into a mixture of 1:1 fuming nitric acid and
concentrated sulforic acid (1 mL :1 mL), and the resultant mixture was heated at 90 °C for 30

20  minutes. The reaction mixture was then cooled to rt, and poured into a mixture of sodium
bicarbonate and ice. The resultant solution was warmed up to rt and extracted with 300 mL
of EtOAc. The organic extract was separated, washed with brine, dried over sodium sulfate,
filtered, and concentrated in vacuo. The crude residue was purified by silica gel

chromatography to provide 70.2 mg of 3-methyl-5-nitro-pyrazolo[3,4-b]pyridine.

25  [0203] Preparation of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-y1]-2-(5-nitro-
pyrazolo[3,4-b]pyridine-1-yl]-ethanone: This compound was synthesized from 3-methyl-5-
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M+H expect = 154.0, found =154.0. [0189] Synthesis of

| -[ 4- (4-chl or o- 3- met hoxy- phenyl ) - pi perazin-1 -yl]-2-(6-chl oropyrazol o[ 3, 4-
] ryri dme-weyb)+meivanone and | -[ 4- (4-chl or o- 3- net hoxy- pheayhjs2i6/024313
rerazin-lyl]- 2-(6-chloro-pyrazol o[ 3, 4-6] pyridi ne-2-yl)-ethanone: The two

titl d th I i

br oG e ITB eI P ERE FaP AT AIECHRYPoh Brokdi BbaREal th QALY

(4- chl gpPeIeiRlihiPtMe piwhnnquargﬂanﬂzdrbad $B£C1(862dmmrmp9m,e&560wﬂng 5] pyri
dine-1-yl)- ethanone;, 1H NWR (

7 25 (hnl/m) flow rafe, g 45 npipgte %ada@(t@f 29‘1/4)‘“) 1@0%58 Q’Vdg‘ \(h)‘mng{)ews’(l %I 3. 90
%1 4 e §fod Brfilerd PsAcliBhinhiE) 00 0hRaRRIELNEE ) it WS 526 $3f5: For

hen -pi perazin yl]-2-

Chlsor OopyYaeloaltBled MERES) MitiBexbey 5 444. maﬁoom~4mc retention time = 1.66
m nutes (Agilent Zorbax SB-C18, 2.1X50 mm 5m 35C) using ImM/mn flow

ate, fasb S o gl Prlyelo SHALA OB alia hlomaifoviash at 100%

B (A mc acl acetonit 9% water, B = 0.1%formc

aCI d { ﬁ%%mgmr-ﬁ]rﬁfﬁd&%laﬁqueﬂmnme | Ie]4-(4-ENBroeh sty mmnylowd)razm-hz{bl 5.
4 t
|- D ( % @mtaigm%?@wmﬁw -ylsthaapne (b3 me) js combined with 200,me of ifogr 5 4.

2] pyri g%dér i b)ér%ﬁ}ok‘ Fr%ﬁg%mhoal 960 ° FEGRA A R‘i’ce%odlmg to rt, the reaction solution

-6- hydFazo dine: To a sol ution of 2,6-
di D(hl oma@s aﬂwd mdthrﬁ@@robmﬂdﬁhmﬂe The filtrate veds ettanaratad inearua gadaualiedly anount

f hyd h ht. U
cool | ngLE Piprovie | dadi By Gettbe SR B e St SR Ton 56 & white
sol i d. pmg%}ﬁg %];R&M%Ci-ymﬁldnsﬂé -apHCh¥tehiidd Ak =0N46 wamhed Agileht a srmal |

anount ~ Of Xane, diried in vacuo. The crude product was sed i t hout
f ur t heZothaxiSB- -€48i blﬁ(S(ch Suie 8HD)iusingt linpkimin How gateriandsd g&“‘ﬁﬁ@fq or bax

SB- C18 0 b foaftE1egr adi ent
of 20% P%’ tﬁfég %?‘{? ]ai;?n %&t%l&?laﬁ gt V\dlaﬁs/ a(?\ 198% E&%ﬁc %&%2/05 oérsren c acid / 5%
aces onih 1ok ﬂ'a‘(er %w—gf’/b%@bxﬁﬁc aBd# 506 Witel/OHE% acatomtrile) MWEBYI+HHAxpest =

acetonitrile) éES) M+H expect = 337.9,
414.2, found =41

Example 53

Synthesis of 1-[4-(4-chloro-3—methoxy—phenyl)—piperazin-l-yl]-2—[3-amino—6-methyl—
pyrazolo[3,4-b]pyridine-1-yl}-ethanone.

NH, Gl
SN NHoNH, ~A p _.(—C‘ C“Q“ ,N—<_
[ dioxane, | ] N

N

MeT Nl Me ‘N H K2COs, DMF
20 Me
[0205] Preparation of 1/-3-amino-6-methyl-pyrazolo[3,4-d]pyridine: This compound was
synthesized according to the cyclization procedure using hydrazine described in Example 3

and the crude product was used in the next step without further purification.

[0206] Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-[3-amino-6-

25  methyl-pyrazolo[3,4-blpyridine-1-yl]-ethanone: This compound was synthesized according
to the standard coupling procedure described in Example 6: 'H NMR (400 MHz, CDCl3)
7.75 (d, 1H), 7.22 (d, 1H), 6.86 (d, 1H), 6.48 (d, 1H), 6.42(dd, 1H), 5.18 (s, 2H), 3.89 (s, 3H),
3.75 (m, 4H), 3.16 (m, 4H), 2.62 (s, 3H). LCMS observed for (M+H)+: 415.5.
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found =337.9. [0191] Preparation of | -6-azido-pyrazol o[ 3, 4-d]pyridine: |

- 6- hydrazo- pyrazol o[ 3, 4- dj py di nbwas suspended into a m xture of 5nL of
concent r avecdodi@o2zaad 10 nL of water at 0 OC, and to it was/isdaed24ndpw se a
solution of sodiumnitrate in 5 nL of water. The resultant m xture was
stirred at 0 OC for 10 m n and war {0 E;t The reaction m xture was
neutralized to pH=7~8, and extract WIFI? (200 m. X 2) Et GAc. The conbi ned
organi ¢ extract was washed with brine, dried over sodiumsulfate, filtered

and coryBthesisrafd-i(R-4-4-6Rlors-Hilgorets-methoxephewd)- %ﬂneihyl—pmerat:din-\maﬂ]-as ed
th = 0.50 t Agi | ent
\gor bg;t(%é}l%’fgﬂagﬁ)%g'ﬁn% k@m[?’gl-@)pydg Iﬁg'y?)rﬁti'%’t’i‘n‘ﬁ‘efl ow ra'[n enuaez (5 g‘: nﬁ? e

gradient of 20%to 100% B with a 1.1 m nute wash at 100%B (A- 0.1%formc

acid / 5% acetonitrile / 24.9% water, BOl%formca 5% water/ 94. 9%
acetonitrile); M (ES) M _expect 16; found &’Lé 92] Synt hesi s of
| -[4- (4-chl oro- 3w @‘i rhen i pateagi ol oy 6- dopyr azol of

4-d] pyridine-1 - thanone 1; itTe cor vvas synt hesi zed accordi ng

to al kylation pro%{'ocol gescri bed ,j 'iH Exarrple 6: I—TPLC retention tinme = 2.22
m nutes (Agilent Zorbax SB-C18, 2.1X50 mm 5m 35C) usingoelm/mn flow
rate, a 2.5 mnute gradient of 20%to 100% B with a 1.1 I ute wash at :100%
B(A—Ol%formc acid / 5% age t:lb'trile/94.9%vvatecr,r,q = 0.1%formic
acid / 5% wat er/ %\«,NQ%acet@ )Y A (zg(jg,:iS) I\/HH@(@%@N /"\427 1, found

N

=427.1. Exanpl e 49yt @
-[4- (4-chl or o- 3- met hoo

nyI) pi per azi n- I-y](]:\r% (6 am do- pyrazol o[ 3, 4-
&) pyridine-1-yl)-ethanone. [0193] To a solution o
L [$~( foxuh omeﬁmmmy[mﬁwm&b@eﬂ@&b%em %aé@lﬁg.meg%pgc fh e

, 4- 6] ;1)yr| di ne-1 -yl ) - et hanone
SnCI Hlo1E2- (%rlcsdﬂ-mdazoma Arlelppti rank-yhaeﬂtauoee V\Asnlbl‘em@ efl2-gthldt6-10[(S)- 4«42 h. The

Lie_sg:c t ?ﬂ'brﬂ 41815{0 S\Qf"fghc&y-phenylt) %-methaf' g1p(ej>1|'a|z1l%1t-leyl] etﬁarlllorzlg ?1 §r7l_ g,ol 2%5 and >0
eq), 3-Iodo-1H-pyrazolo[3,4-b]pyridine (1.0 g, 4.08 mmol, 1 eq), potassium carbonate (2.26
g, 16.4 mmol, 4 eq), and DMF (15 ml) was stirred overnight at 90 °C. The reaction solution

10 was diluted with ethyl acetate, washed with saturated aqueous NaHCOs3, and concentrated in

vacuo. The crude product was purified by flash chromatography to provide 1-[(S)-4-(4-
Chloro-2-ﬂuoro-5-methoxy—phenyl)-2-methyl-piperazin—1-yl]—2—(3—iodo-pyrazolo[3,4-
b]pyridin-1-yl)-ethanone (2.2 g).

[0208] Preparation of 1-{2-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-(S)-methyl-

15 piperazin-1-yl]-2-oxo-ethyl }-1H-pyrazolo[3,4-b]pyridine-3-carbonitrile: A mixture of 1-
[(S)—4-(4-Chloro—2-ﬂuor0-5-methoxy-phenyl)-z-methyl-piperazin—1-yl]-2-(3-iodo-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone (2.2 g, 4.0 mmol, 1 eq), CuCN (3.6 g, 40 mmol, 10
eq), and DMF (25 ml) was stirred at 175 °C for 1 hrs. The reaction mixture was cooled to tt,
diluted with ethyl acetate and filtered. The filtrate was washed with water, dried over

20 NaySOy, and purified by flash chromatography to provide 1- {2-[4-(4-Chloro-2-fluoro-5-
methoxy-phenyl)-2-(S)-methyl-piperazin-1-yl]-2-oxo-ethyl }- 1H-pyrazolo[3,4-b]pyridine-3-
carbonitrile (1.6 g).

[0209] Preparation of 1-{2-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-
1-yl]-2-0x0-ethyl}-N-hydroxy-1H-pyrazolo[3,4-b]pyridine-3-carboxamidine: A mixture of
25  1-{2- [4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-(S)-methyl-piperazin-1 ~-yl]-2-oxo-ethyl } -
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bi carbonate aq. solution. The diluted m xture was stirred for an additional
1 h, before the organic | ayer was separated, washed with brine, and dried

over sodiwonsatdadee. The sol vent was renpved in vacuo, agu/usb@cnesizsiue was
purified by HPLC to provide 10 nyg title corrpound 1H NMR (400 MHz, CDCl 3) d

150 (gl Ay i L 6 e T M i o

obser vetndlps eq)VFEAR(1.8@l), hnd E@h@ﬂiﬂ'(@o Bfl) WxNéthes 69f°C overnight. The reacf’uo
| - [ 4- (4 chl or o- 3- rrethoxa phenyl ) - pi perazin-1-yl]-2-(7-am ho-pyrazo PB 4-

c] pyr i 6platon wps sancentipief & vacuar-andalisspveg ety @@gmq VFaShq:Ihwah btine,aid

{1 Uor o G BAE B Bodidk FHBYRLE G- S B8 BBty Bhed Tup i Dopmonitr 1. of
hy df azilrg]- che:ﬂgd}-Nlih?dmﬂﬁ-uHLpﬁhzcﬂ 3w-bmnme ﬁ@@b&@nﬁamém 20§, in seal ed

tube for 5 h. The reactionwas coole to rt and sol vent was rermved in

vacuo. [(Bl%gc rPll I‘gtﬁﬁ’i Megg\jaé 4.“@%? O\fg %%ﬁtﬁO&%@\?_ﬁ%{)éﬁ KR}&}E}/ d)é%eaazw_ ~ _’ and

dried in cuo to provid TOWs6
furthep- (wrz ﬂ]o&aﬁazon3-yl=ﬁlr&ol@3 %]pyﬁmntlLﬂFetEaxﬁnéOArﬂlﬁHIrQSf( gifhqat Zor bax

SB- d 3500) u5|n |/ mn flow ra m nut e gradi ent

of 209 é’é@a%o \ﬁrlﬁlﬁger ey }Tatf’éetM%P%ﬁ21EﬂOYB'@ qx& @h:&l%bedﬁOesyd -d / 5%
ton 9

oot onP Ty TS+ MR hrbofulidthelch O Bl SrboSEt B RLaD Wl . on

of 1¢- atol’d@eﬁylffamolaol[dil,PZI‘Sw\])pQﬂ iglivrae stifféd & 100 RoamRehi s "Ehyﬁriéda;gsg gﬁﬂtu&ﬁcor di ng

t t | d e 48. HPLC r ntion t m nut es

R L L

m nut e f y . = 1%

it ccBoamaRip o 3RiNen JORNROHOLDE Budey s USRI, ShOMDRRIAA,

wat er / Y94-(894 & dborehiazolBtybpyraddd (8 ASpyridin-1-yl)-ethanone ( 0.7 g). LCMS Retention

time: 2.61 min (Agilent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) using 1mi/min flow rate, a

15 2.5 minute gradient of 20% to 100% B with a 1.1 minute wash at 100% B (A = 0.1% formic
acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile).
LCMS observed for (M+H)": 486.

Example 55

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-(3-cyano-pyrazolo[3,4-
20 ° blpyridine-1-yI)-ethanone.

CIQNCN{N'N\ ON  NHOHHOL EtN CI‘Q \__/N_<_
MeG A T Eon
N
[0211] A solution of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-cyano-
pyrazolo[3,4-b]pyridine-1-yl)-ethanone (0.15 mmol, 1 eq.) and hydroxyl amine HC] salt
(0.45 mmol, 3 eq.) in 2.5 mL of EtOH was heated at 60 °C for 1 h. The reaction mixture was
25  cooled to rt, and concentrated in vacuo. The crude residue was dissolved with 200 mL of
dichloromethane, washed with 50 mL of 5% K,COj3 aq. solution, brine solution, dried over

sodium sulfate, filtered and concentrated in vacuo to provide the desired product as a white
solid: HPLC retention time = 1.61 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5p, 35°C)

using 1ml/min flow rate, a 2.5 minute gradient of 20% to 100% B with a 1.1 minute wash at
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M+H expect = 161.0, found =160.9. [0196] Preparation of

| -[ 4- (4-chl or o- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-(7-azi dopyrazol of

3, 4- c] pyrwoizne+@2308) - et hanone: This conpound was synt hesczas2@eo04303 ng to
protocol described in Exanple 6: HPLC retention time = 2.43 rrinutes

Agi | ent Zor Cl8, .2 1 f.l 2.5
0 S0 Rl O VAT ILLP Al 8 3
f 0 , 2} f d/ 5%

T S bR R S, o il s

[0197] Synt hesis of |-[4- (4 chlo;@ ngggoxy-
rhenyl)-pi perazin-|l-yl]-2-(7-am o[ 3,4-c]pyridine-l-yl)-ethanone:
The title conpound was synthe5|zed accordln to the grocedure outlined in

Exanp|SyndBesislof INWR(A¢ctdor avBumetinoxy- Bbem’l)?P%Y%{an 1+y)-2-[3-(pxqiazale{P-ylir 24 (d,
7.20 (d 45 639(dd IH), 5.16 (s, 2H) 3 3.88 (s, 3H),

3!_%9 ¥ ra%ﬁ%% %W ’51136[].' “bserved for (MtH)+: 401.1. Exanple 51

Synt hesi s of

| - [ 4- (4-chl oro- 3- -- - pi per azi n- I’@j ’)aole 2yl ) -

pyrazol o[ 3, 4- ]p;‘i‘ﬁp'm&_} g t noma;c{splgg e]sa(r

(3-1 odo- pyrazol o8, 4 ]pyr| fye- 2-Yihaeel | ecﬁCld ethyl ter To a solution

of 3-1odo-2H pyrazol o[ 3, 4 ridine (4 mol, 1 eq.) in 10 m. of dry THF

was added dropwise 0.5 M KHI\/DS (pot assi um hexarret hyl di si | azi de) in tol uene

(4.4 rifi®12] 1Ta asqs@enabn o7 D@7 mmebrl ey xafdgér(dechirophmethoxsmhicr¥lE resul t ant

soI utlon was st d at for te 8 r thyl acetate (8
pege mi/}zé%lh gr' Lk ' 8?5%238[%'%%%}%&]&' z-ﬁﬁ S:Féﬁ;%%ﬁa% the reaction

SO' Ut 'tﬁ&e‘ﬁ?ﬂoﬂﬂﬁff@&@hté Wab hddvdhmphbrsiiGstic acld (SSAY (30 nny estalybtmobnd)] owi ng an

aqueous workup, the crude product was purified by silica gel chromatography

( 20% Efi@Aesiltantmicame was heagtd Bt SECifor }{bmanlée)s amd Cpobd teig. Abezeapjonf
(3-iodopyrazol o[ 3, 4-&] pyridi ne-2- acet t hyl est HP
I et entSOBHION; WRs Congeriratig i ydsyo (%@ﬁ@%ﬂ agsidug W 0%8”38:_?“{1%6 b%#fﬁsﬁ?«n 350)
usi ng 4ol b5 BrabhP¥b 5Bl Rie 29.(PmB oFtHAUtR compound: 'H NMR (400 MHz, CDCls) 8

8.83 (s, 1H), 8.62(dd, 1H), 7.35 (dd, 1H), 7.22 (d, 1H), 6.51 (d, 1H), 6.44 (dd, 1H), 5.59 (s,

2H), 3.89 (s, 3H), 3.79 (m, 4H), 3.23 (m, 4H). LCMS observed for (M+H)": 454.5.

