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[0005] Human health depends on the body’s ability to detect and destroy foreign pathogens
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lymphocytes, monocytes, macrophages granulocytes, NK cell, mast cells, dendritic cell, 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=
R2d N \) R3a and R N by ©
RZID: RZa RZD: R2a
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
Cigalkyl, Cy.g haloalkyl, Ci cycloalkyl, -COR?, -S(0)3R?, -X'CO.R?, -X'SO,R?,
-X'S(0)R?, -X'OR?, -COR?, -CONR?R®, -X'NR*R®, -X'NR*COR”, -X'CONR*R?,
X!S(0),NR*R®, X'S(O),R?, -OR?, -NR'R®, -NR*COR?, -CONR’R®, -NR*S(O),R",



[ 0010] The synbol Rl is a substituent independently selected fromthe
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-X2N(V) C(R) =NV, - X2NRRd, - X2SR, - X2CN, - X2N02, - X2C2R, - X2CONR Rd,
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- Nig- 1 - %ZNHES@(R‘)‘%W, NEENRRY, -XPSRE, -X2CN, -X2NOy, -X2COR’, X-°~CONR°R“,

' X2C(OR, -X*OC(O)NRRY, -X*NR'C(O)R’, -X*NRC(O)R’, -X*NR°C(O)NR°R’,
“X*NH-C(NH,)=NH, -X*NR°C(NH,)=NH, -X*NH-C(NH,)=NR®, -X*NH-C(NHR*)=NH, -
X2S(O)R®, -X2S(0)aR’, ~XANRS(0):R®, -X*S(0);NRRY, -X?N3, -ORS, -SR®, -NRC(O)R®, -
NRIC(O),R®, -X?S(O)R°, -S(0),NR°RY, -X?OR®, -0-X?OR’, -X*NRRY, -0-X*NR°R¢,

5 -NR%X’CO,R®, -NR°-C(O)NR°RY, -NH-C(NH,)=NH, -NR°C(NH,)=NH, -NH-C(NH,)=NR",
-NH-C(NHR®)=NH, -NR*C{NHR®}=NH, -NR°C(NH2)=NR’, -NH-C(NHR®)=NR®, -NH-
CNR®R%)=NH, NR°S(0);R®, -NR°C(S)NRRY, -X*NR°’C(S)NRR?, -X*OC(O)R", -O-
X?CONRRY, -OC(O)R®, -NR°R®, -NR%-X?0OR® and -NR*-X*NR°R%.

[0012] Within each of R%, R* and R?®, X? is C1.4alkylene and each R® and R% is

0 independently selected from hydrogen, Cy alkyl, Cy_ghaloalkyl, and Cs.¢ cycloalkyl.
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
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Re an 10 -NO2. 100131 Each of ring vertlces a, b, cand d in
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- 5(16) 2NRRRE(O)RRRNBECHD A, -NRIRE(S)RRRNRING,C(NNE)-NH (- KRNORE]MRURYNH-

Rieriurec et GO IR SIS cioc (o SR L S 5 SO

- X3 chmpmmw 28 RNRCOR BRI, NSy CRREIRNG C XN ND) = Ehh
- X3NH- R: 3NH- %( NH §()% é?%;q 2R
- X1 NRY o %WR@( ORY, X OGR" - XARR". ):@Noz,

)I?;ICDX—?@CWQ qﬁR %Bf%@ls a |)\a/%g1$§)-ten men{?bred ar )%eteroaryl

or 200 -X°NRY C(O)NR‘”Rg -X°NH-C(NH,)=NH, X NR"C(NH,)=NH, -X°NH- C(NHg)—NR

X°NH-C(NHR")=NH, -X’S(O)R", -X?3S(0),R", -X*NR'S(0);R", -X*S(0);NRRE, -Y, -X7Y,
-X*N3, -C(O)NRS(O)RY, -P=0O(ORH)(ORE), -X*C(O)NR'S(0),R?, -X*C(O)NR'S(O)R" and
-X*P=0O(ORY(OR®). The symbol Y is a five to ten-membered aryl, heteroaryl or
heterocycloalkyl ring, optionally substituted with from one to three substitutents selected

5 from the group consisting of halogen, -OR’, -NR'R8, -R”, -SR’, -CN, -NO,, -CO,R’,
-CONR'RE, -C(O)R’, -NREC(O)R?, -S(O)R™, -S(0),R", -NRIS(O),R", -S(O)NR'RE, -X’OR’, -
XNRRE, -X*NRS(O),R" and -X>S(0);NR'RE, and wherein each X° is independently
selected from the group consisting of C;.4 alkylene, C,.4 alkenylene and C,.4 alkynylene; each
RY and R® is independently selected from hydrogen, C,.g alkyl, Cy_¢ haloalkyl, Cs.¢ cycloalkyl,

30 Cpgalkenyl, Cy.g alkynyl, aryl, heteroaryl, aryl-Ci-4 alkyl, and aryloxy-Cj-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.¢ alkyl, C;.g haloalkyl, Cs.6
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THE I NVENTION 1. Abbreviation and Definitions [0016] The term "al kyl ",
by 1ft sé0FtShbr NE&Npart of anot her substituent,. neans, unless otherw se 20
stated, a straight or branched chai n hydrocarbon radical, having the
nunber of carbon atons designated (i.e. C -8 neans one to eight

carbons). Exanpl es gl 2K ESORTe SN 3 riTE tR¥ ENTION

I 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 (j.e. C;-3 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 ting atoms (e.g., Csscycloalkyl)
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"



ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
n-pentyl, n-hexyl, n-heptyl, n- octyl, and the |ike. The term "al kenyl"
refers to WO aemmea9sat ed al kyl group having one or norgcgesBbdkands.
Simlarly, the term"alkynyl" refers to an unsaturated al kyl group having

25 one i . I of ur at al kyl ~graqups

ol s SR BRI cof IR Bnl RERRMIRMLERLE] sfim o) oSEP

:29,’ gf- pers, iaﬂ:lbmimghc ﬂfﬁm%én athdpsﬂf]fhmi?mm yﬂe)optcij@fialﬂy byildized,la;]ndahldniﬁvg)emmﬁﬁﬂl Qé} ?fel
-butynyl, and the, higher, honol og n soners. The term "cycl oal kyl"
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ond between ring vertices. y So neant to
ref ér tpipebidinyk imislazalidinsppyrexatiding, hiytgholactanb galerolastpan, swishzaslinohey  exanpl e,
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N, 0, and wherein the nitrogen and sulfur atons are optionally
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system exanpl es of heterocycl oa groups
pyrifol icdibne pr Hhegeroetoindi nyl , i mi dazol i di ne, pyrazolidine, butyrolactain
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t hi onor phol i ne- S- oxi de,  t hi onor phol 1 ne- S, S- oxi de, pi perazi ne, ;l)(yran,

pyr i dondicadesved Sranhen alkan; esspemmlifipd ok dhCHa¢ Haliitr divpically, an alkyl (or
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car bon cetbon atoetsédemgtposferr¢dif 1ird préseat ingentioha ik dveavellkihyor "levedr flkglenalsis par t
of1 not her:. su stihy nt ans a_dival fﬁ% radi cal .derived f{on1an al kane,
as '8xefpP YT SaHBY. T .ge%%y 1ing 10U QT 597 C4P8P SO0y | ene)
group \Sitlladgvakédytene Laddo' aldnglafnidyaefentoahBunsifutdicd EREoUrallyide Nigavingg 10 or
fewer carbon atons being preferred in the present invention. A "l ower

al kyl » dgpble ppifiple bands,respgetvely. 15 a shorter chain al kyl or al kyl ene
group, generally having four or fewer carbon atons. Simlarly,

"al keny0E8E" Thaderinal" kiroryl, biadkylamine't andg atkiylhio hea thipakeny) rsrused ipftheir

"al kyl ene” Vi n doubl.e or. triple-bond r tivel e terns
21 Koy OEvenllBi et A8 et St Ry Fpr R Bp e ROBE bt Gyt o B BB et ¢
conventindadxygansem, andnine fgtdupl or 4 dubfaeatainkiekpegiivdlps Additiandiigpfot o t he

remai nder. of the nol ecul 20.via an oxygen m an _am no group, or a
sul fur %éﬁnaﬁ?ﬂme SERBBTURPEY! DRENDE FERE P9 3G fiffefent 0 i S0 B¢
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
example, the term "C;-; haloalkyl" is mean to include trifluoromethyl, 2,2,2-trifluoroethyi, 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



di al kyl am no groups, the al kyl portions can be the sane or different and
can also he _conbined to forma 3-7 nenbered ring with bl n atom
to which S8AMTY %Pt ached. Accordi ngly, a group repregééﬂﬁséigb%g)gfe\lR'Rb is
meant to include piperidinyl, pyrrolidinyl, norpholinyl, azetidinyl and
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exampl e, the term"Cr-4hal oal kyl" is nean to include trifluoronethyl,
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triazi ....quinol i nyl, quinoxalinyl, i hazol i nyl, cinolinyl,
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benzot rhagBhyy bt acB§RA1S QRZREMS deschiv@RARf uryl , isoindolyl, indolizinyl,
benzotriazinyl, thienopyridinyl, thienopyrimdinyl, pyrazolopyrimdinyl,
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the term"aryl" when used in conbination with other terns (e.g., 15
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heteroaryl 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 alkyl 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’, -CO2R’, ~CONR’R”, -OC(O)NR’R”,
-NR”C(O)R’, -NR’-C(O)NRR’”, -NR”C(O);R’, -NH-C(NH,)=NH, -NR’C(NH;)=NH, -NH-
C(NH,)=NR’, -S(O)R’, -8(0)2R’, -S(0)2NR’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;-3 alkyl, unsubstituted
heteroalkyl, unsubstituted aryl, aryl substituted with 1-3 halogens, unsubstituted C;-g alkyl,
Cj-g alkoxy or C;~3 thioalkoxy groups, or unsubstituted aryl-C;-4 alkyl groups. When R’ and



i nclude both substituted and unsubstituted forns of the indicated
radi cal . PiRf 8362040 substituents for each type of radical are provided
bel ow. For breV|ty, the terms aryl and heteroaryl willPFEP&004/Ge313

substltq;ed unsupstituted versigns as, provided below, while the term
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versi orfomwheass lmddrﬁaﬂb&edﬁﬁg SF@%R&IB?’IEe@IR’kG%LaénSMﬁElh&@ nts for the

al kyl radical’s (inc t hose groups often referr to as 25 al kyl ene,
al kenylpmallqlayﬁwnd&ﬂdonpbdrwél kyl) can be a variety of groups selected
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[0025] 'Two of the substituents on adjacent_ atons of the ryc{ or .

d52p8d auhtisgR ¢ he

het er odRdapendently riefe-16-optH-oral ™NObe SH &kt 23ERNR ¢ AT 2518
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- 2- or a sin bond I's an integer of fromO
replaced with a double bond Alternatlvely, two of the substituents on adJ acent atoms of the

aryl or heteroaryl ring may optionally be replaced with a substituent of the formula -(CHy)s-

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

S(0)-, -8(0)2-, or -S(O);NR’~. 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



Alternatively, two of the substituents on adjacent atons of the aryl or
heteroaryl ring may optionally be replaced with a substituent of the
fornul a - WY 02298 wherein A and B are independentY§/UBYY02431%

-NH, -5-, -S(O-, -S(O2-, -S(O2NR - or a single bond, and r is an 20
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The term "pharmaceutically acceptable salts" is neant to include salts of
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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



either neat or in a suitable inert solvent. Exanples of pharmaceutically
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fonns. (I gygéﬁésro %p?c ‘f%%@%ﬁ o\?gl%e\é\(%n{!pgﬁlﬁdg 03%5 pg%qsggt\}a?%l%n’t%ﬁ%%#hg%lvg ed forns
and ar er ot esdigended thbe evomppsasdedhivitidycopd dfths pemat tfvettie. pr esent

invention. Certain conpounds of the present invention may exist in

mulggi plyg cr xghatdyi ne or  anorphous forms. I n general, all physical forns
are equivalent for the uses contenplated by 10 the present invention and

are intended to be within the scope of the present invention.
[0032] The present invention derives 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:
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[ 0031] Certain conmpounds of the present invention possess asymetric

carbon atons (optical centers) or double bonds; the racemates,

di ast er eogRy S5 Et ri ¢ i soners, regioisoners and individual isomers

(e.qg., separate énantioners) are all intended to be eREBHYPHIEE3 Wt hin

the scope of the present invention. The conpounds of the present 15

I nvention may al so contain unngtuyral proportions of atom c g®otopes at

one or nore of than ataws tR caoapstitute sucQ gonpqyndsN,_or exanpl e,

t he conpounds may be\ram\«hab 4 with radloac ve sogpp such as for

exanpl e tr|t|un1(3 Ni odi ne¥125 (1251) or carbpn-%4 \AII | sot opi ¢

vari ati ons R¥ ng)ounds &% t he FdesBA Mt ion, \/\hetah%r radi oactive
DNAN

or not, are i ded to be enconpassed wt the scope of the present
i nvention. 20 M Gaeral [0032] The pregén rention derives fromthe
di scovery that conpo ds of formula la or |b (as as the subgeneric

The compaRTeoRRyanY precrioe e RHeApIos ey poger @ﬁ’;@%nn@?% kg, 1 he

CONMPOUNESeriBf AM4 Mtégef@ﬂfbn@o & Y SBf déttainRndBARGE H fofahla6 RIRATH Eh!eons
met hods for the 25 treatnent of CCRI-nediated dlseases and as controls

i nSas s%lygcrmbm ig preintegeniomOdei Fnyernothesapbonimend toorbsesint ayorfpmdae |11 |

Conpoup 0} the present invention provides conpounds
haV|ng a g}gu Iﬁ%%f8ﬁ§1§%9$r0n1the group consisting of, 11 WD

\20%/ &8@343 %&%—1}55@ /024?q§§{eap gap&bsptlérgn (r)lflg)epgentl&selacted fr(l}lnXNN Red
Pgﬂm n}atgegltohg\aééﬁsséuagsee;@tﬁle,aslhmoaﬁtyﬂt@g eyaéauk\jnwgo;gat {)ggﬁ In the

g ab mis an integer, of om In certain
enbodi AEAOR’, i SQ@RHUXﬁéOhB sachR‘b -€@R*,5Co %r, r?S%NRnR 5 P%NRl @@Bger fromO
t & aS wme la and Ib
iglogn ?g ég‘fé{rﬁm?él?@w%ﬁafzg fi EIE\ sy (EB ormilae la and | b

is a SINRB{QRRINES(ORMRIRY aB(TIRS, ééb@ﬁ”em cr@meﬁR and -x NR"S(O)zR The

symbol X! is C; alkylene and each R* and R® substituent is independently selected from the
group consisting of hydrogen, Ci_g alkyl, Cy_g haloalkyl and Cs_s cycloalkyl, or optionally R*
and R® when attached to the same nitrogen atom are combined to form a 3- to 7-membered

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,NH,, -S(0);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™,

20  -NHC(O)NH,, -NR™C(O)NH,, -NR™C(O)NHR"™, -NHC(=NH)NH,, -NHC(=NR™)NH,,
-NRPC(=NR™N(R™),, -NR"C(=NR™NH(R™), -NHC(=NR™)NH(R™), -NHC(=NR™)NR™),,
-NHC(=NH)N(R™),, -NHC(=NH)NH(R™), -C(=NH)NH3, ~-C(=NR™)NH,, ~C(=NR™)N(R"),
-CENR™NHR™), -NHC(O)NHR™, -NR™PC(O)NR™),, -NHC(O)NR™),, -CO,H, -CO,R™,
-NHCO,R™, -NR™CO,R™, -CN, -NO,, -NH;,, -NHR™, -N(R™),, -NR™S(O)NH; and

25  -NR™S(0);NHR"™, wherein each R" is independently an unsubstituted C;.¢ alkyl.

[0035] In another embodiment, R} in formulae Ia and Ib is a substituent independently

selected from the group consisting of Cyg alkyl, Cy.3 haloalkyl, Cy.6 cycloalkyl, -COR?,

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  conmsisting of -OH, -OR™, ~-OC(O)NHR", -OC(O)N(R™),, -SH, -SR™, -S(O)R", -S(O)R",
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the group consisting of & _8 al kyl, C _8hal oal kyl, C3.6 cycl oal kyl,
-C2Ra, -S %3Ra - Xt C®2Ra, -X SOZRa “-X1S(O3Ra, -X ORa, - CORW

- CONRaR", OREYEETS - XI NRaCORb, 10 - X CONVR , Xl S( O) 2NPERHS2006/0200) 2Ra,

- CRa, -NRaRb -NR3CORb, - CONRaRb, -NR' S(O)2R6 -S(O)2NRaRb -S(O) 2Ra,
-XlCO?aSQZNPQQ% HREM R (OXNRRS(-RrRD) RTrhg\IRng(@jy m 2@(0)@1}1(214 al kyl ene and

each R and gNtltuent IS |nde endent y selected fromthe group

consi st@@N&R%ﬁ%% )2, CG(QRA C(%B“’S-N%‘]%@DB&I-NMOMIﬁ cycl oal kyl ,

or opti @@?ﬁmﬂh dt om are

conb:on lgﬁt 0 C¥§ - @Eﬁt(bzﬁ%lg gﬁ(ﬂﬁ\)ﬁﬁ{'ﬁ% %{ngg{?(a tional

het er oa@@fH;, é‘.@gR‘i‘ RAYHOERREy NR"WR\RMMLNO& hals) INHRE,i-S(RPerti ons of each
tit Jonally substit ted with fro Qnetothree

menbor SNBeHCHNBaeH S SHERY B Wigrat etk Ry iopderepgonirnsthaBiip

-0C(O) N %5;3 -SH, -SRm -S(OR", -S(O2Rm -SO2NH2, -S(O)2NHan
~S(O 2R(R")2, -NHS(O 2Rm - NRnS(O) 2Rm - C( O) NH2, C(O)NHRm

SO = SR Tl 0 G il O

- NRt O s8R dNrrfRe, gro Nﬁ@d‘ﬂ Ralkyl d\llg-ﬁz(ledlamahld B;. }by?cloalk}mHﬁ(leerﬂ) N(Rm) 2,

" =N R poce t»araqu swmw@@ww?pumums&c wthfreem

O@éR GG R cte ~OHN &13))
-NR"' Szhi'r)) NH2 and 25 NRnB @) @BRm V\:h rei nHeZ%}% Rﬁlsl}ln%lg endently an

unsubstOE(@)RYR L, -SHatIR/], S(%%(Q)ﬁ%nﬁ@ﬂﬁﬂz, ePeDaN IR it ,S((P?’zNﬂH Yi,or nul ae | a

o c1. 3 IR e PR G ORI R gl R PR = 9

- X1S02 ReR B0@D)RAL-OREC( ONNER, & NR“CHE)NEH, ghlma:@)p@m"i angCced)Marh of said RL
subst i tue;gts IS | substituted wt omone to thr e rrenbers

sel ect KT EEANGR ?,tgwszﬁsc)'ﬁ%(mms@@ﬁ 50k SHC R N o 5 han NO»

O RIS m] 802293
P% u)sgigo /%431?“ szH %%I%o 2NHm@@§( O)R N%%%)Qz?&%ﬁs% 2R "

- NR5( @ydeRendently(agyupubstituted@sMH , - (O N(R )2, -Q(OR ", -NH(OR
-NRTC(O R ", -NHC(OQ NH2, - NR1C(O) NH2, “NRNC( O) NHRm - NHC( O) NHRm
- NR' C{aBIKR[ Rmr) ane enttd@nRaNO Ry tventiocBOR Hin foBHRRE Ta, and NbGOORIR4SNE, is W Rm

V\/ner ei %w@atéﬁ Zoup W@Sflﬁ%n%é%grﬂr 43&% gggswﬁ.?ns@asgan@lm 60§1 [ 0036)

I'n_anotdyey), rehagiiRi-COR™ f diofRAB dif et thdinidhtian, Subis Eﬂ&ﬁg@ hd m
|ndependently

20 is0-2.

[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, -NOj, -CO;R’, -CONRRY, -C(O)RS, -S(O)R®, -S(O)R°, -S(O):R’, -R",
-C(NOR®RY, -C(NR*V)=NV, -N(V)CR%)=NV, -X>*C(NOR)R?, -X*C(NR°V)=NV,

25  -X*N(V)CRH=NV, -X*NRR, -X*SR°, -X?CN, -X°NO,, -X*CO,R’, -X*CONR‘R,
“X2C(O)R’, -X*0OC(O)NRRY, -X*NRUC(O)R®, -X*NRC(0);R®, ~X*NR°C(O)NR°R’,
“X*NH-C(NH,)=NH, -X’NR°C(NH,)=NH, -X*NH-C(NH,)=NR®, -X’NH-C(NHR®)=NH, -
X2S(O)RS, -X2S(O)RS, -X*NR°S(O)R®, -X2S(0);NRR, -X2N3, -OR", -SR°, -NR'C(O)R, -
NRC(O)RS, -X’S(O)R, -S(0):;NR'R?, -X*OR’, -O-X?0OR°, -X*NR'R?, -O-X*NRR’,

30 -NR%X’CO,R’, -NR®-C(O)NR°R?, -NH-C(NH,)=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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selected fromthe group consisting of CL.8 alkyl, Cl.$ hal oal kyl and C3.6

cycloal kyl, wherein the aliphatic portions of each of ﬁﬁ?q
subst i t ueHP 204700 76%% onal ly substituted with fromone to (t)(ﬁ%é4elnenbers

o & R RN S SRS TR IR s R Reag 1 B O A SNHRm

-S(0) 2 spd ¢ Ngkd! 2R q O NHRm -C(O N(R) 2,
&C%R%f &Nﬁé %Lm%@ SRPR”&O)N@ ﬂ(-g?‘\lHC( oyﬁﬁg(%NbNﬁch( % N?—IZ - NRr’r{C:(( og NI(—IR')

NI o RIS TR YR B St G i

- NR' S( ShaMiReroupbeisRiiflg rdgidh, lRlogeMN ASRRNBABAY,ANOJNERRE i tuted C1.6

al k I 0037]a I n one enbo i rent _of the |nvent|on Win fornulae | a and

| b, T&Béiqt-c(péRseﬁ(@éReoﬁ(Oszo,rrRt h@(l*&@&)B CEMRIDFNY d‘ﬁ(V)éﬁﬁ%I&V, Cl4

| k I a ||1tIg,d ONRR

fiCI)gF\’ (ll}t%g(?é@i%d\gl rrehtm S |nvén |I\g)n ﬂRﬁﬁRns{Z vl ﬁ m 20

is O- 2—X2[CG{QRS]-X%@NR§Rde{2€(Gﬂ%f )ﬁQ)Qﬁ@)NIRRﬂ -N%NR&@(@R&@X?I@R‘%IE{@)ZRB are each

hyar ogBh R YN FRiE %ﬁ%)—%fﬂo%ﬂ%% e
-ﬁﬁ% e s s G I e e

@(%? R 1 4 ﬁfg%{l%j}‘f}(‘ég%'ﬁ%%}@%gwgﬁn fomﬁ%fm 2%%%4&8) NRRd,

- xz Nmewmwmlstrngmuy@@wrmn I; xm& CCRINRERENEIN, & 5 XD ﬁ)nlﬁbered

s il SR oy el e e R h@mw Jeherd

30 - NRehoXigRhBodinddiR, %@mﬁl%@mure%%ﬂﬂlﬂ?aawlahd MB@Q@M%rthe
- NH C(NH2) =NY, - NH C( NHRe) =NH, - NRe(( NHRe} RC&NHZ%{
- NH- C( ppuRtsinguel’, CINT, 1.3 206 0NIB2 % orevhUSEHoNHo 2 NHMg; NR' RO) =NH,

"N, RSO EG ™ o SR oo h S Bppati AR MR ee 50

i n for aad ethe R asubistithéng i sekbeteé fiderthé grosp kenststidg of hptmwgeneF,g¥loBpardidnsi st i ng
of hydrogen, hal ogen, cyano, heteroaryl, -NO2, -C02R, 5 -CONRRd, -C(O R,

- S( O Ran0415( & @Ber elbodifatNR: R nbol%Nl?ﬁﬁl RAMn folu¥Ae3a Rhe 1¥Vare eaoﬁzc( NOR) Rd,
X2C(NRV) =NV, - X2N(V) C(R) =NV, 2NRRd, -X2SR, -X2CN, -X2NO2, .
substituents independently selected from the group consisting of halogen, -OR®, -SR®,

-OC(O)RS, -NR°RY, -R®, -CN, -NO,, -COR®, -C(O)R®, -NRC(O)R®, -NRUC(O);R®, -S(O),R",
20 -S(ORNR°RY, -X?0R®, -O-X?0OR°, -X*NR°RY, -0-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 Ci4 alkylene and each R® and R%is
independently selected from hydrogen, Cy.g alkyl, Cy.3haloaltkyl, and Cs.¢ cycloalkyl.

)5  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 Ci.g
alkyl, C.g haloalkyl, Cs.¢ cycloalkyl, Cyg alkenyl, Cy.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;NHy, -S(O),NHR?, -S(0):N(R"),, -NHS(0),R", -NR"S(0),R", -C(O)NHp,
-C(O)NHR", -C(O)N(R"), -C(O)R”, -NHC(O)R", -NR"C(O)R", -NHC(O)NHp,
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S X20RR - X200NRRA, - X2Q( QR - X20C(Q NRRY, - X2NRIC(O R, - X2NRAQ( O 2Re,

- X2NRC( O) %{yH-C(NHZ) =NH, - X2NRC( NHZ) =NH, - X2NH C( NH2

- X2NH C( NHRe R “X2S(O) Re, -xzs( 0) 2R, -X2NRS(O)2Re 5@@5}*@% and

- X2N3. 0 ther enb bstitutent f |

| a and’ 4 £ g%?%@t‘%ﬁgﬁﬂﬁﬁs ﬁgchBﬂ%Reoﬂgl Q)NSR;J ﬁﬁbﬁ%@gﬁ )2,IFn CIOr mér o

I, -Q0 d,; 13 b1 B- e fa 3
- C(Now —%E%H %}?ﬁggt NaH L%!'hRer I\gznbd(%{negtﬂnagezéq\lj}?ﬁlgggog%k )? nﬁngi% %g%%t her
enmbodi andnNR (R NRER', slbsin ¢agh s indepeadently areudssbaitaed B1.; slkglebett ed from

| Gron 5t e ORBGED B stonh i equni S et L Ot bR Bfboct ment

i n xonmgNunds ‘having formulae la and | b the R2' substituent is selected
fromthe group consisting of hydrogen, Br and I. [0041] In

anot he [ ‘ﬁﬁﬁ are
each @8@‘0?@@%@% nl n %d egpg{qsm%%fﬂd;t e P 18%“1% %‘Pgﬁﬁi‘%%“ﬁg?q’%’tk Plng of
hal ogeis 0 or ORind théSBr,mbOl 1@)1fdrogdﬁRIRﬂ anotlite embaiimeniND2, sub<cbipRn is GIOAHR, - NR
dC( O %—. I\E dG(O 2Re, -S(O 2Re, 20 -S(O 2NRRd, -X20R, -0 X20R, - X2NRRd,
-0 X2 f *NRd- X2CO2R. I n certain aspects of this enbodi nent, Re
and Red are each independently selected from the g roug@aconm sting of
hydr ogi9fd4lhainggether ebadimensof the inyedti@RR (o darnulagle b leiaetlewsed fRmm, R2c

ol ot erp itind oEhieg DEIREPERR, O FhPre BBy ol oat k1

| 5 Opt émtnalithanis chmvammmm smﬂbcﬂdﬁéﬂ sélectéchfrornaliegroin mgsnn@mtﬂnat an be

navi ngi% Com & O AP e oo as T ﬁé ?r;?mré? S “The Sybol

Rei s |nde§iendently selected fromthe grou consi s of G _s alkyl, GCs

hal oal 0431 dz-y8t #npehes gikgdimemoigheinkentpn, th @/@oé ‘PHHW b agthlp is
het er oafyleq s h@%ﬁdﬁg 081t1s14:)51§%g apd R éﬁvoﬁéz' 'é&ﬁdwﬂ&% ‘S‘It?‘s Jyt ut ed

with fromone 't rs selec from up consi’ ng of

S -OR°, In OO(G) MriBodimeR| BFNG Rlyded fGhithe-gBRip, conset@)gmf -SMeS( 0) 2R,

 SEt e ) P, SO R il O i o e e v

20071002293 PCT/ US2006/ 024313 NR' O( O N2, - NRC( 0 NHR' - NHC( O) NHR"
-NR' C(l@m In forpyles leyrg B9, 2ach of depng vedisere, b, o RpEdsRudepepfientiip R, - ON,

I-?{" i s I ngep g‘gﬁan Cgi&%uné(lijgst Pﬁﬁ?‘@%ﬁ%‘ig@% VGMSQQSQ V\ﬁ%l n\/\/{]/elr gl " each
i ndepesmladithgnt 9fthe @M@dtlcbn, i fubed sgrma:pb@Mnghavmg wiiticeRa, b, ENpd dGGRRe and
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] Turning 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’, -CONRRE, -C(O)Rf, -OC(O)NR'RE, -
NREC(O)R, -NREC(0),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)3R%, -S(O)R”, -S(O).R", -8(0)3R?,
NRES(ORRY, -S(0),NR'RE, -NRS(O);R", -NRIS(0),NRRE, -N;, -C(C=NORIJNR'RE,
30 -X3SOsRY, XCC(=NRHNRERY, -X*0Rf, -X*°0C(O)Rf, -X*NRRE, -X’SRE, -X’CN, -X*NO,, -
X*CO,RY, -X*CONR'RE, -X3C(O)RE, -X>0OC(O)NR'RE, -X’NREC(O)R”, -X*NREC(O),R",
“X*NREC(O)NR'RE, -X*NH-C(NH,)=NH, -X’NRIC(NHz)=NH, -X’NH-C(NH,)=NR", -
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5 -NO2. [0043] In a certain enbodi nent of a conpound having fornul ae Ia
and | b, the subscript m is 0 or 1; and the synbol Rea is h drog

anot her eMSODWIHERRY3 the subscript mis 0-1; and Rea i BCHUSH0EY2 31["‘0044]
I n anot her enbodi nent of the invention, W in fornulae la and Ib is

sel ect SN OINHRY-NHe S BER" 0 3SIONR g OR B(@) R SCORNRERAGY, -XGGRR,

i's seI e}g}g fol?ﬁblﬂ*%@ th’ (Qgﬁgf?lgép ”ﬁg&&)ﬁgﬁ(@% ﬂhné&@(éﬁﬁk @e hsa%gol R20

- (O CeiRpafor (GRS COriRe sshm%sh@ivxeateﬁtﬁ&%mfedea@q@ut&s 1§ the

invention, the synbol R"2d in formulae la and Is selected fromthe
group beamcydealioyl @mg,mbnally@ub@tml witk Zro@RB1e to (hr,@@uhét;tutemﬁﬂdpcted?e and 15

o e DR oo SR RN AR ISR T R R athony o
[ 0046] -¢tonREEmd( @?’Rﬂ NREHON I, s%@)l#‘ ss‘(%zhé Nm(ogﬁ{“t istepNgRD.xprENd d is

|ndepenQen¥Iy cte fro one to two of said

ring v&NRREs-X §IRI£$(0|) @né Xéﬁ@bHRribgn@nd)thrﬁé eam%nmpemglﬁ used six

menber havi ver f ridine ring
or a fE%% dn@?rlnﬁ? o%qgu Con%umt rﬁ%}étalkgfeg hrt?ffr“ agﬁ%d%‘enaglgtdé Werf SVETt i on,
the fugéehdRs mpardem}r slelb@teb&wnﬂlgydt@g“ehj Cesaliey, s haloansl], ¢ i sycdoalitys.ed
pyra2|ne ring, ano%her enbodi ment. of the_ invention, the fused six
metBer &as tkeyl @wuaﬁ@nweﬁrﬂ @@foéfyl:ti‘fylcclaﬁy‘ylaci‘nfi@yéOWUGEtP ]@S}f?fd’g?pne ring.

[ 0047] r ch
occur er%Ec[éé%Qd ghetéy r?i)é}ﬁﬁg%é %’gééﬂsgﬁqﬁgfb E)deeg elfr:l:ltt y s oF ée%tltgl%q? rom-t aa%éaetgr oup
c o nsi s Slxngemlberds@/mgjwmg froah O ged additBR)al hetGO4OINR 2s rilRIRmMbers SR, eacR” - CN,

N %‘fﬁﬁf‘%&% & tony s iing v oo bl rapike) S,

- NH- Nl/—ma] Rt kviS e
NRf S(C(O) 2Rh, S( o) zNng M Rlﬁsglgmgﬁ(mﬁﬁgr &(ép):ﬁlaa > &Q‘%ﬁgﬂ;mﬁm Ry,
30 15 x3 Btherin thya and R mallyfgdmmtmﬂeﬂg@m - X3CN,

BRI %%%W&%&f@m%ﬁa SR D SO R

- g g'(‘FO)@GE@MRB? SHJJSR\?@S@W / -8?2)333 -FOT R 305N 3 15 0) XERFL, O NHR'Xé N3NH
N O R Ao O SRRV Bt oty 0
NR°C(O)R’, -NHC(O)NI;, -NR°C(O)NHs, -NR°C(O)NHR®, -NHC(O)NHR’,
20 -N'ROC(O)N(RO)Q, -NHC(O)N(R®),, -CO,H, -CO2R°, -NHCO,R®, -NR°CO,R?’, -CN, -NO,,
-NH3, -NHR®, -N(R®),, -NR°S(O)NH; and -NR°S(0O),NHR®, wherein R® is unsubstituted C;_g
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, -OR’, -OC(O)RY, -

35 NRRE, -SRY, -RE -CN, -NO,, -CO,R’, -CONR'RE, -C(O)R’, -OC(O)NR'RE, -NREC(O)R’, -
NREC(O),RE, -NRE-C(O)NR'RE, -S(O)R”, -S(O),R", -NRS(O),R?, -S(0),NR'RE,
NRIS(0),NRRE, -X°0R, -X°NRRE, -X*SRY, -X°CN, -X’CO,R}, -X3CONR'RE, -X*C(O)R?, -
X*NREC(O)RE, -X*NREC(O),R?, -Y , -X°Y and -X°N3. 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 consisﬁng of halogen, -ORY, -NR'RE, -R". -SRf, -CN, -NO,, -CO.R’,
-CONR'RE, -C(O)R, -NREC(O)R’, -S(O)R", -S(O)R", -NRIS(0),R" and -S(O),NRRE. X* is
independently C;_4 alkylene. The symbols Rf and RE are independently selected from
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- X3P=Q(OR5) (OR8) . The synbol Y is a five to ten-nenbered aryl, heteroaryl
or heterocycloallcyl ring, optionally substituted wt three
subst i tut\éfﬁtzg"@&?%{t ed 5 fromthe group consisting o&%ﬁ%@@ﬁﬁ&
-NRfRg, -Rh, -SR, -CN, -N®2, -CRRf, -CONR'RV, -C(ORR, -NR8C(O Rf,

- 5( quRhydre@mOﬁZRikyl - CRABlE@eRmd C;S(c@)lBNRyIRmd B RRis mdepxmmgaected

- X3N Rh and - O 2NR' R re| ach X3. 1S ndent |y

sel ect g'ém% ﬁ%gﬁ(’flﬂgmﬁi gﬂé %éh’!ﬁl]@{l’l %?%W }éfV@H%lkylcér ﬁagl%@@ﬁyl ene and
Q24 al kymivhedrex®, RARY andR" & fH?ohB‘xall'y%uﬂtHb@@tﬂﬁﬂ‘%?éathh ﬁ&h%% ﬁﬂthfée%rﬁaé?g ogen,
Cl-8 alkyl, CO'-8 hal oal kyl, "C3 6 cycl oal ky .8 al kenyl

al kyny kelecied from Hiet sypwmneopbisting §fi-OF, QRaI-QQ(O)W @@G@N{(ROL SlH,aSRy,I or

th
o b oo OB o A SR SO LR AR A B S IR ES SOk Bin 07 o 2
el ect 2‘3@”53‘% Ehe it otn ooy T aor®  RRONER AR IS aﬁ?g@)ﬁ’iﬁe”&ya
cycl ?arr@{c s NRIGHPN l%ﬁl‘ﬁi%(ﬁyﬁﬁ N GTONEDor SHGONG I C - .
a a | 9 io o O
d @@23{ RE&S %ylg%tbl 8nailll&x %ﬁhgbgﬁgg at I(a\]%i%\llfoth g’r%%ﬁ@ té three

rrenber andG-NRES(@dNHROwiidnein gacﬂme ig oudspentiéntly anfunsubitituted@r).s-alkS{. O) NHR,

“OC(ON(R)2, -SH, -SR -S(OR -S(0)2R, -S2NH, -S(0)2NHR -S(0)2N(R)2,

- Nii( 0)[@189 - DRHoD 2 Bnbo i iNiZhe intd@biR: smﬁ(o@){N(d%)fannméé(IQ)aﬁﬁ iNEC( O R,
-NRC(O R, -NH O NilI 2, Rc% ) NH2, - NRC(O'NHR, - NI I C( O) NHR,

- NRC( o;rrq(nb)elzlndemn@qr@ym@lﬂytzd o BroupeRRistingpiyBrR gen, R,- ORBN, - NC2,
uwgﬁbsm e%ﬂ\lélﬁ}I %al lda?%ﬁ%%%f%]%eﬁygggggew nﬁf}?ﬁ%ft %fvgﬁdrrﬁ ae la and
[, Lyt oo gy i o
= P oupdqnsw J % @é Wnyl@wmho%ﬁ@lﬁ&yl,_ NR?C( O?R' ,
) S('T%Q C&%ﬁﬁg{,ﬂy{ ﬁ%ﬁgmgﬁ %%R&trahﬁéﬁﬁﬁyl Sﬁlﬁé@lgﬁh?};%lm% gﬁlﬂlﬂmdmyélbz

- X3 COMPXEAZOLyKI®R: ﬂfand thla@mgm(ao))ai%y subsmmb@(tbﬁzmne-wthle@(sv and - X3N3.
The Sy@&%}lm%n'ts se%c{?d\ﬁ% {the ék?ﬁﬁ n@é %a%é%ehh ec?g}; NEROLRS] é{\l”@ﬁ&%ed

het er oary or a three ocycl’ oal Ky
opt i onakdhyR andBE 1st1u<ﬁ@dn&mtltn séle@m foore hydrogdn; € dkiyisCi.§ hifl eniityd amia(Dga;:t ed

JEASECTIET ORI R TOMI RN SO A RS e e B
andp- S@l@bawﬁﬁecg %yél§a1k}51W%&H@%Hlxﬁaﬂat@%r@dd&%fﬁﬁ%g alR" axrepabmnX and Rg

are independently selected from1l
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);NHR?, -8(0);N(R®)z, -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)NHs, -NR°C(O)NH,,

25 -NR°C(O)NHR®, -NHC(O)NHR®, -NR°C(O)N(R®)z, -NHC(O)N(R?),, -CO,H, -CO.R®,
NHCO,R®, -NR°CO;R®, -CN, -NOy, -NHa, -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 R3® 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, pyrrolidinyl, 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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WD 2007/ 002293 PCT/ US2006/ 024313 hydrogen, Cl-8 al kyl, Cl 8 hal oal kyl

and C3. 6 I and each R is independently sel he
group consi s!tol ngg%# Cl.8 al kyl, C1_8 hal oal kyl and C3. cyc JG/O?{?I}T The

aliphatic portions of X3, Re, Rs and Ry is optionally further
subst i Witk Bamgne tp tresubyiuents 1?%@%)’7%@%3 feqin Ehetasenst onpistingeolyr oup

73110) 2t RO R ORI 2 o ok Ry g R

- C( O) Nui2 pach@fdopbiidently & e i) Ihe@@danswtfﬂé@(f ), K¢ alNRCC@} EycloaliiChrid NH2

: NRC( O NH2 WM is 1néﬁpenziﬁg§ seleﬁ%ﬁo%moumewg ng E@d and

- NF§S( Oa%{&sﬂaoamedham SRR In caSePeRCiAhiMs Stnd nﬁgﬁg;ns gié%ﬁﬁb@&ﬁlsal kyl .

10 [ 004 | n anot her enbodi nent of the invention R3a of
f or mul sedected fromuithe igrduy cansistingtod phenyt ppridid ervarelyls pyriidadg/ faxedmatdid, grdoup

h nd -Y, wh
Vs sttt o taas o BuRly roshig i Fibene 5 Bk s RuBERed het er oar v
l'i ng, mae@nadmg@elbae@framtthmﬁbp eqdishet @mmg@ﬁ O@IRRyJNRfRﬂg ctfege@! f rom
the gr cpn5| sting honopi peri.din phol i n(%/ t'hi onor phol i'nyl ,
pyrrol 1Qf5) @Zp'lRp@Pﬁi o Nywherein & prsi %yﬁre ewmpn opthy pelenjé fegmuitheny | |

pi ﬂ?ragaypyhonsﬁta Db, Y @ylcgﬁeggbwtﬁf;g/bigha%ﬁgn%ﬁ'exéhwf)iéazo' yl and

t hi azo optio [y, 'subst’i t'ut romoneto three 'substitutents
sel ect imdefendantly velegjedirpmdbagiosp cogisofig Ml qgity], G:ERYycloalkyRfamy C;.s Rh, - CN,

wher ei apnd R |ndependentl selected. from hydro Cl-6
Akt Prqe BT s S eds Pt BT Sl 10 Ry R inon e & e B dent  y
sel ect@.(;i ﬁﬁ@tﬁbﬁd@ﬁe(ﬂ&ﬁ)mqmgérﬁdrﬁlg.lof Cl-6 alkyl, d _6 20 hal oal kyl and
C3-6 cycl oal kyI wherein the aliphatic portions of Rf, Rg and Rh are

opt | O”ﬁﬂgkgr o et Qf‘o"the?‘é&%&ﬁﬂ%h?&gg‘% ﬁl?%ﬂf&%ﬁ,[ﬁa%? o ?ﬁﬁf&%%% 0 1%% ang| ected

fromt consi sting of -SH, -SR

- S[) RIb is S{l@@Ryom B2xbiR) consiSiy) AyRogerGhalp 2 R) 2alkylNn6 (@), Bipalk WIRS( 0) 2R,

ON O/N O NR),2, N O R O R, . - NH ONH2
Nl O R o bRl RO o e R g2y BT O TRECPOPRIRy 2.
- QO2R, selecwd%&hegmﬁslsm@éf -oNQABLR; MO NN'FR- ?ﬁr%& PSBSQ@NHZ and
- NRS( 0) 2NHR, erein i S unsubstl t ut ed Cl.6_al k 50] | n anot her

erbodi TR ofS(ORE it oR(ONNER ks (CiGSs, RS UhR-BE PR | bi
| ect 0 | d
7 om KA Bfip (ORI, L EANALS é@éﬁég e R i Nﬁ% seeete

¢ 2 ToARIGH DL, 18R C(6) NURAYNHGORSHR Y- NRFCQINER g N OpY(
tetrahyqs of UG N BS AR 0,rPERY ol NBNYAHRP UARRY, -NRyé(b‘)’%h’z

and -NR°S(0);NHR’, wherein each R° is independently an unsubstituted C;. atkyl. 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,CHs, -C(O)CH3 and -S(0O)2CHa.

[0052] In yet another embodiment, the R*® substituent in formulae Ia and Ib is halogen, C;.4
alkyl or Ci4 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, Cy.g 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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pyri mdinyl, pyrazinyl, pyrrolyl, pyridizinyl, pyrazol yI I m dazol yl ,

t hi azol yl 8% \%ﬁ %;25 | soxazol yl, isothiazolyl, triazolyl, tetrazol yI and
oxadi azol yYV {s optionally substituted 17 WO 200 0@2%/024313

PCT/ USZOO?/ 024313 with fromone to three substituents i ndependent |y

sel ect e@R rNRleh&(@b]&urﬁ(@@ﬂBhsﬂﬂiﬁ o?(o)ﬁa,l S@@m& -SORDR', NRERY,RY COR |

[ ndependewgpg%’f r?@moéiﬁg{f%%% co’n3| M(ﬁﬁ{ Cﬁjﬁémgclkyl C3-6

cycl oalThgkyrabal Y Sh3ikab eiatkgthberahatybadive Bhsmsnemwma&mbemymr@@r gcted from
t he group con5|st g of C1. 6 cycl oal kyl and Cl_s hal oal kyl .
In cer tHeEHt Oé’rggﬂ'ﬂ %1 Wer?"ﬂéloﬁﬁfb'{e‘ﬁ?g @%’tﬁgﬁ@% Upopsistingof ect ed from

t hesgr [
oxagi a;ﬁgﬁyﬁ?gﬁaléﬁ ﬁ%rpgiggﬂ%hecﬂ%gn& ow‘v\ﬁl ch é (%I% ﬁé’Fl y S tf&l st| utyéd with
f r om ongrahpdrofirasl, smtfsazmtzyb phenyl, |pydéyiewdenltyl yysmichml;a@caﬂramiylg he gr oup

t f h |
o Ry el iseel 4t aNaLIRy oD R SdibdErR ant PR e 10
group %%bﬁhﬁéﬂt@&l&fed"ﬁon%e%r@ip‘@éhs1stgr§ of hegéro by INRIRY Q2. SNt RBIRRYI

and each I nde endent sel ected fromthe group consi sting of Cl.8

al kyl , R%lSdgxéﬁp@%dqa ¥ selpriedch org hyfrabeh Oy HkyVEt-phatoallsil sndfboiicirelierl, i n
Ceﬁba' N @SREHSs &dg%éﬁﬁeﬂt&‘é@l’é%@ @m[r%grf?ﬂ Ca&,&s‘a £hf &{ %Hkyl 611310@11{% her

mis an 1 n ano er’ enp of the
[ nvent |mc3§h3®1mls.ﬁmmnthmamphatm fogtiomy bAR?, IRéath arkoplidnallg fiswdleect ed from

wher of SRABRT Y BB of Yresmtees SRS fedafin ot O 1Bm one.
to thr e@C((B)m@RS -oggb)mmg éHw@Rt"h@(@wu@(@Bnm §©¢mz,o§(o&H2 Re OR,

o NHR ~S(0) 2NHR,
- g(cg))z I‘&ﬁ ORR’. RREBE)2KS, ~C( NFF;QO)(N O MBNER Y, DR )2

B Q-W?S@@NE& AT SoIQRRL Aot NS - NN

-CN, - NSR'CIOYNER )z, NNRC(OM(RF)2,, CQ)HS(CED);RHZNPHB%NNWOWFCNW@ n each

hi o omSi N I B RPNt Ay ) yrabin GG Buted 81 e

additienal.ly in other instances, R2c is preferably selected fromthe
group con5|st|ng of F, d, Br, CN NO2, 25 -CO2CH3, C(O)CHB and

% 5523,??7%55[ 05 %h i cHSIARR It HUBRP R cofy R 1SHBRAAMEI b0 |
yet0andb, ?1sanbﬂdhermdependhmlmwctﬁdlfemyth© rEraupeopsistgeif hydnoggx, haogemnnul ae
la and opt NRERE -C(O)RY, -C(O)ORE, -S(O)RY, -S(O):R’, -S(O)NR'RE, -R”, -CN, X’NR'RE,

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-membered heterocycloalkyl ring selected from the group
consisting of homopiperidinyl, morpholiayl, 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, -NR'R¢, -R”, -CN, wherein each R and RE is
independently selected from hydrogen, C,.¢ alkyl, Ci.¢ haloalkyl and Cs.¢ cycloalkyl, and each
R" is independently selected from the group consisting of Cy.s alkyl, Cy.¢ haloalkyl and Cs.

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(O)NHR?, -OC(O)N(R®),, -SH, -SR®, -S(O)R®, -S(0O);R°, ~SO,NHy, -S(0);NHR®,
-S(0):2NR%),, -NHS(0),R®, -NRS(0),R°, -C(O)NH;, -C(O)NHR?, -C(O)N(R"),, -C(O)R”,
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b is hydrogen hal ogen, chloro, fluoro, brono, oxazolyl, pyridyl,
pyrimdin oxadi azolyl, 30 thiazolyl, Cl1.8 alkyl kyI or
Cl. 8 hal o‘ﬁP&% 1029 3cyano [0054] In a certar n enbodi HES%T&SS%@?B venti on,

in themounds havi ng formul ae | a R3a is a nenber
i ndepe R s REELQR :f N%(%ngyﬁpc@ﬁgrz SNRSGQINHR o t)NIR ogen,

" o R RGISRY, RRGEIRECY, Sl ol TR SR ReN Wy onkirg,

- X3S( ONINRIRER”,~RIR "), ONR° SXONRERend wsr@)mm X&ﬂk&lt&hﬁlsﬁnsubﬂiﬂﬁtedmm Yis
a five nber ed r SlL Xz red heteroaryl ring or a
t hree ?lt‘ﬁm ﬁﬁ%ﬁb@ al?%gf@?@é?/é &Wﬁ"reiy Olggl']ect ed fromthe group

consi sting of 5 honopiperidinyl, norpholinyl, thionorpholin

pyr¥ ol 1085 yI In gmiofher ﬁmb@ment@i dhei igvenyipn, 1@W@ny1|poundséawa9§cdm¥a@ Haerylb,

pi per hen X m_di xadi azol yl ,

im dai%l Wbd}fa elt ° g%o?lf/% g%sgzly%}:' gaﬁ)g]fa o, g%af r@ﬂo b’éogbogtr tuted
with f@mrpn@ym@yuomaezomwrﬁsmﬂwmm 6ya$16j mto@doﬁamgrmet $yenbgl nt;rwmaﬁnsr sting
of hal ogen IS |nde8endentl

sel ect Basehh éSrﬁe?ﬁPEﬁdcfﬁ?é'htheGIm@ Carlrewng OérC@z}iﬁar G ql’gfrl epiignetly BoRPeal kyl |

10 and 8 en, ot Iy n i ng of
Cl 6 aWEﬁg(BHR@R 5 glpkyegﬁgh%d 33%% cglg?,ét ghg%\/ﬁgfr}%@ﬁ?hgha i phatic

pokQ | oprssegf, 1Rﬁydrmn@n@1Rhlkalr en gy iofegdrIfionf @2t her substituted with from
one to three nenbers selected fromthe group consisting of -OH, -OR
- OC( O oY) - GOt Bbodidkht of BR invedficd,Ra corffdihdRof folRAMN, and 8, M2 NHR,

-S(0) 2NLR).2,. - NHS(O) 2R - NRS(0) 2R, - C(O) NH ON-R - (O 2,

CEO) R tingie & Riceist pﬁ@@&g)rmmemtm)ﬂ@f ycrcpé(ne%u . RQNR A

-NHC( O 3 5 NPO2R, - NRCO2R,
C( MH&J th—dr! !@ﬁu(ﬁh-@%r?é)z r\fg‘ ﬁr(fzjgg%d NRS(O) 2?\|HR wherein Ris

u n su bstNRg@((é)R Oth@einaf foyain. OpliOTHS Eulbs’tﬂhaefbgpmw&eiﬁctqdm ﬁ@mowconhémg

rul b
A R R e T Sk TR e
P, \Bgally bR erpGHERE fo() Boup SGARE of € (0B Agloskgh, - O
aryl , %fdr%é‘« g‘@f& mﬁ@@#ﬁ ar%eérﬁ}érr@srwerriryrra Oarm%aﬂe ﬁr*éﬂémrt%c{ group

ei ght - SRITRAIRAN b@tg@élgﬁabﬁklgﬁlgl@flhyaro%&l ,&8k @rk&re@ 55518&1&;1%@@9%&&53@' sting
of honopi peri di nyl hol i'n i onmor phol i népt@épyrro i di nyl

p| per | B gstipin agmcisadtlhig ﬁmwdlmp% HeR S@étttld%m &y the gioser azi nzyl |
d o zoI yl,
ona DPMI?J’% I%yd.?{%%ﬁgjl%!r? h%?ddﬁog}rl\&é)qdo %frﬁge'cglz &%/ak?lgt en%% Sel ect ed
pyndyl pyrimidinyl, morpholinyl, oxdiazolyl, -NHC(O)CH3, -CN, CH;N3, CH2SOsH, NO»,
-(C=NOH)NHj3, -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,CHs, -C(O)CH; and -S(0).CHs; R* is selected from
the group consisting of -SR®, -O-X>-OR’, -X2-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.NH,, -S(0),NHR?, -S(0)2N(R),, -NHS(0):R’, -NR°S(0O),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)NH3, -NR°C(O)NHR®, -NHC(O)NHR®, -NR°C(O)N(R®),, -NHC(O)N(R"),,
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fromthe group consisting of halogen, -ORE, -NRfRg, -Rh, -CN, wherein

each Rf i ndependent|y sel ected from hydroge C al kyl ,
Cl -6 hal ﬁﬁkzﬁwdg?]z ’c3.6 cycloal kyl, and each Rh is i f&‘gﬁgﬁﬁ%{%@ﬂs

e RN s ML N el

opt i ongl LNRfO oS t 0 ers sel ected
from '?%e gr (%p;z@gran g? ?’Iﬁign égEI?I;i IS%&eg?gHe% %Sh%t‘mé@%?@? R)2, -SH, -SR,
R,

i ?:E 3 ﬁp&ﬂﬁ g%@m erregﬁ Rf-(h%eﬂ &rapc?u&ng 9%&1; ﬁ%g}g%& formﬁs( 0)2

PCT/ USBQﬂﬁahQéﬂﬁlﬁ R {NI(0R), RY rsm&?)yﬁm is OFG6 &), bi2N, miﬁ%@)dwfem
-NRC(O NHI%h -NHC(tO) NHR, -NRG(ON(R) 2, -NHC(O N(R)2, -CRH, - CO2R
- NFco2hen B hangyydrogriopmethylnpsubstifyipd 2-pxg ,zmsuhfamsee@)ml@dmyl

'NRS(OQr%lgMBstl&g@@Q%x (ﬁyl s unsubstituted C1.6 alkyl. The subcript m may

be fro or a ternatlvely from0O-1. 5 [00561 I n anot her enbodi nment

of th ention 0 nds havi ng for nul e synbol
" oty 3 ofhspeiie o BtRn g eRtintgunt PR BS epoBit iying | vor o

br orm , forn@N @Y b wielhk s@é&%f«ﬂ Bl lintbgtr 32 bl 0 to4RTHR sy BYATT:is gnd

optionally the synmbol R, whe resent, is selected fromthe group

consi Subsiigpest indepepdensly S@)ectyd ﬁpw e ZopP Powisting obGheAllugsdaloaiyh Cso - 1 |

[ R® I £ th odi R1, when 10
prqease cl éﬁ@@og’gﬁ%gr (Q,O %%an}nd %1?55 aﬁBIﬁI‘ft gg)e rot(nr% ) [0057] I'n
anot heFX mﬁm%r@dcmeexismmamm X'ScopRY l)l‘ﬂﬂ&llDKl fsdrltmlkah:né anéand | b,

t he u ct mthe gro pc stin hydr ogen,
hal ogeeﬁC ﬁdﬁ% ﬁaepenéﬂ’tyse teg%@“ RSP © g»@t%k - S(0 3R>
- C( C=NERMAMNERLRGnd ONGRyclameyt: axhReKk b Rlo ahmﬁrcqio&m\ﬁs B eA o@@atla ghal |y

substituted group selected fromthe group consisting 15 of phenyl,
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30  alkylene and each R° and R is independently selected from hydrogen, Cy.g alkyl, Ci
haloalkyl, and Cs.¢ cycloalkyl. 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
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are each substituents$ |n ently sé fromthe
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", -SR, -CN, -NO,, -CO,Rf, -CONRRE, -C(O)R, -NREC(O)R?, -S(O)R", -S(O),R", -
NRS(O)R", -S(0),NR'RE, -X*0OR, -X>NRRE, -X*NRS(0),R" and -X*S(0);NR'RE, and

25  wherein each X° is independently selected from the group consisting of Cy_4 alkylene, Cp4
alkenylene and Cy.4 alkynylene; each Rf and R® is independently selected from hydrogen, C; s
alkyl, C;ghaloalkyl, Cs.¢ cycloalkyl, Cy.g alkenyl, Cy.5 alkynyl, aryl, heteroaryl, aryl-C;-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 Cyg alkyl, C;.g haloalkyl, Cs.¢ cycloalkyl, C,.s alkenyl, C,.g alkynyl, aryl,
heteroaryl, aryl-Ci-4 alkyl, and aryloxy-Cy-4 alkyl, wherein the aliphatic portions of X® RE RE
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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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.g
alkyl, Cy.g haloalkyl, Cs.¢ cycloalkyl, Cog alkenyl, Cy g alkynyl, aryl and heteroaryl, and each
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23
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25  alkyl, and aryloxy-Cj-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 atkyl, Cy_g haloalkyl, Cs ¢ cycloalkyl, C,.g alkenyl, Cy.g alkynyl, aryl,
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tional er oat nbers, and each Rh is independently

f € GPS‘FH%tYH‘B“QFLg’a‘bm?a&?\ @Fﬁg of CL 8 alkyl, C-8 hal oaI kyl, C3.6
eycl oaI kyl, C2.8 al kenyl, C2.8 al kynyl, aryl , het eroaryl, aryl-Cd-4
al kyl , [MA3 akyaneshpr embaglimentpf theipnensom therremponpssaithe ipwention nhgw@g X3, Rf,

Rg 30 I r [qgubstituted with fromone to three
msrrbergol?lglgﬂrb?gr rgprfq'%lfﬁ(at f&%&{rl%u%h%org? sting of -OH, -OR OC(O) NHR,
-OC(ON(R2, -SH, -SR, -S(OR, -2S(02R -S2NH2, -S(0)2NHR, _5S(0)2N(R) 2,

-NHS(0) 2R, - NRS( 0) 2R, -EQO)NHR AONR  -CONR 2 -(RB -NCOR

“NRC(O R, - NHC(O) NH2, -RRc(yNH2, - NRC(O) NHR, -NHC( NHRN=\NRC( O) N(R) 2i

- NHC( O) N( R) 2, cozkr\N A0 2@[¥/ 002293 13

- NHOO2R, - \/J SNO2, LNER, - NHR R R) RS(O) NH_ alnd

- NRS( 0) 2NHR Ris unsubstitut ed k £9962) I*h anot her
specific e nt of the invention, ~Q~9 “havi- ng formula la or

| b, each Rt"is a substltuent independen y sel ected fromthe group
consisting of C-8 alkyl, 5 C. 8 haloalkyl, C3-6 c¥tloal kyl, -CRRa, -X

O o B E R P GR A Gh  F bBRG BO LSS O, o
nmenber gpeelExt-eR°f SEORNRYIORRNE WNRIGDIRY etth of Gg vefdes a, b; O&fd HHRM
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, C1. alkyl,
C 1 haloalkyl, Cs ¢ cycloalkyl, Cs.¢ heterocycloalkyl, -S(O);R", 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 ais N; b is
25 C(R3"‘) wherein R* on ring vertex b is other than hydrogen; and ¢ and d are each hydrogeh.
In another embodiment, the ring vertex a is N; b and ¢ are each hydrogen; and d is C(R3a),
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 c is
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-OC(ON(R ")2, -SH, -SR, -S(ORm -S(O2Rm -S@NH2, -S(O)2NHRm

-S(0O 2N NHS( O 2Rm - NRn5( O 2Rm O NH2, -C(Q NHRi

cgcgN((%%""@f’%%?hﬁm)-NHqc»Rm (133 NR! " g((ong -NHC( W“"ﬁ"’f‘ﬁlt(O)NHz
RTC(O) NHRM - NHO(O NHRm — -NRTC(Q N(R )2, - NHC(O) N(Rm) 2i - OO2H,