15 Example 57

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-[3-(5-methyl-
oxadiazole-3-yl)-pyrazolo[3,4-b] pyridine-1-yl}-ethanone.

r
o /P %
N—‘<— cl N N‘(__ NN
__ CHC(OCH)s — N
MeO =
" osas0C N

[0213] The title compound was synthesized according to the cyclization procedure using

20 trimethylorthoacetate as described in Example 56: 'H NMR (400 MHz, CDCl;) § 8.61 (dd,
1H), 7.31(dd, 1H), 7.22 (d, 1H), 6.54 (d, 1H), 6.42 (dd, 1H), 5.57 (s, 2H), 3.89 (s, 3H), 3.77
(m, 4H), 3.21 (m, 4H), 2.69 (s, 1H). LCMS observed for (M+H)": 468.5.

Example 58

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-(6-acetimido-
25 pyrazoloe[3,4-b]pyridine-1-yl)-ethanone.
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gradient of 20%to 100% B wth a 1.1 m nute wash at 100% B (A = 0.1%form c
acid / 5% acetonitrile / 94.9% water, B = 0.08% formc acid / 5% water/

94. 9% acewonuéwdok®p; M5 (ES) MtH expect = 332.0, found P8341S1006[004B99]
Preparation of (3- iodo pyrazol o[ 3,4-2Z/Jpyridine-2-yl)acetic acid: This

conpound was synt hesi acgor ding to the sta ester hydrolysis
protocol as descpl e o> e 3@%@;2@9 IRH@-!NaSN enNgase. The crude
product was usedAj he next PUkeHT | ca}_/on Cretention tine
= 1.02 ninutes (Agilent Zorbax_ @I‘d'”?SCHZQz 1X50 mm 5m 38C) using | /nin

flowrate, a 2.5 mnute gradle of 20%to 100%B with a [.1 mnute wash at
100% B (A =0.1%formc acid / |??%acetonltrlle/ 94. 9% water, B = 0.08%

formc ter/_ 94. 9%aceto itrile ES) M+H expect 303. 0,
f ound JWS f‘éﬁ%@]‘lo’iﬂr’% eyl -p1peraz1r)1-1 -yl]-2 ?6 al)nldo-pyrazoqo[S 4

T oo e noos et 360 4 R PSRNt

]pyrldlne 2- anone
st andaria D&Mtat defor:iﬁumhn nHPhC(Ibtentndm tisie gl %Mhhxﬂ& @Atgﬂeﬁmmbamgm@l@gent HPLC

LS R I Bt 160 g 301 et iy ez B o104 £20R6MA0S%B h 5 1. 1
i nute Wigs{1 atml%ﬁ@%éh(am 509 Blf’A Loy f‘%%x?ﬁb Yoid /3% ACEIRRAL / 9 @A/Rg%é%é%

water, B = 0. formc acid / 5% water/ 94. 9A)aceton|trlle

ex peCt =50.93%, fomﬁdldiﬁfﬁ WaLqr0Z09% asytoniteks);SMBTES) M+H expect = 443.1, found

| -[4- (4 Ior03 met hoxy- phenyl ) - pi perazin-1-yl]-2-[3-(oxazol e- 2y|)

pyrazol o[ 3754- b] pyridine-2-yl]-ethanone: To a m xture of

| - [ 4- (4-chl oro- 3- met hoxy- phenyl)m]g*peram n-1-yl]-2-(3-iodo-pyrazol of 3, 4-

] pyri di ne-2-yl)-ethanone (0.071 ampled9d) and tetrakis triphenyl phosphine
pal | adi um (0.025 mol, 0.35 eq.) under nitrogen atnosphere was added 0.5 niL

of 10HF ngtheﬁrsmfaZ[dl-(d-dlﬂdﬂm&iﬂwhéﬂy}ﬂ_héhy()oplﬁ&dmhqylﬁz (3-mbt1}y1smhﬁnyn-esul tant
a sealed tube at 80 0C for 48 h. The reaction

m xture was qggﬁ a
sol ut | BXT Lol Farlpgridiner I-yDgthanang. wi th 30 niL O‘NH4(:I sat. aqg. solution,
and extracted with 300 nL of EtQAc. The organic |ayer was separated, washed

with brine, dried ovex f nng'qu ate, f4 Ly q\&gﬁcentrat ed in vacuo.
The crude residue was,gufitie si H=ea, ¢tr omatlogr aphy (0% to
Ny J Na )/

[0215] The title compound was synthesized from 1-[4-(4-Chloro-3-methoxy-phenyl)-
piperazin-1-yl]-2-(3-iodo-pyrazolo[3,4-b]pyridin-1-yl)-ethanone according to the protocol

15  described in Example 41: 'H NMR (400 MHz, CDCls) 8.65 (d, 1H), 8.48 (d, 1H), 7.39 (dd,
1H), 7.22 (d, 1H), 6.51 (s, 1H), 6.44(d, 1H), 5.53 (s, 2H), 3.91 (s, 3H), 3.78 (m, 4H), 3.34 (s,
3H), 3.22 (m, 4H), LCMS observed for (M+H)": 415.0.

Example 60
Synthesis of 1-[4-(4-Chloro-2-fluoroe-5-methoxy-phenyl)-piperazin-1-yl]-2-(3-oxazol-2-
20 yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone.

CICH,CO,E,

| KqCOs, . ! -Lrﬁg'm o ! ct N NH
N DMF, 90 °C = , Me 0 N= —/
' B \4N —— /u\/f‘ll 74 \ )J\/r& i - F
NN EtO HO \
N Ne= BOP, TEA, DMF

a q
o N= > =N
Jk,&é/) tnBu, g o =

(N N\\ 2.2nCly (\N’U\/N "

N\

MeO. NS
j@[ 3.PhPUPd a0 N
al F :@:
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15% MeOH in EtOQAc) to provide 12.3 ng the title conmpound: 1H NVR (400 MHz,
cbcl 3) d 8.77 (dd, IH, 8.51(dd, IH), 7.81 (d, IH, 7.22 (m 3H), 6.52(d,

| H), 6.48w0Oaddy7/dokd93 6.01 (s, 2H), 3.9 0(s, 3H), 3.80 (mpcAr)S2008/02i81§ m 4H).
LCVS observed for (M+rH)+: 453.5. Exanple 52 Synthesis of

RO (R e A PP E

3- met hylk s fr 11t ; (AR | ] i di

U ptodes D etk S AN il CL D A el o i Altbnthe P L & A

(r:]o n;: e 3 g,rfﬁecgmv)gn ll? ol o(f) BME at§901°GrI.|1_/as added)ethyd nhllo;qaeeta@i&ﬁtrahx 4Q’rliﬂm01hlrle dWas
eated a or nutes. The. reacti Xt

and ppﬁﬂfué@' &WP@%”&P%MH‘%”&F“%’EI oY Q?a@lggeﬁa\%?ﬁ gcﬁglea}c\é\@e éf’ﬂgvnvféggl 1(:a an% °ort

solqit | GRSHASwitR sARFhtetPaduRohid NANAOs X Irhaeisicihjdn wil Gried afd clriceeated e

organi c extract was separated, washed with brine, dried over sodium

sul f ?t provideltheewde penducte dheidiention eftthp aruds ersiuctiieleshisheomategigbley sryve
purified b i,lica I ronat. hy .t i de 70.2 f
B et n Py RSB R AT PR 8 (A205] Preparati on of

| - [ 4-(4-chl - 3- net hoxy- phenyl ) - in-1-yl]-2-(5-ni I 3, 4-
| pyr 1 GIUR7) - Propaetin il odpr e il doblesviois £ YoRes sidl Bigho-todo-

3- et hy] - 5-niqt : I 2 bl (O : al '
or ot ool A BRHIE By Bhabeln Tl RO R R A b e bEC"
(A | eTHFZed BaxnSBf MleGH t@thbXoMtiomwas aid @bM0Gn LudildgLIOH foridh. Theuwrgasice, a

2.5 mnute gradient of 20%to 100% B with 1.1 mnute S % B (A =
0. 1% f Srlems weseevapesbed cad S Hepafning agneoyspRase &es n@taa?@%?#ﬁ@@?go"cﬁ d( / 5%

‘[’"8'[2821 p ;‘lort]‘t% %@ﬁg&zfoﬁghtrésluht@a in B ptdeRitalibfloBitRetebired Hodict as b RBRE sotifRas

| - [ 4- ( filtedet] and ai3-dniedbx give l(2ydoypyragmde[d Zi-biplyridin} L-ph{agetimacnd pyr azol of
3, 4-&] pyridine-1-yl]~ethanone:
|- [ 4- ( f0238] OPRepardRn PN Y4PAeONbYo- RifRBEAB Infethoyl- phen dRaifi-Q=y)243.0l of 3, 4-
] pyridine-T-yl ]p-%et hanone[ (15 ng) is conbined vm% h %%gy%ng of i)?%n powder in
2 otodacyi-eyrazdlel 3at-blrotidac] fbretrmonen A pixtwe of Goioddagpyrazolal3.4t he reacti on
sol uti i hu L fj (4] iq ez apor at ed
50 vacﬁﬁ’y\éﬁﬁl‘gﬁbr%ﬁgﬁ 1)2}*835% Do Ahif 1 LT T4 Afolbold-HEGES HRMRY
phenyl)-piperazine (2.45 g, 1 equiv), BOP reagent (4.86 g, 1 equiv), triethylamine (4.2 mL, 3
equiv) in 10 mL of MF was stirred at tt overnight. To the reaction mixture was then added
water and the solid precipitates were removed by filtration and air dried to give 1-[4-(4-
20  Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-1-yl]-2-(3-iodo-2-yl-pyrazolo| 3 ,4-blpyridin-1-

yl)-ethanone. LCMS (ES) observed for M+H 530.0.

[0219] Synthesis of 1-[4~(4-Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-1-yl]-2-(3-
oxazol-2-yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone: To a solution of oxazole (690 mg 10
mmol, 2.5 equiv) in tetrahydrofuran (5 mL) under nitrogen atmosphere, was added dropwise

25  n-butyl lithium (2.5 M in Hexane, 4.8 mL, 3 equiv.). The resultant mixture was stirred at -78
°C for an additional 60 min followed by the addition of ZnCl, (0.5 M in THF, 32 mL, 4

equiv.). The reaction solution was allowed to warm to 0 °C and stirred 1 h followed by the
addition of 1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-1-yl]-2-(3-iodo-2-yl-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone (2.12 g, 4 mmol, 1 equiv) and palladium

30 tetrakis(triphenylphosphine) (462 mg, 0.1 equiv)! The reaction mixture was then heated to
reflux forl2 hr, cooled to room temperature and diluted with ethyl acetate. The reaction

mixture was washed with water, brine, dried over sodium sulfate, and concentrated in vacuo
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HPLC to provide

| -[ 4- (4-chl or o- 3- nenoxy- phenyl ) - pi perazi n-1 ~yl ] -2-(5-am nopyrazol o

3, 4- 6] pyrwoi2ne+do2308] - et hanone: HPLC retention tinme = 1. #6Trusea@343G3Agi | ent
Zorbax SB-C 8, 2.1X50 mm 5m 35C) using Im/mn flowrate, a 2.5 mnute

di ent of . 20% to 100% B i t 1, 1 m,nut h at 100%.B {A 5.0.1% f or ni
9 roppade s e et obrhefiad bY Rt EmiBERgRy Pt A P Gecthed &) O ©
234/}1?% SIsgdicg?i-[Hr(hl@hérohéiﬂﬁ&%)S-Métﬁo&m@ﬁyl‘f-pﬁﬁf’az&1-tyqnm@>-5yﬂa:zoﬁziyl- Exanpl e 53

| - [ 4- (gyradolaf g-Wpmedincxyl)ethengne aspi whitepawdear (1:03 g2 JCME (Eabolsered i91 pyr azol

o[ 3,4- i.dj ne-1 -yl ]-ethanone., [ 0205 r.at 0

| H 3- gﬁiﬂﬁﬁﬂém ¥eﬁ%ﬂn§?gﬁ%e[§,§ﬁl-rk]np®rél& t;fé&gﬁ%%gg h%’(%uxn%o as Sél y ?1? hesi zed
aceor dd(E%ﬁ]grrﬁlhﬂo@)&Eﬂe! Z25iH RIRGRGINE%A61100%4B itz e nleseish bethi%a Exanpl e
3 and tHhe crude product was used in the next_step w thout further

pur i f i BaA+=on% FORG6 peidy Alheostonitsite / 94.9% water, B = 0.1% formic acid / 5% water/
1-[4-(4: chl oro- 3-yret hoxy- phenyl ) - pi perazin- 1-yl]-2-[3-am no-6-

met hyl 9‘1‘0%2"6?28@8’?@{5- 6] pyri di ne-1-yl]-ethanone: This conpound was

synt hesi zed according to the standard coulgl i ng procedure described in
Exampl e 6: 1H NMR (400 MHz, cDCl3¥xample¢ly |H), 7.22 (d, IH), 6.86 (d,

IH), 6 Aol 4 | ' i 1 btivi chatdPwitl)  4H)
3.16 (F%ﬁ%(-o @?!@é?m?%? lﬁg%%ftesﬁg\/é‘eo%ﬁé%?é@ddf%g% ol iyi§soct anpl e 54
Sy1¢t hegdrgpdinds of interest (candidate compounds) of the invention.

| -[(S)-4-(4-Chl oro-2-fl uoro-5-net hoxy-phenyl)-2-net hyl - pi perazin-1-yl]-2-

(3-[1 ﬁiﬂ}ﬁ%ﬁﬁﬁlsaz&?«h) Prtadpgazol of 3, 4-b] pyridin-1-yl) ethanone. [0207]

Pr epar@attor of

| -1 (S)-4-(4AChl oCeH®- f | uor o- 5- met hoxy- phenyl ) - 2- net hyl - pi per azi nl -
yl]-2-(3-1io0do-pyrazol o[ 3,4-b]pyridin-l-yl)-etlianone: A m xture of
2-Chloro-1-[(S)-4-(4-

chl oro- 2-f 1 uoro- 5- net %@ﬁo rxgggglh% <Qdret hyl - pi perazin-|-yl]-ethanone (1.37
g, 4:08 mol, 1 eq), JF : | o[ 3,4-b] pyridine (1.0 g 4.08 mol, 1
eq), potassiumcarbonate (2.26 g, 16.4 mol, 4 eq), and DMF (15 nm) was

stirred overnight at 8P OCIHFhicellaction solution was diluted with ethyl
acetate, washed with saturated aqueous NaHCO3, and concentrated in