- CI)ZR‘C(R ") NEHEERRR > onlRg e e is-otir thahl@@drogerNHA anetheiRmbodigdan)He nng

url\llserJﬂtisfg?l)t 1?’I'El_|l'°t2a i &”%Rnfé‘g wﬁhﬁé’aa@fﬁo’gtﬁgggﬂ%nfeén gaal e r&i"nefqtg’ghf%/ he group

conswﬁueﬁg]a@hymygg;pgen haI ogen, cyano, heteroaryl, -NO2, -C02R, -CONRRd,
C(OR 15 S(OR -S(O2Re, -R -C(NOR)Rd, - C(NRV)=NV, -N( C(R) =NV,

ool st g Selie by %@%%goé%%@@%nm@% o2

- X2 NRE§ENRIRds repéRddtbdigsNdRh b’ anPliRe C( NH2) =NH, - X2NH- C( NH2) =NR6

- X2NH C(NHRC) =NH, - X2S(O Re, -X2S(0) 2Re, -X2NRS(O) 2Re, -X2S(0O 2NRR and
-)eN3. 20 The R2' and R2d substituents are each independently sel ected
fromthe group consisting of halogen, -OR -SR -Re, -CN, -N®2, -Q02R,
-C(OR -NRAC(OR, -NRAC(O 2Re, - S(O 2Re, -S(0O 2NRRd, -X20R, -0 X20R,

- X2NRRd, - O X2NRRd and - NR- XZB?DR Each R3a substituent iR ndependently
sel ected from the grou@ co ting of hydrogen, hala)gen\), OR, -CC(OR

-NRfRg, -SR - Rt, - CONRf RO, OlRt , N25 O NR Rg,
“NRgC(O R , - NRgcggz\“lhh NRER9, -S(O) -%[g\;iRh/-?ﬁ(RfS(O)th
-S(0) 2NR (Or2NRf Ry, A5 ORf - X3 X3eNy© - O(C
NORI ) NRERg, . , - X3CO2Rf, - X3CONA9, - OR, TS3NRg(O RF . -
XSNRgC(O)ZR?f , RZaXSY, -X3N3, wherein K€ $7SeRé&ted fromthe group

consisting of a fivepgr six-menbered aryl ring, g4 ive or six-nenbered
het eroaryl ring and three to eight nmenbered 30 heterocycloal kyl ring,

cudct el et Brfide HpSP uh e ?ﬂ%égv%%%é@ TS g S g S e
: gz?o) ;asaf -SR°cm XO% xa-nogazw -e)m -NRcs(o»me aﬂNRgﬁ(%Km,, IR:S(; O Rh,
i ndepéﬁhagﬁq &I?/m%ﬁ oup fQASistiag o (‘Pﬁg ﬁ ﬁfﬂgﬁ’d\é%%ﬁ% O¥gEORB07/ 002293
PCT/ US@ﬁg@ﬁQZé%@%Mgnmm%h ycH%Ne@Heshcﬁ LPRhHVEeaaNt, Ghasy 8! kyl, C1_8

hal oal k nd each- Rh is I ndependent ly sel ect ed

f r om dnflepepdeuity @Eﬁ?ﬁitqnnb? a@fl G ™3 aad fgin ongito Bvehefisaid ringl vegivgs s, end
ov5! oS (BB DS IS . AL ARl B BT e
from the hglloaikpl Consyckiaikyl Gf; he@doyel@kyl, -S(0),R, amino, phenyl pyridyl,
pyrimidinyl, oxazolyl, oxadiazolyl, isoxazolyl and thiazolyl. In one embodiment the ring
vertex a is 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 ¢ 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 is 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 CR%),
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 c is C(R*),
wherein R* on ring vertex ¢ is other than hydrogen. In another embodiment, the ring vertices
a and ¢ are each N; b is hydrogen; and d is C(RS"), wherein R* on ring vertex d is other than

hydrogen.
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5 -0C(ONHR, -OC(ON(R)2, -SH, -SR -S(OR -S(0)2R, -SO2NH2, -S(0)2NHR,
S(O 2N(R) 2, -NHS(0)2R, -NR8(0)2R -C(ONH2, -C(ONHR, -C(O N(R)2,
C(O)R W@PF@% NRC(O R, -NHC(O) NH2, -NRC(O) NH2, -REUYSZPOGaRi3L3
-NHC(ONHR, -NRC(ON(R)2, -NHC(O N(R)2, -C02H, -CO02R -NHCO2R, - NRCO2R,

-CN,  -(0885] InNeRanothidBnbodinBitihe cmﬁh%ﬂhéﬂ@enm NfRauiygE €1 n each
Ris 10 i ndependent |y an unsu ubstituted CL.6 al kyl . [0063] In another

enbodlrf’@ﬁften@ﬂbb’rf@ni‘ﬁ%eeﬁqt@fdh t he conpounds of t he i nvention having
formula | b is represented by formulae Ib' and Ib2: R3a R3a NIO N ~Nd
and rN-J°/d Rzd | NJ azb/ dect~cg\|~OHs a’b~ Rzo R21 a Ibr idk% 15 or an
N-oxi de t hereof: wherefn hal ogen cyano or nixro; Nge $)ynbol Red

is selected from J&,X , srlxl\ R each of
ring vertigcgs a, c and d |ndependgjntly ted fr

N and C(R3a),

and fromo of sald'?‘lng vertic® @ CHgach ais
i ndependentl gl ected fromthe group cong i ng of hydrogen, hal ogen,
Cr_6 al kyIRc ”" 6 hal oal kyl, C3-6 cycl o&f% kyt, C3.6 heterocycl oal kyl,

-S( 0 2Rh, amino, phgnyl, pyri dyl, 20 pyrimdinyl, oxgzolyl, oxadi azol yl,
i soxazol yI and thi azol yI I n one enbodl ment, the ring vertex g is N In

andt her agdboxilertbateot, traii fhg symboldk® Is hak)gm, ‘cyanoeaTatithg rthees*ybrbdl REng, the

rlngve Qt her g Vv XdI.SN In yet
anot héf eotgﬁtgr %@ﬂtdgh@ 2‘8‘?}%"?’? Y rﬁﬁ%@)g ﬂngﬂeﬁtlgesrﬁ?dr ogen;
and di, saﬁ:ﬂﬁiiisamdepah@d&ﬁy@eleaad from N mmgcoRémma fEbmh Sn@tfoh%b of kadrihydr ogen. In
anot her enmbodi ment, the ring vertex a is N b is 25 C(R3%) wherein R3a on

ring VericexisiNsiagd gaahdt " iniadeneydrniy estected-fiors thergrowp eanaising¢f WYpeeen. | n
th
B A B ATl e S

andét hehemytopdidyk pysimidiayly dxagoytdy oxediazelyl, soQfARBd pnd tktmpkyﬂ nInR&a on r| ng
vertex

an, hydr n, &}is - .C a ar e eg(
2ot heP SRSt TR 80 TR el mPoofpeh RpB i St MR G gen:
and C enfbodndONRRME A2 B H?@fdﬂ&@l@ﬁ@ﬁlﬁdﬂ%ﬂ&ﬁ&e Rk dAWONT &d mﬂ%@ on
ring vertex c is other than_h dro en. anot her enbodi pent, r| ng
embodiment, the ring vertex a is N; are each hydrogen; and ¢ 1s C(R™) wherem R
other than hydrogen. In another embodiment, the ring vertex a is C(R**), wherein R* on ring
L5  vertex a is 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 ¢ is hydrogen. In another embodiment, the ring vertices a
and b are each hydrogen; c is C(R®), wherein R* on ring vertex ¢ is other than hydrogen; and

disN.

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

represented by formula Ia’ and Ia*:
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vertices a and ¢ are each N, b is hydrogen; and d is C(R3a), wherein R3a
on ring v ot her than hydrogen. (0064] In yet another

enbodi nen?‘;(%ﬁ)éz/&él nvention, the conpounds of the inveRtTORPHP#HY 5
formula I'b is represenfed by formul ae | b3 and | b4: R3a R3a O NN O NN N d
Nd Rzd a N,,) cb'- R8d ° NCH3 ~b R2c Rea R2'1" B'Rza Ib3 1b4 0 or an
N-oxi de thereof; wherein R2c i s i ndependently hal ogen, cyano or nitro;

Red i sorsan Méokidd thefaocﬁ;mh&%ﬁn R*Os ¥2lo@R, cyax@-oDRitro; R sel@Red AMRRERS, - -NRS( O 2Re

RO, PR 1o AR R R b i e

eaC:h of., ¢li ngvemvfee@wﬂp CI, o&é}ﬂ)lﬂ IGH,NHJRRERENE, |aY1d5@Hﬁ¢M€9 ehdom N and

C(R3a) , and fromone to two of said ring vertices i each R3a is

i ndepedfréne vopticsen,de p ael ¢ ﬂ@ﬁﬂ@ﬁ?@d@lﬂw gfie@@h’@mﬂi pigg! %R%ﬁyéwofg@n ont9l ogen,
Cl. 6 a{ﬁ%}/ éfsaﬂ%g@eﬁ%,asol )éhd ea 1%351%&?91&(%)4 fe?g’cte;%i fgerfl?l{ Og%X l oal kyl,

-S5(0O 2 eny pyr OXadi azol yI
[ soxazcdnyilstnag\d}tyhrogaqmy]logeﬂ mlgmﬂcyarmgdammyl Clgl@c)ledw(yl,\KeM ex ais N In

anot hey enbodi npent _th verte I.n anot hey enbodi msnt the ring
vertex}r‘%elpgyCﬂ?aﬂ% Sl e ption Bk Mﬁﬁwéﬁémﬁﬁ@%%@{w gxadipgolyli yet

angg he h t ihe r
o e PR M LABIMEIL IR SR £ 101 000 o,

hydr ogén ring ivergexdt isé¥. Isabodienemiodiment thei ring weeex exs M. Irsarthep eingoddREa)

wher ei vert ex 1 S.0th t.ha dr.o i ahRd ¢ d.d are
each hydr (%gﬁ&xl o]flﬁgét%ere‘?%%%frﬁr%rﬁ’t%e Pﬂ%oﬁe\r{‘ga lagm Wgereénﬁa B and ¢
are eagifig Ytttk @agestherahish 1eh drege 1R3A;, anwhb @h€ d ArdBsh hadtogdnndn wedth@x d is
ot her than hydrogen. In anot her enbodi nent, the ring vertex a, is;,C(R3a)
15 whefBYOLRGEL, BRTIRE Hegterctif M DA & ap 336k hydiagrungaf H§EHR ) wherelt RS and d

args ea&hnﬁ@/ RIS othr thﬁf'ﬂ}(ﬂ@éene RO R @ﬁlibo&lﬁﬁntr HRGNGESHEX a & ('3(?34)J b and
d are each hydrogen and ¢ 1S Ms{y hereln R3a on ring vertex c is
et

ot her Whemmﬁy dom)gegwerten admotblethar and ¢ fre epghrtydvagen) adgl isA. and ¢
are eaf’n er eth odgxgntqgee HE&%&% 1's %J(lg ﬁ%\%)ereny\ﬁﬁr g'rﬂlg%ﬁmpgﬁs tﬁég A"t ex d

i s other™ rogen
hydro gen; b and d are each N; and ¢ is hydrogen. In another embodiment, the ring vertices a

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

[0067] A family of specific compound of particular interest having formulae la 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-yl-7-

oxide)-ethanone



WO 2007/ 002293 PCT/ US2006/ 024313 [0065] In yet another enbodi nent, the

conpounds of the invention having fornula la is repres or nul ae
lar or 1a¥92RE%% ON /b ON~/b N a and N R2d ﬁ’&wf&%@@ﬁ&d CH3 |

NJ., RBa R2a RZO lal la2 5 or an N-oxide thereof; wherein the synbol

R2c is hd. opgh(4-CHRae3efethuxdyrhieniljpipsysial-yIR24pyrazol 8 l4alpaekih 1oy 7-SR,
-OX2-0R, -X2-OR,. -Re, -OR and -NRAC(O R ; each of ring vertices a, b, c

and d is inﬂ’éﬂ@rﬁ@&ﬁ?’l‘? selected fromN and C(R3a), and fromone to two of
said ring vertices is N, and each R3a is independently selected fromthe

group cortsi s{4-(fgChlordrd-dluogpefrmetival-obenyl)-Lysthyl-kipkraziGil-@A | -Balyeablof8,4- C3. 6
cycl oal kyl ,, C3., (I;\steroc cloal kyl, -S(O 2Rh, am no, 10 phenyl, pyridyl,
pyri mi di nyl ?]péﬂgi" 'Yliﬁt},‘a“égi%di azol yl, isoxazolyl and thiazolyl. In one
enbodi nent, the ring vertex d is N In another enbodinent the ring vertex

b i N I &b{hehloredtivgrarémethong-phemd)-2-aetiekpiperaginN -yl-3-ryresoledd 4-

enbodi ment oy vert dis N In another enbodinent, the ring
vertex a isgﬁ,&%h% gl{aggfé(e'each hydrogen; and c is C(R3a) wherein R3a is

ot her than hydrogen, |In another ,&:rrbodi ment, the ring vertex a is C(R3a),

wher ei n RBa2irATIAPYIszlal3sdskIparidia-loylidd 4(4rahioreyriaerer-methpxy-phenylly ¢ and

d are each %&Mg&er&{h_g@x%ﬁmodi ment, the ring vertex ais N b and
ydr oger,

c are each and S R31) wherein R3a on ring vertex d is

other th r . Ln ot her odi nent i ng_ver a is C(R3a)
eherein b DAFRE s tadb Do RR PR Uy e st R e e cach
hydpogen; awngyfdihsl -P¥)-ethkfor@not her enbodi ment, the ring vertex a is C(R3),
wherein R3a on ring vertex a is other than ?0 hydrogen; b and d are each

N, and c {ns1hydr Al 101 I [N155] ) I VEhth _and b
are each %O;s/}jiac{)g%ggﬁgo ?s@&?{lgaE o\i{ﬁg?g@h gﬂ%gﬁi&ﬁgﬁ\g}eﬁé&dﬁﬁ%@ot her

t han hydr ogpyrpzade(d,4-dpwidin{lo@B6&hardoneyet anot her enbodi nent, the conpounds
of the invention having fornmula la is represented by forrmula | a3 and

lad: d_c d=¢-[444=CRlobb-3hndhddty-ghenyl)-piperazin-1-y1]-2-pyrazolo[3,4-b]pyridin-2-y1-

ethanone.

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-
b]pyridin-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-5-methoxy-phenyl)-piperazin-1-yl]-2-pyrazolo[3,4-b]pyridin-

2-yl-ethanone.
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NON *-a NNa RRd I \ NJ R3a and RRd NR3 ~OH 3 2 5 R2c RRa R2c R2a 28

WO 2007/ Q P US20061024313 1a3 la4 or an N-oxi_q;( t X erein
R2c is ha\géég(ﬁ{m%éno or nitro; R2d is selected from- ﬂm&%@éﬁ%
-X2-0R, -Re, -OR and -NRIC(O R, Rte is selected fromthe group consisting

of 5 F, 161 1-{48-Chloro-CorKmxy-phahrnip@hlin dxdka4(§HmethyGiiRidAR o[ 3,42H2NHMVe,  and
- CH2NMe2; ch. flri n%hverti ces a, b, c and d is independently sel ected
fromN andetgf’%ﬁ?",'é)ﬁ 9t one to two of said ri ng vertices is N, and
each Rae is independently selected fromthe group consisting of

hydr ogen 20hklbtfeRhlowr3-gefiogyipherol)-wperatiod R L-(3-032m! -2 ydipveskiipl3,4-C3- 6

het er ocycl - am no, phenyl, pyridyl, pyrimdinyl,
el drifr b

oxazol yl, azo 'soxazol yl and thiazolyl. In one enbodi nent,
the.ring _vertex is N In angother enbodinment _the ring vertex bis N 1In
anot her @b 'f‘?ﬁ&{ﬂ"f‘}ﬁ%‘mﬁﬂﬁ’éﬁp P Plee%nﬂ?ﬁl-%%% PRy et nent ,  the
ring vertexydvidnvil-BnaRather enbodi nent, the ring vertex a is C(R3a),
wherei n Rae ]g}rll111 ?i n}éj vertex ais other than hydrogen; b is N, and ¢ and d

' are-oadn Rl AP uar a0 P et Prspheer el Rl g Y g ek d o
ot her than ﬁ%&&_@ﬁ)’[@ﬁ%ﬂbﬁﬂﬁi—h@l}-eﬂ{mm ment, the ring vertex a is C(R3a),

wherein R3a on ring vertex a is other than hydrogen; b and c are each

S T R S R S

eath N, andethanose hydrogen. I n another enbodi nent, the ring vertices a
and b are each hydrogen; c is C(R3a), wherein R3" on ring vertex c is

ot her than, hy4i(mgmefm%;&hq?@-pﬂem)-ﬁlrel{aﬁﬁmﬁ]Aﬂy@dibio;e,mic]p@ﬂ@ﬁtif—mc conpound
of particular interest having fornulae la and I'b consists of conpounds,
phar naceuti‘?ﬁhfmoyeaccept abl e salts, hydrates or N-oxides thereof, as set
forth in Table 1. Table 1 25 1.

1- [ 4- (4- @5l bib(BchietdAflyephemethox ppharyd)zpiperdziydl}yl R2-pyraaalo|3o4-@]p3ribhpyri di n
-1-yl- et hapope
-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-pheny1)~2—methyl—piperazin— 1-y1}-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 blpyridin-1-yl)-ethanone

29. 1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-y1}-2-(3-methyl-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone

30. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-ylj-2-(3-thiazol-2-yl-pyrazolo[3,4-
blpyridin-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-y1]-2-(pyrazolo[3,4-blpyridin-1-yl-2~

oxide)-ethanone
A\
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1 [4 (4- fﬁb%@ﬁo%@ﬁ?t hoxy- phenyl) - pi perazin-1-yl ] - 2- pyrgzol o[ 4, 3. b] pyri din
€ .

yl - anone
1 [4 (4- Chl or o- 3- met hoxy- phenyl ) - pi perazi n-1-yl]-2-(3-chl oro-pyrazol o[ 3, 4
- 30 b] p3a.il e[i4¥t§4-22—h§dr&-3aﬁéthdsbq,npheﬁyl)-pmerazm-1 ~yl]-2-(6-methyl-pyrazolo[3,4-
1-[ 4- (4 Ch %ro 3- me]>h ﬁ@-ﬁ henyl) pi perazin-1-yl]-2-(pyrazol o[ 3, 4-b] pyrazi
n-1-y YEEP- sy hg ®29 WD 2007/ 002293 PCT/ 1JS2006/0 24 31 3 5.
1- [4 (4 ChI or o- 3- met hoxy- phenyl ) - pi perazi n-1-yl]-2-(pyrazol o[ 3, 4- b] pyr azi
n-1-yl - 734. @iﬂdé—flh&m-érrnﬁbo@-phenyl)-plpemzm-1 y1}-2-(6-methyl-pyrazolo[3,4-
1-[4-(4-Ch 2- QL,0- 5- met hoxy- phenyl ) - 2- net hyl - pi perazin-1-yl]-2-pyra
zol o[ 3, 4- H} F‘“a%ﬁfj %e et hanone. 5 7.
1-[5-(4 Chl or o- 2f|uor05 met hox phenylf - met hyl - pi perazin-1-yl ]-2-pyra
zoPo[ 3, 435. Bl Chlaso-3-mpetheshplivanig-pimgrazin-1-yl]-2-(3-morpholin-4-yl-pyrazolo[ 3 4-

2- (3-Am no o yridin-1-yl)-1-[4-(4-chl oro-2-fl uoro-5-nethoxy
- phenyl ) - Eﬁry}éﬁﬁﬂ B%pergrlzelon I-yI] et hanone. 9. 1- [4-(4- Chl oro- 3

-nmeth h I - hl I 3,4- 10
b]nEyF IO)(;?/ iefg%/(ji )@Eﬁgﬁcﬁﬁ-@; nfgneﬂlgxy-phenyl) 2—methy(i-p1p%rraozmrzl yl]azzgyrgzo[l 3,4-

1-[4-(4- Chlcﬁ;'ygdglfylugﬁﬁmgenet hoxy- phenyl ) - 2- net hyl - pi pera2| n- |
yl]-2-(3-nmethyl - pyrazol o[ 3, 4-b] pyridin-1-yl)-ethanone.

- L4~ (4 ﬁgﬁ%{@x@? XXthQ;Pye&}’enld)-pl 26082 In b s Y4 a]%yn&’[l?i Fplpyridin

-2-yl -
1-1j04- ( 4- Chibsidey-&hamhboxy- phenyl ) - pi per azi n- 1- yI] 2-pyrazol o[ 3, 4-b] pyridin
-1-yl- ethanone. 13.

1- [ 4- (4- @'19[&((42:rﬁar9@rlﬁerﬁoﬂﬁ¢] A RRERI- -5 ALY RiyREsRA N 1-y1] - 2- pyra

zolo [4,3- c]pyridin-1-y
1- [ 4- (4- Chictpyod@2-3-yirethenduenet hoxy- phenyl ) - 2- net hyl - pi perazi n-1-yl]-2-pyra
zolo [3,4- 20 c]pyridin-2-yl-ethanone. 15.

1-[4-(4- QﬂlQﬂQ43§HI@bBQﬁMh@heﬂyan)mﬂw&zﬁZl—B}}]D—M%d&p{zﬁzﬂmtm]pyﬁ&lﬂi pyrazo
| of 3, 4- b]pyr|d|n 1-yl)-ethanone.
1-[4-(4- Chldﬂbeémﬁﬁ?hoxy phenyl) - plpera2|n | -yl]-2-(3-thiazol -2-yl-pyrazo
| o[ 3, 4- b]pyridin-1-yl)-ethanone.

5 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 } -1 H-
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-
blpyridin-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]pyrimidin-1-y1)-ethanone
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25 17.

%] w“(all %Vh OJO?/P(%é*gﬁ(r)ﬁeS Tét hoxy- phenyl ) - pi perazi n- 1P\élr]Us§009/¥{4§1230| o[ 3, 4-
1-[4-(4-Chl oro-2-f 1 uor o- 5- met hoxy- phenyl ) - pi perazi n-1-yl ] - 2- pyrazol o[ 3, 4-
b] pyri di 4~ 124y4-Chidrendemethoaophay }OO2EE D22 91- ZR@%m@ﬁwﬁm@m— 19.
1-[4-(4- Ch henyl) p| perazin-1-yl]-2-(3-nethyl-pyrazolo

[3 4- b] pyr nm?fg‘jl')glfg%ﬁrgﬁlone

1-[4 | Qr 0- 3- met hoxy- phenyl ) - plpera2|n 1- 2- (3- oxazol - 2-yl - pyrazol
o[ 3, 4 b‘j8p9,7[i’r-@%ﬁh&orgﬁ)m@bwnmﬁgyl)glpg@zm-1 yl]-2- eé c]hloro-pyrazolo[B 4-

1-[4-(4- A enyl ) - pi perazi n-1-y1]-2-(3-fl uoro-pyrazol o[ 3, 4
- b] pyridi nﬁpﬁy@)ﬁz ngé%%r%h

4- (4- th h
- y%] (2 (4? iiégﬁ%h&)m grm 9?&?51}63{/ P e%‘%yiiyﬁ Zi%fhijqu)’ %éﬁf?’ln% 23,
1-2[4|-(41(C)3h[, rry%}gmorpghenyl ) - pi perazin-1-yl]-2-pyrazol o[ 3,4-c}pyridin
-2-y e none o
1- [3| 54 ﬁbﬁé—g\ez%é)sp};r At 3%%%13111- .}Jf)?f-ﬁ?@ chjrorxI —meth%%}r/fa) e%ly [3,4-c]pyridin
1 [ 4- (4- Chbpefazid-T-Viketandneret hoxy- phenyl ) - pi perazi n-1-yl ] - 2-pyrazol o
[ 3,4-b] pyridin- 1-yl-ethanone 15 26.

1-[4-(4- | | -yl]-2-(3-t

i azol -2 o1 Byr e e B P R SRR SRy Y- 2
1-1p4- ( 4- Chbipeezid- f-ylijeftendaemet hoxy- phenyl ) - 2- net hyl - pi per azi n- |

-yl]-2-(3-pyridin-2 yl-pyrazol o[ 3, 4-b] pyridin-1-yl)-ethanone 28.

1-[4-(4- @QSV@&Z&WR&MKMS ahapyrt din-PiyPer-pzidocH ory 3t mehby-pRdnihl - pyr azol of 3, 4
20 b] pyri di n- - et hanone 29.

4- (4- ChPippgzip-K-y F}@n@lerret hoxy- phenyl ) - 2- et hyl - pi per azi n-|

I

y 2- (3-net hyl - pyrazol o[ 3, 4-b] pyridin-|-yl)-ethanone 30.

- [
- [
o
-{
0

|
L5

(4- mﬂfﬁ?@iﬁﬂﬁ’@’b’mﬁm{m}wﬁﬁmﬂ Pl di(f-chloyd-J-oti{Beytrieapdpl - 2-yl - pyrazo

»

3,4- Db] i et hanone 25 31. :

2-[4- (4B%ﬁ¥% §Uﬁﬂ¥ﬂ%§§ phenyl) - pi per azi n- 1 yl]-2-o0xo-ethyl}-IH pyraz
[ .

3,4 Xrldlne 3-carbonitrile . :
-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-0xazol-2-yl-pyrazolo[3,4-

Ok Tr k!

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 b]pyridin-1-yl)-ethanone

57. 2-(3-Amino-6-methyl-pyrazolo[3,4-b]pyridin-1-yl)-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]oxadiazol-3-yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone

'5 59. 1-{2-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-oxo-ethyl }-N-hydroxy-1H-
pyrazolo[3,4-b]pyridine-3-carboxamidine

60. 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1}-2-(3-[1,2,4]oxadiazol-3-yl-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone
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-yl - 2WORPH¥E29%8t hanone 31 WO 2007/ 002293 PCT/ US2008¢DERB1@2483.
(4- Chl or o- 3- et hoxy- phenyl ) - pi perazi n-1-yl ]-2-(6-nethyl -pyrazol o

w 1

yr| di n33bypyyazelofih iy ridiBb-yl]-ethanone
(4- Chl or o- 3-rnet hoxy- phenyl ) - pi perazi n-1-yl ] -2-(3-nor phol i n-4-yl -
[

o[ 3, 4?2 m(ﬂ)é’{.'ll[dl(m-(ﬂ'ddfb% ﬁbﬂﬂ@ﬂﬂﬂﬁnﬁl@-pxperazm- %flrlly-oxo-ethyl }-1H-

p

(4-Chl oro-2-fl uoro-5-net hoxy-phenyl’) - 2- ne

- pi perazi n-
]-2- pyrbﬁ@%&f{[éﬁ@ﬁ’ﬁ]@?ﬁrﬂ] seefamidq - et hanone 37.

y! - 6- 301 px(4€htoad- Blazmlﬂtﬁcy%ﬂxenyl)-mperazm-l -y1}-2-(3-methanesulfonyl-

anone

] pyri di nPYra3piol3 drtinyestie 1

di ro4. 2{3)ﬁlA)nle¢rhahyiFI5W%§25104&4-b]pynd1n- ~y1)-1-[4-(4-chloro-3-methoxy-phenyl)-

e

[
-1
[
|
b
-l
zol
-l
"y
[
[
C
-[
yr
[

ri din- Iilpf)la’fln' ] "%1. 1-[4-(4-Chl oro-3

t hoxy- % i perazin-1-yl]-2-(4-methanesul f onyl yrazol o
, 4- b] pyPSi bl1[¥r( CBHO)Q-&%W@MW?W@S@%1cnd}r%t($rwdopigyff%@,@gx[%ﬁ-b]pyndm-

4o bl pyri di [ 4- (4-chl or o- 3- net hoxy- phenyl ) -
p| pera2| n- 11§P a{néaelnone 43,

it ool o BB RGeS TS RIEbeRIPEfE Ropadde Eo s bl )11

1-[4-(4- Chlgﬁgz&[gmg]m&,m%nygt}m{@,hperam n-1-yl]-2-(5-chl oro-pyrazol o
[3,4- b]pyridin-1-yl)-ethanone ?5 4

p

<

W e e BB TR R RS R
“’3

[4- (4- Gyl p) &2&@0@?&?&%0@?@%@%& pﬂ%ﬁ‘)zﬁlﬂer&m%( '11y1]22 Qé‘o&l&'of’ﬁ Qr.pyrazolo[3, 4

d] pyri m di

1-
-1 [ 4- (4- Chi pyrezole[ AEtt]pyydiptienybtharpnper azi n- 1-yl ] - 2- (4-chl oro-pyrazol o[ 3, 4

d] pyri m di n-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.

34

(4- Chl or o- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-(pyrazol o[ 3, 4-b] pyri di

4-
4-
o (4 Of b Pelnitiq sEMARIRe - piperasinc Ly 2:S-pettyl L2 daeadieaol ) o1 5 4
)
4
I

- (4- Chl or o- 3- net hoxy- phenyl ) - pi perazin-|-yl]-2-(pyrazol o[ 3, 4-c] pyrdin
4 (4-Chl or :gp? nmet hoxy- phgé)y - pi perazin-1-yl]-2-(4-chloro-pyrazol o[ 4,3
c) -€

4 (4- Chl or o- 3- net hoxy- phenyl ) - pi perazi n-1-yl ]-2=(4-i odo-pyrazol o[ 3, 4-b

4 (4-Chl oro- geﬂlgﬁ%%édohenyl) pi perazin-|-yl]-2-(4-iodo-pyrazolo[3,4-b



32 WD 2007/ 002293 PCT/ US2006/ 024313 47.

1-[4-(4 t hoxy- phenyl) - pi perazin-1-yl]-2-(4- azol of 3,
4- d] pyr%g?(&wﬁqﬂ?ﬁ et hanone 48. %&RI%%W@QE
1-[4-(4-Chl oro- 3- met hoxy- pheByI) pi perazin-1-yl]- 2 (6-chl oro-pyrazol o[ 3, 4
- b] pyridin-2-yl)-ethangne 5[49.
1-[4- (4-Chl oro- 3- net hox ) RideRehazi n- F -(6-chl oro-pyrazol o[ 3, 4
- bl pyridin-1-yl)-ethangi,i50. 2=(6-Azido-p old‘[
3,4-b]pyridin-1-yl)-1-[ 4 ¢4 ¥hl or0-3 - nethoxy phéhyl ) -

pi perazin-1-yl]-ethanone 51.

2- (6- Am no- pyrazol of 3, 4- b] pyri di ngdyevte tBL- [ 4- (4- chl or o- 3- met hoxy- phenyl) -
10 pi perazin- | -yl] -ethanone

52 % ( F}er a; dcgcgé(lﬁfafﬁ ls?ch’g’s e g}llwgsis%lf Qze!mc%%le del{\ﬂltl(fé 1?0@1 RE18- 3- met hoxy- pheny

53 2- (EyMplyndlpwazol o[ 3,4-c] pyrdin-1-yl)-1-[4-(4-chl oro- 3- met hoxy- phenyl
)- piperazin- | -yl] -ethanone 15 54.
1-[4- (4-Chl oro- 3- met hoxy- phenyl) pi per azi nE yl ] N&h( 3- oxazol - 2-yl - pyrazol

o[ 3,4- Db]pyridin-2-yl)- -rrethyl-pyrazolo
[3,4-Db]pyridin-1-yl)-1- 4-c —eg%@é——r—n
o]

phenyl ) - pi perazin-1-yl]=- ne 56. N

1-[ 4- (4- Chl or o- 3- et hoxy- phenyl ) - pi perazin-1-yl]- Ho. (3-methyl-5-nitro-pyra
zolo [3,4- 10 b]pyridin-1-yl)- ethgafne
57.2-(3- Am no- 6- net hyl - pyrazol o[ 3; qﬂﬁﬁﬁldln 1-yl)-1-[4-(4-chloro-3-neth
oxy- phenyl)-pi perazin-1-yll-ethanone 58. ‘ )

1-[ 4- (Mﬁﬂ @ hene | G shewshaarmibesisoh peigdayolo deristaryes fimp amipermethyly | | - 2- ( 3-
[ 1,13 gglkazol - 3-yl - pyrazoto[ 3, 4-b] pyridin-1-yl)-ethanone ,5

59. 1- {fQF %4 Chl or o- 3- met hoxy- phenyl ) - pi perazi n-1-yl]-2-oxo-et hyl }-N hyd
roxy-1 Hpyrazol o[ 3, 4- b] pyri di ne- 3- car boxami gi ne  60.

R
1-[4-(4- 0- 3-ARE fexXY - I) pieEmNoRE,M - 138 11 2- (Badiysis @ \
1, 2, 4] ox zol - 3=yT="pyr IL , A= bt pyridt ')'*ert—han'ron'e Y WY
2007/ 0022 BT/ US20061024313N N

Ac

Scheme 1D

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

a-haloacetamide.

R R R R R
N o~ KoCO3 ® A @ =
" - N
@ N +  x"coRr © Ny )N
H \\ N CO,R
15 COR"
Scheme 1E

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

halogen source (X+).
R R X
AN + X
B X
- N = N
T R R
20 Scheme 1F
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61. 1-[4-(4-Chloro-3-nethoxy-phenyl)-piperazin-I-yl]-2-[3-(5-nmethyl-]

1, 2, 4] oxaqj |- 3-yl)-pyrazol o 3, 4-b] pyridin-1-yl]-ethanone 62.

N-(1-{2-[ %?2&)&)?22?% 3- met hoxy- phenyl ) - pi per azi n- 1- y| | P5TgR3W&P0H1) - 11+
pyrazol o 3,4}§prridin-6-y|)-acetanide 5 63.

1- [ 4- (4001 orrhgmendF Hanws gometalyspisied pevpding meattign df PhalGaznindazoiesul f onyl

pyr azoléﬁkﬁéu 'eb] pyridin-1-yl)-ethanone

64. 2- ( 3- nohet hyl - pyrazol o[ 3, 4-b] pyridin-1-yl)-1-[4-(4-chl or o- 3- net hoxy
- phenyl ) - pi perazin-1-yl]-ethgnone 65.

1- [ 4- ( 4- Chl or o- 3- met hox§c phen I)-piperazin-f | ]- :(3-iodo-pyrazolo[3,4-b
R'ZnCl ™ \N
XFW lll pi perazin-1-yl]-2-(3-i
)-e

]pyridin- 10 1-yl)-etha

1-[4-(4-Chl oro-2-fluoro- -

odo- pyrazol o[ 3, 4-b] pyri din-1iyl ne 67. R’

1-[ 4- (4-Chl oro- 2-f 1l uoro-5-net toxy- phenyl ) - pi perazi n-1-yl]-2-(3-oxazol -2-y
I pyrazolo[3,4-b]pyridin-l-yl)-etBﬂFone 15 [0068] Another famly of

speci fic conmpounds of particul ar el having fornulae la and |Ib
consi sts of conpounds, pharnmaceutically acceptable salts, hydrates or

N- 01 dd807therSshemadC shews & sretalrassiteiagiipaton resciipm pha haleraggindegeipounds
[0069](ﬁﬁvﬁﬁgvided in the exanpl es bel ow, the conpounds and internedi ates
of the present 20 invention can be prepared by one of skill in the art
in a conponent assenbly manner. Schenes 1A - 1Md | l.ustrate a variety of
met hods for the preparf@ation pf a variety of _azaj zol e-type
derivatives. In each of schemdBR Xi s gen; Nu i s nucleophilic
group; the synbol 0 wt aryr”qggg‘?nd ‘t he repl acement of one
to two carbon(s) of said arﬁl rinSd rtex (vertgpes) wi th nitrogen
aton(s); L is aligand; and non-interferring 25 substituents are provided
as -R -R -R and -R''. Schene %ﬁb 00.20] Schene 1A shows the synthesis
of azai ndazol e derivatives from h3f? di ne- 30 carbal dehyde or ket one.

34 WD 2007/002293 PCT/ US20061024313 O R ~b R, _hydrazine R N
[0077] Scheme 1H shows the amination of an azaindazole derivative.

R 1; M‘CITBA NH2 R R
2) TsCl, py N
N™/y ™ 3) ethanolamine N™ SR + N( \ N
l 'N T | ,N / R
10 | R R R
Scheme 11

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

R 1) MCPBA Nu R R
2) NuH; PhCOCI N
Z~N Z N N TN
R R R
Scheme 1J

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

R \ R
HaN I\<N ﬂ{‘_’f‘l [ IQ’N
/ N
N N H

HNT N
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|J X H Schene IB 5 [0071] Schenme | B shows the synt hesi s of azai ndazol e

derivativ | o- cyanopyri di nes. NH2 CN h [,..=\ N N
o2 AL sehone’ | s P

X H Sch 2] Schene | C shows the synt hesi s of 5225
derivatives fromam no-nethyl- 10 pyridine. R R R R N hydrolysi s N
Ac20, base | i t-BUONO, Ac20 W N SchemeMH Ac Ac Schene ID [0073] Schene
| D sho e t i e [ N t h..an a- hal oacetate or
- hal o daL - SHERSHCRo ks ARESRBNAE B, St B A ) 5N TR N oo
15 \' COZR' Schene | E [0074] Schene 1E shows the reacti of azai ndazol e
derivatives with an eI throphi l'ic  hal ogenssaukice ()f\-lk) cg NT\ N X NN
HoN
N N R R g28,3che F I35 » 2 N, ——
Et0,¢” N H
R - OH
N \ R
NN .
N]r _ N,N hydrogenolysis lr N \,N
N
Cl H H
5 Scheme 1L

[0081] Scheme IL shows the synthesis of a pyrazolopyrimidine derivative,

NH
OEt
/[ POCI; NKTCN
NC”™ ~CO,Et eg)}N/ Cl
NH, ! NHRR
hydrazine N Cul, NaNO, N]/\/E\<N Pd(L)4, or Cul
/L H Mes” N7 N
NRR' NRR'
A Raney Ni N™ S\
| )N'\ z N " NN
Mes” N~ N N H

Scheme 1M

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

0

HO—<_ N

R °'<_ % _mopeA ® O‘/{‘ ;“% LiOH N
=

e { ]
Ny IR N S-fx IR

Rl@/N NH R\ I\ o)
O 0
— N’ =~

coupling

P
© Lot
10 N
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WO 2007/ 002293 PCT/ US2006/ 024313 [0075] Scheme I F shows a netal -assi sted
coupling %%34/0%%9 f a hal o-azai ndazole derivative. X RR R 'ZnClI N N
WN N " ?VPO) cheme 1G 5 [0076] Scheme | G shows BCHEY2A90/3443 st ed
am natlon reaction of a hal o-azaindazole derivative. X R NRR \ HNRR~ N
N N PIN.L) PhidemaSeitiabCahppfifiedy Schene 1H shows the am' nati on of an

azai ndazol e derivative. R 1) MCPBA NH2 R R ) Tsd, 3 N 3)etha

th ' N N NN | 007 S
cthano\ g e N (L NN IR RR G Seherr 1 LooTal SPRITeen
R R 2)ctidMthlin IRipedabndNaniNaly Wil Irpi iy Norttail alhbnaceutical carrier or diluent.

[0083] The term "composition” as used herein is intended to encompass a product

5 comprising the specified ingredients in the specified amounts, as well as any product which
results, directly or indirectly, from combination of the specified ingredients in the specified
amounts. By "pharmaceutically acceptable" it is meant the carrier, diluent or excipient must
be compatible with the other ingredients of the formulation and not deleterious to the

recipient thereof.

10 [0084] The pharmaceutical compositions for the administration of the compounds of this
invention may conveniently be presented in unit dosage form and may be prepared by any of
the methods well known 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 comsisting 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 admixfure 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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or talc. The tablets may be uncoated or they may be coated, enterically or otherwise, by

5  known techniques to delay disintegration and absorption in the gastrointestinal tract and
thereby provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be
coated by the techniques described in the U.S. Pat. Nos. 4,256,108; 4,166,452; and

4,265,874 to form osmotic therapeutic tablets for control release.

{0 [0086] Formulations for oral use may also be presented as hard gelatin capsules wherein
the active ingredient is mixed with an inert solid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is
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 of 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 heptadecacthyleneoxycetanol, 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 more 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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necessary, shaping the”product” 1 nto e
or a mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents
may be naturally-occurring gums, for example gum acacia or gum tragacanth, naturally-
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, cyclodexirin, 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
or‘ 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 inj ectables.
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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] 1In 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.

41



15 and stabilized wth surfactants such as nono-di gl yceri des, PEG esters
and the |like. [0087] Aqueous suspensions contain the active materials in
admi xt ur eWRi 2007/832Bpi ents suitabl e for the manuf act ur ECHYSAYIRETS
suspensi ons. Such excipients are suspendi ng agents, for exanple sodium

car boxyryped)y | CERL BtoasRs a ERE YdrGRbIfeHRSALh MMPEsHNng He@BYbiRERYEeel | ul ose,

sodi um al gi nate, pol yvinyl-pyrraolidone um tragacant h and gum 20 acaci a;

g| Z pelr slirﬁ@lr@rceu\&qctlwg e gaore gerrﬁaa,lbewah ﬁmcg?rwalss,mmm RGRA eBRYSPRAGT de f or
X b
! Cond %fde;r!ﬂ{rg@ of Sou tﬁg&qﬁ yoxy Fiﬁ)%ﬁﬁ ear a p%hh%grtﬁgtgrﬁﬂéir%sa | On

fatty acids exanp
productae paimemlhtw esehil cﬁorlmmiui/atmg Irionmgrte; hmcnopladgepllyatpimcytal geanbdcste, NOr

exa Ie aet hyl, cet or, candensati.on p ucts of ethyl ene
oxXi aﬂh‘%ﬁ %f & 1%F§P é f“i‘do‘fﬁrtF"a‘tIW“alé%ﬂ 8&?‘?18?’ such as
pol yOXY&Eébiia@cEﬁugélo%%ﬁh&Qﬁbeuﬂp rbé‘é@t Becodingl ? n?%&ﬂt%eﬁﬁ&f’ié%@ct@é

ethyl ene oxide with partia s derived fatty acids and hexitol
anhydr i idgemppends whmlu;ﬂ@uqsﬁﬂ yethh prezendion endipt gatmeniodh e\ad@van“meof aqueous

cthyr R B SO o Br e R RS S TS i Pl®iont <. one

or nor ePRdravediiing Fgpnvsi20a1dos @oe3)pr nore sweeteni ng agents, such as
sucrose or saccharin. 30 [0088] Oy suspensions maybe fornulated by

SUSREeNdjigpgr)t hrsor%sz&mme anngsrtaﬁibaﬂ ounfl ﬂat maaﬁﬂ@ba@banefel funétﬁhf sﬁegﬁh r ach' s

oil, olive oil, sesane oil or coconut In a mnera

| i qU| d Yeeadafifistered Thambdiit (je.stedpeervs pmvsnthmﬁammatlam or eelinler oidmatiog agent , for
exanpl e 39. X\%Z 07/ 002293.. PCT/ U 2006/ 24313  bee § hard paraffin or
cetyl at¢Bht W%&%‘é%ﬁ?‘ﬁg“‘% it éﬂ%?H °§13PF1%1§EC '8 ?‘T‘Fl&?"t%l’%% Ve SHid

flavori amgaa@eytb smtmndae)r ﬁdﬂﬁﬁmhpclﬁfr@t&kdﬁe)@cﬁaé@(ea@l 6f AxAheHhBRALIAL)I ON.
These conpositions be preserved by the addition of an_anti-oxidant

such asord¥ Pteryae?chatoqr@t%@} cqabgrvél}l@reér EopeRAawie MATgCF HHiirdwndeR apl e

forypr eRALAMaRRy Qfc B2, HERUS! ;SHERCARHEE or mitPhe (IS RAUKS ERDHQhNBRIET
provide the actlve ingredient in adm xture with a dispefsing or wetting

agent , saedaedd fhy nagseritmedhetl. one or nore preservatives. Suitable
di spersing or wetting agents and suspendi ng agents are exenplified by
t hose ajonesidySimiatly,cmenktal ovrapounddehi pziomads 08 61 pbRNuBction® bf EXRIM €

sweet eni hg, . flavorin d col oring al so be

[ 0090] aﬁﬁ‘émﬁﬁéﬁdﬁ%é@ﬂ%?@g nde%ﬁ%&ghws rafmtrmgwmm%ﬁu%?aﬂgw%e in
the f Oréﬂu%fau@h'c'hbxﬂotax\{@t&&ﬁﬂgﬁ @1 ONS enzliiRs, HidtamiRBAS S IRY MBS Pm¥&EASE abl e
oil, for éxanple olive oil or arachis oil, or & mineral oi'l, for exanple

i il d tskeesst faswitig imthg beneBsiabstimuiativn of Dffiamatstasy pragesses. \Forgxagplat s

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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[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., intramuscular,
intraperitoneal, intravenous, ICV, intracisternal injection or infusion, subcutaneous injection,
30  or implant), 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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Conpoungs prdtabiblyRRbdbrttwideRer dayar € particularly useful for nodul ating

nonocyt €, macr ophage, |ynphocyte, granulocyte, NK 5 cell, mast cells,
dendri t4 ek . . i rialn i e I ‘
exanpl i‘?fﬂs stIéevglclzllr]%Lsﬁﬁlé r%hérlfc Oiwgg‘gf tglfgt tbﬁ%’%&p% ?ecleg% fa%é({)grg%fe%%%f(()({rog% egI Y,

t he pr dsemny pamiceat padient maydbe eticé dnd will depepbupods whikiytofdactorsimefudingi n t he

preventj on and/ treatnment of a wid ariety.of _.jnfl ory and
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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 agsociated bone loss, the present compounds and compositions may be used
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be adm nistered to inhibit (i.e., reduce or prevent) inflanmation or
cellular infiltration associated with an i mMmune di sorder. As a result,

one or nor¥ORH %3t ory processes, such as | eukocyt e PEFEREIOMITr
infiltration, chenotaxis, exocytosis (e.g., of enzynes, histamne) or
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o ot of e EHOESeDikE i o SRAL ERh of p SV ARt rssRantor -
i nf | anmfigmihah P 6€HE E6r exbRplead et PERmpoun®AREYE BSetGBNoftRn] R, bRRineO

conbat bacterial 1nfections. [0099] D seases and conditions associ ated
wit h i nfentepyaibupiefen; idomethasisdectnsplac, apraphing Maprok gk Phenscein, pirerdeassl ausi ng

t he met : or ' Nl Al r reed: ' t, the

di seas eaggldgg%%%flg’nﬁfeg%ﬁé wlﬁlg\t}\%c?%ﬁldta ﬁ’eﬁgﬁeﬁg‘%’s sglﬁﬂ?rm%ghce | s such 25
nonocyt egmpracdsoguidagmpodityorphaoyteadministonatl edthtaa  andiesielidted shmse; acel |,

den itié rﬁe“’ %{ certain t,»)_inggﬂne derived.cel | éifor ,examl)l e,

ost Bocl BUPEIRIL P 3 CBECINT R B RPEBRIS U Srbt e ) S BP D GBI %5t e t he
i nf | ammabgieyiugl h %x@dd?ﬁ’d%n?@s%ﬁ%\ﬁ:ﬁ-as pEsh9Rbhdif, BRGyrRoRMibodi nent s,

di seases or conditions, including chronic diseases, of humans or ot her
speci esPea¢rephedainePsymetizohgu prinsphring napbryolingietoragtazofinese di seases or
30 condj ti ' . g1e]] [ : ] aphyl axi s
or hy pe#lrggﬂgl%e?@%’ 39%?’ %g%%)ﬁgé‘é}%dg!rlﬁég a@ﬁgr&gﬁesé&%n@gg? X’g{ylﬁg\%&é Ig’er gi es
and f oochrahipberyicabetapedyaniedr|dantoerhcthyrplroye Hiurelics emisesedatingodr nas sédatihg’ s

di s%se ]gll?er.ati ve colitis, ileitis and enteritis, (3) vaginitis, 42 WO
2007PL00YBYSBERT 102006/ 024313 (4) psoriasis and inflanmatory dermat oses
such as dermatitis, eczema, atopic dermatitis, allergic contact

der mat i 161891 |Eikpwisei ompatndsand compositiany ofths prasentitayenfig may be used in

spondyl : R I jratory

a1 or g SHRLRRAHH §forandal et Bledl QP ey R0 f N ap S

hyper seasélidrationyf therysedses easwwslitaomsl far wehidhi dogpo(i®ds aad comppaitiesdif wases,

such as_5 fibromnyal agi a,.,sgl erader,ma, ankyl osi ng spondylitis,.juvenile
N E o R S o e S T e A
RA, 2ol yiyalt gbrambhlg et thefor) ddateribaineouslyt diiskduestiallypsioh 4 adthsovatdhri ti s,
osteoarthritis, golyartiqulan arthritis, multiple scleraqgsis, systemc

| upus  EFSROTEIRALOHIGPresERfFRvention. atyoeRa conmpqyad pf compasEtopst the present

gl omer u};,088RRAN fded coRBElpdriteokily Sith(Gh8br SRS dther drugs, a pharmaceutical

composition containing 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; (c) immunosuppressants such as cyclosporine

(cyclosporine A, Sandimmune®, Neoral®), tacrolirnus (FK-506, Prograf®), rapamycin
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rejection (including allograft rejection and graft-v-host disease), and
(11) other in 10 which undesired inflamuatory responses

i mrune d|§%8&@5®§§§e to be inhibited, such as cardlové§EUEﬁWm@?§E%se

i ncluding atherosclerosis and restenosis, nyositis, neurodegenerative
di seasdgirqlimuy, Rapamuine®jrand ethetifie sdetype mmwm@ss@ts radinyginhiesglate,

hepat i t I%S:,nrg%gﬂénog fno?e??@éesﬂ*c P@h@?l‘“ﬁ Ss'tasn’ungs }ﬂrﬁ’i tﬁ %nenaln argléttélht\é)gtlfc

OtItIS rUCtI e pu I sease, ~ SI nusi
syndr ors basisbphenitansing chibZghehitamine, dmmhﬁplmhlrﬁmﬁﬁ alpraiditiepslemusiheas Cel i ac

di 15 [0101 t f enbodi nent
Cond & | BHETRURTBES FRPER P VirBarES S SBPUER B RS, Exampl s of
di S?aojg %P%et aad 9&11‘{@ éﬁtmukﬁa}&{eaﬁﬁﬁle CRotidd! Rﬁérﬁﬂ&ﬂe%h%ﬁng ancers,

car ar dlse i seases i n angi ogénhesi's or
neovas caateamoicaIter&nacphaymatadmb,e:e(mmn@ Ifwfanedﬂe,siemdmethoﬁylpmtqdateh yndand

macul ar, degener ati o i nf ctlou dis V|ral |nfet|on e.g., HV
i nf ect |t8?1ﬁ%’ea2§ I’lBgéfFE{l#ﬂé ‘8‘8%‘1082%5 tﬁﬁ’&f?a;‘ﬁ BQ{?BBIr’g » di seases
such asjsédiGfe, lallHszol, Bi'?dlte?&@ﬂd bh@ﬂ&o@ﬁﬁe@‘ﬁ%ﬂ%né r@&ﬁ&bﬁ@édmﬁoﬂfbpideons The
term "organ transplant conditions" is meant to include bone narrow

t r ans pl igmtropigdirenisisslegniriensiantagenigafe. g czafnlukpgtanenjelukasy granlukgstg, heart,
Pangy €ap Slﬁ{aFtCﬁ]mﬂ%ft hx?d“§1<f3 hekees) 1hkAnsR @ %ﬁl@ﬂ?irﬁﬂib%afs U(Fﬁél&é%f] The

compoun resent rnvehti’don are acco use
pr eventBAY-1025); etmdom steza»idatémttl-mﬂammaﬁodﬁageatsl(B]B)AIDﬁ) sunif hsepropibic ycidnd

i mmunor equl atory di.sorders and d| se 3 ending on the di sease
to be pcfegé{?tbvﬁsg’%/ﬁj atlrﬁlgxog,gpgfxbgpncg(agrg fﬁ’ﬁ“é OHg %@%@h% Per t he present
I nvent i RAogS¥¥n, FRpAFHEA, ThudiSloRe, M&/‘BE@ indRHRAL I%rt@ﬂrofeﬁ Hiroprbfth! BipHseH] ar

|ntraper|toneal |ntravenous i ntraci sternal |nject|on or |nfu5|on
subcut aA¥epesin; pifrselen.dnancpeoier, sumpfeant@aprofgyc Poif Pathtienapeen) eacglic agié when

thelscon&%ﬁ%'tﬁ/ekf gc E+rﬁ&h£c aacétﬁ&?% i Ca l%Xnac' Hﬁ@%lf&ta& WhiREAY, nasal,

vaginal , recta Fngual roU es of mnistration’ and may
be for r@h@@ﬂ«dacmlfmﬁmm ﬁtroxfgaadwézufena@ 1®uepaabcb@udiosmgeda¢ni1¢p1ﬁanr tolthettn, ons
cont ai ni. %{cl;?egonve t| onal WO 20Q7/ 002293 PCTféJLIJSZOOG/ 0 431ng non-t oxi c
phar macetiRess T aze&@&fa% DA AP IETVARPL G TRRE A SFEO TP G pr i at e
for eacfid, hiefdn@meS acas] fiffinSt béll aRitoltbhA4 heilly) biphenyl iixyROkCi@HerPragv@Nnt i on
of conditions whjch require chenol dne receptor —nodul ation an appropriate

dos age (e gy diflupispl anddenisally oxearais gt iwxisem, Pieoxigon. wgdqrésemagd 5 pati ent
ot BN 1,80 D A SR BT
per dayapazm!edjepplpé@hmbfeprazone, 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 CCRS, CXCRZ2,
CXCR3, CCR2, CCR3, CCR4, CCR7, CX3CR1 and CXCRG6; (m) lubricants or emollients
such as petrolatum and lanolin, (n) keratolytic agents (e.g., tazarotene), (0) vitamin D;
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 B-1f (Betaseron®), interferon ($-1o (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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about 0.05 to about 10 ny/ kg per day. A suitable dosage | evel maybe about

0.01 to 25 / kg per day, about 0.05 to 10 ny/ kg per .da r ut 0.1
to 5 ng/l%’@oﬁg)?/o . Wthin this range the dosage naypggx{??@ggﬁg 0. 05,

0.05to 0.5 or 0.5 to 5.0 ng/ kg per day. For oral 10 admi nistration, the
conposicompoinds sechps Stamiatdalicylicaeiddad pradniga¢hdrenfnhyalioxyahiosigainepnt ai ni ng

%, A Bl T R Ll
400. 0, 129 sPhthRRAnMibitdrs Qudh asB9roRyur@DihdGnicARsbuldfGubtersSull AoRMRiR{ the

active ingredient for the synptomatic adjustnent of the dosage to the
pat i entThegveight fatieof &1 compeuvrdefisbeprgsenhinycniiondel tHerstennd petivedngradiertgi men of

| tQ 4 1} ; - i .11.0105] It
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of dosaffectiviedosearficagtawill barsad. Phis, &nexamyie,vherarcoggoaniofithd presi@pend upon

a variety of factors,includi he activity of the specific conpound
enpl oy S7CRHPRIS 78 B’Gﬂiiwét%sapé‘%ﬁn"ﬂﬁé?e&’ﬁ T‘@H@PﬁthSFO%IE?‘F’@rP“QﬁPr?Sﬁ% compound,

the age,ydaRslytowsd SRIID RAT G ATYrafd At e isdut $0(CE10 MBBREN: ?doo[;@%fe}my sex and
20 diet of the subject, asS well” as the node and tinme of adim nistration,

rat e ofabewt@eiliteaboutil 2§0. Eombinationsod a campoundef themesentinpdntioh enether cul ar

condi tion f.or t.he subject .under.goi. herapy, .. [0106 i seases and

cortt ¢ 1o Bl MURRG A ARl b SR ennh i eBke B ERTR  anc
cancer cgfactiielotd efadasidaddive pigatieit Sbuld bduskde present conpounds,
conpositions, and nethods. 25 [0107] The conpounds and conpositions of

the present invention can be conbined with other conpounds and
conpositions having related utilities to prevent and treat the condition

or dis e I rest, such as inflammatory or autoi mune di sorders,
condi tions M%ﬁ‘g‘@;ses, i ncludi ng inflammuat ory bowel disease,
rheumatoid arthritis, osteoarthritis, psoriatic arthritis, polyarticular
ar t hri t[ps10] miticifpll@visg beangsesare afféred gi illudiasehstant toléoit itesildmedt opi ¢ 30
de;lggti,ti s .and asthma, and those pathol ogi es noted above. [0108] For

ex

| é0V§IHOR-ne treat ment or prevention of inflammation or autoi munity
or for exanple arthritis associated bone | oss, the present conpounds and

conposil@1dhs Rragenieandselyents asedthelonrandpreEnefdnUSEIDSEE 4BIBS sial as
con, nkLal, et T LESHOLAY, P8R BEBPik e Bt
5- | i poxyganadecurg 40§ MitoNyesmsteometbr. [Sigrificant sakharapravidedetlatiwytgenase- 2
s B TaSLL SR LA Bt ol 58, LB subn dy Lo T Lo
sy rdoheshsitiptet) 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 (EST) 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 NHsOAc in acetonitrile / water as

delivery system.
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S nitric oxide, a non steroidal anti-inflammtory agent, or a

cyt oki ne- anti- inflamatory agent, for exanple with a
conmpound %@2‘5 Z@Eaéc}gt ami nophen, aspirin, codeine, fentPAm{lS2006B8243130f en,
i ndomet haci n, ketorolac, norphine, naproxen, phenacetin, piroxicam a
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2 el oneiarry i EhrfoRBt 5 wbprEr Ll AER e pRESe e 0Bnt i on.

Wien aNeONPOIRL/40the COMBMS b Wwhith @Jhetrdsb@ ifdogfRditéd inl iR PfOr BB pliPosks.
conterrporaneousl y wi.th ogne or nore other drugs, .a pharnaceuti cal

conpos HSoTardsHt eieptisidesdigrnbesnitaplaied iyl Hﬂﬁhﬁaaiﬁlpeé??l%mdﬁ@f%%ﬂ% or
conpos
phar macant Syheliaf oAl obHE Rk Bpirta BY G Sl bR P b b e
t hat abptonizehtisken, soreasshe awtyd upit describest invlee hody o€ thismyention. t her apeuti ¢
agents, in addition to a conpound or conposition of the present
i nyent fean3] Boagwpkigsd Bfthe &t hell a&@ﬁdca%m&tha aR@enive haBddsThyy lecengegidned
wi th a conpound or conposition of t present .invention, either
admi ni & Spbesige s taresd comppunds of s wxshioniad that therpprepches AesEPed ons,
i ncl udgsimUhe B85 s hbéﬂlﬂeﬁgm{e(ﬁot émus\{%bﬁt 800 bifad Bﬁcable and
corticosterol ds,” such as 30 becl ormet hasone, t hyl predni sol one,
bet arrepna@@hmutqsrt@dcbmmmé$ ofinterdstol one, dexamet hasone, fluticasone,
hydrocortisone, budesonide, trianctinolone, salneterol, salneterol,
?al blut ulyl tﬁftﬂiﬁtnﬂﬂ%ﬂules&Q)mé&ﬁﬂiﬂ@@ﬂﬁﬂgo@??ﬁﬁtﬁﬁ dﬁfwénl taﬁar?mleﬁsmmi ne
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Rapamune(r)) and ot her FK-506 type i nmunosuppressants, and mycophenol ate,
[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  regiloisomers.

[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  inorganic 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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cal cipotriol (Dovonex(r) wYd /PUVA}WS(@)C ant in 30 (Drithrocreme(r)),
(r) etretinate (Tegison(r)) and isotretinoin and (s) multiple sclerosis

therapqpiiof ame duSpaiieh o8 3-chitk&ni] ?ﬂarhzay Ea3b&BehS@hO U5 )5)me, 1t Bkdogr ON

((3-1a (Avonex(g), azathioprine (I nmurek 21 I"'mur an(r) ) gl atiramer

acet at & qauBp &x@akqme)3 mLa inyh sesdrdorbs wes addedt razmedﬁé@iipm e aHsrevies
cyclop rh%ﬁt@@ & ﬁQC(&km%%leeﬁ Y5 Fboﬂ?tefﬁ‘f)&ﬁﬁﬁé X Bednthte@ i hcuo 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, Iml/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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46 WO 2007/ 002293 PCT/ US2006/ 024313 conpounds such as 5-ami nosalicylic
acid and Qﬁ;?@gg%t her eof ; hydroxychl oroqui ne;  D-penicillam ne;

anti met abo %h as azat hi oprine, 6-nercaptopurine PEAASA96 B Bexat e:
DNA synt hesi s inhibitors such as hydroxyurea and m crotubul e di srupters
such as col chicine. The weight rgkifiplf3 the conpound of the present
invention to the second active ingredient 5 maybe varied and will depend
upon trggrnﬁfegﬁq;fuyqvﬁgmo[gm ?yﬁdmn;gylgﬂhﬁat Generally, an effective dose
of each will be used. Thus, tTor exanple, when a conpound of the present
invention is conbined with an NSAID t he wei ghtw,rati o of the conpound of
the present invention to NSAhR=04 | | re&al |y range from about

1000: 1 to about 1:1000, pr abl yoxancalarut g»qﬁ to about 1:200.