15 [0221] THP-1 cells were obtained from ATCC (TIB-202) and cultured as a suspension in
RPMI-1640 medium supplemented with 2 mM L-glutamine, 1.5 g/L sodium bicarbonate, 4.5
g/L glucose, 10 mM HEPES, 1 mM sodium pyruvate, 0.05% 2-mercaptoethanol and 10%
FBS. Cells were grown under 5% CO7/95% air, ldO% humidity at 37°C and subcultured
twice weekly at 1:5 (cells were cultured at a density range of 2 x 10° to 2 x 10° cells/mL) and

20 harvested at 1 x 10° cells/mL. THP-1 cells express CCR1 and can be used in CCR1 binding

and functional assays.

b) Isolated human monocytes

[0222] Monocytes were isolated from human buffy coats using the Miltenyi bead isolation
system (Miltenyi, Auburn, CA). Briefly, following a Ficoll gradient separation to isolate

25  peripheral blood mononuclear cells, cells were washed with PBS and the red blood cells
lysed using standard procedures. Remaining cells were labeled with anti-CD14 antibodies
coupled to magnetic beads (Miltenyi Biotech, Auburn, CA). Labeled cells were passed
through AutoMACS (Miltenyi, Auburn, CA) and positive fraction collected. Monocytes
express CCR1 and can be used in CCR1 binding and functional assays.
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vacuo. The crude product was purified by flash chromatography to provide

| -1(S)-4-(4-

Chl[ f)r 2)- 2-\1§Vbuo(r7m0529[mt hoxy- phenyl) - 2- met hyl - pi per azi n- | - pcirAR2¢08/2430®- pyr azo
| o[ 3,4- b]pyridin-l-yl)-ethanone (2.2 g). [0208] Preparation of

| -{2-[4-(4-Chl oro-2-fl uoro-5-net hoxy-phenyl)-2-(S)-net hyl pi perazi n-

1-yl]- 2- oxoPet hyASSA¥S pyrazol o [ 3, 4-b] pyri di ne-3-carbonitrile: A mixture of
1- [(S)-4-(4-Chloro-2-fiuoro-5-nethoxy-phenyl)-2-net hyl - pi perazi n-
1-yl]-2-(3-iodopyrazol o[ 3,4-b]pyridin-Il-yl)-ethanone (2.2 g, 4.0 mol, 1
eq), CuCN (3.6 g,0.40 MRbitiochQf€OR1 Bd BMaif25 M) was stirred at 175 C for
1 hrs. The reaction mxture was cooled to rt, diluted with ethyl acetate
and filtered. The filtrate was washed with water, dried over Na SO, and

purifi @28y fCGRK cxpressing enlls ayshycantrifpeed/ indlereguspériefl 4n gssayhiffer§2@ niMuor o- 5-

S BT i i il o2
1- { 2- [ 4tblahiftb @rdnlerfttation Of 3Bt @Ry NRRYHP- RcdlBlAd 501 P S63EbM cytes.

| ]-2-o0xo0-ethyl}-N hydroxy-|H pyrazol o[ 3,4-b r i di ne- 3- car boxam’di pe: A
)r/ri Lt ur Sigging as)ga3}/s wereyset up gs follmgrg. 0.1 mL E)f cells (!5 Ecyl Og THP-1 cells/well or 5 x 10‘{1

| -{2-[ 4-(,4- - ey - -2-(S) -yet.hyl - pi perazin-1-yl]-2
" oxo- ol KPP A (RGP age IR RS bk sphotdlr e o 576 ol 1
eq), Ne@entrigion&f -841@pMLéacB compbund3foe shreentig ok pard ofth floseabpopidpol (10

m) was stirre 65 0C overni ght. The jyeaction solution was concentrated

in vacGYNPeHY '5gé%?%8atioﬁlsbtﬂ§ﬂn Gbadatle "1 lahsled MR-t (abtaingsd, frop Ferkin

congenilated al Ocibh QY B&stds ﬁ\zAi & d.f'h@é)fqu'le?o’efeldtt%ﬁﬁeﬂf&tgﬂfﬁ%bbtained as
rhenyl ) -2-net hyl - pi perazi nl -

yl | - 2- axustemtrydiplaheliyiby Rorkin Elpyer i1l Sofedods; Bbstyn, MiA) dilBted a1 boxebitierte ( 1. 2

. [02 P ti . g .
it [ ( [S) ?%91%1495 EPRrGon 30 PO ickdingoR0:-0pR e pre el anadded Beingzi h-1 - yi ] -
2- (3~ [ labeled MPx 86l v O HIR-1 We P B2 QN s eBoddCOL PYTehRbtBctn Wit nfdh &2,%&
m xture of 1- 2-(&4-(4- Chl or o- 2-f | uor o- 5- met hoxy- phenyl ) - 2- rfet hyl -
ri per aplafes S?@?J pndingwented oy lapproxinimafely dhpurstyy ¢ @ o lashaker platform. Reactions

i dine- 3- i di _ s hof 0 m d
ol ook SbEed oA GRS Mers pebBoluin AR B DB SRS T "
The r eastivaaum éllhevens (Eadaahinsaitent;MeadsOCTY. PsiaNildRnaled ueut esi due

i ified by flash
whi ch i("/ﬁgroé’&ﬁt' gd, %acka%d Instruments) was added to each well, the plates were sealed and

{
y
y
)

radioactivity measured in a Topcount scintillation counter (Packard Instruments). Control
wells containing either diluent only (for total counts) or excess MIP-10. or MIP-1P (1 pg/mL,

20  for non-specific binding) were used to calculate the percent of total inhibition for compound.
The computer program Prism from GraphPad, Inc. (San Diego, Ca) was used to calculate
ICsp values. ICsp values are those concentrations required to reduce the binding of labeled
MIP-1a to the receptor by 50%. . (For further descriptions of ligand binding and other
functional assays, see Dairaghi, et al., J. Biol. Chem. 274:21569-21574 (1999), Penfold, et

25  al, Proc. Natl. Acad. Sci. USA. 96:9839-9844 (1999), and Dairaghi, et al,. J. Biol. Chem.
272:28206-28209 (1997)).

2. Calcium mobilization

[0224] To detect the release of intracellular stores of calcium, cells (THP-1 or monocytes)
were incubated with 3 uM of INDO-1AM dye (Molecular Probes; Eugene, OR) in cell media
30 for 45 minutes at room temperature and washed with phosphate buffered saline (PBS). After
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chr omat ography to provide

| -[(S)-4-(4-Chl oro-2-fl uoro-5-nethoxy"phenyl)-2-nethyl-pirerazin-lyl]-
2-(3-[1, ayél200cemzol - 3-yl - pyrazol of 3, 4-b] pyri di n-1 -yl ) retrthmoasm24319. 7 g) .
LCVMS Retention time: 2.61 min (Agilent Zorbax SB-C 8, 2.1X50 mm 5m 3500

' in £l 2.5 m nut I adi f..20% 100% ith al.1
m ot eI NROH AN 9B S el irdseRh e la i S (LR bl s s
vat er i\/@agsﬁna%% eBR).CCalciuih mobYiAAbSivhs Atafitede@l PNPhStbh Thehrefd Obser ved
for (MtH) +. 486. Exanple 55 Synt hesis of

|6 -[ 4- (Igﬁ@hﬁtlt(m@}- %@ﬁﬁWﬁ%@bW@bﬂ@@gﬂﬂtﬂymN@k(NBVCWW) withazol of 3, 4-
ridi ne-l - yl.).-et Et 0211 Lt i £

o) P SRRion 4 350 ARD % rimhnbafidorging O bR Sts emission ab 4900w ap

3, & Z?h 9/ it d iRt ive Yhtyac8H uQevdds WoR expres®d-ab tROA00WAMOB Yiln @ffissien HC

salt (0.45 nmmol, 3 eq.) in 2.5 nL of EtOH was heated at 60 OC for 1 h. The
r eact i ttioniBxpenimenia veropiriamed at 37°Cavith eortat nixingdn peveliat ersh conigindigide

resi due.svas. dissal v, i th 2 of, .di t i mL of
506 koOE B0 AR, YR ifore s oot B85 AT R BGVER A 176, T, o
and CONgEARM, aAttREnifsiMnBeHe v pistend dler tife (FeRkhlled-3mitius). asnddablipdsol i d:
HPLC retention tinme = 1.61 m nut esgﬁéﬁl | ent Zorbax SB-Cl18, 2.1X50 5m

35C) ublogking spmapwnds|(epia H BM) avepe bl @ segeads, &eHovwsd byodemgkingdob ® with a

1.1 . mnute sh 09 = 0, 1% [ 1. ' 0 Ltrile 4. 9%
welr S Bag AR AR i, S BT ARG Sl cop B PERN R G 525
expect 1, BéH dystdridiMinndspdlis, M atPiEseebndiy Nt hesi s of _

| - [ 4- (4-chl or 0- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-[3-(oxadi azol e-3-yl) -
pyrazol o[ 3, 4-Z>] pyp dne-I|-yi]-ethanone. [0212] To a suspension of (0.067
mmol, 1 eq.) of L-[4-(4-chl oro-3-ethoxy~phenyl) -

pirerazm ﬁ~§/| ] ~2[3'( E} cy&giﬁlgplﬁg So&sgafvg}a& 4- é] Iroyri éi Z1e-l -yl )-ethanone in 2 nlL of
trimethyl ort hof ormate was added canphorsul fonic acid (CSA) (5.0 ng,

cat al y[0225pmatheinbtaxis assays were performed using 5 [m pore polycarbonate,

polyvinylpyrrolidone-coated filters in 96-well chemotaxis chambers (Neuroprobe;

15  Gaithersburg, MD) using chemotaxis buffer (Hank’s balanced salt solution (HBSS) and 1%
FBS). CCR1 chemokine ligands (i.e., MIP-1a, CCL15/Leukotactin; R&D Systems;
Minneapolis, MN) are use to evaluate compound mediated inhibition of CCR1 mediated
migration. Other chemokines (i.e., SDF-10; R&D Systems; Minneapolis, MN) are used as
specificity controls. The lower chamber was loaded with 29 ul of chemokine (i.e., 0.1 nM

20  CCL15/Leukotactin) and varying amounts of compound; the top chamber contained 100,000
THP-1 or monocyte cells in 20 pul. The chambers were incubated 1-2 hours at 37°C, and the
number of cells in the lower chamber quantified either by direct cell counts in five high
powered fields per well or by the CyQuant assay (Molecular Probes), a fluorescent dye
method that measures nucleic acid content and microscopic observation.

25

C. Identification of inhibitors of CCR1

1. Assay

[0226] To evaluate small organic molecules that prevent the receptor CCR1 from binding
ligand, an assay was employed that detected radioactive ligand (i.e, MIP-1a or

30 CCL15/Leukotactin) binding to cells expressing CCR1 on the cell surface (for example,
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The resultant m xture was heated at 50 OC for 10 mnutes and cooled to rt.
The reaction solution was concentration in vacuo to provide a crude residue
whi ch waswpuanefdoeyzby HPLC chr omat ography to provi de 20pQTrug2ak/ob43e3titl e
corrpound 1H NWVR (400 MHz CDC13) d 8.83 (s, IH, 8 62(dd | H), 7 35 (dd,

7.22 | H),, tﬁgﬁéq)an Hy, 6.44 (dd, IH, (s, 2 3.89 (s, 3H,
3 79 (HQHPAweﬂ%orzgole Hinph moageyteds et exmpeinds l&hat-i)nhlblwélbl ingsxdwefilee 57

Synt he _

[ JoBpsive oot Rt edioactfe outs g ahsrved siben sopgared 9 BGPha azo e-
3-yl) - pyntaddel o[ 3, 4- 6] pyri di ne-1-yl]-ethanone. [0213] The title conmpound was
synt hesi zed according to the cyclization procedure using

o 61 (0 g G EgRPmESSALTE, dflnhEO i ) optiy RIS i sefdl ¥ ¢

5. 55 (sherﬂdﬂyme Bgauls @s CCRY) (1.e3MIP- ]((mMPlIH)l I3uRdtadtin, et@l')) Eqdal6Rniters dfH) . LCVS

th
f’? o ( 5o p08ed ity el My ip: gBe solliiare ?ﬁep-l@@(oeteéémh bzl o
eny pi
rer af? WL f. n_@ni)oﬁﬂd)l}%%g %?%é\%akﬁf]w%h{n%%er? dIOD %F??é%ﬁanoérole acetic
anhydr ddlennmea bgquant)fymgdadayamﬁde peurtl €ells )t vm&s 1mbbUeﬂeﬂthbﬁ\t @G}Mrgémdst for
30 min: HPLC retention t m nut es (Agllent Zorbax SB-C 8, 2.1X50
mm  5nPOBBRYRd gaVR fotplgop gy %Rﬁ%@t@ndlag was deiermingd By smnbatingdhe 9@% to 1o|0%
h Ltrile
7 S oyarer g A SRR R Tehyens Bl M e B e LoD R ER b
(ES) |

0] razo
ol 4. b peEy ﬁ“eﬁff@?@‘ e BB LA o S B2

from|-10D(4-Chl oro- 3- net hoxy phenyl) -

2. Dose Response Curves

[0228] To ascertain a candidate compound’s affinity for CCR1 as well as confirm its ability
to inhibit ligand binding, inhibitory activity was titered overa 1 x 10"%to 1 x 10 M range of
15  compound concentrations. In the assay, the amount of compound was varied; while cell

number and ligand concentration were held constant.

3. CCRI1 functional assays

-

[0229] CCRI is a seven transmembrane, G-protein linked receptor. A hallmark of
signaling cascades induced by the ligation of some such receptors is the pulse-like release of
20  calcium ions from intracellular stores. Calcium mobilization assays were performed to
determine if the candidate CCR1 inhibitory compounds were able to also block aspects of
CCR1 signaling. Candidate compounds able to inhibit ligand binding and signaling with an

enhanced specificity over other chemokine and non-chemokine receptors were desired.

[0230] Calcium jon release in response to CCR1 chemokine ligands (i.e., MIP-1o,, MPIF-1,
25  Leukotactin, etc.) was measured using the calcium indicator INDO-1. THP-1 cells or

monocytes were loaded with INDO-1/AM and assayed for calcium release in response to

94



pi perazin-1-yl]-2-(3-io0do-pyrazolo[3,4- ]pyridin-Il-yl)-ethanone according
to the protocol described in Exanple 4 1. 1H NMR (400 MHz, CDC 3) 8.65 (d,
| H), 8.48w0apo7dol2937.39 (dd, IH), 7.22 (d, IH), 6.51 (spcirhso06/.0d4s4s, |H),
5.53 (s, 2H), 3.91 (s, 3H), 3.78 (m 4H), 3.34 (s, 3H), 3.22 (m 4H), LCVS
observed for | e 60 Synt hesis of

(MrH) + 415.0. Exa , o
| - [ 4- (GC8AIchpmoking ligand (5., MEh bseladditiony | Ho gangiel forispedifigity, nenCERikazol - 2-

yl - pyr 1.0[ 3.4 ridi.n-J-yl)- a . 0216] Preparation of Ethyl
(s o B PR g e i VRS s aends Vil R R MRl iotine = !