Conbi nati ons of a conpound of the present invention and other 10 active

OBl o - Chio e Super iR 8. R B b S, S OHE OO be
used. \@ombﬁ?é&"}f#geﬁlédq\iﬂe%d_ﬁ@ﬁeiﬂ 115096 B8k W@”%@%ea@ﬁ&x ﬂi&ﬁ&% t&led to

illustrate, but not to lIm e claimed 15 1 nvention Reagent s
and solm@nttesnm@@rebed mccmt%bMO’thtﬂewﬂdmm@msdm aTheswﬂws such as

Al drich enm ¢ tra re
recordégd on &> Vari %%Q’n%hy\cfﬁ?%& aﬁ » aglbe cvf% ?%é{mtfﬁ/ﬁéég%" Y0 a(g\ﬁ peaks
ar Ie pr lCniL)Ii eldleroeéaaid luﬁ]r Qs dfg&ﬁ()jﬁﬁgolcﬁmﬂ sﬂilﬁw Ifidderrd, dnd doheen®e@e t4 vacuo t200

mul tip si ngl et ; oublet; t, , quartet: m

mul ti pwéi%y& ﬁlﬁdmﬁm? APy Srylemingyise MSPBM@ wasdised Wihgwt 1 eport ed
as fiphe ﬁﬁﬁér%uﬂﬁcd%ﬁ.s over charge, followed by the relative abundance of
each ion parenthesis). In the exanples, a single me value is
reported for the MtH (or, as not eg: E} ion containing the nbst conmon
atom c isot opes | sot ope patterns 36’?‘? ‘bond to the expected formula in
all ¢ ospr i zatjon (ESI) nmass spectronmetry anal ysis was
conduct ?gy @{5&3 4F¢38?€’3 ¥eVBD el ectrospray nmass spectroneter

usi ng the HP1100 HR,JEC for sa @ de N3))(ery Normal Iy the anal yte was

di ssol ved in netfhinol 2&-2. 1 o/ m—ard—-nf of O +E¥e—wab | nfused with the
delivery sol vent ~1 it the mass %:pectrometer, Whl ch scanhedl from 100 to
1500 daltons. Al conpounds could be analyzed in the positive ESI nobde,

usi ng F0e11gniHrepar@ioh of WES-BI-adbtyldmih8oietAyIByadihél BS sdeondeislamgihy-4s0l vent .
The corrpoundmfgrow ded bel ow could 30 al so be anal yzed in the negative

ESI 1 Smodesthylgytifine (301 2ama.ce mmel e it dichleromefiang (20:2L) was 3dded y " syst em
pyridine (0.8 mL, 10.0 mmol, 2 equiv) and acetic anhydride (0.57 mL, 6.0 mmol, 1.2 equiv).

NO.

The resultant solution was stirred at room temperature for 16 h and concentrated in vacuo to
providei a crude residue. The residue was diluted with dichloromethane (200 mL), and
washed with saturated sodium 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-ethaﬁone: 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 uL, 3.2 mmol, 1.6 equiv), acetic anhydride (560 pL, 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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47 WD 2007/ 002293 PCT/ US2006/ 024313 [0112] Conpounds within the scope of
this invention can be synthesized as described below, using a variety of
reacti ons WRANHP3% he skilled artisan. A sanple of usdIU2@aeE1X0 the
azai ndazol e derivatives and certain conpounds of the invention are

pr ovi defllpehenS0rmL)eing éxine (5 wmi). he orfemiqings ek depPbves 8bdi@m. sulfite bhie
descripti onse)tg%_t he s%?nt heaes that fol L\@?W, 5.sone of the aryl pi perazi ne
and het®@PSARBRGH WL P Yidpe ude Esidue wEicregdey serprified iy Nadimer i al

source ﬁﬁa& I i { | Acr os
CXgani??FI an“%@?ﬂﬁ??#?% I c%%%%?gﬁgggQ%%ﬁ%ﬂ%gg%?%Gﬁ%¥§%*%ﬁ%y%%rated,
Lancastmrazo Cipatidin- 1SyleptbanChe (A0&ahg)ophich wanesed witho@Herthar giuriGoation.

TCl - Arerica, Alfa Aesar, Davos Chem cals, and GFS Chenicals. Certain

rel gvanb1zs)y! BndrEia st R-pgRIPeIMIs)psAdind €Td O sa1efarEs Cl-Frhaolqbl4ai ned. Qthers
could be prepared as described in U S. Patent Application_ No.

11/ 008, cimidin-freyl-eibpronn (20. dmanhil ¢ mmdd, hequapyn fefielaidsoftrandd nily ands entirety
for all h i i I dto link
the aryPEISBPEE L ShSouel AR SRAT LR IRN AP R3S S0, MBS, 2

obt ai nedaction peletiar esh stiyred hieroomttbrapkgatinel fomd) hiusid nigenacoackntratel y» vapbiteri zed

|l i nker, such as the acetyl unit ,gescritged in.the bggy[ﬁf his invention,”
15 [ 011PIPVIEHR oy rosidhe.i pbg gradeesidyg wes diluied vidowyes (28 mlngpd sxiradtedat i ve
UEtlfﬂ)Od_Swiﬂ?&i@lﬂo@%M@ﬁz x 160 RYN! PRSI ADitdIRrdRA8FerE RERAMIAK With bhAS
invention, and that the approaches described wthin the body of this
docur nehited aver spdinmesalfaigsandeencentrated i yrrwyiodeoBio Hdipyraapiel[3.4-ahiyddmad
practical .r t unds hnterest. [ Nty | gC S

0l ai et @b, PR R o LR hion TN (SR 03, REG

di ast erma@gilent Zorbar SBAA1 LI o€ mmy ap) 3HMCS 1 adl/thirdbey aenyposnds gident

cl ai med. 11 i o] sQnmerjismis mn property i rgani c. chem stry,
and is ¥ %&P_ﬁb?"gel%q& Tﬁﬁnl_ ww%&@ﬁ?@@%—@_e‘#’}@ quw%%quﬁ{c?%?‘a?t?wﬁaz
pr o degh gvekRieR. B 10098 fortaiid 4Rl 499 walt® @Idos Whekdnitrilggcogni ze, with respect
to the conpounds descri bed herein, that the coupling reactions with the
het eroaromatic ring systens can Iﬁﬁ%ﬁ%gﬁfither one of or a m xture of
detect abl e 25 regi oi sonmers. [0116 etail ed description of the
experingntal . precedures used t,0, synt.nesi ze key conpounds in this text
| ead tggwyﬁgngQggg%gﬁﬁg?gzﬂgg%#?%QHHEV'the physi cal data identifying
themas well as by the structural depictions associated with them [0117]
Those skilled in the art WQEE\?lso RE@OgNI z t during standard work up
]
H

procedures 30 in organic St Iy 06 dS nbases are frequently used,
Salts of the parent conmpounds are

[0124] To a solution of 1H-pyrazolof3,4-bjpyridine (500.0 mg, 4.2 mmol, 1 equiv) in DMF
20 (10mlL) 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

25  sodium sulfate and concentrated in vacuo to give 3-lodo-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, Sy, 35°C, lml/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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sonetimes produced, if they possess the necessary intrinsic acidity or
basicity, during the experinental procedures described within this

pat ent . 8W9\éf"}2g®2?ﬁ)02293 PCT/ US2006/ 024313 Exanpl e 1 PSyIviIhesios:3of

1H pyrazol o[ 3, 4-b] pyridine. CHO NH2ZNH2 N 'N'-Cl Dl oxane N H 1500C
[0118] 2-Chl oro-3-fornyl pyridine gmpR @, 106 mmol, 1 equiv), hydrazine
(10 nm., 5 excess), and dioxane (90 nm.) were conbined in a seal ed tube and
heat ed g¥htnesie of1444- tﬁld“rb-z I oS- me k) PYknlyH-2- ggg%étﬁgiggfe?éﬂ-ﬁ

sol vent was evaporated in vacuo to provide a cr due was

di | ut e@mmb[&ﬂﬁpmﬁn@{l%ﬁbmm@ndﬂ)m (1+¢élurpgaﬂuaro§3hmﬂloumphwyl)\ﬂas hed

ul 1 at PPy el By Bt O 07 T

1H pyrazol o[ 3, 4-b] pyridine as a yel |l ow powder which was 10 used w t hout
further purification: LCV5S (ES) M+H 120. 3, gAgl | ent Zor bax SB-
Cl8, 2.1 x 50 nun, 5 35 C In1/mn rowratMe a\2{5 gradi ent of 20%
to 100% B with a 1fn\1 wash 100% B; A="0.1 %'for acid / 5%
acetonitrile / 94 \a%%ater, B " %®kar ni ¢ acml/ 5% wat er/ 94. 9%
acetonitrile). Exanple % 15 Synt h35| sPMp e

3-Thi azol - 2-yl - 1H pyrazol o[ 3, 4- b] pyri di ne. QN&-Q_NH/?(?) Il \N NC N
D mgne, 150C N H [0119] To a suspension of o

2-chl oro-3-[(2-thiazolyl)carbonyl]pyridine (257.5 ng, 1. 2 mmol, 1 equiv)
in di ofas](2 @hl))ru-h[éa(é‘edddme{z ﬂud&e-Svmetha;@thdxyh),tﬁ{@anﬂhylb@emh)l 1-The

Comcanoi e TRy Boudians) 1 61 ug B0 1 60T Lol Set P A TR e th 7 ™
resi dugs, vass ghnddit B eVt arkl sotdsGinpatdoane (1B N4} 2 HAsH e eq Jt\*?ert‘\ﬁter (50

m.) an "brine (50 mL The organi c | ayer was separated, dr|e over sodium
sul f at elissblivbd mrchﬂetaykﬁommnﬁ&mMF)a(dOmL)\aad beatéat®OSD Be 1 hour, then cooled
3-thiazol -2-yl -1 H pyrazol o[ 3,4- b]pyridine (212.3 rng) as a yell ow powder
whilédh Us exdietriporaturé. uFhduesulisot mixtwe wasdilutedvish ethyl acetate (300 mL), and

washed with water (3 x 150 mL) and brine (100 mL). The organic layer was dried (Na;SO4)

and concentrated in vacuo to provide 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, R¢2.34min (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 ai 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-b]pyridine-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 aeid/ 5% water/ 94.9%

acetonitrile).
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(ES) MrH 203.5, R12.68 min (Agilent Zorbax SB-Cl8, 2.1 x 50 mm 5, 35 C,
lm/mn 25‘6 low rate, a 2.5 ruin gradient of 20%to 100%B with a 1.1 mn
vvash at 10892EORH 1 o fornic acid / 5% acetonitril POVG0594Et er, B
= 0.1%formc acid / 5% water/ 94.9% acetonitrile). 49 WO 2007/002293
PCT/ US2006/ 024313  Exanpl e 3 Synt ixanplet
1H Pyrazol o[ 3, 4-b] pyridin-3-ylam ne. NH2 CN hydraz Fine N Cl dl oxane,
150C N $hith@isda - mhwrazaiwaxmyﬂhb -pRer(yD)-7-(S)IhetH Y- PipREdMe 14%-21) , and
dloxane&%aoo [2( nbined in aﬂggaﬁbgytZSE algmﬁggted a?ﬂ150 C for
16 hr. @I’f@‘a?“gﬁc‘ﬂrm’ﬁa%l&{@&rl&Pm%“’cbb‘p'@ﬁlﬂ!léneroom t enperat ure and
concentrated in vacua to provide a crude residue. The resultant residue
was dissolved in etffyl acgtate (100 nlL) and wa d,—wth saturat ed NadCl
sol ution (50 nb&é:ghé:gﬂganuc{fﬁyg Odr i & ék,go Wy 'sul fate,

filtered, -and copgent rated’in vdcdo t owr akf orvd

I H-pyrazol o[ 3,4-b]pyridin-3-ylam ne as a yellow solid whitch was used
wi t hout 10 further Epur% |cat|Fon Exanpl e 4 Synt hesi s of
1H pyrazol of 3, 4- c]

|ne ~@{@20N \' M t-U NN, Ac20 ' \ ~N
NaOH\ ~N N N A°[0121] Preparation of of
3-N-acet yl ami no- 4- rret hyI le di neMe To | ution of 3-am no-4- 15
nethylpyrldlne (540 2 nmg, 5.0 nunol, equi v) in dichloronethane (20 m)

dd py. 0. cetic anhydride
(o° &7 PPttt Ty 9fﬁ§'f°r5egﬁ SNSRI R i et
room t empR2aBUbe-ptzols 3A- Zﬂpﬁ‘x(ﬁﬁ)ﬂ%@)iéthﬁioﬁd ms\tmﬁwﬁdanasmmhwl&da crude
resi due. The residue was diluted with dichloronethane (200 nL), and
washed %C?lﬁméé?ﬂ}eéﬁ’@éet&bﬁipiﬁﬁlil{ﬁ%ﬁ?%éﬁhﬁ’éan&&%%us sol ution (50 nm.) and
brine (50 nmL). The 20 organic |ayer was separated, dried over sodium
sul f at e[01&8]d &wﬂmiﬁwfé{[éd4-ichlom2>1ﬂoomeﬁ-mbébzdy—ﬁhenyl) -2-(S)-methyl-piperazin-1-

3\,,0? LZL? n[; %}%?ZO %— h ﬁa:%gpﬁoﬁ]g]%%dé-ln%-et% %el IT% ) ultfog o%xaz&e%pfsed

10 0.54 mmol, 3 equiv) in tetrahydrofuran (1 mL) under nitrogen atmosphere, was added

dropwise #-butyl lithium (2.5 M in Hexane, 220 pL, 0.54 mmol, 3 equiv.). The resultant
mixture was stirred at -78 °C for an additional 30 min followed by the addition of ZnCl,
(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-(S)-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 iz 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, 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 /

25  94.9% water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile).
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[0122] Preparation of |-pyrazolo[3,4-c]pyridin-1-yl-ethanone: To a
suspensi o £, 3- et yl am no- 4- net hyl pyridine (301.5 0 mol

equiv) in 2034982%?% n) was added 25 tent-butyl nlt%/lﬁsﬁo%{ﬂm (420
L, 3,2 mol, 1.6 equiv), acetic anhydride (560 L, 6.0 nmol, 3 equiv) and
pot assi um acetate (235.2 ny, 2.4 rxaniple8, 2 equiv). The resul t ant

m xture was heated at 80 C for 2 hours, cooled to -roomtenperature, and
di | ut edSyaithdsisadf hy[H-(4-&hM&Banéth6ﬁypﬂe)1yl)ﬂiba'amnXI-yI]62 Pasizole e 6] piridine-

sat ur at ed, sodi um bj ﬁ ?409\@96 sol ut| on 50 50 WD 2007/.002293

PCT/ Us2bdisfitsagna and f5(4- %’Wd)f’b?qr A spl2thyraztief3dr gani ¢

| ayer V\ﬂ?yﬂm 8- A¥Rhn&GRAI um suI fate and concentrated in vacua to provide
a crude resi The residue was purified by flash chr omat ogr aphy
(silica, 15% et hyI acet at e/ hexane to 50% et h cerat hexane) to give 1-
pyrazol o[ 3, 4-c] pyri di n- 1-yl - et hanone (20. 2 NchMhagtused wi t hout
further purification. 5 [0123] Synt hesi s of Mo+ pyr azol o@ 4-c] pyri di ne:
To a solution Q:f | o[,3, WY ighon-1-yl - et hanone "¢20. 2 ny, 0.17
mmol, 1 equiv) |3 et\T‘Jah of ur N2 Bee@nd net hanol (0.5 nL) was added
sodi um hydr oxi de aqueous solution (2M 0.25 m_ eactl on solution
was stirred at roomtenperature for 1 hr and“t ated in vacua
to Pprovide a crude residue. The crude residie was d|Iu [ NWlth wat er (20
m.) and extracted 10 with dichl oronethane (2 x 100 nli). The conbi ned

or gani clW&ler Shsoditizgemaanngs fHranp smedoﬁcpfgems&%iihess@faﬂlaw eapqdaft‘eas and
concent I L. e
pouer B, B R B P B
0.22 nb]mf(ichg‘t -1 eirthazionds al I\QBRGE#O(BMHZ CDL1:56 8rﬁ7r(dd,51H)3&1¢1s 1H)B 0R¥dd, f | ow

o2 o 1 b dPa LT R PO o PR RE i oRe R 2l B (I 3g DO

aCI !:b | &paBI 218 (QADIMSAM-GD t3(8|6|5€)For E{4u@pCaldro- 38‘;1%&:@@&1&)0 1peraz1n—

2 sol ut LRIy RS fsgerca h NGOt 0uHg, CHEL) ke 0 18001 ) T

DM 20g § ma)s@i (ch Gy W%(did@g@ 0?(116%{)(843%9}1)8640(@@'11{?%ﬁv('s" v) and
pot assi um hydroxi de (943 uiv). The resultant mxture
was al | ghed.8Bés, \ﬁ/ﬁb,rﬁ $7o(m,(%ﬁafi%9rﬁ7er?ai)u3é5(ra,r?d{ sM @éﬁH)‘ o#8G5.hour. The
“reaction solution was slowy quenched with saturated sodium thiosulfate
(Na2Sz(®6) solution (10 nlL), and exdxaagied with ethyl acetate (2 x 200
m.). The

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

,C[CHO NH,NH;
| —_—
> pr Ethanol

reflux

=Z
\/:\ /f
IZ -
z

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

Example 10

20  Synthesis of 1-[4-(4-chloro-2-fluoro-5-methoxyphenyl)-2-(S)-methylpiperazin-1-yl}-2-
pyrazolo[4,3~c]pyridine-1-yl-ethanone and 1-[4-(4-chloro-2-fluoro-5-methoxyphenyl)-2-
{(S)-methylpiperazin-1-yl}-2-pyrazolo[4,3-c]pyridine-2-yl-ethanone.
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conbi ned organic |layers were washed with water (3 x 50 nL), brined (50
m.), dried over 25 sodium sulfate and concentrated in vacua to give

3-1 odo- | HY9PH7EPBPB, 4- bl pyridine (1.02 g) as a yel | owqFgkades omiixch was
used without further purification: LCM5 (ES) MrH 246.2, R 2.17 mn
(Agilent Zorbax SB-C18, 2.1 x 50 mm 5, 35C, Imimn row rate, a 2.5 mn
gradi ent of 20%to 1@0%Bwtha11mn vvasMJdLB A= 0.1%formic
acid / 5% acetoji @ £94. 99 (d / 5% water/
94. 9% acetonitri I c1200 293—Péﬁ‘ U82006/ 02431 i Exanpl e 6

Synt hesi s of

1-[4- (4-Chl oro-2-fl uoro-5-net hoxyphenyl) - 2- §)<3413m i azin-1-yl]-2-
pyE aZ(()I o[ 3, 4-b] pyri di ne-1-yl et haxgne )elmzj (CM )(_/<_ %:L) -
1- [ 4- (4- Chl or 0- 2-f | uor o- 5- met hoxyphenyl ) - 2- "

S) - et i =2 3o s = 2= t F o,
‘MR PERRId e o XA SpfheediicebBile i cpeothE BIRR
[ 0125] Example 6. For 1-[4~(4-Chloro-2-fluoro-5-methoxyphenyl)-2- (S)-methylpiperazin—l yl] 2-
2-Chloro-|-[4-(4-chl 2-fluoro nmet.h i perazin-|
2 o1 ot R e e S rhartng DR TR AR NP R i o et P
| H pyr azetet SB4AC13] R v I hi, §)2,332C, gml/ﬁﬂn ASy B18)a, 2. 4m#n gﬁtﬂeﬂﬂof 20%ko

pot assi um car bonate (20.00 143.2 mmol , 10 e UIS\é) were dissolved in
0

di net hy 1 §8nRBawitte! 4 Wwaeh@gl&f)% %n%F Ad ¥ foamistaci festoniirify 4. 9% hen
cool ed 19l & i?g%ﬁ; %ﬁ‘it/ wa{EH@)érﬁﬁ e’to%ﬂhleﬁ‘ ?gxuf - g@é@gé Sl Qrg"! th

et hyl acetdfe ' ne
(100 ntl)netlmh@}mmg}am(ﬁ)—ma&@plpmnﬂr iy~ 1f yxaZd B4, B- c}mmdumahy]eﬂhmhad in vacuo

chr omat borsaRs) VER FBS Medion ae ittt o Bt SHTCTE 2R 30 Btfgkali e (o 100%

ac el@nelmmnﬁm&»%relté ia€t, ﬁmhragfhdleﬂt dB0% t8@00% B with a 1.1 min wash at 100% B; A=
1-[4-(4-Chl oro-2-fl uoro- methoxg/enl

met hyl pP 6érfa§mqﬂildy|5% @f@wﬁaw%{i? o watst, Pé %@nm%ﬂc@t/rﬁa/n Higtsr/(4.930 g) and
1-[4- (45360 )2- f1uoro-5-met hoxyphenyl) - 2- (S) - net hyl pi p
erazi n- ylnf[ 2-pyrazolo [3,4-b] pyridine-2- ylethanone (2.5 g).

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.

Q ey s

cl N N

N/ .<__N'N\

MeQ =
s
N

VN
N
N N—<~Cl N CE]; _kC0s

MeO DMF 80°C

/P
Ot

[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-pyrazolof3,4-

20  clpyridine-1-yl-ethanone; "H NMR (400 MHz, CDCls) 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-yl]-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 (5,

25 2H), 3.85 (s, 3H), 3.76 (m, 4H), 3.14 (m, 4H). MS (M+H)", 386.5.
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[0126] For 1-[4-(4-chloro-2-fluoro-5- rrethoxy phenyl )-2-(S) - rrethyl-

pi perazi n-1-yl]-2- pyrazol o[ 3, 4-b] pyri di ne-1-yl - et hanone; é ES)
418.5, RfWOMN/W2PAgi | ent Zorbax 20 SB-Cl8, 2.1 x 50n‘r’ﬁT’§52£06"§ PIE,
lmM/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 aciigampk2acetonitrile / 94. 9% water, B =
0.1%formc acid / 5% water/ 94.9% acetonitrile): For

1-[ 4- (4Sﬁhh@i§30f21 f4L(gOCMOﬁo-Z-ﬂuoro-S-methOXf' phenylg plperazm- I:J)-Z-pyrazolo[ii A-
met hyl pi per azi n- azol o pyri di ne-2-y

nmet hox hen

| et hanZ) yn@y yl—etg_:spow 1-§4-61-Cldoro-2 dbw:lwﬁ mﬂépxmemd}bmragm-a 8, 2.1
X 50 nu J rate, a 2.5 nmn gradient of 20%to
100% B W?@” %ﬁ‘ilﬁwk’g\bdﬁ} ?F?%B%%ﬁg A= 0.1% formc acid / 5% i

acetonitrile / 94. 9% wat er, = 0.1%formc acidg/ 5% water/ 94. 9%
acetonitrile), 52 WO 2007/ 002293 PCT/ US2006/ QZ@L?(D@@@I e 7 Synthesis
of B

1-[4-(4-chloro-2-f 50matho phenyl) 2- ("8) - net hyl - dfiéerazi n-1-yl]-2-
(3- oxazol - 2-yl - y@z‘@_ﬁ-‘{ rldi‘zﬁ‘@al yl ) - et hanone /,0 0 N NNON
lhca cl ~ ~ NONwmetmN N~ | N , 80G-dho Me Ol mBUL1, ~ ~ F N
2. ZnA3 NO NN N | 3. (Ph3p)4N Meo Me 27 reparation of
1- [41(4 chl oro-2-f | uor o- 5- met hoxy- phenyl ) - 2- (S -manyI L,Eg,fam n-

1-yl1-2-(3-iodo-pyrazol o] 3,4-b] pyridin-1-yl)- "€t hanone: Thi & conpound was

synt hes | e 6.
1% nthe nﬂ}(gg?é;ﬂ%@h%&&&ﬂ& WO ENBldsGePLIREREY 8 AU bEaRet duifed 3P

| -[4-( 4Eg¢ﬂlpip 6- Forf 1- %(43CslomaﬁJrﬂ@m;e)-fphw@ﬂwy-_plzer(yg)pmﬁam+1 Yi-pevazitid,4-
1) 2 g PR BSOS PN b Sk de bl anangs Seciyont v o
ni t r oger sanimSHH s eC, waBmmdiBdrate, a 2.5 min gradlent 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% water/ 94.9% acetonitrile): For 1-[4~(4-Chloro-2-fluoro-5S-methoxy-phenyl)-piperazin-
1-yl}-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, 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%
15  water, B =0.1% formic acid / 5% water/ 94.9% acetonitrile).

Example 13
Synthesis of 1-[4-(4-chloro-2-fluoro-5-methoxy-phenyl)-2-(S)-methyl-piperazin-1-yl}-2-
(3-thiazol-2-yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone.
F
/‘\ o )
Gl ol A
H N\//

N/ OMF, Tomr, e Med

IZ/

20  [0134] The title compound was synthesized according to the procedure outlined in Example
6: LCMS (ES) M+H 501.5, Ry2.82 min (Agilent Zorbax SB-C18, 2.1 x 50 mm, 5u, 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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dropwi se n-butyl lithium (15 Min Hexane, 220 L, 0.54 mml, 3 equiv.).
The resultant mxture was stirred at -78 C for an additional 30 mn

fol | owed BYORMWEORAW tion of ZnCl2 (0.5Min THF, 1.5 nPCTESTWOI/MMBE 4
equiv.). The reaction solution was allowed to warmto O C and stirred 1
hr followed by the addition of 1-[Exampleld oro-2-fluoro-5-rnethoxy-phenyl)
15

2- ('S) - mSyhthiesip Bypyriaz2-pl-1Haypiykadl[34ibdpyoridive.azol o[ 3, 4- b] pyri di n-1-yl) - et han
one (100.2 ng, 0.18 mmol, 1 equiv) and pall adi um

tetraki s(triphenyl phosphine) (22.3 ng, 0.018, 0.1 gdiv). The reaction

m xture was then heated\t reflux fqp 48 hr, cogle 0 roomtenperature
and diluted with ethyl Ic&fare ( m)—The r@gEtion nixture was washed
with water (20 nmL), br¥né (20 nl) Poee 88l over $HdNum sulfate, and
concentrated in vacuo to provide the crude 20 product. Purification by

pr epar ai#d38] HEbetife ounphed thae sytelidsized aoulingto the prbe¢dircmitbnad-iR Example

fl UOEO- 3 met hoxy- phenyl ) - 2-(S) - net hyl - pi perazin-I|-yl]-2-(3-o0xazol -2-yl - py
razolo [3,4- Db]pyridin-1-yl)-ethanone as a white powder (38.5 ny): LCMVS
(ES) M+H 485.5, Rr 2.56 mn (Agilent Zorbax SB-Cl18, 2.1 x 50 rum 5, 35
C, Im/min flowrate, a 2.5 mn grivemmeldf 20%to 100%B with a 1.1 nin
wash at 100% B; A= 0.1%formc acid / 5% acetonitrile / 25 94.9% water, B
= 0. 1% fSynthesis af 1-f4-(4-Chtora2cfldors S-A8thagy-phenyly24(8) methyB piffer 260-1/y03229 3

PCT/ US2006/ Q24313 Exanpl_e Synt hesj s  of

1-[ 4-(49%‘?]"5‘ o ymwa&%h‘bﬁlyﬂy¥f3fﬂgi-ﬁ/§zﬁt%@?§1 ] - 2- pyrazol o 3, 4- b] pyri di ne-
1-yl et hanone and . ’ . «
1- [ 4- (4- chl or o- 3- net'haxyphenyl ) piroer azj n- 1-% ol o3} 4-
b]pyridine-2-y|éJ@5 N»%Lf NN N -@/ WOINT O NNCt
| "N 1CzC03 U Iwdl MOON H R L1ov8°vo0"R [ 0124 Theytwo title
conpounds were synthesized according to the synthetic procedure as

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.

cf
EN NCS A
NTH H

N

[0137] 1H-pyrazolo[3,4-bipyridine (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-chloropyrazolo{3,4-
blpyridin-1-yl)ethanone.
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outlined in Exarrpl e 6: For

1-[4- (4- Chl or o- 3- met hoxyphenyl ) pi perazin-1-yl ] -2- pyrazolo 4-

b] pyri di ne ?Wl’&‘fzﬁ%ﬁnone tH NMR (400 MHz, CDC13) 8 8.57(tk ?I?““i’%?“s. 11(s,
1H, 8.09 (dd, 1H), 7.22(d, 1H), 7.17 (dd 1H), 6.49 (d, 1H), 6.42 (dd,
1H), 5.44 (s, 2H), 3.92 (s, 3H), 179 10 (m 4H), 3.018«m 4H); M

(M+H) +: 386. 5: o,g }-@1@1 Chi or) m%t Qoxyphenylﬁ«gﬁaﬂf n-
1-yl]-2-pyrazol q icdi ne” NNWR (408 MHz, CDC13) 8

8.65 (dd, 1H), 12(s IH), 8. 02" dd 1H),C (d, IH, 7.03 (dd, 1H),
6.45 (d, I|H, 6.40 (dd, 1H), 5.35 (s, 2H), 3.88 (s, 3H), 3.87 (m 2H),

i pyr TRPG) Fsidpeciboihthvag Pyt B R o bR ok ipERpage, ©
ESE?IO]n 6deBICE§ﬂ ) MTH 430.5] Ry, 3ﬁmne(A@snt|®0dmarﬁaaICa&,dor di50 guit, b1t BE °@r oc edure

Tt (SR SR 0 15 ERRE R DRy 0D o T ok R BESEH AU BEAT | - 2.
Py 8z 0obabsHodnielderdr/i 9k Bestdmidle LHAN Yk N4 0.1% formic acid / 5% watet/ 94.9%
1-[4-(4-chl oro-2-fl uoro-5- n'ethoxyphenyl) 2-

(S) - meedpyanprifdr azi n- 1-yl ] - 2- pyrazol o [ 4, 3-¢] pyri di ne- 2- yI et hanone. 54
WO 2007/ 002293 PCTI US2006/ 024313 F ~-ONGA NNNL~\ O N O ~~1ly
)J~O ~ '~ ~ NON H2CQJ MOO Ma MIQaiplet©VF, 800 MeO Me N~ [0131] The two
title conpounds were synthesized according to the procedure as outlined

in  EX8pihesibof fMethyl-lH yrazolo[3,4- blllpyudme
1-[4-(4-Chl oro-2-fl uoro- rrethoxyp enyl)-2-(S)-nethyl pi perazin-l-yl]-2-

pyrazol o[ 4, 3-c] pyri di ne-1-yl -et hanone: LCM5 (ES H 418.5, Rf 1.74 mn
(Agi l ent 5 Zorbax SB- 2 mavorr hBrazind5 Jmn flowrate, a 2.5
m n gradient of 20% t o~71Q0% B WiNPA~Q dbxade, 150 4T Nat 100%B; A= 0.1 %

formc acid ! 5% acetonitrile / 94.9%
0 [0139] To asolution of 2-chloro-3-cyanopyridine (139 mg) in tetrahydrofuran (5 mL) at 0

°C was added dropwise a solution of MeMgBr (3M in ether, 0.67 mL). The resultant mixture
was warmed to room temperature and stirred for 3 hr. The reaction solution was cooled to 0
°C and to it was added aqueous HCl solution (2M, 5 mL). The reaction solution was then
stirred an additional 16 hr at room temperature and then neutralized by the addition of

5  saturated sodium bicarbonate (NaHCO3) 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
(NayS0y), 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-blpyridine) 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.

(\Nj\/ N= " (\NJOJ\/E%

‘ :©/N\/' N HN% KaCOq MEOD/N\/'
5 cl N=/ DMF ‘g
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water, B =0.1 %formc acid / 5% water/ 94.9% acetonitrile): For
1-[4-(4-Chl oro-2-fl uoro-5-

met hoxyph®B/3%7V82398) - et hyl pi per azi n-1-yl ] -2-pyrazol o PCT/US2006/024313
[4,3-c]pyridine-2-yl-ethanone; LCM5 (ES) MrH 418.5, Rf 1.69 nmin (Agilent

Zor bax [P0 L &he 4tld com %&nﬂ'ﬁas%%}ﬂthes%d Qecoﬂd?némth@'%;ﬂ&cédu?é"bdtﬁﬂéﬁ in Exa?m el n
gradlent of 20%to 100% B wit m n wash 100% B; A= Yoform c

aci d / 5% (BNINTHI4805, BA2. Qﬁmm@éﬂen@%b@ SB-641 8.5 hk 60 awn. b, 35%,vvat er/
94. 9% iﬁgﬁtﬁlﬂ@l hge %%5 Iﬁﬁﬁ d?en Sl‘f 2@‘/"{0"1%/0313 ?jlthﬁl Emln was) Oart 1P%A;43 fS

1-[4-(4- or o- perazin-
C] pyrl d]]r%falmyd aoBi/r‘@lﬁemtomﬁde/% 9% water, B = 0.1% formic a01d/5% water/ 94.9%

:51 I or% 3- met hoxy- phenyl ) - pi perazi n-1-yl]-2- pyrazolo [3, 4-c]
pyr di rﬁ‘ée%m #®et hanone. "V N M G N--~ + ~N Hz003 N CI N q MeO H DVF,
80C CweO \ ~~N N N [0132] The two title conpounds were synthesized
according to the procedure outl i néxhmple 2Exanpl e 6: For
1-[4-(4-chl oro- 3- et hoxy- phenyl ) - pi perazi n-1-y1]-2-pyrazol o[ 3,4 20
clpyr i dynéhredis vt 1-¢4-(vrChiap-2-fl oS- né o xivplreny (pREMBIhyPhiper agin-1-31HR-(38. 34 (d,

111 8. 7.22 (d, IH), 6.48 (d, 1H), 6.42 (dd,
. ﬂs‘éﬁﬂgymzﬂ%’@‘%bh@ftdéﬁq e%“"t?‘"?@ m( 4H),H)3. 14 (m( 4H) H)I\/IS (M+H)§/,

386 5: For 1-[4-(4-chloro-3-nmnmethoxy- phenyl)-pi perazin-
1-yl]-2-pyrazol of 3, 4-c] pyri di ne 2 yI et hanone; ' H NWR N=400 MHz, CDC13))

9.22 (s, 1H), 8.13 (4 1H, 7.50 4NN, 7.19 (d, 111),
6.45 (d, iH), 6.39|N| QS-EUE)S &(SN*SH) 3.76 (m
4H), 3.14 (m 4H).,NB (l\mﬁqpﬁ‘ 3%6H5 BE WO, 002293 PCTI US2006/ 024313
Exanpl e 12 Synt hesis of
1- [14- (40131l orfre 2ittk koi@parnd-watshakysif @Byt din@tonke paicetute yitlinad-ipPrazplk o[ 3, 4-
b] pyridj n-1 -yl - et hanone and ) . .
11| 4 ( 4 AP GBSV GRS S5 R iy s Aopoaps T84 Tl 50 i, Sy, 35 °C,
Y11 - 2- pynagialmebdatt; £ BWih Gl ¥ 2@ RATR9ER WithQ 1. Chnin WasNk 1006 B:NN

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

acetonitrile).

15 Example 21

Synthesis of 1-[4-(4-Chloro-3-methoxypheny!)piperazin-1-yl}-2-(3-pyridin-2-yl-
pyrazolo[3,4-b]pyridin-1-yl)ethanone.
7\
=N
/_\N-—<_ KOs ‘/\NJ?\/S’/ )
c MeO. NS N
AT
[0142] The title compound was synthesized according to the procedure outlined in Example
20 6: LCMS (ES) M+H 463.5, Rr2.32 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 / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9%

/

Z
z,

acetonitrile).
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~~/l FM() ~ ON/ C / ~PF Nm+1 ~~NKpCC3 J C ry MeO ' N H DV,
8D-CF 5 Mo ~~JJ NINJ [0133] The two title COWO“E%%/&%O@/O%W hesi zed
accor diyag 2809/062¢3 procedure outlined in Exanple 6. For

1-[ 4- (4-Chl oro- 2-fl uoro-5-net hoxy- phenyl ) - pi perazin-1-yl]-2-pyrazoto[ 3, 4-
b] pyri di n-1-yl - et hanone: LCVS ( EShmipld32 404.5, Rf2.14 mn (Agilent Zorbax
SB-C18, 2.1 x50 mm 5, 35 C, 1Im/mn flowrate, a 2.5 mn gradi ent of
20% t Syﬂmesys&m{4t-44-ehnbr<13xmahd:£ypmﬁ);ﬁperma%ﬁ] 243-tiakbb-I-9r-m c acid / 5%
acetonitril 9% water, B =0.1%formc acid / 5% water/ 94.9%

acet oHY‘Ealz?]I°§}4'b]$’é’F‘dl"' ﬂ’l)f’ﬁ‘a@m‘%ro 2-f | uor o- 5- met hoxy- phenyl ) - pi per azi n-
1-yl ]-2-pyrazol o[ 3, 4-b] pyri di n-2-yl - et hanone; LCMS (ES) MtH, 404.5, K
1.76 min (Agilent  Zorbax SB-C 18, 2.1 x 50 nm 5, 35 /)NIrﬂ/m'n flow

rate, a 2.5 mn diadient of 20%to 100% B with a 1 1N, n wash at 100% B;
A= 0.1 %form id/ 5% |,§CJ 94. 9% 1 ¢ = 0.1 %formc

acid / 5% wat 4. 9% ale |hiup|N S Exangl ynth s of
1-[4-(4-chl oro-2-f1 uor o- 3%Het hoxy- phenyl) 2- - nmet hyl - p| perazi n-1-yl]-2-
(3-thiazol -2-yl -pyrazol 0[3 4-b] pyridi n-1- ylﬁ' et hanone. ~{ ON ~-) 0

[0534 Ol.ﬁg TEI lt:a[e %Oor%)(ljl&% }ént es{%f: %%%Wrzde mcg&ﬁe %mf(ﬁg%&%gg ur e

gut |C i hems @s&mrmn@ sazflzel\ﬁln((ﬁgileﬂwmwsascmm fPmi, Bumqu enéI Zor ba]>c<
B- Cl radl ent o
20% t ln}(m/&lwmtﬁamgé Eﬂqg%ﬂwnmgﬁ"/a&o 196%% EﬁhAJ i @lnlW%hf%#W?? Bakd | 5%
acet opiitg fo'nﬁlcla%ﬂi /5% Wk Sfiteild 97,93 Jyalds FEPL 116/, Rfrhnk 4ciPPBNRIRh/ 04, 9%

acetonitrile
acetomtnle)

10 Example 23

Synhesis of 2-(3-Aminopyrazolo{3,4-b]pyridin-1-yl)-1-{4-(4-chloro-2-fluoro-5-
methoxyphenyl)-2-methylpiperazin-1-yljethanone.

NH,

0 N=
[ats s
N K2CO N A
H{m Ly Shad
o LT
cl F

[0144] 1H-Pyrazolo[3,4-b}pyridin-3-ylamine (67 mg), 2-Chloro-1-[4-(4-chloro-2-fluoro-5-
5 methoxy-phenyl)-2-methyl-piperazin-1-yl}-ethanone (167 mg) and K,COs (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-
blpyridin-1-y1)-1-[4-(4-chloro-2-fluoro-5-methoxyphenyl)-2-methylpiperazin-1-ylJethanone
as a yellow powder. LCMS (ES) M+H 433.5, R¢2.06 min (Agilent Zorbax SB-C18, 2.1 x 50
0 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).

Example 24

Synthesis of 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-(3-oxazol-2-yl-
i pyrazolo[3,4-b]pyridin-1-yl)-ethanone.
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WD 2007/ 002293 PCT/ US2006/ 024313 Exanple 14 Synthesis

3-pyrid-2-yl-1H pyrazol o[ 3,4-b] pyridine. N O N NHZNH2 N N CI D oxana,
160C N [0135] The title conpound was synthesized ageg@ididngotsmst he

pr ocedun 2opo2ke3ned in Exanple 5 2. Exanple 15 Synthesis of

1-[4- (4-Chl or o- 2-f | uor o- 5- met hoxy- phenyl ) - 2- (S) - met hyl - pi per azi n-1-y1] - 2-
(3-pyridin-2-yl- pyrazol o[ 3, 4-b] pyri din-1- yI) et@a ne. F KCO O N
N*NN° C MOO Me N 960C | b I\/E N H 16~ %The title conpound
was synt hesi zed atc “£Q+t i ned=f n Exanple 6: LCMS
(ES) M+H 495.54, RF 2.73 nin (Ag|”| ent ZQ, SB-C18, 2.1 x 50 nm 5, 35
C, lint/mnflowrate, a 2.5 mn gradient of 20%to 100%B wth a 1.1
mn wash at 100% B; A= 0.1 %forgix acid / 5% acetonitrile / 94. 9%
water, B =0.1 %formc acid / SM’mater/ 94.9% acetonitrile). 15 Exanple

16 Synthesis of 3w&hl oro- IrH‘ 0[3,4-b]lpyridine. G NNCS1 NHN
[0137] 1H pyrazol o] 3, 4= v di nen89 ng) and N-chl orosuccini m de (220
ng) were conbined in 12 (4 nmL) and heated at 45 C for 16 hr, then

cooled to roomtenperature. 20 The resultant m xture was purified by

flas WOTW]O%QE&%% tﬁeéliéaaac&ﬁamg a0 Bﬁ%@dﬁ% @atmféd in¥&8hl®) ricmsfford
3-Chloro-1Hpyrazol of 3, 4-Db di ne. anpl e
(ES) M+H 453 5, R¢2.20 min (Agllent Zorbax SB- C18 21x 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%
5 formic acid / 5% acetonitrile / 94.9% water, B = 0.1% formic acid / 5% water/ 94.9%

acetonitrile).

Example 25

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

F

A s ™ N
(:[\/\N electFiuor ‘ N
N

NN NN
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)-piperazin-1-yl}-2-(3-fluoro-pyrazolo[3,4-
15  b]pyridin-1-yl)-ethanone.

F S
POty D
Cl
[0147] The title compound was synthesized according to the procedute outlined in Example
6: LCMS (ES) M+H 404.5, Rr2.27 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 0.1% formic acid / 5% acetonitrile / 94.9% water, B = 0.08% formic acid / 5% water/ 94.9%

acetonitrile).
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Synt hesi s of

1-[ 4- (4- Chl or o- 3- net hoxyphenyl ) pi perazi n-1-yl]- 2-(3%2*/1&3960@@1/13@320' o[ 3, 4-
b] pyr i Wonedhwyldyet hanone. 57 WO 2007/ 002293 PCT/ US2006/ 024313 C O N O
C N'N-~( , KzCO C MN~N vN- MONJ N~ MO N CI [0138] The title
conpound was synt hesi zed accor dExgmple 2fhe procedure outlined in Exanple
6: LCMS (ES) M+H 420.5, Rf2.37 min (Agilent Zorbax SB-Cl18, 2.1 x 50 mm

5p, Bynthesisi ofi1/2H{A-(#HChlo o8- metttoxP-gheny-pipenshientylpi-o20 %Ly -11@0% B wi th a
1.1 mn wash aé 100% B, A= 5 Q.1%formc acid / 5% acetonitrile / 94.9%
wat erPyrgzelolg,diblpyridined-carponifridsos wat er/ 94. 9% acetonitrile). Exanple 18
Synt hesi s of 3-Methyl -1H=pyrazol o[ 3, 4-b] pyri di ne M o« N MeMyBr Ac
hydrazine N N CI N cl dioxahe, 150 oCNH .0 [%ﬁf To a sol ution of

2- chl or o- 3- cyanopyrii dim)‘ezl “n_tetrahydrgf 5m) at 0 C was
added dropwi se aMsw'i\dn of M MBK, 1ode MM fer, O0M§7 nL). The resultant
m xture was warnmges¥o roomtenperature grd~sstirred for 3 hr. The

reaction solution was cooled to 0O Cand to it was added aqueous HC

sd utioo48]( 2M4-pt-Chibro-FAetHoR§PhEDM)-sipbratih anyI R g3 idRpyr&blo[3,6d an
additional, 16 hr at roomtenperature and then neutralized by the addition

of 5 Wayigintlsd)-ebenona(RScaRnea SUEN NhHoed yesombingg in Mracthdapidoss

sol ut j fo i i e, i e was
s he A Yl o #Bie At 657 B B B MORERAL D B Sr R ThL KOS, O o
(10 miixturd iwas et an frepeeativediP LdT toedfonl/ A 26 M-Ghiosub nztlex ypRapdHos ) |

filter.ed an cent rpat.ed..i n_vacuo Lve . 3-gcetyl -2-chl.oropyri dine as a
el | RPHpBaan oL gHe st st rer G a bR O (1 rre™ *
COTPOUOKIS((ES Moty 4 1| 4R ©3p Wiia 7kitdn8 Z4rbhi BBrC1®, De)x SBEmS yitdzes] zed from
3-acetyl -2-chl oropyridi ne accordi ng% to the . ‘
Iml/min flow rate, a’2.5 min gradient of 20% 1o 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 28

15  Synthesis of 1H-pyrazolo[4,3-b]pyridine.
ButONO,

NH = =
N “Me ez AN &

N Me

[0149] 1H-pyrazolo[4,3-b]pyridine was synthesized according to the procedure outlined in
Example 4;: LCMS (ES) M+H 120.3.

1

20 Example 29

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)piperazin-1-yl]-2-pyrazolo [4,3-b]pyridihe—
1-yl-ethanone and 1-[4-(4-chloro-3-methoxy-phenyl)piperazin-1-ylI}-2-pyrazolo[4,3-
blpyridine-2-yl-ethanone.

Nz

Q
Horsg

.

=Z

N
MBOD,Q
/P N= cl
GI-Q—NUN—(_CI o MMy KOs | N =
MeG N=/ DMF,80°C )Ok/
N

MaOD,N\/I

Z-zZ
N \
Ze

62



procedure outlined in Exanple 2. Exanple 19 Synthesis of
1-[4- (4- Chl or o- 3- net hoxyphenyl ) pi perazi n-1-yl]-2-(3-net hyl pyrazol of 3, 4-
b] pyridin-1-yl)ethanone. ,/Me O r ON=\ ~ N Ucl MctukobsokzizsMe0 NI }

Hd / KXQRVOMER2R') NN NDW 5 C C 58 WD 21107/ 002293
PCT/ US2006/ 024313 [0140] The title co ound was synthesized according to
t he pri8t¥durBheoluto titleegmpaumisarase eynthesizec Eg)to mq@ra@a@u@ outdne@im 2 i n

Agi I 3 2.5
M o e S a?Ofsﬁﬁff“'C"i%Bé-féetiQX%f"f@ﬂxﬁlTpgfgzﬁ g Reld BPRbRg: 3,
f 9 I 5%
for o 1§ GyfonS ERRIEDIdNE, RS Ry 20g, iy ‘3-9655 APRTiGad )
1-[ 4- | I -2-(3-
v s hg%ﬂaﬁ%ﬂf Q0 569?%”“’{5“&%%2@7*‘5 B A A A
3,68 (m, 21), 3/3 1NIHN2H) ll&q(ﬁ(;l?- IESRIES (BS) MrHA86N , By 1.84 min
(Agilent Zorbax SB-C18, 2.1x50 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). For 1-[4-(4-chloro-3-

methoxy-phenyl)piperazin-1-yl]-2-pyrazolo[4,3-b]pyridine-2-yl-ethanone; lH NMR (400
10  MHz, CDCl3) 8 8.55 (d, 1H), 8.34 (s, 1H), 7.99 (d, 1H), 7.19 (m, 2H), 6.44 (d, 1H), 6.40 (dd,

1H), 5.34 (s, 2H), 3.86 (s, 3H), 3.77 (m, 2H), 3.72 (m, 2H), 3.13 (m, 4H). LCMS (ES) M+H
386.5, R¢ 1.69 min (Agilent Zorbax SB-C18, 2.1x50 mm, Sy, 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 30
Synthesis of 2-(3-Chloro-pyrazolo[3,4-b]pyridine-2-yl)-acetic acid.

ct
O S o Fee
SN ”' (I\ CHAC

"KeCOs, DMF

g Q ¢ qQ
(f(N)—ost LioH KT(N}OH
et

A SN

[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
0 ethyl ester in place of 2-Chloro-1-[4-(4-chloro-2-fluoro-5-methoxyphenyl)-2-(S)-

methylpiperazin-1-yl]ethanone.

[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, 0.2 mmol, 1

equiv) in 1 mL of dichloromethane was added NCS (32.7 mg, 1.2 mmol, 1.2 equiv). The

5  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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10 [0141] The title conpound was synthesi zed according to the procedure
outlined in Exanple 6: LCMS (ES) M+H 432.5, Rf 2.42 min (Agilent Zorbax
SB- C18, 1 x50 mm 54, 35 C, Im/mn flowrate, ap@r/Bswian2griadi ent of
20% t 0 XVW%"" h a 1.1 nmin wash at 100%B A= 0.1%fornmic acid / 5%

acetonitrile /. 94. 9% water, B = 0, 1% (% mC,ﬁ?Id [ 5% water/ 94.9%

acet ofi® 1p1?1|b53)arbogge BRUEHP g)hﬂons i o glf'me e organic layer was separated

1- [ 4- (oftd EMaQsver shaiih Rarkyd mxbr)aﬁérp&rsaweﬂr ik vuwo Jg?avé 35 I?Bfﬁgcé’ﬂ (BLcKroyA-

pyrazol o[ 3, 4- Lk yridin-1-yl)et hanone. ~

K203 pyrarploff.4-hlssridind-y1)- Njeth‘aCldNﬂ@l eS(tﬁmszlqunéoltdl tle corrpound was

synt hesi zed according to the procedure outlined in Exanple 20 6. LCMS

(ES) MH33763yhthed & B mﬂeo( hAoRdB,4 SBy ticZacld: X3ahiea® 5, 35 C
Irri/mMg flflowyégfe @ rnﬁgraogjllentzq%?ﬁé%%tﬁgb%% vx(vlth allmn

Wa§h &M%@O%‘Bﬂp&&dm@ glg,@q:qu@plé et eptor wog teasedowith N lishipmdiydiosidgat er B =
o BTG Bald) o 157 VR nRihae BASICbLkEbtor PR AR 024313

V\D 20 SIS
1- [ 4- (adetiCrakidy whigh ek heedyss ldanstly)ip |sﬁ$e@mhhreiet§oh1]; »2th(@-fhbeapotifiéhtigh:- pyraz
olo [3,4-b] pyridin-1-yl) ethanone. N~ N O N N~~{N+ Cl \ NCN-Cl
K2C0B LIDASES) MAEN2 1 b &% qmm;agﬁmmhaw&emawmm Syt R6si zed
accor di n/g t he procedure outlined in rp) . _
I/min flow rate, a 2.5 min gradient of 20% to 100°o B w1th a 1.1 min wash at 100% B; A=
10 . 0.1% formic acid / 5% acetonitrile / 94,.9% water, B = 0.1% formic acid / 5% water / 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.

¢l o
;} N\ OH Y P
cl N NH + C\/E(N} HATU, EtsN —Q‘ —<__ )Tﬁ
Med NTTN CHZCly, T =y

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.

U N McPeA /] N LIOH T W
N, N T { [ N ;
LI CHyCly fﬂ N f:l N
0:2 0 6] 0 S;O
OEt E10 HO
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LCVMS (ES) M+H 469.5, Rf 2.43 mn (Agilent Zorbax SB-C18, 2.1 50 mm 5p,
35C 1 mM/mn flowrate a 2.5 mn gradient of 20%to 100%B with a 1.1

m n wash at 100% B; A= . 1% formc acid / 5% acet onigdidods09519% wat er,
= 0. 10VDCPHF0922881 d | 5% water/ 94.9% acetonitrile). 10 Exanple 23
Synhe5| s of

2- ( 3- AriP1aspy rPagnsrasios of 24} pgrdlel -Upynidin-1-y-A-qrddrriceticoachi éthyl ester SFo a

ko008 NOMRPY o RadS S PR hacee o BT R0 Fim  or ) i a2

|2HChP|y(r)?1? BF%@RBJ‘%{ oragé O%Lv@%‘ a@@ed(gﬁgta-'gﬂﬂ)roperoxybenzom acid (;nCPBA)

met hoxy | 3 t Ny lea@ Whiktued Rah K2C03 (414
ny) V\Bl‘gwgﬂ?%)l ?lgmﬁ?ln %I\% Wenﬁzrb%}%mhea?ed atﬂgﬁveﬁw%aﬂmohl??gt hen cool ed

to oo rtmnemreamu} the reatifen W@wnpé averpight Jrrel whpypding waeatldeg taphepar at i ve

HPLC t d

b] pyri (c)ﬁ rtl(ér\{liﬂnf “lf %1% tﬁﬁméﬁﬁ%r aazsﬁ ”fr%(ﬁf(?% %noéheﬁép ﬁ%‘%&&ﬁ??é%w)s‘”ﬁe‘}%&aﬁy| pi per azi
n- 1- yl ]1einbadiian grovide sreyiéhd, OFMe@éEMiﬁrwas dTved (/EH)200M ., 48& clHoroRfethal® afidl N
(Agilent Zorbax SB-Cl8, 2.1 x 50 Im /nin flowrate, a

2.5 ni mﬁbahw%i RoNaGAgeists 696 (P ek B2 bine 20 ks Hhergantsgoy B vag= 0. 1%
form ¢ Shiies BOARAN0 LblhPulial sRBARI L w8 Bxd BbMaAct o 5%

wat er/ % acetonitri esl s

1- [ ( 4b]yridim-b~yB-7red dep:ayetip heidythyl pitges aae yellow b(}hdz whhoxazisdd Rithydut
pyrazol o[ 3, 4-b] pyri di et hanone. 60 PCTI US2006/ 024313 WO
2007/ 002H0S perifigagion: L@Mﬁ(\é&s; M 222¢, Re 1 K8 mpi (Agsilavs Gorbax SB-C18, 2.1X50

mm, Sy, 35 °C, 1mU/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 [0156] Synthesis of 2-(Pyrazolo[3,4-bJpyridin-1-yl-7-oxide)-acetic acid: 2-(pyrazolo[3,4-
blpyridin-1-yl-7-oxide)-acetic acid ethyl 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, 5y, 3500,
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-
blpyridin-1-yl-7-oxide)-ethanone.
§> N o HATU, EtN Ny s
cr:Aeo T ' |':'/ N'N g CHCbrt C:JIBO N N—‘(—N%
N ]

OH 0"

[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 Zorbax SB-C18, 2.1x50 mm, 5y, 35 °C, 1ml/min flow rate, a 2.5 min
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0 ONNN NVN M HC /' N ON- Nglshl (NNN/ \' MON N 4 I/
[0145] The title was synthesized according to the PR % g(;gmﬂghl ined in
Exanpl ev@2000@293 (ES) M+H 453.5, Rf2.20 mn (Agil ent ax SB-Cl18, 2.1 x
50 m 5, 35 C, ImM/mn flowrate, a 2.5 mn gradi ent of 20%to 100% B
wth graﬂiehtmﬁzm%\&slmomBiﬂfh%lBl mArwekhlat YW®6 BoArs 0.1%cfodnic abi%y/ atet onitrile /

o o S b LS e B8 S o0 1

SelactFlu rTTA~-N NNH 10 10146] The title was synthesized according to
the procedure outlined in ExanplExaBiplsidhg Sel ect Fl uor TM
(1-Chl oronet hyl -4-fl uoro-1, 4-di azoni abi cycl o[ 2. 2. 2] oct ane

bl S( t Slyhidebis of pJp@(«ﬁCﬁ)o)l oa&n&dnexﬁbﬂﬁiyl)qnbeﬂaem-E?«mmanaﬁylsy nt hesis of

%4 (4- Ch| or o- 3- et hoxy- phenyl ) - pi perazi u-1 (3-fluoro-pyrazol o[ 3,4
- 35 W}YWPlom»i‘rb]pméméﬂﬂhﬁaﬁéoneF Ffa N N' vN C N N- N~ K208 ~-/
C " HNMON N MONI / C [0147f11 The title conmpound was synt hesi zed
according to the m@durexmwl in "Ex agpl e N,

Toluene dioxane Me” >N N

H
L
N—#
N A

MsQ.
Ij Me
cl
[0158] 2-chloro-3-cyano-6-picoline was reduced by diisobutylaluminum hydride (DIBAL-
H) following a literature procedure (Baker et. al., J. Org. Chem., 1980, 45, 1354-1362.)

alkylation

followed by the hydrazine condensation protocol as described in Example 1 to provide the

10 corresponding 6-Methyl-1H-pyrazolo[3,4-b]pyridine, 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, Sy, 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-1-y1}-2-(6-methyl-pyrazolo{3,4-
blpyridine-2-yl)-ethanone.

Q o)
A GICH,COEt v _}‘OEt LIOH - _}‘OH
CY 0w Goncos =\ "I
N NaH, THF SN ON N7 N

Me N Me” N Me
H -789C to rt,

MaO _Q /—\N{“ ’Ij\

HATYU

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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6: LCVMS (ES) M+H 404.5, Rf2.27 mn (Agilent Zorbax SB-C18, 2.1 x 50 mm
5, 35 C imM/mn flowrate, a 2.5 mn gradient of 20%to 100% B with a
1.1 mn wash %% 100% B; A= 0 0.1%formc acid / 5% acetsmosnids / 94. 9%
water, ‘B 2000 8% fornic and / 5% water/ 94.9% acetonitrile). 61 PCT/ US2
0 0 6102 4 3 13, WO 20071002293 Exanple 27 Synthesis of

1- 12- jvas gtigrediat @7 6 £ Feminutes Jollsiwesd i Yheplqye pddifion df Arthlo@-cthwbacetaby | } - 1H-
pyrazol o[ 3, 4- b] pyridi ne-3-carbonitrile. CN ~,, N CUCN ~ MeON N~ ----~
NVP, (b&58s)Me0 °N. The r&ultdnt Iniktube WablslBily to warmed to 1t, and stirred for another 2

1-[4- (4- Chl or o- 3- met hoxy- phenyl ) - pi per azi n-1-yl ] - 2- (3-i odo- pyrazol o[ 3, 4-

b] pyrhd'il‘mﬂie-rydc)lelehﬁv&nﬁmﬁis(aﬂl@& sarated WHETIGY. {cldtzon)add specisearitaes | n
N- net hyl p ty done (NWMP) (1 nmL) and heated at 165 C for 16 hr, then
cool e@lxtta@ efl 3iditn 308 nﬁeeﬁﬁt@m Thi ergasizeriren Wasbspetates andsvashad wittetat.on

Pl EReddhla Gieblbbiard 8 ShfbE wind el S SlaRa NS QAN BREIY e | o L
a whi b@armomi%n‘t w]a@rduﬁ%d QrEﬁ)cuMiahH diklride réfidu. vdad pukified ngslh&ngel Zor 3ax o
a radi ent o

SB- C18, 1 50 1 / fl
5096 1 UaBABERONY torPravide 30,26 drsisid Bivde Bl e et rotentic ot B7Rmandes d | 506
acet Omélfeh Z’orﬂaxgélB W‘BV@EXSO mﬁl 3 uOBS]"%) {lﬁﬁéﬁrﬁl/ﬁﬁi ok ré:fe/"a"iag ﬁfr(ufeg‘l 9%

acet oni . Exanple Synthesi s of | H pyrazol’o[ 4, 3-b] pyri di ne.
NH2 Billadiei, of 2Dty ©O0FeB NHh@ 1Alcm(nuN waShlaMQ%BNA NOfo furmvis asid'/ S8 1 [ 0149]

ey R UL T e

M+H expect = 220.1, found =220.4.