3- i odordekpton M'WAHAbEL AnfpoRh® plid §F ﬂu%réc&é#aalrWMe sebn @b XpaRd pot assi um
carbonate (27.6 g, 5 equiv) in 15 nL of at 90 0C was added et hyl

chl or oatktiat €f @&oBipotnd gcifivelly inhiteg TR 1 -MiRel dnsignalidgathen litflder noesigiial on

m xture was, diluted with ethyl acetate follogwed by washing with saturated

aqueourvlpgMae seppaper AR Lo pddjden, hata plsewilhbriobssived ipradedykivipr ovi de t he

gave. oTIgUtE ottt AZbhBBod adelocCaR, REAlerltod BSTRgRUSTRYE =7

Pr epar gdeh @fo®bothIvIRUe apY besagk@iBadtitidopyri di n-1 -yl ) -acetic acid: Ethyl
(3-1odopyrazol o[ 3,4-b]pyridin-l-yl)-acetate (11 g, 33 mml, 1 equiv) was

di ssol I N of . . - . the. . sol uti,.o s.added 40 nL

of “Tu HBR £ op gltnrirtls Athiond ool iy alBien Py BRRiBEAGH 1

aqueousf ¢ieaBRinsascepeottexpldsziag celld, BudhNs Mllitethbodd! ¢es OfTo@bafitm thawhi ch resul t ed

in the precipitation of the desjred product as a white solid was filtered

antf ai ?anéﬂawqrwogméénlt@i@do%%&yr%@%féme@}ﬁp@pwgiaad sienaling (ahlegstias aci d.
0218 ' . e . T

| F s { S TRERREESy, Bfleiln mobilization sssays), but glso CCRI modiatefd migratign,

i 0do- 2ehemqpaninasshyivas 4mplqyyd.i THR-1 mytlpmehbeyiwi eukefiaicells mdidhfresemble
3-i10do-pyrazol o] 3, 4- ridin-l-yl)-acetic acid (3.0 . 10 mol,, 1

(equ; ) mohqyReseRs P Bl 0 tem%eﬁvsﬁm? )lsedrﬁsfsérsatf%wgche?oa%rag@a |

equi V) py BER 1" $e8RRine (1haB& @, bPaH,\0 1L1tsr/1bem%étﬁlgi 0R11¢ frefe flkce in tI?é’tU}S)V) n

10 mL o¥ M- was stirred at rt overnight. To the feaction m xture was then

adtbed compartment of a microwell migration chamber, while MIP-1a. (or other potent CCR1

chemokine ligand) and increasing concentrations of a candidate compound was loaded in the
lower chamber. In the absence of inhibitor, cells will migrate to the lower chamber in
response to the chemokine .agonist; if a compound inhibited CCR1 function, then the majority
of cells will remain in the upper chamber. To ascertain a candidate compound’s affinity for

20  CCRI as well as to confirm its ability to inhibit CCR1 mediated cell migration, inhibitory
activity was titered over a 1 x 107'% to 1 x 10™ M range of compound concentrations in this
chemotaxis assay. In this assay, the amount of compound was varied; while cell number and
chemokine agonist concentrations were held constant. After the chemotaxis chambers were
incubated 1-2 hours at 37°C, the responding cells in the lower chamber were quantified by

25  labeling with the CyQuant assay (Molecular Probes), a fluorescent dye method that measures
nucleic acid content, and by measuring with a Spectrafluor Plus (Tecan). The computer
program Prism from GraphPad, Inc. (San Diego, Ca) was used to calculate ICsq values. ICsg
values are those compound concentrations required to inhibit the number of cells responding
to a CCR1 agonist by 50%.
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water and the solid precipitates were renoved by filtration and air dried
to give | -[4-(4- Chloro-2-fluoro-5-nethoxy-phenyl)-pi perazin-

1-yl]-2- (Moi2eatmo2299! - pyrazol o[ 3 , 4-b] pyridin-1- yl) - et haoorms2006b431% ES)
observed for MtH 530.0. [0219] Synthesis of

1-[4-(4-Chl oro-2-fluoyao-5-nefhoxy- rhenyl)-pirerazin- 1-yl]-2-(3-

oxazol - 2-yl - pyraﬁ-ol o[@,ﬁl‘-’ﬁ]@%—cﬂi n-1-yl)-ethanone: To a solution of oxazole
(690 ng 10 mml, 2.5 equiv) in tetrahydrofuran (5 nmL) under nitrogen

at nosphere, was added, dr opw P N ST s | n _Hexane, 4.8 nL, 3
equiv.). The resul tanctl)dm' x%’szt %géltsoﬂiersjfé%méét%}r%njgag%%tﬁonan addi ti onal 60
mn followed by the addition of Zznd2 (0.5 Min THF, 32 nL, 4 equiv.). The
react i 9238pl Uvisbrdywhseffdctonfedndidateaompbonds dGnhibitingt the irfmindtofyol | owed by
the addition of . . . e .

| - [ 4- (FR9B Pgtaéwf {raduntsa-AicHlsx juiptiomal fhgrastirial mmbrape compeBettodo- 2- yI pyr
azqd of lighybt Ah RN (LHS) V] bl Hﬁi&@ﬂ@f&e@tr&&iv‘égoiﬂt gmifalnﬁahoﬁ%s\éh. g pal | adi um

tetrakis(triphenyl phosphine) (462 ng, 0.1 equiv e reaction m xture was
t hen hgadedesign mehicsishefdesthtive jointoioflemimation seam ih @rthetiat intre-astiahlati | ut ed wit h

hyl .  on i hed with water, brine, dried
over . sBUetAR G- paE e Sl R e oD S Tor e PU BB e pr oduct

Puri fi easitiaes dd dhbaskined) oo dihidH Davebedt fRatEd fhBadefbiiashptie e,
| -[4-(4-Chl oro-2-fl uoro-5-net hoxy-phenyl ) -pi perazin-1-yl]-2-(3-oxazol -2-ylp
yr azol Markedingpasgs indievkdcyies poar a apmeeizh Sluid sud insypoiigenn (sposed). LCVS (ES)

2 07 BB ot Begforaqlenmme iR sftPutt Madestul Pl Rakob0R B T,

100% Bshoiwtalefficaky in tismoasiisatPotiollp &al. AF I)ML%JZ.O![M(M)&M%-M@%@@&@;.OHi trile
[ 94.9% water, B =0.1%formc acid / 5% water/ 94.9% acetonitrile

Exanpl [ : ' gy oTHCHY. t . ti . st he

bi ol og?g g:?i a(%t%i%g%lg %bggtsuggi at é@u%lséti %%%%ﬁ%%aﬁ dis% gco &?ﬁ[?g?%dgﬁl’ % 1'gag'n |l(c{Ié1t e

conpoufedsle NéwtAvelandvabbits Gappraihaiely’d BilddddmErei@RRedintfeddticularly in one
knee with LPS (10 ng) together with either vehicle only (phosphate buffered saline with 1%

15 DMSO) or with addition of CCX-105 (dose 1 = 50 uM or dose 2 = 100 uM) in a total volume

of 1.0 mL. Sixteen hours after the LPS injection, knees are lavaged and cells counts are '
performed. Beneficial effects of treatment were determined by histopathologic evaluation of
synovial inflammation. Inflammation scores are used for the histopathologic evaluation: 1 -

minimal, 2 - mild, 3 - moderate, 4 - moderate-marked.

20 b) Evaluation of a candidate compound in a rat model of collagen

induced arthritis

[0234] A 17 day developing type II collagen arthritis study is conducted to evaluate the
effects of a candidate compound on arthritis induced clinical ankle swelling. Rat collagen
arthritis is an experimental model of polyarthritis that has been widely used for preclinical
25  testing of numerous anti-arthritic agents (see Trentham, et al., J. Exp. Med. 146(3):857-868
(1977), Bendele, et al., Toxicologic Pathol. 27:134-142 (1999), Bendele, et al., Arthritis
Rheumn. 42:498-506 (1999)). The hallmarks of this model are reliable onset and progression
of robust, easily measurable polyarticular inflammation, marked cartilage destruction in
association with pannus formation and mild to moderate bone resorption and periosteal bone

30 proliferation.
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1. CCRI expressing cells a) THP-1 cells [0221] THP-1 cells were obtained
from ATCC (TIB-202) and cultured as a suspension in RPM-1640 nmedi um

suppl enenvecoewdokeo2 nM L-glutam ne, 1.5 g/L sodi um bi carbwonsbes/044393 g/ L

gl ucose, 10 nM HEPES, 1nM sodi um pyr uvate, 0.05% 2-ner capt oet hanol and 10%

FBS. , d 5%. 95% 00% humni di t t 370C d
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El ner

5/1 eukotactin (obtained as a custom radi ol abeling by Perkin El ner

Life Sci ences, Boston, MA) or O.

1nmL of 1251 | abel ed CCLI

Life

Sci ences,wBasdmm2208A) diluted in assay buffer to a fi nalPcrarse@atoesus on of
~50 pM vyielding -30,000 cpm per well,

|l awi t h THP- |
pl at es seal ed and i ncubated for XB
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| abel ed CCLI
cont &)
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| nstrynments,
Packar
radi oactivity uff
| nst runment s) C,@To

counts) or excess M P-1
were |
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rati o. Experinments were perfornmed at 37C with constant m xing in cuvettes
each containing 106 cells in 2 nL of flux buffer. The chenokine |igands may
be used owenrvo@/mazdge from1l to 100 nM The em ssion rat PoTWB006l024312d Over
time (typically 2-3 mnutes). Candidate |igand bl ocki ng compounds (up to 10
mV) were added at 10 seconds, fal.l b henoki nes at 60 seconds (i.e.,

M P-1 a; R&D Systens; M nneapoli ?ﬁ\é\/ﬁ)%‘?iﬁafl:ontrol chenokine (i.e., SDFl a;
R&D Systens; Mnneapolis, M\) at 150 seconds. 3. Chenotaxis assays [0225]
Chenofaxi s assays Wemetyrer f ornmed using 5 [va. por e Spaichoar bonat e,
pol yvi nyl pyrrol i done-coated filters in 96-well chenotaxis chanbers
( Neur ppr obe; Gar ther sbur ) USI ng ¢henot axi sobuffer (Hank s bal anced
salt $olution (HBSS) and FBS). CCR| chenokjne<higands (i N M P-14,
CCL15/4 Leukot acti n; R&D St 9. M nneapolis, ) Use Q | uat e
conpoyind nedigt ed isaki bl ti'%n I]CCRI medi ated m gr at\LcyHT(C\I‘ chenokilnes
(i.e.|] SDF- m\gpst@m; M nneapoliis, MN) are used a¥ spedificity
controls. T r chanmber was | oaded with 29 m of chenokine (i.e., |0.1
nM CCL15/ Leukot actin) and varyi ng amounts of conpolth/+e top chanber
cont ai ned 100, 000 {I§fRsL+wor nonocyte cells in 20 m. The chanbers were
i ncubated 1-2 hours at 370C, and the nunber of cells in the | ower charfber

nnnnn l\f‘l 'FLQI I"II‘ nad

W Al Pt oy Iy Al et gl ] 1ot H £ 3 ht I
quant iFHtea—etrther—by—arrect gerr—eounts—+hR—+ve—rtgn puvvc%%i>n er-aS—per

wel | or by the CyQuant assay.o Mol ecul ar Probes), a flugye ntNdye netthod
t hat peasures nucl ei ¢ agi g=cont ent anji m croscopi c sdryayfon. C.

I dentification of_ i 'Nb'i\p of CCR Assay [ 022 o evaluate snall
organic nol ecul eg_t %U\ re t he regeptor rom bi ndi ng |igand, {an
assay|was enplo t hat™®det ect ed radi gacti ve J d (i.e, MP-I a or

CCL15/ Leukot a¢t’i binding to cells expressing on the cell surfaqe
(for exanple, THPM cells or isolated human nonocytes). For conpounds tlhat

i nhi bj ted bi ndi ng, t her conpetitive or not, feweplg-adipactive countjs are

obseryed when con‘p‘aq uni nhi bi ted
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controls. [0227] THP-1 cells and nonocytes | ack other chenokine receptors
that bind the same set of chenokine ligands as CCR (i.e., MP-1 a, MIF-1,
Leukot actwo,20@tm2393 Equal nunbers of cells were added teceashoosekd3iz n the
plate. The cells were then incubated with radi ol abeled MP- | a. Unbound

|l i gand was renoved by washing th 1] s, bound |igand was determ ned by
quantifying radi oactive counts. @éﬁ%j @ﬂ%‘?&g@re i ncubat ed wi t hout any

or ganife—coenpeund—gave-total counts: non-specific binding was determ ned by
i ncubgting the cel IS4rygtexe unl abel ed | i gand and | ab@tegethigand. Percent]
i nhi biltion was _determ ned by the equatiion: %inhibition = ( 1 - [(sanp|e
cpm - (nonspecific cpm]/[(t@taal cpm] -~ (nonspecifrccpm) ;1062 Dose
fin

\Y)

Response Curves [0228] Nstertai n ajcandi date conpoung' s ity f of
CCR as well as con | \ltytc i nhi bit I':lga’(l"gtr:i\ijQgNn i nhi bitory

activifty was titered gver a {_x’10 10|to 1 x 10’4
concentrations e assay, the anount of co SH ;
nunben and | concentration were held co . 3. CCR functional
assays [022& is a seven transnenbrane, G fgrotein |inked receptor| A
hal | mark of si gRY¥Pi ng cascades induced by the | ®Y4tion of sone such
receptfors is the pulse-like release off calciumions fromintracellul ar
stores. Cal ci um mdof33 %4k on assays were perfor med- @2/ #&termine if the
candidate CCRlI inhibitory conpounds were able to al so bl ock aspects of] CCR
signaling. Candidate corrpour}\gzl’sabl e to I nhibrt Tigand b mdimgNand—sigtal i ng
w th an enhanced specificityYoger other chenoki ne and ngn- ghenoki ne
receptors were desired.5[0 ] Calciumion release jin ¢
chenoki ne |igands (i .e./u\t/ a, MPIF-1, Leukot acﬁli nN etc. )\ w measyr ed
usi ng| the cal ci um i/nHNca or | \n‘%nocyt &er e 1 o4ded

| . THP-1 cel
with | NDO 1/ Al Naséayed f calciumrele response toCCRl chernoki ne
ligand (i.e., -la) addition. To coptrol for Heecificity, non- CCRI

whil e cel |
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program Prism from G aphPad, Inc. (San Di ego,

| C50 val ues. 1 C50 val ues are those conpound concentrations required to

Ca) was used to cal cul ate
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al kyl ene and each Ra and Rb is independently selected fromthe group
consi sting of hydrogen, Cl-8 alkyl, G - haloal kyl and C3- cycl oal kyl, or
opt i onal IwoRao7zmek9RS when attached to the same nitrogenpatraseas®24303bi ned
to forma 3- to 7- nenbered ring having fromO0-2 additional heteroatons as
ring menbers; and wherein the aljphatic ions of each of said Rl
substituents is optionally substimf’écic‘?kft?‘ilgfrom one to three nenbers
selected framthe group consisting of -OH -OR'1, -OC(O NHR'1,
-OC(OfN(RmM) 2, - SH, StiRtre- S(O R'1, -S{O) 2R'1, - SO2StRuctm® O) 2NFR' 1,
-S(O2N(R )2, -NHS(O 2R'1, -NR111S(O) 2R111, -C(ONH2, -C(O NHR'1,
-C(ONRM2, -C(OR'L, O-NB ., - O)R M -NAC(O®HZ N=
-NRTC({0) NHR m - NHCES N NRM NH2, - NRnC(= '
- NRC({ =NRm) NH( Rm) , ), - NHC( =N 1 NHC( =NRm) N( Ry 2,N'- N( Rm) 2,
- NHC( £NH) NH( = CCENH) NH2, - 0 =NRm) INH2, - (5 N;H)

- NHC( ©) NHR" 1, O)N(R m) 2, "*NHC(O0YN(R rrjz;@zH, -CO2R"1, -NHCX2R'1,
-NRMOD 2Rm - CNy,, - NO2, - NH2, -NHR'1, {N(Rm 2" -IWRnS(0) NH 2 and

- NRn5( O) 2NHR1" Wherei n each Rmis i ndependent | YMan unsubstituted C1-6
al kyl] Rka, R2 anﬁ 2+_9_l[+e each independently selected fromthe group
consi sting of hydrogen, hal ogen, cyano, aryl, het ekh@&{y/y+++- NO2, - O2RG,
-COONRlcRd, -C(ORC -S(OR, - S(OZ2R}], -S(O3R, -Re, -C(NORR d,
-C(NRDV) =NV, - N(V) C(R) SNV, BRIG NOR) R d, - X2C(NR V) =NV, NCV) TRy =NV,
- X2NRRd, - X2SRO - >[</2 DS O 2,-X{2C0O 2RO, - X 2CON - C(O RO, -(X
20C(ONRR d, - X 2NyR dC(O R, }=X 2N R dC( O 2R e, - X 2NRC({O , - X 2NH|{C( NH
2)=NH -X 2N @r NFY2) =NHoN- X 2NH C( NH 2) =NR e, - X ZNN)LG( RNe) =NH, - X
2S(OR ,- Xg8t&Fr2R ,-X 2N ROS(O 2R , 1 X 25( 0O 2N ,