[0160] Preparation of (6-methyl-pyrazolo{3,4-b]pyridine-2-yl)-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-methyl-
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, CDCl3) 6 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
(MR 400.5.

Example 36

Synthesis of 1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-(3-morpholin-4-yi-
pyrazolo[3,4-b]pyridin-1-yl)-ethanone,

| .
e Pd;(dba)g, Xaniph <';>
a)s Xanipnos,
(\N/U\/N @ mozrpho]ige ° o N
N I i A (\NJK,N Y
N-\

MeQ
J@/ Cs3C03, THF, 80°C a0 N
: X

25 al

[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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Synt hesi s of

1-[4- (4-chl oro- 3- et hoxy- phenyl ) pi perazi n-1-yl | -2-pyr azaol - bl pyri di ne
- 1-yl -we6 banoveaand ){’CT;[%2(9)%/624§13
1-[4-(4-clrloro-3-nmet hoxy-phenyl) pi perazin-1-yl]-2-pyrazol of 4, 3-

b]pyr' dB8); 2ryd me} AR OHEO NEFCQH i )Ny - LJa N
g0 G100 ) A RC 0 L7 e N 1D 35551??%@2%0%%%4%3%%1501 The

tvvo tne@qtlenW@llmp@twﬁmég@@&wm@ﬁd%@e&w ERqBededade outlined
1 [4%%?%1?31 1‘55% B %evayoraﬁ:d e mculo'ng%%u%? e 1;9'?1? w53 Blflr%%efi 0 yof}aﬁé 3-b] pyridine
- 1- ydhrehdiagraphsy; (s1l1b:h6 mﬁm(emg) rmwsamamesoﬁpam(am wlﬁid)ppwgelg ? 23 3 1H),
v 1yLCEs B s, B Boed G cagfificrorin i tys 21 Xl st 35°Cory | S 51

(m Zi'rm/mr%fﬂo%m(afea%%ﬁm%%t(uﬁ@%%kb@/@@xﬁthaBllm%a@wuo@%%'z@m Zor bax
SB-C18, 2.1 x50 nmm | ow rate .5 mn gradi ent of

20% t®1%FovmiBasil { Facatotitmie h 9ha%waier, BG0O0A B; fomic aGid 1564 watnd/ 84.8% d /| 5%
acetonltrltlle [ 94.9% water, B = 0.1%formc acid / 5% water/ 94.9%

acet otfF°H 5/\) For 1-[4-(4-ch| or o- 3-

nmet hoxy- phenyl)piperazin-l-yl]-z pyrazol o[ 4, 3-b] pyi i di ne-2-yl - et hanone;
1H NMR (400 10 MHz, CDC13) S 8.Emample371-1), 8.34 (s, 1H), 7.99 (d, 1H),
7.19 (m 2H), 6,44 (d, 1H, 6.40 (dd, 1H), 5.34 (s, 2H), 3.86 (s, 31-1),
31077 {ymthédid)of 13442-Ghioro22flpod-S-theflxy4lenyl)-CNS)-nleB) yligiptrazdfd-gd}-2Re 1. 69

mn (Agil rbagx. S 2.1x50 nmm 54, 35C, ImM/mn flowrate, a 2,5
mn g?’%d?‘gg[g"%‘ﬁ %91 ﬁyllég%%ewith al.1mn vvash at 100% B; A = 0.1%

formc acid / 5% acetonltrlle/ 94. 9% wat er, é) ormc acid / 5%
water/ 94.9% acetonltr%l/e% 15 Exanpl e 30 Synt he |s
ot ﬁ

2- (3- Chl or o- %yrazol % i di nézCQ&xl) acet i \~ C~"Cet |/
E“ ~N NOH NNNN

-OB NCS NH
[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 (Agﬂént Zorbax SB-C18, 2.1X50 mm,
15  5p,35°C, lml/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-1-yl]-2-(6-oxy-pyrazolo[3,4-
20 c|pyridin-1-yl)-ethanone.

MeQ

0 N=
Cl—@—N N !
Oj\\ Ha02 Of\ «—C' A N”U\’N%
N “HoAo f K»COa, DMF MGOD/N\) Nb
Cl

[0164] A mixture of 6-azaindazole (119 mg), H,O, (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 NaHCOj3 solution (3 mL), dried (NazSO,), filtered and evaporated in vacuo. The

crude product (the N-oxide) was subjected to the alkylation protocol as described in Example
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[ 0151] Preparation of pyrazol o[ 3, 4-b] pyridin-2-yl-acetic acid ethyl

ester: This conpound was synthesized according to the procedure outlined
in Exa , _using chloro-acetic acid 7?0 ethyl estgfrio@laces of

2- Chl o:@mm(ﬁ@*‘?ﬁcm or 0- 2- f | uor o- 5- met hoxyphenyl ) - 2- (S) -

met hyl pi perazi n-1-yl ] et hanone. [0152] Preparation

of ( 3- GHp QI’QYlWh%ﬂz'dﬁ esnpognd g whith pevaley | LCHMSAES L VaE] 40%4. RyR. 14318 : To a

| ut I I 57 (40.2
o, 0. B 7P Bl G b B S 95 K BRE o i S b el s 527
ng, 122%161100%181211tﬁqul1\/ﬂnn\%sﬁ aBI(IO%BJ Aammfxmeacmsvmmﬂm@v 70 C for

1 oomtenperature, and diluted wth 100 nL of

m n | ed r

d| chl @ﬂ@rfe’é’h@’h@ ‘?He/O forygiericd /6 Wﬂ@%ﬁ"r\%sac\ﬁfé@ﬁ%@)wth 50 nL of saturated
63 WO 2007/ 002293 PCT/ US20061024313 sodi um bi carbonat e agueous sol uti on,
and 50 nL of brine. The organi c Exaygile 3s separated and dried over
sodium sul fate. Evaporation of solvent in vacuo gave 463 ng of (3-chloro-
pyr az LyIRS 1§ lid.
153V o O s P B P 2 D RTAT IS, | ¢

aci d: CIIGLrIdIn@Z-Ul)&thz}nmol o[ 3, 4- b] pyridin-2-yl)-acetic acid ethyl ester
was treated with IN lithiumhydroxide (LiOH) (1 equiv) in 1 nm of MOH
to provide 2 3 Chl or o- pyrazol ok3¢¥-\phRyri di ne-2-yl)- acetic acid, which

was used as t,l )4 su qug, r &ac ‘F'ops ( t out of urt Her
purification l 2 0, R 0734 (Agi I'gn,g\ Ombax SB- C18,
2. 1x50 mm 5p "‘a”ﬂ' nflowprea&e aM@. 5 min grady of 20%to

100%B_vv|th al.l mn vvash at 100%B; A =10 0.1%formc acid / 5%
acet OL[DMS:] | Q’répa%mg%r W@Ehéox@ tplzqyragoﬂa[élo/ﬁ L HliRe:2%b 9 lixtaté YL &ior-424- 9%

acetonitr
1-104- (iddapmdm@é&ar’mtdab»qp-(ﬁﬁé myhJ1pi gg}aanzll Srmlloij pthaiol (@s aﬂdadrélmlpgrﬁ' azol of 3, 4-

b] pyri.di.ne- 2- I%- hanane. t [ \ HN
v 0 NIRPRE R b R B s il of el QPSSR Wb zec
accor don@nirftes irandad, dnd fetLudeQesiicival dilGted eiithiSONSL USWAGT, and extracted
2-(7-Aza-| H benzotriazol e- 1- ¥l|1 )-1,1, 3, 3-tetranet hyl uroni um
with 500 mL of dichloromethane. Thé organic layer was then washed with brine, dried 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,¢]pyridine: HPLC
retention time = 0.44 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%
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-yl]-2-(4-chloro-
pyrazolo[4,3-c]pyridine-2-yl)-ethanone: Using | H-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) 3.8.18 (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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hexaf
Rf 2.
rate,
B: A

formc acid / 5% water / 94.9% acetonitril e.

| uor ophosphate (HATU) as the coupling reagent: LCVS(ES) MtH 420. 4,

17 mn (Agilent Zorbax SB-Cl18, 2.1x50 rum 54, 35 C, Im/mn flow
adi ent of 20 20%to 100% B with a BCT/UBP/RAEA at 100%

az25 m'Ong%r
= B0 20549 ¢ acid / 5%acetonitrile / 94.9%water, B = 0.1

%

Exanpl e 32 Synthesis of

2- (Pyrazol o[ 3, 4-b] pyridin-1-yl - 7EWE1|§)49aceti c acid. 14CPBA \ LION °
2 NNt 0 0 ~0 Ot Et0O Hd 64 WO 20071002293 PCT/ US2006/ 024313

CH2Cl

[ 0155 1SPtth§$@rdt_1i-[éf(4f¢l1®r()-Bymaﬂ\oky}pB¢w1)b1}ipylraizﬂi-h—yll]-M4~ibdo—>;iydaz)olo¢4‘,&t ic acid

et hyl
et hyl

30 m

was diluted with

~N

ster sol utio p 4- bl p d|_n1 ic acid

BY’&?mf;Og?ﬁthﬁﬂonela’f@og @ éi"é 9“]{7 ﬁ"r? 1%‘ ﬁ{l “BipegR 'Idafifré‘f “hane at 0
C, msloadqgﬁazaﬂiws@mﬁfmz%ym%c acid (inCPBA) (345.3 ng, 1.5 nmol,
1.5 equiv). The resul'tant mxture was allowed to warmto room 5

tenperature, and the reaction was stirr overpight. 1 nL of pyridine was
added to the reactj o&om@wre and t e %Ltﬁ“rJ%,cwas stirred for another

n before the ven

aqueous solution (10 nL Xx 2) brine (20 ”¥58°CThe organi c |ayer was
separated and dried over SOdI um suI fate. Evaporatl on in vacuo gave

2- (pyrazolo[ 3,4 10
pal e yell ow solidg
MrH 222. 4, Rf 1.48,
Imimnflowrate a25mngrad“ent of 20%to 10 wthallmn

wash

of 2-(
b] pyr

bax MSB- C18, 2 1 ) ''m 5, 35 C,

as

ved®® o _provide a residue. The residue
oL of"adi chh et han&teand washed with 1 N NaCH

at 100%B;, A=0.1 %formc acid / 5% acetonitrile / 94. 9% water,
= 0.1 BIBK nPispaetion of 1554 -iadetmirazolofi 4. Steydimeo Ao prmixaire of2- [31@9@64’: Synt hesi s

| RERG bl (R IRR ELF B b D T o

( 1, eq uhyragiie (Iexcm‘ss),(xhe rdmlltdmaﬁﬁ):ltul(e l‘v&@sﬁrrécbat pir foy 6 e The reaction m1xture was

RfO

Lat_ ® §0(Pmb ofuRhBFRSLIeRk. The SRRt Pyd ORI Bashbd BitB biind, dffed oW@SHhork00% B;

15

Pyrazol o

o DSRPRTA]T PP 28 e ATAd B FhISS e ] AV ow

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
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 = 1.22 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 = 0.1% 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-
y1]-2-(4-iodo-pyrazolo[4,3-c]pyridine-2-yl)-ethanone: The title compounds were synthesized
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-1-yl)-ethanone: HPLC
retention time = 2.50 minutes (Agilent Zorbax 8B-C18, 2.1X50 mm, 5¢, 35°C) using
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20 0.1% formc acid/ 5% acetonitrile / 94.9% water, B = 0.1%form c acid/
5% water/ 94.9% acetonitrile Exanple 33 Synt hesis of

1-[ 4- (4- Cwioowon @218t hoxy- phenyl ) pi pera2| n-1-yll-2-(pyr aepi@lods
bl pyrl di n- 1-y1- 7- oxi de) - et hanone. 1 NMNNNi %.NCl / N\E/I%OJ %43%1_0 ECM

1.The

pr epar ilﬂbl%bgl_‘zlrﬂ& Bt%s R%W&%ﬂéleafrﬁfgét’ % t18 1&@%%%’1@%{ ’cnll COW?EQ@V& i bed

I n Exapphes 83%®ihig BT\ °/@§cddhﬂ11m®ﬂlg°/ﬂﬂrafe€®£0tl% M@S/Ml@a&@m Rf
1.54 min (Agilent Zorbax SB-C18, 1x50 nm I /mn flow rate,

a 2.5 A% agstontilah 343 @@Mﬁﬂpmcwébb@af@mm Agrl?mule[ﬁt(‘?@hloz@% t o 100% B

4. 0 BerRry oA Bt AL e e L D i BT HIEC Beanpl

34 Syntdmm tinfe = 2.23 minutes (Agllent Zorbax SB-C18, 2.1X50 mm, 5y, 35°C) usmg

l 3-
pyr azol @m?lr 8‘]"6%‘34 ad?%%i ‘§P %gé{e%i'a&&ﬁgt%%ﬁj%&@lﬁ I f%t?\bﬁ(a?bé‘t e Towvene
Me N Cg ﬁ' 0% aBeeMRicNeld / 99, Deetditritd /@4'9@3 'W@f@r, Ve @ by fd}jmlc dcidBsy, Qate%{O158]

2- chl oro 3-cyano- 6-pi coline was reduced by dii sobut yl al um num hydr

( DI BAL 94.pf) acetohisniieh ¢V (E$)tM1-Hieupest phdLediored tHakker et. al., J. Og.
Chem, 1980, 45, 1354-1362.) followed by the hydrazi ne condensati on
pr ot ocol as described in Exanpl e gkadplp4pVi de the 10 correspondi ng
6- Met hyl - | H- pyrazol o[ 3, 4-b] pyri dine, which was then subjected to the

2s 3 ORrRedt o OFPle-pllo A ORED hn e P ep f BB oL P ™

SB- C18py&zdl)(ﬁ[)?:-m}pyrﬁl,ineiali@l)-ethanone.

NaSOqoMe, Cul,
POt EE POty

J

SOgMe
Q

[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, CDCl3) § 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-1-yl]-2-(3-amidomethyl-
25 - pyrazolo[3.,4-b]pyridine-1-yl)-ethapone.
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ImM/mn flowrate, a 2.5 mn gradient of 20%to 100% B with a 1.1 mn

wash at 100% B, A= 0.1%formc acid / 5% acetonitril %&Uégp%ﬁ/%/%g@ter

= 0.1% f oY AW 78e32% / 5% water/ 94.9% 15 acetonitril e).

synt hesi s of "

1-[4-(4-chl oro- rremwox henyl )Mepm raziml. - -2A- (6-1net hyl - pyrazol o[ 3
, 4- Dblpyri di ne- ﬁ%ﬁ?ﬁ \\Izj,ﬁﬁ ){t*ﬁq*ba LIDA\ N~-OH M N
N NaH, THF MeN M40 o-T1\ VN HATU MO ~N
N N Me 20 (01591 Prepar atl o ,{ DMF, EtN
(6-net hyl - pyrazol o[ 3, 4- b]pyrldlo&e 2-yl)-acetic acid ethyl ester; To a
sol ution of 1H 6- rrethyl pyrazol o[ 3, 4- b]pyridi ne (1 mmol, | eq.) in 3 nL
of THE was add d |oh—\byoport| on at 0 C under
ni trogen. The re ta\m;/ Hzm%) 6/ 024313 was
stirred at 0 CM@r 10 mnut foIIowed by wdie slow add von of 2-chloro
ethyl acetate (excess) at The resultant m xture slowy to
warnmed to it, and stirred for another 2 1i. To the reaction mixture was

added $@70T aPepafitidbf @qmemulmmm[a am@b}&idmoluyl)meﬁé adi@ ethlSesteeX Thigct ed

w th 300 m_ f Et OAc, ani, c r.act eparat ed and shed with
sat. 5 CUBRPIER YD 6%*@5301 m&%lpaﬁw%ﬂon Biofval %@Fleﬁt%]ﬁ? o1 4es@PEd and
dried oxghpR@HdHIMGHIdALE imbRe. O@Ihﬁﬁws?AngénY%xtba%E ¢ BRVEG0iginV4cUo0, and
t he crude reS|due was purified by silicagel ¢ hr omat ogr aphy to provi de

50. 2 néS‘iﬁsuSmédrrMmddbw ralePe &5 meinetn giadient 0o to YNOYBBrwitha bd ml(lwtgu | ent
Zor bax o 5, .35C),, usi,n flo 5 mnute
gr adi em% 51 %1930/}6% Etgl’/ﬂg% WPt %CIE%/‘T Cém%n{lg} é\‘/gg(% atte V\%O%S E%( rrrllc0 1 %

form c agidi/ d% wiils 90.98caictnltiilk); MS (EQM-Woexpdces 2281 Folnd=220(0r mi c acid /
5% water/ 94.9% acetonitrile); M5 (ES) MtH expect = 220.1, found =220. 4.

[0160] ré¥ ﬁPa'Pﬁé;ShﬁﬁoRBf ﬁﬁm%ﬁ&ﬁ thALbAERN &b 3 lﬁpﬁl&?ﬁ/& | %Q@e’ug a&h)eﬂf%et 1

acid: This compound esized accord to stfandard estér

hydr ol ygms Ampttarseif (mm@mmq[smb]m -& Yl?)@th}’hmeﬁge (N 1minoki 1e9.)t he

pujﬁf i ﬁeﬁ d-} Chat ﬁgﬁo qégﬁlgd;léegl?@y §$r%gldle (0.6;' mmo 02 eqe)qnvlmotmr}?og C&IS was
1- [ 4- ( fetfhb@ER 1 F ot e RREMK ks Rh PSRRI D rtlaad ditufed( G5 &F QY ot

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
Iml/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-blpyridine-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, 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

72



pyrazol o[ 3, 4- b] pyri di ne-2-yl )-et hanone: The title conpound was

synt hesi zed according to standard peptide coupling protocol using HATU
as the co¥PP%g'PEagent: 'H NMR (400 MHz, CDC13) S 8F§4/YS200603491377 gp
(d, IH, 7.20 (d, IH), 6.95 (d, 1H), 6.45(d, 1H), 6.40 (dd, 20 IH, 5.29
(s, 2H)5% Boe@shitfitg / Y% wateBR 5,0. BhlfqrmBe at8d { 5o vikdy/ 0B9% Jcétomitrdé)) ML CVS

observ . MEH) +:. 400. 5. npl e 36 Synt hesis of
1-[ 4- (@%&%ﬁ 8&{39%%%&39 e”r?gfyf : pi perazin-1-yl]-2-(3-norpholin-4-yl-

pyr azol O@’ 4-b] pyridin-1-yl)-ethanone. IN N/ ntphos norpholine , N
haeC N91¢H, Rrspargtion @§3-Gzidongtthylleoyraaqlai3 #-bipgidite- [-9laatic Acidi Thisr e of

1-[4-(4-Chl - 3- Rt - phenyl.) - pi in-1-vyl]-2:(3-iodo- .

oyt azor s B A e thaRbBEl PAS Bt BT (0. 20 ).
Xang phpganip3®30ising 1 NLIOA: 200 09293 tifeH 1.052000¢:Qa48 80 Zoska (SHhea) 8 (18. 3
ng) and Cs2CCO3 (97°m);) an THE (1 nmL) was heated to 80 C for 12 h. The

r eact i HAXAY BLPE: 1S BHiNG IBHED e site.0e- T e Safisntalitreto 19078 sdthpy
EtOAC {315 nlte Hath atfl'ob%eé §Q=0T?% f&lﬁlié 5@5 Ps%’%ﬁa@éﬁﬁﬁ% &.9%. Wile/BCUO. The
crude residue was purified by flas chromat ography {silica,

Hex anef.Ev@bamic hoid b 6o ater/ OHhE% adetositilo)PdBi (EB)Ad+H ewpéct e 23d\Mplfennd 5 LCVS

(ES) Mt 4471. 6, RF2.043 min (Agilent Zorbax SB-d 8, 2.1X50 mm 5, 35C,
|/ mnftowrate, a 2.5 mn gradient of 20%to 100%B with a 1.1 mn

wash at 100% B, A= O 1%formc acid ! 5% acetonitrile / 94.9% water, B
= 001 BNFHr nPrepaeticn of 15 (dephioro-3guctiymry-rheeylbniverazine)-yl] 2x@mgidensthyio

L B &23eicins 5o hses PSR4 e et SSPRIBelS oy o
pyr azoftendaB pbptide @ypling prodedyte atdesaibedibelod Gr-Efirie 48 ublhg HATU K1G63, rN k N
Veo N, éoﬁ%/ﬁng reyge:int:~f-\l&’%e8tg§iol}1/tatgné =&.3%I'fnl\1/§uteNs (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
15 withal.l 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 rt a solution of tris(2-carboxyethyl)phosphine HCI
salt in 0.5 mL of water. The resultant mixture was stirred at rt for 30 min. The reaction
solution was concentrated in 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, CDCls) & 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-ylj-2-(3-sulfonic acid-methyl-
pyrazolo[3,4-b]pyridine-1-yl)-ethanone.
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CF HOCF[0163] The title conpound was synthesized follow ng the

al kyl atloa,opzr (3?2% as described in Exanple 6: LCMS (ES) M+H 418. 4,
Rf 2. 055.mn 8&2}0 t Zorbax SB-C18, 2.1X50 nm 15 5, BEAS245H {1 ow
rate, a 2.5 mn gragient of 20%t0,100% B V\got a 1.1 mn wash at 100% B
A=0.1%form \ald/ 5% acetohitrile r[(‘,\NHB:0.08%forrn'c
acid / 5% wat 94 g%eS&c et omi Nri_ka) | afrple N?é Symt hesi s of

1-[4-(4-Chl oro-f% t hoxgrphetiyl}) - pi pera%q;j-l yl o oxy- pyrazol o[ 3, 4-
?0 c] pyri di n-l-?/‘ﬁifethanone n O0%~ \ N HZ:EM Il \ \N C~--1JvN
'-~Cl TN VN N HOAC 0' K2003, DWF Me0 \ NF™0 C [0164]t A nixture of

6- azai ndazole (119 ng), H202 (0.2 nl) ce/t—r\c_@ci d (5 n) was heated
to 60 C for 2 h. The resultant mxturé3 Saoled,{' T®¥em t enper at ure and
concentrated in vacuo. The crude residwe® was di sso din EOAc (10 ),
washed with sat. 5 aqueous NaHCOB sol ution (3 nL),“dfied (Na2SO4),
filtered and evaporated in vacuo. The crude product (the N-oxide) was
subj ef@i8] t Prepivetial xkﬁ{Bf(milfa)nicpminltmetbyl)-@yradtﬁe[dm-bmiﬂine&xﬁ}apét& acli8 WO

2007/ 002293 P |uszo 4313 6.t t tI whi t
o s BEN it (oo Aol i sk s, "2 10
mm 5este$@@13 hﬁﬁdm itb)‘ alrﬂ"ﬂoﬂx@ﬁlesulfﬁe @1 SmifoN HERSN ifRmiRfure SOV QrHARRO B Wi th

a 1.1 mn wash at %formc acid / 5% acetonitrile. |
945 9%mi/é)t5enm B watg. MasfohfeaztcdmtcBOa& fd1 dnedtmmal ertsudidni@Mution vapcealed ©) . 5
t hesi s of

1 [4- ,@ng V@W@%‘ﬁ&?&‘e‘bﬁé’ﬁ%") Thesesidusivips extpactedwitiy LA NIRPR: pyr azol of 4, 3
- C] C?M ('JIN(CJad}?lL%( gj )Tl{%téam%ﬂlﬁ %rg%mc%xtrm HeHaRed macupang)thg crudeHO NH?NH2

Mao
residue was used without further purification: HPLC retention time = 1.63 minutes (Agilent

Zorbax SB-C18, 2.1X50 mm, 5p, 35°C) using Iml/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-blpyridine-1-yljacetic 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-chloro-3-methoxy-phenyl)-piperazin-1-yl}-2-(3-sulfonic acid-
methyl-pyrazolo[3,4-blpyridine-1-yl)-ethanone: A mixture of sulfonic acid (100.2 mg,
contain lots of inorganic salt), /H-4-(4-chloro-3-methoxy-phenyl)piperazine 2x HCI salt

10 (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-yl]-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, 5, 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%
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L NC ethanol NO DF, 00 MP, 60C MeO N rt [0165] Preparation of
1H 4-chloro razol o[ 4, 3-c]pyridine: To a m xture of ﬁ31310
i odopyri o) K éﬂpé 122 pal dehyde (6.24 mvol, 1 eq.) and 5 %EEI%F ano was

added 4nL of drazi ne ?excess)' the resultant mixture was stl rred at rt
for 6 Bt(Aﬁ@l%eé@tﬂicéﬁldé Shurdetonitiiled 94 Sdmwater, Bet 8d% forvkcad,/ Sdhwatetfe cr ude
resi du ALk tracted wth 500 nL of
di chl orsﬁ)&ngtﬁ?ggﬁlél% ﬁgw+ﬁ1ﬁa§8tr Wgvvgacg{’tf ‘ngidv@ﬁed with brine, dried over
anhydr ous sodi um suI fate filtered and concentrated to provide a crude
residue. To the crude 15 resi due Exa8Plg 450l ved with 10 niL of
di chl oronet hane and stirred for 5 mnutes. The precipitated solids were
i sol at Sgnthysi§ of 1-[4ht4i-aiﬂorovihmﬂd>xwmﬂenﬂ) pipeodzinkl gh]-Dy( B oklohaperazelofB.4-dr i ed
ac t d 350.2 ng of 1H 4-chloro-pyrazol o[ 4, 3, c] pyridi ne:
HPL(X, ?’Jﬁ’l Eﬁf‘? -yi-e NG 44 minutes (Agilent Zorbax SB-C18, 2.1X50 mm
5p, 35C) using In1l[nn flowrate, a 2.5 mnute gradient of 20%to 100% B
with a 1.1 ninut hat g,oo0 B (A % f ongyapei d /5%
acetonitrile / 9#. 9%wdicer JE‘%'fo?gn(f(am died 5% water/ 94.9%
acetonitrile); MSN( ) M+H ex'ﬂ)e& ed = 150N f oung,5154] 3. [0166]
Synt hesi s of 1-[ 4- (o4Xchl or o, 3- hoxy- phenyk- pi pemnazion- 1-yl ] - 2- (4-chl oro-
pyr azol o[ 4, 3-c] pyri difhe- 2- yI) et%anone: Usi Yy
1H 4- chl or o- pyrazol o[ 4, 3 yr| di ng, Clt he t|tIe co un was synt hesi zed
according to al ky ogo mgo 00 ?5 MHz, CDC13)

8.8.18 (d, 1H), 7. 114 6.42 (dd 1H),
5.28 (s, 2H), VB (s 311) 77 (m 48P 3 14 m LCVS observed
for (MFH) T: 420.4. 69 PCT/ USZO 024313 WD 2007/ 0022 gxarrpl e 40

Synt hesi s of

1-4- (f’(rl"?bi ! @Ee?a:%ﬁ@i?&m)%ddlg%ﬂﬁék) - RhRBS[IAL Blpyhidind- 19kt Q@ oWl &fR! Ol 4, 3-

c] pyri di ne- 1-yI) hanone and

1- [ 4- (Foalsblytion gﬁﬁepdmﬁwmehqga 4-blpypéined i yhatetid doidzetlgyl este@c pleaadnl o
L4, 3- Cb b 9uheSs 2ot GARIANEeniSias aics)DY3, 1563 MM, M QeanN O

et hano
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, 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
=(.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect = 365.9, found
=366.3.

[0180] Preparation of (3-iodo-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 1N LiOH: HPLC retention time = 1.78 minutes (Agilent Zorbax SB-C18,
2.1X50 mm, Su, 35°C) using 1ml/min flow rate, a 2.5 minute gradient 0£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 =337.9,
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DMF, 80C0O 0O MO 5 Mao NN N-'/ [0167] Preparation of

| H 4-i odo- pyrazol o[ 3, 4, b] pyridine: To a m xture of 2-chloro-4-

i odopyr i dVR@ew3headdhal dehyde (6.24 mmol, leq.) and 5 niPCAUSRNARSI3 was
added 4nL of hydrazine (excess), the resultant mxture was stirred at rt

for & [sifherkaafich o0 1K UG BmIRRDFABEbB0LA (LA AL er ude

resi due was diluted wth and extracte
di chl mhm}mrréo[ﬂhldpm@mﬁlwl)kﬁmnm"ghwmmnmwbs symehesided ed over

oo g A ARG R e K BT 0

resul ttadéougii ﬂél& nWaEPEC irsteitbnitiie 52 7l mik@ss WYkt zdBsustedsi n the
preC| pation o e undesired cyclization isonmer (1H4-chloro

pyPazd BfA Iameﬂwa"a] g Vinlrai Roastebe pBviaEingie gradientaf 2o.to TH®B I trat e

was ¢ . m (35%

ncot onai b BiEe Wish & AT P <0 RAGIE LA, P (BKoBlyi 78485 v g BTL

1H 4- i=o0ldYofymaiz atid | 3Ydwitby 94.0%U avetonittile); P G St M-+Hreapevd =33610, fowhd ch was

used wi n{?g{ut further purification: HPLC retention tine = 1.22 m nutes

(Agi |l er A0-470r bax SB- C18, 2.1X50 mm 5, 35C) using Im/mn flowrate, a

2 5 mnute gradient of 20%to 100%B with a 1.1 mnute wash at 100% B (A
1%’18% miynihebisl of 1644 aetdotord-meihbry-phénglepip@osing tyd}-2-(Beko®-1% f or mi ¢

196 1py§{é°8%§?)@ﬁ?w§;/ﬁ @? gt?ﬁgnc;nter ‘b @sordin OF @[4—%mlgropfmethoxy-pﬁ'eny% found

1-[ 4 (Hpeaidin! 91]32-(RREOXHREPRILY o [3, P63z tite I =y)-Fthandné (0.080mmol, 1
pyr azol o] 4, 3;_{(:9{ ri di ne-1-yl)-ethanone and
1-[ 4- (H-)dhl Sl g dfghlﬁmyﬂyn@n@deyap;tmgpgﬂmpsphere cooled to -40 °C, was added

et o <yHERESRROEZ oLkl vl Se it SR AR Aokl €S

descripge T EXMA Bixfure FAE f01=3bﬂnﬁlﬂesceﬂ| 96 % Hllowed b dro§w1se addition of
met hoxy- phenyl ) - pi perazin-1-yl]-2-(4-1odo-pyrazol of4 cl]pyridine-l-yl)-e

t highn o negx: antdRinim cEbedd aqmnouﬁ (m@ sohifioh Bt lowrtahparatifgi Theneacon baxtid®B 4518,

2.1X50 mm 35C 7/ 002293 ,PCT/ US2006/ Q2431 Il mn
fl ow r’5f8e dgmﬁ’ Eglu%ﬁd V\gﬁ%)‘g /e%t hl%g)f %\)ﬁa%ﬁ’q’é’nf %%Oﬁﬁft e wash
at  10084diub duffafe, ﬂxelecf/addqroﬁb&ma&a% Yachdo TREERN tekidhewhs %f&%b\p»a{mc B =
0.1 %formc acid / S%water/ 94.9% acetonitrile): M5 (ES) MtH expect =

512. 0, OBVl SI8g Sinal-predyiet: 1 H WMR(49A M. GCL) 6 8.44(d, 1H), 8.03(m, 1H), 7.2
met hoxy- Hﬁgﬁ.ébkd,ﬂm%ﬁﬁz{d& tay 5l ot PEOPYIRBhA 48), Bl V&L, diye- 2-y1) - e

t hanone®
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- |
d}pyrimidine-1-yl)-ethanone and 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yI]-2-(4-
chloro-pyrazolo{3,4-dlpyrimidine-2-yl)-ethanone.