3,-0RD, -SRO, -NR§G(O0)Re, - N R dC(O 2R g, -X 25( 0 -S(O2NRR d 5-X 20 R
0,-0-XK20 R 0, - X 2NRR d, OMe
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-0 X2

- NH C(NH 2) =NR e, - NH- CONTHR NH,
2) =NRe, - NMOGHIHR2NR €, - NH C(NR eR 6) =NH, N R 0S(O) 2R ,
2NRC( S) NRRd, - X 20C(O) R 0, - O- X2CONRR d, - OC( O) RO, -

Pl fdneH)

- NRd-
and e

NRR d, - NRd- X 2C O 2R

X2NRRd; wherein within eac
ach R and Rd i s independent

-NR- C(0) NRRd, - NH- C(NH 2) N H ,
- NReC( NHR e) =NH,

-NR eC(NH 2) =NH,
-NR C(NH
PRRIUSL@) MRS - X

NRRd, - NRd- X2COR and

c and R2d, X2 is Cl 4 al kyl ene
from hydr ogen,

Cl alkyl, C1

hal oalkyl ., C3-6 cycloalkyl or aptionally R and Rd when attached to the
sane hi trogen at onStzuetuve conbined with the ni trog8trustwen to forma fijve or
si x-menbered ring having from Qo 2 agditional heteroatons as ring nernbers;
and efach Re 1s 1 ndependentl yNgel ected|fromthe group consi 2 g of CI-8

al kyl, C1-8 hal oal kyl , oC3- ycl oal kyl, C2-8 al kenyl, C2-8N -r-}ﬂynyl arlyl
and heteroaryl, an ) Rd and R6 is optlonally further substltuted
with fromone to t menbers /sel ected fromthe group go ng of -OH,
-ORn, | -OC(ON ONRn)2, -SH, {SRn, -S(OR' SO 2 O2NH2,
-S(O)ZNHR" - 2N(R') 2, - NHSY'®) 2R, -NR"S(O) K\ O NH2, 'y O)NHR"

- C( O N( Rn) 2¢! OR, -NHC(OR', -NR'(ORn, - o - NR C(O NH2, [-NR
C(O NHR', TN BNHR', -NR'C(0)N(R n)2, - NHC( R') 2, -C2H, -C®R',
-NHC2R', -NRnCO0 2Rn CN, -NO2, -NH2| - NHR#, (Rn) 2, -NR11S(O NH2 and
-NR"'§(0) 2NHR', V\Hé)i551'+ﬁ“'e"ach Rn is mdependentlcwean unsubstituted Cl-

g

)
fromthe group consi stﬁng of

al kyl; and wher ein V is independently|sel ected
-R -CN, -CX®2R and -N®2; each of ringjvertices a, 1056¢taried d in fornmullae | a
and |b is independently selected from N and C(R3a), and fromone to tWo of
said ring vertices is N, a@l R3a 1s 1 hdependent 'y selectedo~om the grioup
consi kting of hydrogen, hadlggen, -ORf| -OC(ORf, -NRfRS, - -Rh, -QN,
-NQ2,| -CO2Rf, -CONR fRg, -C{O Rf,
o N7 \ N/ /
N\) [;/N\)
OMe OMe
1.057/4++++ 1.058/++++
CHg (@] N=
Q i
! A
N o
Q N/ / \ /©/ HN
l/\N/u\/N _ cl CHg
N N OMe
Ct/©/ 1.060/++++
OMe
1.059/++++

105



-OC(ONRfRg, -NRgC(O)R f, -NRgC(0) 2Rh, -NRf-C(0)NR fRg,
- NH C( NH2) =NH, - NRhC( NH2) =NH, - NH- C( NH2) =NRh, - NH C( NHRh) =NH, - C( =NRf) NRgRh,
- S( O 3Rf ,woS(@)den93- S(O) 2Rh, -S( 0O 3Rh, -NRfS(O) 2Rh - S( OpeiRrRisRme/0249 S( O 2Rh
5 -NRfF S(O) 2NRf Rg, - N3, -C(C=NORf)NRfRg, -X3SMRf, -X3C(=NRf)NReRh, -X30Rf,
-X3O0C(O) Rf, -X3NRfRg 5 -X3SRf, - -XSQSZ, - X3C2Rf, - X3CONRf Rg,

-X3C(O Rf, -X30C(O) NRfRg, - X3NR&@%\‘§I("OM NR8C( O) 2R11, - X3NRf-C(O NRf RS,

- X3NH_C(NH?) =NH, - X3NRhNC(NH2) =NH, - X3NHC(_NH2) =NRh, - X3NH- C( NHRh) =NH,

- X3S(l0) R11, - X3S( ¥temittye - X3NRf S( O) 2R 1, -XBS(O)ZNEIrRStureY - X3Y5 - X3IN3,
-C(OINRfF S(O Rh, -P=Q(ORf) (ORe), -X3C(D NRfS(O 2Rnh, -X3C(O)NRfS(O)Rh and
- X3PHOIORN) (ORg), wherein YO8 a Tive[to ten- menbered aryimN reteroaryl or
het erjocycl oal kyl ring, coptéqQnal Iy substituted with fromone to three

substlitutents sel ected frgm/t group{ consi sti ng of haloog A\ - ORf, -NRfRg,
-Rh, -SRf, -CN, - N- n=- CONRf Re, - C(O) Rf, FgNRQ - S( O Rh,
-S(O2Rn, - NRf 'QRHJ -S(O)2NR1R8, -><3CRf - X3 X3N (O 2Rh cﬁnd

-XSS(O)ZNRde;? d wherein each X3 is |ndepend y seI ected fromthe|group
consi|sting -4 al kyl ene, C2-4 al kenyl enecadnt¥F C2-4 al kynyl ene and ¢ach R
and Rg is indepdffdent|y sel ected fron|hydrogen, o®-8 al kyl, C1-8 hal oal kyl ,
C - ¢ycl oal kyl, C2-8 aI kenyl, C2-8 al kynyl, aryl, het eroaryl, aryl-C i 4

al kyl, and aryl ox¥9814+4+41 kyl , or wheh attached tol.06%#+sane nitrogen &t om
can bhe conbined with the nitrogen atomto forma five or six-nenbered|{ring
having fromO to 2 additional]l heteroajons as ring nenbers, and eachn i's

i ndependent |y sel ecteddfr he group| consisting O G -d3 a,h Cl1-8
hal oal kyl, C3-6 cy 8 al kepyl, C2- al kthle\I Y teroarq/l,
aryl -|Q 4 al kyl, and ‘aryl ox N i -4 al kyl, wher €ff n allph ti @ portiopns of
X3, Rf, Rg an optionally CH3 N=

=

Cl Ci
OMe OMe

1.063/ ++++ 1.064/++++
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further substituted with fromone to three nenbers selected fromthe group

consi sting of

-OH, -OR0O, -OC(O)NHRO, -OC(ON(R)2, -SH, -SRO, -S(O RO,

- S(O) 2R0, WoS@RNE293- S(O) 2NHRO, - S(O) 2N(R) 2, - NHS( O) 2R0, PENRSS(G)N2R03
~C(ONH2, -C(ONHRO, -C(ON(R)2, -C{O R0, -NHC(O R0, -NROC(O) RO,

o R

B, - NROO( ) NFRO, - NHC(O) NHRD, - NRO( O N(R) 2.

- NHC( 01

RO - NHCO2RO, -NROCOZ2RO, -CN, -NO2, -NH2, -NHRO,

-N(R) 2, -NROS(O)NHZ and - -NROS(O) 2NHRO, wherein RO is unsubstituted Cl-6

al Kyl . 2. A conpadund afcomippuml having e feinulideleded RGARROESR ﬁb&nﬁﬁi
t he group consisting of Cl1-8 alkyl, C -8 haloal kyl, C3-6 cycl oal

ngq)tfed from

-C2Ra, -X1CX2R , -XISZR ,-X10Rs, - CORa, -CONRaRb, -X1NR R13 R3a -XlNRaCCRb
5 - X1CONRBR*, x18(9 NR &L a 18@0) 2R8, wherei ﬂ1 X1 ig G kyI ene and

each Ra-and Rb is | epe deny gected fromt sisting of
hydrogen, Cl-8 al ky 1-8 ha oaI kyl and C3-6 cye\gémggl\/cﬁg er ein the
al i phatic pBf%j ach of Rfai d Rbndubgd t enn\gdi/é opti ongl Ly
substituted w romonetothree menber s fromthe d’roup

consi sting Q&>

-S(O) 2R111, -
(3C%O)NH2

-N QO N2 - NRILLC(Q N2, - NR( 0) R m -NHC(O)NHRm -NRi -nC(0) N(R 1) 2,

0)N(R m
i ndependenﬁm

| ndependent | y cselbeld:&belC@gIb"m Bt@);B7, GKEJCOQH"s rxtdong? OK‘MEWQGXI,ORFQ

SREER'1, -OC(O NHR'1, - 0k -SH5-SRm - S(O R'1,

SO2NH2, -S(O) 2NHR'1, -S(O) 2N(Rm) 2 HS( O) 2R111, - NRwS(O) 2Rra
-C(ONHR'I2 - C(O)N(R m 2, -C(O Rm -NHC( R111, -NRnC(0)R m

2, 01'&21!4 lmaccemﬁhi@gﬁi Ty drateymiidmxader thereof, @hereeroz

eRabl sttt e PR B G BT e

| ogen,

- NH2,

h . . NR_cRd 5o S(O 2R
L o Ny RACORE TRONR B X NGB O BOR e RO RS 3 S OXSEERED ) .
- XaN(V) O(R) = =N¥!seofpRiReBa?, T\I)f@ﬁFSQNRaé@ﬁ“I, c@@ﬂ%", -NREERRY; -5(0),NR°R",

9 -S(0)R? -X'COR?, X'CONR?R®, and ~X'NR*S(0),R®, wherein X! is C;4
10 alkylene and each R? and RPis independently selected from the group consisting
11 of hydrogen, Cyg alkyl, Ci_ghaloalkyl and Cs. cycloalkyl, or optionally R* and R®
12 when attached to the same nitrogen atom are combined to form a 3- to 7-
13 membered ring having from 0-2 additional heteroatoms as ring members; and
14 wherein the aliphatic portions of each of said R' substituents is optionally
15 substituted with from one to three members selected from the group consisting of
16 -OH, -OR"™, -OC(O)NHR"™, -OC(O)N(R™),, -SH, -SR™, -S(O)R™, -S(0),R™,
17 ~SO,NHy, -S(0);NHR", -S(0);N(R™),, -NHS(0),R™, -NR™S(0),R™, -C(O)NH,,
18 -C(O)NHR", -C(O)N(R™),, -C(O)R™, -NHC(O)R"™, -NR™C(O)R™, -NHC(O)NHb,
19 -NR™C(O)NH,, -NR™C(O)NHR", -NHC(=NH)NH,, -NHC(=NR™)NH,,
20 -NR”C(=NR™)N(R™),, -NR"C(=NR™NH(R™), -NHC(=NRMNH(R™),
21 -NHC(ENRTN(R™)2, -NHC(ENH)N(R™),, -NHC(=NH)NH(R™), -C(=NH)NH,,
22 -C(=NR™)NH,, -C(=NR™N(R™),, -C(=NR™NH(R™), -NHC(O)NHR™,
23 -NR™C(O)N(R™), -NHC(O)N(R™),, -CO,H, -CO,R™ -NHCO,R™, -NR™CO,R™,
24 -CN, -NOg, -NHj, -NHR", -N(R™),, -NR™S(0)NH, and -NR™S(0),NHR™,
25 wherein each R™ is independently an unsubstituted C ¢ alkyl;
26 R*, R and R* are each independently selected from the groﬁp consisting of hydrogen,
27 halogen, cyano, aryl, heteroaryl, -NO,, -CO,R®, -CONRRY, -C(O)R®, -S(O)R®, -
28 S(O).RS, -S(0)3R°, -RY, -C(NOR®)R?, -C(NR°V)=NV, -N(V)C(R®)=NV,
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- X2CONRRd, -X2C(O RO, -X20C(0)NRR d, -X2NRdC(0)R, -X2NRdC(O) 2Re,

- X2NRcC(0) NR cRd, -X2NH C(NH2) =NH, - X2NReC(NH2) =NH, - X2NH C( NH2) =NRe, - X

H C NHR NMp 20088093 R6, - X2S( O 2R , - X2NROS( O 2R6, - X2S( @rzNRRehs/024420\3 - ORO,

-SRO, -Re, -NRAC(O R, -NRAC(0) 2Re, -S(0O2R6, -S(0) 2NRRd, -X20R0, -0-X

2 - X2NRRd, d el £ f Ra, R2
X2 is }%ﬁéﬁ)ﬁ@ m&b@géﬁ%ﬁﬁm) M’%B}g‘}% ﬁg sel ected

frem hydr ogen, XQJN&)@?NOQ XXGOR", hadzg@lNWRd SBeforrehdadmhNrard optional 1y,

RO _and Rd when_a 9ched to thg sarre rogen atom can be conbi ned with the
n| 8togen atom XCNR&(@)B ,f-?(vléRcﬁ(Os)zB( %é@)NRr&; PAWHE (NHomNio 2

t | het e n _and “ﬁ?ﬁ Ly
se ?%clt ggaf ro(rant zielﬁ%regﬁﬁlﬁﬂ nsi- 2| ng @%hﬁﬁal %34 lp{ @g\dﬂgl) Sﬁﬁgj(égﬁ
cyggoal kyl , cz;c"és@)iwnwtzm‘igf@)zw kX PR(0), N R, a(?@lg hefrer sreyINR‘@ndyeach of R,
Rd and R6 is o t onaII yrther substltu ed.With fromone. to three menbers

sePécted from Rec@)gﬂp X HNDRi SEOLNRRY, X OR, -O-K9R)5, hml?qcé{: gJC(O) N( Rn) 2,
- b R

N o SR MRS R ol R 2,

'N?f(q%? N R’-;\I O, O] SR NR GG AR AL IRERER IO NP

i NE2, (ﬁd@%ﬂi&; ﬁm@%%{{% »a e CM@@T@WS(Mr ei n each

Rnggs | ndepend as c 2 1 cRd V, 3

[ nd%pendent ly sel ectgqurorgn?ﬁ%{ &Sgu)ﬁ% lgéo%s?g@ng ?)?%@i\ﬁi %N d-Cigi&lﬁ’and
-N82; each of NRARY, vIéRfl-ch%@Nandﬁ\IR‘b R’ iwhefei mul ae 1a and Ib is

i ndependent|ly selected fromN and C(RSa) and fromone to two of said ring

vegpi ces B ph alsrel cheq g ng of
hyd?ogen W%H(;asgﬁaﬂ}ohnf qﬁ@gc( @o{h& Yip?ﬁl&?l@ﬁ@gmf SRR Rﬁdﬁ ?éﬁﬂdé;%?gérﬁw

- CONRf Rg, - C( GeRicted-fomp Gy diRers, Cl-sNFkgt(@)slhfaloaH{ng@(@mu{yL NRbPWI@)IDW Rg
: g( )C(ZSEZ) - m% %(E %NS% Nﬁizlg%ﬁl_gmoggé Sal\lg_le2 1trogeri ator'ylkcl:_an e co 1ned w1thst£xo) R,

43 nitrogen atom to form a five or six-membered ring having from 0 to 2 additional
44 heteroatoms as ring members; and each R° is independently selected from the

45 group consisting of Cyg alkyl, C;.g haloalkyl, Cs.¢ cycloalkyl, Cy g alkenyl, Co.g
46 alkynyl, aryl and heteroaryl, and each of R®, R® and R® is optionally further

47 substituted with from one to three members selected from the group consisting of
48 -OH, -OR", -OC(O)NHR", -OC(O)N(R™),, -SH, -SR”", -S(O)R", -S(O),R",

49 -SO,NH3, -S(0);NHR?", -S(0),N(R"),, -NHS(O),R", -NR"S(0O);R", —C(O)NHZ,.
50 -C(O)NHR", -C(O)N(R™);, -C(O)R", -NHC(O)R", -NR"C(O)R", -NHC(O)NHa,
51 -NR"C(O)NH,, -NR"C(O)NHR", -NHC(O)NHR", -NR"C(O)N(R"),,

52 -NHC(O)N(R"™),, -CO,H, -CO,R", -NHCO,R”, -NR*CO,R", -CN, -NO,, -NH,,
53 -NHR", -N(R"),, -NR"S(O)NH, and -NR"S(0O),NHR", wherein each R" is

54 - independently an unsubstituted Cy.¢ alkyl; and wherein V is independently

55 selected from the group consisting of -R°®, -CN, -CO,R°® and -NO,;

56 each of ring Vertic'es a,b, ¢ and d in formulae Ta and Ib is independently selected from N
57 and C(R*), and from one to two of said ring vertices is N; and

58 R* is independently selected from the group consisting of hydrogen, halogen, -OR®,

59 -OC(O)RY, -NR'RE, -SR’, -R”, -CN, -NO,, -CO:Rf, -CONR'RE, -C(O)RY,

60 -OC(O)NR'RE, -NREC(O)R’, -NREC(O),R", -NR-C(O)NR'RE, -NH-C(NH,)=NH,
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NRf S(O) 2Rh, -NRf S(O 2NRfRg, -N3, -X30Rf, -X30C(O Rf, -X3NRfRg, -X3SRf,
-X3CN, - X3NO2, -X3CRRf, -X3CONRfRg, -X3C(O) Rf, -X30C(O) NRfRg,

- X3NRg C( GvBf2007700XBBIR6C( O) 2R1, - X3NRf - C( O) NRf Rg, - X3NH- Cphtra)szidel024313

- X3NRNC( NH2) =NH, - X3NHC( NH2) =NRh, - X3NH- C(NHRh) =NH, - X3S(O) Rh, - X3S( O) 2Rh,

S s ESN Be ol S RO

syhsti tut ed V\dg(b))mfom(gﬁe ts{d);gl(Rhfees(@};;@t mw"s%j; R agt@gmﬁ tNRfslgf)ﬁRgr oup

consi sting of halo en

CGANRI Ry, - O QYRIS(O}NRIES, @NRf (€ OR-‘JNR RE(BHOQR, m(stﬁ@i‘MR S( 0) 2NRf Ry,

E&epend-e&( f’ﬁﬁa@%ﬁ% ﬁ&%ﬁ%dﬁ%ﬁ(%ﬁw'?fﬁogﬂﬁ@ﬁ(;: gn:aCh X3 is

enyl it b
B hyar ogen. - CoRRa R”F%d(% hal@@”mg SR T A I R

oal k al kyl
Cx68 al kynyl , -X%NR-C(Q)N%B%P NHaGWHf@F H, aX Rc(éﬂ‘&)%lﬂl;ﬂ@&w}br 4 al kyl, or

MR 2t ached o ek {SgPe IRl R AUATIERI e, OIS AR 0L ogen
hejger oat ons  asxid @?zNEfRB&'YSFXﬁﬁd)@NQhCRD)NEfS(G}Rf‘p@Et@@@Rf YORé),ected fromthe

group consistin -8 alk hal clé)al kyl, C2-8
aideny . 8->atqzh(wlta SR, KGRSO Syt 28D QRBJIR b 85t- G - 4
a erei e, alli {i r |

furt her subst?]t uttefif’nv&l%ﬂ@ rF%Pn dr#e@h{%g&y]ﬁgrre}?eé?errr% cciaorasﬁ%sle g&”& ?&%?npi Ihgngr oﬁp
consi sting of sudttutedRh frdoiohd fNHREEe sum(cﬁ}ﬁﬂé Bl2sted Sbim thSRMup-cSHGHRE

4952 Gl 0 A o B Lol
NG MEGAqEEQE IR AR O

quERl) 2, E :\IRPS CONRER(GIpR" arkIROEE () ZNRIS, amheh@“cnn daoh X8 ismdeendentlt ed C1- 6
\%{7@% R2a 3 seléctgg ?}())?nutrlllg g?gupcclo?llsfsrt]lnlg Sf Ci4 all\cl\’qeer{e? 2.4 alrﬂenﬁtranrgua{n d BSWher ein
76 alkynylene and each Rfand RE is independently selected from hydrogen, Ci.g
77 alkyl, Cy.g haloalkyl, Cs.¢ cycloalkyl, C,.g alkenyl, Cy.5 alkynyl, aryl, heteroaryl,
78 aryl-Ci-4 alkyl, and aryloxy-C;~ alkyl, or when attached to the same nitrogen atom
79 can be combined with the nitrogen atom to form a five or six-membered ring
80 having from 0 to 2 additional heteroatoms as ring members, and each R"is
81 independently selected from the group consisting of Cy.g alkyl, Cys haloalkyl, Cs.6
82 cycloalkyl, Cy.3 alkenyl, Cp.g alkynyl, aryl, heteroaryl, aryl-C;-4 alkyl, and aryloxy-
83 Ci-4 alkyl, wherein the aliphatic portions of X3, RY, R® and R" are optionally
84 further substituted with from one to three members selected from the group
85 consisting of -OH, -OR°, -OC(O)NHR®, -OC(O)N(R®),, -SH, -SR°, -S(O)R®,
86 -S(0),R®, ~SO,NH,, -S(0),NHR?, -S(0):N(R°),, -NHS(0)2R’, -NRS(O):R",
87 -C(O)NHa, -C(O)NHR®, -C(O)N(R"),, -C(O)R®, -NHC(O)R’, -NR°C(O)R”,
88 -NHC(O)NH,, -NR°C(O)NH_, -NR°C(O)NHR’, -NHC(O)NHR”,
89 -NR°C(O)N(R®),, -NHC(O)N(R®),, -COzH, -CO;R®, -NHCO2R’, -NR’CO2R”,
90 -CN, -NO,, -NH,, -NHR®, -N(R?),, -NR°S(O)NH; and -NR°S(0),NHR’, wherein
91 R° is unsubstituted C;.¢ alkyl.
1 . 2. A compound of claim 1, wherein R! is independently selected from the

2 group consisting of Cyg alkyl, Cy.s haloalkyl, Cs.¢ cycloalkyl, -CO2R?, X'CO,R?, -X!SO,R?,
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Is HSR2c is chloro, R2d is nmethoxy, mis Ga is N5c is CHor N5 and b and d
are CH5then R3a is other than hydrogen, nethyl, unsubstituted

2-ryri dyhsonsabmeistut ed 2-pyrim di nyl or unsubstituted Pconmzalepb43izt. A
conmpound of claim1, wherein each RL is a substituent independently

| f LSt f Cl-.alkyl, C-8 | oal kyl, C
oyal oarigR X “Eﬁﬁﬁﬁ%ﬁﬁ#ﬁﬁ%&ﬁ%@ﬂfo&i@%y@pgﬁaam“si“(di’%wﬁr’mr ein the
L i Cions. afl Bach : : ; :
o PO Ofemage.c blaelh SLuao A E L el IO i
cofisi frowygcanbistiaibf hydRugen; OCt AkHHRL 3 haloallogl(4adNE:RryloatkSiand SRetein O R111

-S(O2R'1,.. - S2NH2, . -S(Q 2NHR/ 1, -S(O 2N(Rm 2, -NHS(O 2R'1, - NRnS(O) 2Rm 5
- CPO) Mﬁﬁﬁaﬂ@‘@%wf g @sa%hwm&aw@auwwﬂmh NRACYER m
N GG A DR it Rk Chi g o O, R R ORI A R
- NBRM-BOIORNIR), -SSR0} wczwnésl(oml (0N RO )RR ] mt(e?m{% s | ;
i ndepe BN - UR stug ) m s . substifuent selecte
1 S e btk DS LH Gl oo ANTRT o B ot erSHEO Koo
- GO2RQ Rd . - ( m - C(NOR) Rd,
RO N R R NGy B I TRV B o8N 1) L R .
- X2NRcNR "C(RPSHRT),, -NBICNSINARDR,, -COHCDRR ™, -NEIGMRF‘%@I;NR‘%@QQKD)‘,RGN, -Clzroz,z)
- RR X ( - d - X2NRc C( 0) NRRd. _-X2NH C( NH2) NH,
N B R RO s SRt BN NP e T OEh BT, XoS( O 26,
- X3S( h&ipendeniy Gh DR tuted@ S AANRRI, - X2NROS(O) 2R, - X2S(0) 2NRRd and"
-X2N3; R and R arge each suybstituents independently selected fromthe group

14 % R* and R*" are each independently selected from the group consisting of

15  hydrogen, halogen, cyano, heteroaryl, -NO,, -CO,R®, -CONR°RY, -C(O)R®, -S(O)R®, -

16  S(O)RS, -R%, -C(NOR)RY, -C(NR°V)=NV, -N(V)C(R*)=NV, -X’C(NOR"RY,

17 -XPCNRV)=NV, XN(V)CR®)=NV, -X*NR°RY, -X2SR°, -X’CN, -X*’NO,, -X*CO,R°,

18  -X’CONR‘RY, -X*C(O)R’, -X*OC(O)NRR?, -X*NRUC(O)R®, -X*NRIC(O),R",

19 -X’NR°C(O)NR°RY, -X*NH-C(NH,)=NH, -X’NR°C(NH,)=NH, -X*NH-C(NH,)=NR®,

20  -X’NH-C(NHR®)=NH, -X*S(O)R®, -X*S(O),R’, -X*NR°S(0),R®, -X?S(0);NR°R, -X°N;,

21 -OR’, -SR%, -RS, -NRIC(O)R®, -NRUC(0);R", -S(0);R®, -S(0);NR°RY, -X?0R®, -0-X*0OR®, -

22 X®NR°RY, -0-X*NR°R? and -NRU-X*CO,R®; wherein

23 within each of R*, R and R*, X?is Cy4 alkylene and each R® and R is

24  independently selected from hydrogen, C,.5 alkyl, C;.s haloalkyl, Cs¢ cycloalkyl, or

25  optionally, R® and R when attached to the same nitro gen atom can be combined with the

26  nitrogen atom to form a five or six-membered ring having from 0 to 2 additional heteroatoms
27  asring members; and each R° is independently selected from the group consisting of Cy.g

28  alkyl, Cyshaloalkyl, Cs. cycloalkyl, C,.s alkenyl, Cy.g alkynyl, aryl and heteroaryl, and each
29  ofR% R%and R®is optionally further substituted with from one to three members selected

30 from the group consisting of -OH, -OR", -OC(O)NHR”", -OC(O)N(I‘{n 2, =SH, -SR", -S(O)R”,
31  -S(O):R", -SO;NH,, -S(0),NHR", -S(0),N(R"),, -NHS(0);R", -NR*S(0),R", ~-C(O)NHS,,

32 -C(O)NHR’, -C(O)N(R");, -C(O)R", -NHC(O)R", -NR*C(O)R", -NHC(O)NHo,

33 -NR"C(O)NHy, -NR"C(O)NHR", -NHC(O)NHR", -NR"C(O)N(R™,, -NHC(O)N(R™),,

34  -CO.H, -CO.R", -NHCO,R", -NR"CO,R", -CN, -NO,, -NH;, -NHR", -N(R"),, -NR"S(O)NH,
35  and -NR"S(0),NHR", wherein each R" is independently an unsubstituted C;.g alkyl; and
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consi sting of halogen, -ORC, -SRO, -OC(O R, -NRRd, -R6, -CN, -NO2 -CO2RO,
-C(O RO, - NRIC(0)R -NRIC(O) 2R6, -S(O) 2R -S(0) 2NRRd, -X20R0, -0-X 20RO,
- X2NRRd, wO-2x0728R0Rd and - NRd- X2CO2Rc; each R3a substi t memtuse®e/024313

i ndependent |y sel ected fromthe group consisting of hydrogen, hal ogen -0R

S 0) MY 14 RGP sclaggciony TesiouR spgrmeps pReh R, Gy ARd (G 28

sgp) 33@ CNRFS(O Rh, -S(0) 2NRfRe, -NRFS(0) 2NRfRg, - X30 Rf - X3NRf Re,

_X3SRf 5 2X3S(0) 2RL1, - X3S0 3Rl - X3S(0) 2NRIRe. - XBCN Q( CNEDE(B R,
- X3CO2Rf 3 y -

i@gand X3N3, \Aﬁéézlhé%)lgﬁmg vegtgzg$ %'(,be 8(%‘?%%‘?%1 I\}g hss‘Pg‘EHeﬁ a five or

si 30 neghiet@rfréhN afid OR**R ahd ﬁ@anfne%ngs%'icfﬁng 131’(0 SN ring and three.to
ei ght menbered heterocycloal kyl ring, wherein group is optionally

substituted w t hyfa.om o.thre bs tutentssl cted. fromt egroup
co%bzl sting of haFod%Hld%P ntly ﬁll’éfc%éls 10 Iﬁftlh s(lﬁlgmg,%%ydm@@ﬁ@ OZEBONRf Ry,

O RfORL fhe 5 and
wf?‘elr)e. R’ OBIORD. ke 0L 2, Cﬁ(@"? *Cﬁzfﬁﬁﬁ@%ﬁf?‘e%‘ﬂ r ORI,
rftfe periR (PR s NREGEDR 5 1[: ’, -NH- Cﬁ\THIszH -NR'CAIHpaNEy -NBd C3- 6

Tk AT S\ﬁ%@@?% ﬁ?@’\d‘”%%fé‘" R SOy SR Tphat 1 ¢

pot4 i ONB St(t))ge‘ IR 'S(GENRRE, RN, -3°ORY, Lot o) RE UKPRRR % LOSR( L st ey, WI th from
OE%( to?NB i geX&f(%bé%r 8&3)5023'18% % f : Ongﬁfhéfg(%))NR L S{ﬂz@iggC(Qm?\le - S( 0 2NHRO,
- %‘I@%A@Wﬂ@ﬁ%@%@% RS Wﬁ%%%@%%%m 0
- RYROCDIEMCRYER )-NHO R HIOIRS, XS (O).R", -X3NRfs<0) RY,
48 -X3 S(O)ZNRng, -Y, -X3Yand -X° N3, wherein Y is a five to ten-membered aryl, heteroaryl or
49  heterocycloalkyl ring, optionally substituted with from one to three substitutents selected
50  from the group consisting of halogen, -OR?, NR'RE, R -SRf -CN, -NO,, -CO,R,
51 -CONR'RE, -C(O)R’, -NREC(O)R, -S(O)R", -S(O),R", -NR'S(0),R", -S(0),NR'R?, -X°0OR’, -
52 X’NRR, -X’NR'S(0),R" and -X*S(0),NR'RE, and wherein each X° is independently
53 selected from the group consisting of Cj.4 alkylene, C,.4 alkenylene and Cy4 alkynylene and
54  each Rf and R® is independently selected from hydrogen, Cj.s alkyl, C;.g haloalkyl, Cs.6
55 cycloalkyl, Cy5 alkenyl, Cy.g alkynyl, aryl, heteroaryl, aryl-C;-4 alkyl, and aryloxy-C;-4 alkyl,
56  or when attached to the same nitrogen atom can be combined with the nitrogen atom to form
57  afive or six-membered ring having from 0 to 2 additional heteroatoms as ring members, and
58 eachR"is independently selected from the group consisting of Cy.g alkyl, C;.g haloalkyl, Cs.
59  cycloalkyl, Cys alkenyl, Cy.g alkynyl, aryl, heteroaryl, aryl-Cy-4 alkyl, and aryloxy-C;-4 alkyl,
60  wherein the aliphatic portions of X°, RY, R® and R" are optionally further substituted with
61  from one to three members selected from the group consisting of -OH, -OR°, -OC(O)NHR®,
62 -OC(O)N(R’),, -SH, -SR", -S(O)R", -S(0);R°®, -SO,NH3, -S(0);NHR®, -S(0);N(R°),,
63 -NHS(O)R’, -NR°S(0),R°, -C(O)NHz, -C(O)NHR®, -C(O)N(R®),, -C(O)R°®, -NHC(O)R®,
64  -NR°C(O)R°, -NHC(O)NH;, -NR°C(O)NH>, -NR°C(O)NHR®, -NHC(O)NHR®,
65 -NR°C(O)N(R®)z, -NHC(O)N(R®),, -CO,H, -CO;;R°, -NHCOZR", -NR°CO;R’, -CN, -NO,,
66  -NHy, -NHR’, -N(R°),, -NR°S(O)NH, and -NR°S(0),NHR®, wherein R° is unsubstituted C;.¢
67  alkyl. |
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-CO2H, - CO2R0O, -NHCO2RO, -NROCO2RO, -CN, -NO2, -NH2, -NHRO, -N(R)2,
-NROS(O) NH2 and - NROS(O) 2NHRO, wherein each RO is independently an
unsubst i twoeado@iozB®3al kyl . 5. A conmpound of claim 1, whereirrustéve/ob4ssed si x
menbered ring having vertices a, b, c and d is a fused pyridine, a fused
pyrimdine ring, or ap N oxid

f..6.. A f cl
thd fused six newber edt PHPHGY %t?qgmg P’E%’c‘@l%er%‘%?’b “ganﬁ’ %Frs%“{in %@%gﬂerm "
pyni di gy 2o a8P b QXiARy LS G Qfis N7 ¢ 1&%?@@%%3&&1'@&@}11&6%@%' n the

fused siX nenmbered rin 1(ﬂﬁaw%g vertice$ a , € and is a fuded pyrimdine
ring, iewntien théndydrees eetayl, unﬁbsb@tutedraamuml,omsnbsahmmz -pytisndinyl arhe fused
six menbered ring ha ng vertices a, b, ¢ and d is a fused pyrazine ring,

or %an WSy *’ft’éi‘éte{lﬁ L9 A conpound of claim1, wherein the fused six
menbered ring having vertices a, b, cand d is a fused pyridazine ring, or

an |N-oxi de theregf. 18.coffoa®epadinel, wheakiMeheh R! 1th substitBe@nd 9, wherein
each R3a is a nenber independently sel ected fromthe group consi sting of

hy @ ogiedepdndbmlyese]ectedifiom {INRErRgp conB{stingRof ¢ Clig @(cyj) Ors halogkyd) B¢ cycbpatiraRy |

G Sty X NG o PSS gAY SR, Wbl By PR O B oo™

ar ml éachiof 8aifR ' Sh¥stiRFREH @?tla@u@rsasgtmted vwnm fBm ané wtaeeetr@emtb@m seteateer ed
heterocycl oal kyl ring selected fromt heb&}hup consi sting o

horﬁopl fseltnl the esplup caviging ofn(H, -ORI" o EH yI'OC@}N(BInDzd rﬂ‘yhl -SRpj peri dinyl,

n b, h hdyl

oxa If{zb% p#@ngnylswoxédgbw@y%%%m %b&l yI %r%@yﬁ(n yand
t h:’/azfl%’(b NOB! CRORNHR "5 L) N(RT - CEONRT, ;J -NGTC(O)R™} m‘m(@aR@umcm\Hm s
sel ecte rom u consj sti
whet ei ﬁq%a@@)ﬁHZaﬂgRg @H%%eb@ﬁ%@&"@ gﬁ%@@@%}h H%EE%ER@ al kyl

I 23 N‘%’ﬂ(} mnd 5 fge | ected f
th?g?%dgﬁjé’ongjfét [ %\g{@%@ ?ﬁ mcﬁr(ﬁgartll%flﬂand g‘éﬁ%ﬂ %:gclsgafﬁ ? e
whEO ei N R‘P&(Q@NH@ hat kNRBS(@)zNHR"b fwhBfejn Ggh & tis Rivepemleofly annasubgtithtediGrer

ﬁztltF W|th fromone to three nenbers selected fromthe group
i st > of

12 R? is a substituent selected from the group consisting of hydrogen, halogen,
13 cyano, heteroaryl, -NO,, -CO,R°, -CONRRY, -C(O)R’, -S(O)R®, -S(O)2R°, -S(O)sR", -R?,
14  -C(NOR®RY, -CINR°V)=NV, -N(V)CR)=NV, -X°’C(NOR)R’, -X’C(NR°V)=NV,

15 CNVICRY)=NV, -X*NRRY, -X?SR®, -X2CN, -X*NO;, -X*COR’, -X*CONR'R’,

16 -X2C(O)RS, -X20C(O)NRRY, -X*NRIC(O)R®, -X2NRUC(O);R°, -X*NR°C(O)NRR’,

17 -X*NH-C(NH,)=NH, -X>NR°C(NH,)=NH, -X*NH-C(NH2)=NR®, -X’NH-C(NHR®)=NH, -
18 X*S(O)RS, -X2S(O)R®, -X?S(0)sR’, -S(0)NRRY, -X2S(0),NRRY, -X*NR S(0).R",

19  -X2S(0),NR°RY and -X*N3;

20 R* and R* are each substituents independently selected from the group

21  consisting of halogen, -OR®, -SR°, -OC(O)R", -NR°RY, -R®, -CN, -NO,, -COsR’, -C(O)R®, -
22 NRIC(O)RS, -NRUC(O);R?, -S(O)R®, -S(0),NR°R, -X?OR’, -O-X?0R", -X’NRR’,

23 -O-X>NR°RY and -NR%.-X*CO,RY;

24 each R substituent is independently selected from the group consisting of
25  hydrogen, halogen, -ORf, -OC(O)R, -NR'RE, -SRY, -RY, -CN, -NO,, -COR’, -CONR'R?,

26 -C(O)RE, -OC(O)NR'RE, -NREC(O)R’, -NREC(O),R", -NR-C(O)NR'RE, -S(O)R”, -S(0)2R",
27 -S(O)sR", -NRIS(0),R", -S(0),NR'RE, -NRS(0),NRRE, -X*OR, 3NR'R, -X’SR,

28 -X3S(O)R® -X3S(0):RY, -X>S(0),NR'RE, -X°CN, -C(C=NORHNR'RE, X*SO:R’, -X’CO,R,
29  -X*CONRTRE, -X3C(O)R, -X*NREC(O)R', -X°NREC(O),R", -Y, -X*Y and X°Ns, wherein Y is
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-OH, -OR0, -OC(ONHRO, -OC(ON(R)2, -SH, -SR0, -S(OR0, -S(O 2R0, -SO2NH2,
-S(0) 2NHRO, -S(O 2N(R)2, -NHS(O) 2RO, -NROS(O) 2RO, -C(O NH2, -C(O) NHRO,
- C(0) N( Rwd,200 70082980, - NHC( O) RO, - NROC(O) RO, - NHC( O) NH2 pCTNROE0GOR4NIHE,
-NROC( O) NHRO, -NHC(O NHRO, -NRC(0)N(R)2, -NHC(O)N(R) 2, -CX2H, -C2RoO,

- NHCO2RQ, .- RO, -CN, .-NO2,.-NH2, -NHRO, -N NROSONHZ d
NS O HEARBOTE BeR R DR dr R BTBEER SR, 2§16 WD npound. of
C' 3*1 m ﬁleﬁ{beﬂ&i he‘f@i‘@e{ﬁl dsthﬂae% e%xt nﬁrﬁ@f&%@o@ﬁoﬁi@! %% erdinsaidREr € n - m

A conmpdun f claimI1l, having formila corrpound of
cI %2 m gmuphavptmglaﬂm suhsltlalt¢dJW1th§rormomjmjhmmduhshmt¢m$ seldctedvfremehaigonp of sai d

o3 3 BBulod R BRES 5Bt o URE 2L M. SRSl R it g Y

t h349 WDNW@@N .S @W Oé(Ujilﬁ’YlNR’fS'(Q}’th ghm(owf@fkg %HWhereHH %Si"/d%

tetrahydrofuranyl, pi perazinyl nyl hi enyl, furanyl,
py33 mi didepéndeptly &z alicylengyand @aqh R amyergds mdnpd:ndemyy sclaxited frommydmgen,w: I

ol O S R S A R
Sutpt| puAplanktanaTIony, GSIAARGH L400. BEIORIPRAT oL gl 1ol ogen,

Rg,
Rg3&r ep@él@ns Dﬁﬁe;ﬁen&%md B iseptienaly firthensubsiituted unthcitoms ose fonfrasfmembers -

sethet BEGRLAYEHBE B SRt OB APl o BRSO O R bRy . &

ham)al i‘s(lo)m’i S@ER@SQWHQ—S@)@NHMRI5S(®JQBJI(R?)§1 -Ngmo m"emg’g(cbyzfm t hedgr oup
1 aZo an

N Rt 3 el ST IO S0 SN et BN PO rlﬁﬁpﬂﬁé\ﬂﬁzal three

S%’“ | “ﬁﬁ“@m@fwﬁ%’éﬁ“%ﬁiﬁwﬁﬁﬁ%@ﬁﬁ qcedhgeg] el ogen.

-CO,H, -CO;R®, -NHCO,R®, -NR°CO;R”, -CN -NOy, -NH,, -NHR®, -N(R°),, -NR°S(O)NH;
44  and -NR°S(0),NHR’, wherein each R°® is independently an unsubstituted C;.¢ alkyl.

1 5. A compound of claim 1, wherein the fused six membered ring having

2 wvertices a, b, c and d is a fused pyridine, a fused pyrimidine ring, or an N-oxide thereof.

1 6. A compound of claim 1, wherein the fused six membered ring having

2 vertices a, b, ¢ and d is a fused pyridine ring, or an N-oxide thereof.

7. A compound of claim 1, wherein the fused six membered ring having

2 vertices a, b, c and d is a fused pyrimidine ring, or an N-oxide thereof.

1 8. A compound of claim 1, wherein the fused six membered ring having

2 vertices a, b, c and d is a fused pyrazine ring, or an N-oxide thereof.

1 9. A compound of claim 1, wherein the fused six membered ring having

2 vertices a, b, c and d is a fused pyridazine ring, or an N-oxide thereof.

10. A compound of claim 1, §, 6, 7, 8 and 9, wherein each R* is a member
independently selected from the group consisting of hydrogen, halogen, -ORf, -NR'R,
-C(O)RY, -C(O)ORY, -S(O)R, -S(0):R, -S(O):R, -S(0)sRY, -X*C(0),RE, X*S(O):RY,
-S(0),NR'RE, -X*S(0),NR'RE, -R", -CN, X>NR'Rg, NREC(O)R!, X*N; and Y, wherein Y is a

five to six-membered aryl, a five or six-membered heteroaryl ring or a three to eight-

Wnm AW N e
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wherein Rf and Rg are each independently selected fromthe group consisting
of H Cl1-8 alkyl, C3-6 cycloal kyl and C1-8 hal oal kyl, and each Rh is
i ndependew0l2yorebmst ed from the group consisting of Cl @calusghos/oeBi6
cycl oal kyl and C1-8 hal oal kyl. 17. A conmpound of claim1, wherein mis 0 or

d,of cl 1 R2 | ect ed
ot RO GRERET g e SHERPR Gt g arip SoBpistingio) hoep b eRiBNpound. of
cl ay m morisnsi, ThibhRriRofinyHh Ml&ﬁyltﬁlﬁerﬁlﬁﬁﬁzgieﬁd{dym%yhﬁyhydr ogen, hal ogen,

chloro, fluora, brono, oxazolyl, pyridyl, g}u di'nyl’,  oXadi azol yl ,
t hi &z otsfrahydiRAirenylcyinerezinzy, plmn&bm@uddowo aiynntiday], b8adisdvdylei n R1, when

presen |l ect fro the [OUp COonsI s or Cl- Ky
opt?onfiarf1 da%ol gﬂalzgl% 3“ angHHazy 1"“@{1 ‘%ﬁ%fte%{ t@éﬁ‘ﬂel 21. A
com@oua@bmfcut@ﬂtasmcl&i er\ﬂﬂ&h@gI@ Jaoﬁss»st tomnhlog@ﬂldomf i-NROR2 ~R‘2201\P%\@1e und of
cl a| mlor 17, V\,herel n-at | east one sai d R3a substitdent's 1% selected

fréhmt ﬁécthcﬂmﬂ Reon md§p¢mignféy sqmt@g@m h@dmelal%ysl allgdCGhatpalicl end Kyl ,

[ 1 bstit t
PhELS! B bRI Gl i P oA PRl b %éu%séns‘émng;% ek N R0
O llklarﬂ'c @Bmal effn th SN, RE H(ER2 N
?0) éﬁ?%‘zy - NHSS(SO) 2RO, kYE (N@os lé)tzeglo@hgtéu()pcg}ﬂr\lw - %) NHRO, - 3)01:1?“

Ridystputer withtioey eyero threspmebprg-electadriom thangeup couRBEagPRH

S R OB N 4G 53 o v
whis ei FSERERERY) - S&))ZNCE"%HNHS(G)MR&HNRI"]S@%R‘} t-@%@)gi}?l (B(C?hNeKm r033' cénsi stin
o B, GONERC G, el NEcus SRgCut aitediel "a compound of
D

o NHCO,R®, -NR C02R° -CN, -NO,, -NHy, -NHR®, -N(R®),, -NR°S(O)NH, and
20 -NR°S(O),NHR®, wherein R° is unsubstituted C;_q alkyl.

1 11. A compound of claim 1 or 10, wherein m is 0-2.

1 12. A compound of claim 1 or 11, wherein m is 0-1.

1 13. A compound of claim 11, having formula Ia.

1 14. A compound of claim 11, having formula Ib.

1 15. A compound of claim 1, wherein one of said R* groups is selected

2 from the group consisting of -Y and -X>-Y, wherein Y is selected from the group consisting

3 of homopiperidinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, piperidinyl, azetidinyl,

4  pyranyl, tetrahydrofuranyl, piperazinyl, phenyl, thienyl, furanyl, pyridyl, pyrimidinyl,

5  pyrazinyl, pyrrolyl, pyridizinyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl, isoxazolyl,

6  isothiazolyl, triazolyl, tetrazolyl and oxadiazolyl, which is optionally substituted with from

7  one to three substituents independently selected from the group consisting of halogen, -OR”,

8 -NR'RE -COR', -COR! -CONRRE, -NO,, -R" and -CN, wherein R and R® are each

9  independently selected from the group consisting of H, Cy.g alkyl, Cs.¢ cycloalkyl and Cy.g
10 haloalkyl, and each R is independently selected from the group consisting of Cy.g alkyl, Cs.¢
11 cycloalkyl and C;.g haloalkyl.
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25. The compound of claim1l, wherein R 2c and R2d are each indendently

sel ected fromthe group consisting of hydrogen, halogen, F, d, Br, | and
OR0. 26. wocompoeyd of claim 14, having a fornul a sel ecred/uscawsiob4ses gr oup
consisting of: Ibl Ib2 or an N-oxide thereof; wherein R2c is hal ogen, cyano
or nitro; R2 is sel ected from-SR0, -0 X2-OR, -X2-ORC, -Re, -ORCand

from N and G(R3af®: anB ReHeBAET EER 05 hFEhFin SRgROaREn CeEPd e and each
R3gp i scdﬂmﬁﬁ%aﬂﬂwnw p%kl?lcb%&of)}l qrsyrmaggr %leﬁﬁlﬂ?l' a'?h"d'tﬂﬁz 31 RYS S9FRich

hal ogen, het erocycl oal ky Cl-6 a hal oal kyl, C3-6
cyd oals l@ptlon%éhi substitpted rwith frpnynrqndw t mubmmem;« indepe(rak:nﬂy Iseleczte;«hﬁomzthb yI

o R Bigto Bna T oken R BRI AR, Poi TR RIS b o

cormouwﬁex@fn & dRE26e emelh@épanaélﬂ? stél%bt%@fro@n ihe éNaupg&ns@tlﬁ%Eﬁ’HUng afcylcl ai m
26, wherein ring vertex d is npound of claim1 havi ng a

f oréul §3 seiclaailed and Gns haleallylo apd wh:& 4% mdgp@ﬂemtbesql@zusdoﬁroxarthmnp de
t her eof i.S ~hal oge C R2d is selected from - SRO,
- oefxz S}g@%gt}gﬁﬁ‘é G, *ﬁf—iﬁ’z ,Xg?ﬁnﬁzgﬁ %i%lR and -NRIC(O R R2a is

sel ected fromthe group consisting of F, C5Br, |5-CO2Me5- CONH2, CN,

oxazol yl , - CH2NHE7. - Ci20iiiound GERIMMe 1 aHereiahiz i bk 1 2R 8t liydiegever ti ces a,
b, ¢ and d is independently selected fromN and C(R3a), and fromone to two
of said ring veri%ces is N, and each R3 I S |Qde§) ndently selected fromthe

group consi sting!®f hédiggonnd phelsged, w femaﬁkﬁ e?@‘iedefr%lyaww C3-6
cycl oabdiulsting3 fh%&%@??’@l%‘a‘ﬁ&'b -S(O 2Rh, am no, phenyl, pyridyl,

pyrimdinyl,  oxadi azoly oxazol yl, isoxazolyl and thiazolyl.
1 19. A compound of claim 1, wherein the R* moiety on the pyrazole ring is
2 hydrogen, halogen, chloro, fluoro, bromo, oxazolyl, pyridyl, pyrimidinyl, oxadiazolyl,

3 thiazolyl, -R" or cyano.

1 20. A compound of claim 1 or 19, wherein R', when present, is selected
2 from the group consisting of -CO,H or Cy.4 alkyl, optionally substituted with -OH, -OR™,
3 -S(0)R", -CO,H and -CO,R™.

1 21. A compound of claim 19, wherein R'is methyl; and m is 0-2.

22. A compound of claim 1 or 17, wherein at least one of said R*
substituents is selected from the group consisting of halogen, C;.4 alkyl and C;.4 haloalkyl,
wherein the aliphatic portions are optionally 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(0)2R’, -SO,NH,, -S(0),NHR®, -S(0),N(R°)2, -NHS(0),R’, -NR°S(O),R°,
-C(O)NHj,, -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 Cy.¢ alkyl.

O 00 3 & i N W N ==

1 23. A compound of claim 1 or 22, wherein R* is selected from the group
consisting of F, Cl, Br, CN, NO,, -CO,CH3s, ~-C(O)CHj3 and -S(O),CHj.
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32. A conpound of claim31l, wherein ring vertex a is N. 33. A conmpound of
claim31l, wherein ring vertex b is N 34. A conpound of claim 31, wherein
ring vertwp200v®20d3 35. A conpound of claim 31, whereinpcirrus2esneaxsd is N
36. A conpound of claim 13, having a formula selected fromthe group
consisting of: or a N-oxide thereof; wherein R2c is hal ogen, cyano or
nitro;, R2d is selecteq from - - O, X2+ - X2- R, - - OR0 and
“NFAC(O R each &F ri AQCW Egélé%mﬁ,ofégg\*@aefami% FW@%@J@WF@ ge¥Rct ed

f rom Neafbtisg BBAR, K LORMRAORO-G@)RF, -RRRY LR/ RIHd ces is N and each
R3a is independentfy sel ected fromthe 'group consisting of hydrogen,

hal ogen, Cl-6 al kg/l , Cl-6 hal oal kyl, C3-6 cycl gal kylza C3-6

hetler ocycl oal kyl 25- S( ®herempeumdrod’ clasndn yhergny Ri “cpld R P yrei eatldindghdentiyazol yl |

oxadi azol vl 4« zolyl and.thi.azol vl. .37. A und Gl aim 36, wherein
g vEne OB IEERE ok bR ok, bibesf e R R End O g Ver tex b1 <

N. 39. A conpound of claim 36, wherein ring vertex ¢ is N 40. A conpound of
cldim36, whereip6ring doaigoand of tlginNi4,Abving CRMAGIMREcofed Hoat melgi%@uéhavi ng a
formul a selected fromthe group consisting of: laj la4 or a N-oxide

t her econsigegfin R2c is hal ogen, cyano or nitro; R>2da.is selected from
-SRO, -OX2-ORC, -X2-ORC, -Re, pfR0 and -NRAC(O Rc; R2a is sek@;:ted from

t he group consisting of &, ql—- Er, I, -CO2Me, - CONH2, \ &){(_ ol yl,

- CH2NH2, - CH2NHMWE, -Gﬁzﬂ&'e\éé\?n - CH=N-OH, each of ring vestiges a, b, c
and d is independeq(l'\yNse ﬂom Nndnd C( R3a)s an eO\lto two of
said ring veaticges N{l)d and eaé‘qgh,ﬁa?,a i's iﬂdiepndq@%sel ect g)‘cromthe
group consi sf ydrogen, hal ogen, G -6 @ I, ~C1 @&Hhal oalkkyl , C3-6

cygl oal kyl , o453 et erocycl oal kyl, -S(O 5!5;, apd no, phenyl, pyridyl,

py 4i m di nyl, oxazol yl ,Ibloxadi azol yl,

Ib2

or an N-oxide thereof; wherein R% is halogen, cyano or nitro; R* is selected from -SR°,
-0-X2-0R’, -X%-OR’, -R®, -OR® and -NRIC(O)R®; each of ring vertices a, b, ¢ and d is
independently selected from N and C(R*?), and from one to two of said ring vertices is N; and

each R* is independently selected from the group consisting of hydrogen, halogen, Cs

O 00 NN N W

heterocycloalkyl, -S(O),R®, Cj.6 alkyl, C1.6 haloalkyl, C;.6 cycloalkyl, amino, phenyl, pyridyl,
10  pyrimidinyl, oxazolyl, oxadiazolyl, isoxazolyl and thiazolyl.

1 27. A compound of claim 26, wherein ring vertex a is N.
1 28. A compound of claim 26, wherein ring vertex b is N.
1 29. A compound of claim 26, wherein ring vertex ¢ is N,
1 30. A compound of claim 26, wherein ring vertex d is N.

31. A compound of claim 14, having a formula selected from the group

no

consisting of:
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i soxazolyl and thiazolyl. 42. A conpound of claim4l, wherein ring vertex a
is N 43. A conmpound of claim4l, wherein ring vertex b is N 44. A
conmpound wO 20é70m941, wherein ring vertex ¢ is N 45. Apcorgseess@243i3 cl ai m
41, wherein ring vertex d is N 46. A conpound of claim1l1, wherein said
conmpound is selected fromthe set forth in Table 1, _gr their

phar maceutical ly acce]ibE able salts and N-oxides ther®of. 47. The conpound of
claim1l, wherein said conpound is selected froms e -group set forth on

Tap! e oRan FSkiddiereofinalisraindR Tt isdmldgen axyeepoatitte; B2 it selasied fomxS#es t her eof .

ot pOnC-OR Al (s BnaOR c DR bura I Ooa i TR sy Tt RE = ©

cogposg t | Al ef e | AP T tdx@folyB -CHENEY -a3,NENeNt or
stent ﬁberégﬁp ggen\?lﬁjggl.h%gg?c}imné%ﬁg%%?’ t@reat I’'ng CCR .-blrredi gt e?f di s?'ease? or
condi tCHSMe and - SHAN-Offvientistfatigigriicss a, bustindat isiimdeperedentlhispleeipd om

t herapeutjcal,ly effective anmoupt .of. a conpound of, any,af cl.aj 49 and
580 50N 8 R e eHbHOTTPEde G APEA HPE NOGR Thoan shar; i EePbfthedty

- pedi ' iotid ! | Rf1bseyel otk dibkioatkyl,$2. A net hod
i g?acg%)lr% g%?éﬁ%ﬁlt@ ﬁ?@ﬁé@%@%ﬁé{lé’%@?ﬁé}néai CCRI ergg?g? ed_di syease6 0

condi toiycloalksl, &h. hetenyclgkyh -8(Q).RY, swinte phersd, pyidih prgmidinylaerutizrahte with

cl ai m 50, erein,sai d CCRl .-nedi ated di sease or condition is selected from
t he g%ﬁfplmﬁg?‘%@lﬁ&n&ﬁmﬂfﬂ%t oid arthritis, nultiple sclerosis,

transplant rejection, restenosis, dermatitis, eczema, urticaria,

vagculitis, inflgmmatQiymbeus ofblsisede whcaddriag veteys isdét hma, Al zhei ner' s
di sease, Parkinson's disease, psoriasis, |upus erythematosus,

osteoarthritis, stroke, restenosis and encephal onyeljti.s. 54. A nethod in
actordance with ¥ aij %%@P@W@r%ﬁsﬂa@g]d @&Fﬁﬂﬁ%%%ﬂb"’ fssﬁ‘

1 | 34. A compound of claim 31, wherein ring vertex ¢ is N.
1 35. A compound of claim 31, wherein ring vertex d is N.
1 36. A compound of claim 13, having a formula selected from the group

2  consisting of:
d= c\ d=¢

O N"" //b /lol\/g\]__, //‘b
(\N/LK/N VY a and (\N N._ .~ a

2d 3a 2d 3a
R N \) R R ©/ N \/l\CH:a R
R2¢ : R2¢

Ia! Ta2

| or a N-oxide thereof; wherein R* is halogen, cyano or nitro; R* is selected from -SR®,
-0-X%-0R’, -X2-OR", -R°, -OR’ and -NRUC(O)R’; each of ring vertices a, b, c and d is
independently selected from N and C(R?), and from one to two of said ring vertices is N; and
each R* is independently selected from the group consisting of hydrogen, halogen, Ci.¢ alkyl,
Cy. haloalkyl, Cs.¢ cycloalkyl, Cs.¢ heterocycloalkyl, -S(O)th, amino, phenyl, pyridyl,

O o N3 N Ut B W

10  pyrimidinyl, oxazolyl, oxadiazolyl, isoxazolyl and thiazolyl.
1 37. A compound of claim 36, wherein ring vertex ais N.

1 . 38. A compound of claim 36, wherein ring vertex b is N.
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oral, parenteral, rectal, transdermal, sublingual, nasal or topical. 55. A
nmet hod in accordance with claimb50, wherein said conpound is adm ni stered

i n conbi naDI200T/002398 an anti -i nfl ammatory agent, anal gesiPCTADR0UG/0243M3
antiproliferative agent, a netabolic inhibitor, a |eukocyte mgration

i nhi bitor or an i Mmuno-nodul ator. 56. A conpound of claim1l, wherein R3a is
selected fromthe group consistjng of hydragen, hal ogen, -ORf, NRfRs, -Rh,
-YL -CN, X3N3, -32R0A CRBRRF 9%&31?1, k@{@f%gﬁﬁg-"e&&%&ﬁ%) NRf Re, -NC2, and
-NRgC(O) Rf,” wherein Y is an optionally substituted group selected fromthe
grqup consistin fp P Ay [P s Kla [WEa\VA |, thiazolyl,
oxgdi azol yl andg4rr§r ph‘gﬁ::a}rgﬁo}ﬂ%%aéhl ?@%&%ﬁ%ggﬁ%a%gti tuted group
selected fromthe group consisting of C1-8 al kyl, Cl-8 hal oal kyl and C3-8
cydl oal kyl, and & and dagpaned efdhin hddpeindeniotmulanclsped Sioal thy gsenpst i t ut ed
grqup selected . fromthe group consisting of hydrogen, Cl1-8 al kyl, Cl1-8
halRoal OPFISHAEOE3- 8 cycl oal kyl . 57. A conmpound of claim 56, wherein R3a is
sel ected fromthe group consistjing of hydrogen, fluoro, chl org, br ono,

i odo, am no, -CH, oxaz8l yl oL iazolyl, pyridyl, pyripdi rwl Tbr phol i nyl ,

oxdi azol yl, -NHO(O) CHB, §- NN OoNd  CHRSOBH, NCR, - - ( J5(0) 203
BrAl & m 1, wherein R%{\n?@%l/

and CH2NH2. 58. A éd 3rom t he
group consigsd i \ydrogen, REa O g Br agd L5 conmpoungaof claim 1,
re each i1 ndendently see
Sﬂ’ F, d, Br, | and :‘:

wherein R2c af d YT oveHshe group consi sting
of _hydrogen,, R2a
Ia® Ia*

or a N-oxide thereof, wherein R*is halogen, cyano or nitro; R* is selected from -SR°,
(O-X2-0R®, -X2-OR®, -R®, -OR° and -NRYC(O)R’; R*" is selected from the group consisting of
F, Cl, Br, I, -CO;Me, -CONH,, CN, oxazolyl, -CH;NH,, -CH,NHMe, -CH,NMe, and —
CH=N-OH; each of ring vertices a, b, ¢ and d is independently selected from N and C(R*),

O 0 3 ONWn kW

10  and from one to two of said ring vertices is N; and each R* is independently selected from
11  the group consisting of hydrogen, halogen, Cy.6 alkyl, Ci haloalkyl, Cs.¢ cycloalkyl, Cs.¢
12 heterocycloalkyl, -S(O)th, amino, phenyl, pyridyl, pyrimidinyl, oxazolyl, oxadiazolyl,

13 isoxazolyl and thiazolyl.

1 42. A compound of claim 41, wherein ring vertex ais N.
1 43. A compound of claim 41, wherein ring vertex b is N.
1 44. A compound of claim 41, wherein ring vertex ¢ is N.
1 45. A compound of claim 41, wherein ring vertex d is N.

46. A compound of claim 1, wherein said compound is selected from the

2 set forth in Table 1, or their pharmaceutically acceptable salts and N-oxides thereof.

47.  The compound of claim 1, wherein said compound is selected from the

2 group set forth on Table 2; and their pharmaceutically acceptable salts and N-oxides thereof.

48. A pharmaceutical composition comprising a pharmaceutically

2 acceptable excipient or carrier and a compound of claim 1.
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49. A pharmaceutical composition of claim 48, wherein said composition

is formed as a stent or stent-graft device.

50. A method of treating CCR1-mediated diseases or conditions
comprising administering to a subject in need thereof a therapeutically effective amount of a

compound of any of claims 1-49 and 56-59.

51. A method in accordance with claim 50, wherein said CCR 1-mediated

disease or condition is an inflammatory condition.

52. A method in accordance with claim 50, wherein said CCR1-mediated

disease or condition is an immunoregulatory disorder.

53. A method in accordance with claim 50, wherein said CCR1-mediated
disease or condition is selected from the group consisting of rheumatoid arthritis, multiple
sclerosis, transplant rejection, restenosis, dermatitis, eczema, urticaria, vasculitis,
inflammatory bowel disease, food allergy, asihma, Alzheimer's disease, Parkinson's disease,

psoriasis, lupus erythematosus, osteoarthritis, stroke, restenosis and encephalomyelitis.

54. A method in accordance with claim 50, wherein said administering is

oral, parenteral, rectal, transdermal, sublingual, nasal or topical.

55. A method in accordance with claim 50, wherein said compound is
administered in combination with an anti-inflammatory agent, analgesic agent, an anti-
proliferative agent, a metabolic inhibitor, a leukocyte migration inhibitor or an

immuno-modulator.

56. A compound of claim 1, wherein R* is selected from the group
consisting of hydrogen, halogen, -OR’, NR'RE, -RY, -Y, -CN, X°N3, -SO,R", X’NRR®, X°Y,
-S(0):R", -C(C=NORHNRRE, -NO,, and -NREC(O)R’, wherein Y is an optionally substituted
group selected from the group consisting of phenyl, pyridyl, pyrimidinyl, oxazolyl, thiazolyl,
oxadiazolyl and morpholinyl, and R is an optionally substituted group selected from the
group consisting of C;.g alkyl, Cy.s haloalkyl and C;_g cycloalkyl, and Rfand R® are each
independently an optionally substituted group selected from the group consisting of
hydrogen, Cy.3 alkyl, C,.s haloalkyl and Cs.g cycloalkyl.
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57. A compound of claim 56, wherein R is selected from the group
consisting of hydrogen, fluoro, chloro, bromo, iodo, amino, ~CHj, oxazolyl, thiazolyl,
pyridyl, pyrimidinyl, morpholinyl, oxdiazolyl, -NHC(O)CHs, -CN, CHyN3, CH2SO3H, NO,,
-(C=NOH)NH3, -S(0),CHj; and CH,NH>.

58. A compound of claim 1, wherein R* is selected from the group

consisting of hydrogen, F, Cl, Br and L.

59. A compound of claim 1, wherein R* and R? are each indendently

selected from the group consisting of hydrogen, halogen, F, Cl, Br, I and OR®
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