/™ 0
GHO ci oi«</ >—N N
Gl al — —<—Cl
]\ NHzNHz = \N

N
|

NN P
THF, -78°C to rit, N p} KeCOs
DMF

al — 0
/ \ o
Cl NN C NN N
Q \_ {_N’jf‘\jl . Q _ J<_N
MeO NESN MeG =Nl
25 NN

[0183] Preparation of 1H-4-chloro-pyrazolo[3,4-djpyrimidine: This compound was

synthesized according to standard hydrazine cyclization protocol as described in Example 1:
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5 retention time= 2.23 mnutes (Agilent Zorbax SB-Cl18, 2.1X50 mm 5p,

35C) usin Inil/mn flowrate, a 2.5 mnute gradi ent 0 00% B
wih a 1 Mo hash at 100% B (A=0.1 %fornic ac"u%f /9’59@“94393

acetonltrlle/ 94. 9% water, B =0, 1%formc acid / 5% water/ 94.9%

acet onH#LQ 16')ent1%¥§HPES)O Mrpimasses b gilent EarparySBH8n 1X60 mma, SEx 396D asing 10

Synt he 0 0
1-[ 4- (j{n’f/gﬁopgwgat 8@n%ﬁ%y} E(f)flOp/%FoaleiOr{o-]i 1I-hl ]21 ute S&I%&P?o{fnyl

pyr &z ol(A {0418 fathpy néidi 6% dbetphitrilet BaOGNRater(B = (mw fbhmc ac1d N&%I\I%S@Z Me, Cul,

o1|‘ 1- [ngyw@ﬁqoahﬁ%%?ﬁw%%gﬁiﬁt 16%8@}?{%'\/{3@ (Ig,\lﬂ ? (g I[gég?] A i xture

pyrazol o[ 4, 3-c] pyridi ne-1-yl)-ethanone (0.1 mmol, 1 eq.), Cul (0.3 nunol,
3 ef.) (8] 15ynthatontkl - E‘B(430hhqm+3—mith@q' phenyi)ﬁplmazuﬂ -PiiBdwhbrdreat ed at 80

. of Dueote PR ER 3Pt S85-FEOt e PoagtmoR et Hoftilt «( ur o

was st llfyﬂ}%‘ﬂ-(ﬂblg@foopb&hzbl Jem cﬂpﬁ‘lmfﬁhﬂ 0Y1yaihbufonk A TREscWaSpb R weepar at ed,
washed with brine, dried over sodiumsulfate, filtered and concentrat ed

in vacauthesized pyyg 48-4-shdorornigzol dawdnyringdipe fallostingthe By EIpeRsiFted

5. 000" Te1y 70 EEAHE'S; ok 1 Al hellog ppSepl ol A ) 11y

5. 88 ( shlogihyra®l§9, %tﬂpyﬁh@dme?,l -¥9-eftramorneH) NBIRR@ 00 tviisz, CDEIDH) 8.74 GVE

1. (arrk B 6. B0ron s ona IS T A Sum B SH B 2n 5 80 GamaT . 25

pyr azolial 3 0B myr #H) ﬂﬁMSbbéﬁﬁdH@ﬂ‘(Mﬁi”@lW@f%@@ 4Q82R185%-3-methoxy-
PCT/ usﬁog)es/)gmﬁ%l N§/ Cl CH, CO, Et Ve 2; NN aNBJ[ Ilé-~ N~ NH N k2223

OVF t \PRenyDpnipgpzinal wl}YZﬂHﬁﬂqu\pﬂmp 3 6-dpxuivnding23y)-ethanone; HPLC
retention time = 1.70 minutes (Agilent Zorbax SB-C18, 2.1X50 mm, 5u, 35°C) using

15 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 = 421.1, found =421.1.

Example 46

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yll-2-(4-methoxy-
20  pyrazolo[3,4-d]pyrimidine-1-yl)-ethanone.

Q \__/N_<~ %{ KOy ‘Q’ mNJ<_

\ /

! o MeOH

N - NaN

y

¢

[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,

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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OEt OH C NvN-_N N_ NN2 P(CH2CH2CO2H)3 C N -j N N3 MO MO NI N/
[0170] Preparation of (3-rnethyl-pyrazol o[ 3, 4-b]pyridine-1-yl)acetic acid
et hyl est WP:200002293 conpound was synt hesi zed fol | owi ng RV 4 on
protocol simlar to the one described in Exanple 6: HPLC retention tine
= 2.06 mnutes (Agilent Zorbax SHxahfple47 1X50 min, 5, 5 35C) using '
lint/nun flowrate, a 2.5 mnute gradient of 0%to 100%B with a 1.1

e e i

MtH ex phetridiné P@1)dethdrwme cind 12@-(4-chlojr 6-B-ih ¢ thPxye pherp - pipeczin-1-yl]-2-(6-
[ 3- (brompnet hyl ) - pyr | 0.3, 4-h] pyridine-1-yl)acetic acid ethyl ester: A
m xtur & O'Pﬁgq?)ﬁlﬁ?'%&yfﬁﬁB?'évgféggﬂoﬁﬁri di ne-1-yl )ethyl acetate (2.5

0
mmol, 1 eq.), 10 NBS (3.0 mml, 1.2 e H?)H' 30 benzoly peroxide (0.05
mnol, 0.02 eqg.) in g\ﬁ of N1 4 Pehinuned f qfS YWo h. The resultant
m xture was cool ed ¢ ¥te arfth. @i leate&emi t A 500 ndr y Et OAc. The

resul tant solution was then washed with 100 niL of sat. sodi um bi carbonate
aqueous solution, brine solution, dried gver anhydrous sodium sul fate,
filtered and concentrated in ¢ =N T resi due was purified by
silica gel chromatography (;20% t OAC in ane to 35% Et OAc i n hexane)
to provide 450.2 ny Mg~ edesired product: UHPLC retention tine = 2.50

m nutes (Agilent ZofSax SB-Cl18, 2.1X50 nm 5)A 35C) using Iml/nmn flow
rate, a 2.5 mnute gradi ent of Q¢ oN/iGNO o&@é&hx a 1.1 mnute wash at
100% B (A = 0.1%formc acid / H%aceronr¥ile / 94.9% water, B = 0.1 %
formic acid / 5%water/ 94.9% %€etonitrile); M5 (ES) MrH expect = 298.0,
found = 3.,.20 [.017 r.epar ati on,.of . .

(3-azi J0TRRY - ZsaPutian 47 By G RRGIRPPRg Ry eebmel 1o A el oAt g i i ur e
of (3~ (ROAFRETE {Jtinlor AVE7il Bl dr Bl Yt Ao dayhdRE *abfyy /91 LI ester
(0.5 nmmmol, 1 eqg.) and sodiumazide (1 mol, 2 eq.) In f m. of DMF was
heat ed egi) p8fio&b @ortibninderhidiroger audsplndre, M Rériheewhsion@d hedrogem gak, di | ut ed

with 150 nL of Et OAc, washed with water (40 X 3), brine, dried over
anhydr Gaesided dvhish satearved aghubblingsia thewsaction auinturas BB ONe 4mokRe 25

sol vent ST ved i.n vacuo to pr.ovi de 135. esi red product: HPLC
" otilint e o RS GRS (ARt RN 055 e TR Ko r RS R ab S50
using | ' l. r ' . gr adi f. 20%1 %.B.with a
4519, L o B B 8 a0 HR0AG

solution was then warmed to rt, 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, 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); 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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72 WD 2007/ 002293 PCT/ US2006/ 024313 /| 5% acetonitrile / 94,9% water, B =
0.1%formc acid / 5% water! 94.9% acetonitrile); M ect =
261. 1, foUR3OEI®R9%. [0173] Preparation of drtlsafb i

[ 3- (azi donet hyl ) - pyrazol o[ 3, 4-b] pyri di ne-1-yl)acetic acid: This conpound
was sy#i fﬁ%|EZ’9EPféiwcﬂfdplwglttlmv@quarﬁ@amld¢;2@QdI%Dfsthpdeﬁtmdgptodag adescri bed in

Zor baox Vil g IR (002 Cﬂ%%‘ GG MG Pron B3 S nile

gradient of 0%to 100%%@ al 1l mnute wash at 100% B (A- 0.1%
forni clU8¥l Pregaptipneatdng }qrv-@yvaz@a Splngdine: o solytionf dpwicklaaedd/ 5%

wat er / g %@gg@aﬁ@g@@o@ﬂo Deg.) ¥P3 ClrDHMEEL SIBEG)GaAnS (106 HRAUNG 2 &% 4 10

[0174] at'|

1- [ 8- (A qhb ekeitadt sebthoaxyas ey hi) 1201 Weeihaziled fiby fdrofedfzh@ 2 TEEEBIehY v as
pyrazol o[ 3, 4-b] pyri di ue-1-yl)-ethanone: This conpound was synt hesi zed

accor drmvﬁfbm weim ded the pespriviedens doulobdeipnmilicecslicdums. Hesiialitreby siktow i n
Exam e

i nut o8 A S0 P ne gt an PR Ot AP B el S LB TR, ) G

rate, @A@leﬁtmmm&B@ladl €Xi50 @in, ZQ%FPQ:) 10084 Bl/mlb vk iritea 25 himiteiut e wash
at 100% form c aci 5% acetonitri le / 94.9% water, B =

0, 1% f 84 eBt%f&D/ﬁtollog%W@rall bﬁ“@%‘é@%’t%ﬁw iB &) = ONgo fqemyo Pkpect =

443:0 2, acf.e@di‘ﬁ'cﬂle 1A%, @ﬁt& W@]l%s%%ﬁefcﬁ@/ 9, water/ 94.9% acetonitrile); MS (ES?
1-[4- (4 chl oro-3-net hoxy- phenyl) - pi perazin-1-yl [-2-(3-am donmet hy
pyrazoNﬁ*[fBe@eti]mm(Hfmmd‘flﬂp et hanone: To a sol ution of
1-[4-(4-chl oro- 3- et hoxy- phenyl )- 20

(plo pgr1 apous9L- Bi/ﬂthe?érs(o'f16{41(Mmt&l%ilflrllzdﬂyd’z@llﬂigﬁﬂ%péeﬁ]zﬁnyr-l_yqlm(ﬁ-cihidfd)) Iet hanonef
o WwasS a ropwmse at rt a solution o
tris( zpzfra%cse{%elfcﬂam@%bgg?ﬁﬂwéomnd lsid-4- qﬁioreﬂsmﬁti}marpwgmpeﬁ@ Fesul t ant

m xtur FORE- chidré qu@s[yzxt@%?ﬁdﬁ&zml emmer@ﬁ&fw&me gahbdmv

concenfrated in vacuo he crude resi due was dil d with 150 nL of
di &l osmﬂwhad\eccoma@iedlmtmda@&onmnﬁpmmdw degaribaé in Elmlnnk p.eBorovE sodi um

| f ol d
oo o B e B Sy S S R e e B PR L 980 b
CDC13) eﬁaﬁon?eﬁi(m (110{) M}& TB(Cly,5 8109 (s, 171:1)28 0(1(11 1H1, 125 (d7 1HR 7(1ddd, 1H); 1)

559 thotdlin, S 1ed 1. 4 s Bend Disctbun T k. dttn it ot BOMS ot 2 43

30 Syntbhesied fé}f(l\/ﬂ-l-'l-f)ﬂ 4(26'5‘3 P 1-[4-(4- chloro 3-methox?f Tphenyl)—plperazm-l )ﬁ] -2- (6-
r o- 3- net hoxy- phen%/ - pi perazin-1-yl J-2- ricacid
20 ,4-b]pyridine-2-yl)-ethanone: HPLC retention time = 1.66 m1nutes (Agﬂent

chloro-pyrazolo[
Zorbax SB-C18, 2.1X50 mm, 51, 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 /
04.9% 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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pyrazol o [ 3, 4-b] pyridine-1-yl)-ethanone, 73 WD 2007/ 002293

PCT/ USZOS@{)%@@@&%S) Sr 803H r~SO3H GNNH NN N82S03 ~ \ N LI OH MB HzO N
N. N HAT t 0=~ Pyridine OOHC NNO N, ~ ~fc§6ﬁ20‘t@/§e‘3ﬁ~ (0176]
Preparation of [3-(sulfonic

aci d- met hyl ') - pyr azohglc8o 4- pgl,zmgrl di ne )ga(;qgtgc Bteli/\et hyl ester: A

m xture of (3-(bro th Z ot b-]—pyH—d-l N)acetlc aci d
ethyl ester (0.8 M, 1 eq. g afl sodium sulflte (1. é{ excess) in
a mxture of 1 nL of DVF 5 and 0.5 nL of water was heated at '80 C for one
hour. The resultap Q’WL%& @‘d{d‘v and the sol vent was
renoved i n vacuo, ﬁ due% & vmth 1:1 MeOH: CH2A2 (30
m. X 3). The COW i cMe€xtracts were dried in vacuo, and the crude
resi due was used wi thout further purlflca'f n: HPLC retention tine = 1.63
m nutes (Agilent Zorbax SB-Cl18, 2.1X50 ntn, 5p, 35C) using Im/mn flow

rate, a 2.5 mnute gradient of 0 0%to 100% B with a 1.1 m nute wash at
100% B04%0}= Erf:ﬁar%M%G-hydrdzd—p)&%odxdéﬂeﬂbylﬁinee Toa %tﬁ)%dmmer B=20. 1%

B o Ot ) ol b i 00
iﬁ'nfhZﬁt%é%ﬂ%@%sé%?%%[ﬂ?heaf@aaﬁﬁé@ QCRa LR BB the*‘sgef."gﬁﬁ“f‘ﬁ 5
o ol s iy L DSOS 55 W Lo
1-[ 4- (ﬂm@mmsedmwm D divper.cenid rigd e (Thesmtcteqmchwam d-
?ﬁggylzw s34 g%tﬁ«% %Iﬁﬁﬁtf%géé%%h?% 0%8%/{? r%tgﬁt%%qone 1'%8 rnmutgsr &g%ent olrga(y)cm ¢ acid
| H- 4- (SBazhlspl 0X 30 nid, Boxys phesig ) pl/per Bl e, 2. ﬁh(ﬂuté@hdleﬁt(bf(w%w mol ,
excess and HATU_ ( 0 37 excess) was suspended in 3 nm of P){r i di ne,
stirr ei)d B with a 1.1 minute wash at 100% B (A = 0.1% formic acid / 5% acetonitrile / 94.9%

10 water, B = 0.1% formic acid / 5% water/ 94.9% acetonitrile); MS (ES) M+H expect = 337.9,

found =337.9.

[0191] Preparation of 1H-6-azido-pyrazolo[3,4-d]pyridine: 1H-6-hydrazo-pyrazolo[3,4-

dlpyridine 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, 5u, 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% water/ 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, 51, 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 /

80



it for 3 h. The pyridine solvent was renoved in vacuo, and the crude
resi due ed wth dichloronethane (10 nL X 3 The organic
extract svﬁe@r gﬁoteo%%{;/ed and the crude residue was purﬂ%@é@&ﬂ%ﬂmt to
provi de 10 ng of 1-[4-(4-chloro-3-nethoxy-phenyl)-

pi per a24.9% lvajer,| B 2-0(136 Serbfiomdid/ 5% water/ 94.9% acetonitrile); MS (ES) M+H expect =

aci d- rpz/l -“5¥L§%££O[ 3, 4-b] pyridine-1-yl)-ethanone: HPLC 25 retention
time =0 L&A * (Agil ent Zorbax SB-C18, 2.1X50 nm 5, 35C) using

I /mn flowrate, a 2.5 mnute gradient of 20%to 100% B with a 1.1

m nute wash at 100% 74 WO 20071%@@29@49CT/ US2006/ 024313 B (A =0.1 %
formc acid / 5% acetonitrile / 94.9% water, B = 0.1 %formc acid / 5%
wat er / SyriHlesB%6f dCjat(@thlorbI3ehethyiy- bE&)yl)Wibeﬁ&ﬂﬁprylm B Bmido-pyaarsloHB0. 5.
Exanpl e 44 Synt hesi s of

1- [54 (bﬂpbfl'liiméﬂddke‘ihéilﬁ%ﬁ(y phenyl ) - pi perazi n-1-yl ] - 2- (5-chl oro- pyrazol of 3,

4- 5 b] pyridine-1-yl)- et hanone a1 aild -QNlNH II NN NCS N NN LI CH
N NN MOO 0=~ o=( ¢ h(_g:HZCI &ondsl OF N NHzO 9Cf QrdC
F\ ~-NN N NUN Ve’ NN rlon of

- (\\ M[OIJO Pr\epa 1
(3-10do-5-chloro- pyrazol o[ 3, e cyd ethyl ester:
To a solution of (3-iodo-5- py azol o[ 3, 4-b] pyri di ne- I-y acetic acid ethyl

ester (0.61, leg.) in 2 nL of DMF was added N-chl orosucci ni mi de (NCS)

(0.73, t.ant 1 Xt ure eated at 70 C
for 5 totsd o daBud S es DN Ga Reth e g P L AR BSRIES  o 20
of Et QMgazoldig4difhyidact- MylicthagonexS.07 hamnolas Linvi tih oREt@Ac ¢1O8ded X 3),
brine, dried over sodiumsulfate, filtered and concentrated in vacuo.
The cr fmld)2Hs0 dsie selals Theredulted mikjurewas heategat 4@ he dore logFlephyul@d5 % Et OAC
to 75% Et OAc in hexane) to provide 100.4 white solid as final

pr BYuchixtppres eelehioirbind diked-with 28 mj. ﬂﬁE@AC( g 0ank of SathwwdiusB- C18, 15

,[2 o 1>1(g 8\3}?@30&:&6 a%l.S &uﬁ{{h. Mg d%(e%ﬂxtful-e%s sﬁﬁ@d fo? ag aédﬁb&ll' tl %, %ﬂ%‘tﬁ“@t of 20%

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, CDCl3) 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).
LOMS observed for (M+H)": 4011,

Example 50

Synthesis of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(7-amino-pyrazolo[3,4-
c]pyridine-1-yl)-ethanone.

ON-H =N =N CI—Q-N N-(_C

~ F o NHaNH, B NH  NaNOy, Hel A MeG !
THF # - NHz -
oo NN N

N3 KzCOS. DMF

—~ P — P
cr-—</ H- Ci—</ N
N\__/N—<_N'N\ $NCl, EOA N _<_N'N\
MeO = ] MeO = ]
Y
20 N5 N HNTy

[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

81



withal1 m'nute wash at 100% B (A = 0.1% form c acid/ 5% acetonitrile /
94. 9% wat er, = 0.1%formc acid/ 5%water/ 94.9% acetonitrile); M
(ES) MH = 365.9, found =366.3. 101801 Prepar s 1
(3-i odo- 5‘%%03208225% azol o[ 3, 4-b] pyridine-1l-yl)acetic 2%(%13&2%[0243 320
conmpound was synt hesi zed according to standard hydrolysis procedure as
descr i tyead coqled Byhand|selved wasirergover it vagip. ikt Gude tesivtuieoves thasted-severdl8

are, YA SRk BORG B e BB B RRRT b el ol oS PRt e Bl o
100% B withost fOctier pufification: HOLA rételbonatind ©0i20mihetes (& il wbhesB-HS, = 0.1 %

formc acid / 5% water/ 94171?%a etonitrile); ect 337.9,

found 25%8MmgOH, 38°Cdsingad 0% IPETY %ﬂé?ﬁ@‘ﬁ?@@&lﬂ‘QOf%Q%@lf Ol%gpar ation

of [ enyh) 1

ch %r o%ﬁéllfaafz:g %E‘g @a%]%py” % lﬁ;}{ﬁhﬂ a&%gdn/(relj0 /}%%été;mﬁf% ggdc%pqvc?gerr\d}a was

synt hesi & Ed foradc asidi 5 waters24690d acdomepe); NS @tsmMﬂmgxpnct}Fd)ﬁ@)l femnddescri bed

in Exa Eéa 43 using HATU as the coupling reagent: HPLC retention tinme =

2.71 minetds (Agilent Zorbax SB-C18, 5 2,1X50 min, 5, 35C) using |m/mn

flowrate, a 2.5 mnute gradient of 20%to 100%B wth a 1.1 mnute wash

at 1009085{ A Pzeparation pHT-azido-Rierlo[3Bealnpediogiivs dogpound wessynthesiped B =
1% f % C fiLlle).. VS : expect =

5 46. 0, %goungg‘fb ‘pg%ftlgc cf’e%/xglgfgc%n %&;I 64;% g—rﬂgf;ﬁ feidnliBh iR 6 ES kL

1- 18- ( 4Agitdno Z.orb3x sm@my AEBe mnh, )Sup3 FED azmg&ﬁﬂ/;ﬂu]l ﬂBw(rStepzh]z Omamitd

Ey{ ZZ ?kr%igﬁngpgg@ %ﬂc{‘}(}é %éxr}yf%?&?eovggsh at?O(?% %OQAJ ! I001 0 ?orrmc acid / 5%

pi per azic&oditrid 1 949% 3valté9®=5n®)@ k&ﬁ@c Ryd azghaked) %4 Ddonxetositiney, MytBPs)et hanone
(0.037 mmol, 1 eqg.) in 1.5 nL of dichloronethane under a nitrogén

at nos pAGtIE eErsst ©d6k- fOW@ﬂGO\?/as added dropwise, 30 | of 2.0 M sol ution
of isopropyl magnesium chloride (0,056 mmol, 1.5 eq.) in THE The
resul t 40t96fn Xrepasatioast T-{)4’-(4361ﬂd§fb¥&ﬂﬂll&&oﬁjl—phei@l)Cf)ijﬁ&])ilﬁlm-\llesd] By 7-dridpwi se

adition of 15 a ium chl ori e aqueous (a ol ut.i on ow

1 IRl B D o be 5 ASHS vieh Y2t sbufha i 1 200
of Et OeotodR abkAb ih ExBBpltls: AP EchtioRtindes 2.4 nddit@M@lgilet ORH4MsHU| f at e,
filtered and concentrated in vacuo. The crude residue was purified b

PiC b St F N HHinG FrabRIe How FRipyad FRninyepeflisnt Ga0YEp 180%, 44 (d.
3 8@&& ,1 Ji ’nu% ﬁlé atE ISn)O% %A *3)1%9 f%x%mc %ﬁ%ﬂ S%Z%%Eﬁﬂﬂle / Jé’tt'b% @%t%‘fz’og S,

observe
( M+H) +B 421 % 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-yl]-2-(7-amino-

pyrazolo|3,4-clpyridine-1-y1)-ethanone: The title compound was synthesized according to

the procedure outlined in Example 49: 'H NMR (400 MHz, CDCls) § 7.86 (s, 1H), 7.74(d,

1H), 7.24 (4, 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-chloroe-3-methoxy-phenyl)-piperazin-1-yl}-2-[3-(oxazole-2yl)-
pyrazolo[3,4-b]pyridine-2-yl]-ethanone.
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Exanpl e 45 Synt hesi s of

1-[4-(4-cliloro-3-nethoxy-phenyl)-pi perazin-1-yl]-2- (4 chl o 2Da(razol o[ 3,
4- d] pyr iWP RW7AB293- y| ) - et hanone and CTUs 200

1-[4- (4-chl or o- 3- met hoxy- phenyl ) - pi perazi n-1-yl ] -2-(4-

chl oro- pyrazol o[ 3, 4-dl pyri m di ne-2-yl) - et hangne. q@ - a. .d
NH NH ~J < C\?“gg&ﬁzw&ﬁ% TdF, H@—@m DVF CI O G NN~
Cl \' N Non( N—Me0Cl par ation of

| H- 4- chl or o- pyr azol o[ 3, 4-d] pyri ni dine: This corrpound HARLS synt hesi zed

according to standard hydrazine cyclization protocol described in
Exanple 1: 76 WD 2007/ 002293 PCT/ US2006/ 024313 HPLGvet ention ti me=
0.36 m nut es ( ax. SBrfabByin Lk YCAY ing Im/nin
flow rate, ali ent @b P%t 0 105% BWi t 1 mnute vvash
at 100% B (AM°°0 l%formNc 'émd/ 5%aceton|trlle/ 9.§%water B=201

%formc acid / 5% water/ 94.9% acetonitrile M5 ( Esgh Vi-H e>5[pect =
155. 0, [4198hd Pepgstion ofy3tipdammyrazeis Hedpyidire-2-y acet1c acid ethyl ester: To a

1-[4-( olF@%anEf%]-I%a&%H Xzopc{f? Q%;]Byr{ahﬁgﬁ ﬁﬁﬁcﬁ,nléec}’ 111 19 n(if'of;&}krgﬁ% was

pyrazol o pyr i m
1-[4-( M@hldwmﬂ&mmwm @stﬁ;mm&m%ﬁéthﬁdmlamde) in toluene (4.4 mmol, 1.1

1-yl]-2-(4-ch| oro-pyrazol o] 3, 4-d] pyri m di ne-2-yl ) - et hanone; These
conpouRdsainds &, UBJanHEOgRY aitnosalierry aid-tha reshitant solionawes shfrsd at ‘ép]réQr. n di ne

TR R T T O i X
o 5. 70 Ehat hetsdofh Yt Gadsstid Sy OB o bR freBlel ™ (P
5. 41 ( Folidhg ad a@Roqsworkp,,thSerdde prodact Hh purﬁieﬂ%y(sﬂica 4t chrdridtbgrapiser ved
for ( M2-2|_80 0 EtO‘gc 1n]hexane to 70‘[/04Et£)ic n Lg{rage) to prov1de 7% 2 mg of (3-iodo-
10 pyrazolo[3,4-b]pyridine-2-yl)acetic acid ethyl ester: HPLC retention time = 2.63 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 = 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 IN 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, 5y,
35°C) using 1ml/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-blpyridine-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, 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 = 0.08% formic acid / 5% water/ 94.9%
acetonitrile); MS (ES) M+H expect = 512.0, found =512.5.
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phenyl) - pi perazin-|-yl]-2-(4-chloro-pyrazol o[ 3, 4-d] pyri m di ne-2-yl ) -ethan
one; I TPLC retention tine = 1.70 mnutes (Agilent Zorbax SB-Cl8, 2.1X50
mm 5, 35@)200%0mep3l5 I /mn flowrate, a 2.5 mnute JEEYRWAEF02431320% t O
100% B vvith a 1.1 mnute wash at 100% B (A = 0. 1%forrric acid / 5%

acet OnFOt H01] §§ntﬁé’s1s9b£1"@t glchlokd- 3—1196&'10@{ 213?1@1‘1"9/15:?1% {%V@t(‘é&izolegzgd)g%

acetonftrile H expect
Synt hepyrazadé[3,4- b]pyndme-z-yl] ethanone To a mixture of 1-{4- (4-chloro 3-methoxy~phenyl)

L4 el or 0 oL AT ) b o L el Riddebings 20
MeO Niekrafts trigh %115@9% FR?PZIHEWTI{‘\J N2k OBs110.39 66’1’) ﬁﬁﬁe‘:‘hitﬁ%ex?fmnosphere was
1-[ 4- (4-chl oro-3-net hoxy- “piperazin-l-yl]-2-(4

pyrazohdsied Ozﬁrd]anfHﬁladdﬂemﬂzqm Imethstvﬂd'ﬁa (008 mlnﬁrﬁleq)lTbeqre}ultant 1 nL of
MeOH was added, so | d c exces t he resultant m xture
was heBgHeayes pget 3 'ﬁ%%ﬁ&&%@é g@'}@?@eﬁ(hﬁrﬁce?%w%w WS opleq s

Th fied H d
pr oductider gﬁfxﬁﬁ%@%@ﬁﬂé@:ﬁ@%%{ Xk CRER IR A R e%ﬁ)es' 8. 07
1 7 . 2 3.90
g : 3|_Dl§i?gaxé1'z éa%%r( ‘hv]gs ie#)ﬁ?ate%,%%ﬁe({ ﬁ%th %{‘i')ple, dﬁe(f'évérggdlm%@hlifaté ﬁ-’l?em(()dgaggr \l;?ad o
( M+H) +cont@Bra@ed /7 DashD. 0O ta0o 238e R@?@M@ﬁﬁl ﬂ@l?@iﬂbBchrEmaniaphﬂGO YBtont hesi s

of 0 : : : .1
1- (9 (BB BERAA S Prosidedg e diig samequag; | HINE @RY M 501 of 3, 4

- b] pywcmed folgle)smi&lalmgnﬁsmzm}l)ﬂzz (m, 3H), 652(d lH), 6.48 (dd, 1H), 6.01 (s,
1-[4-(4-chl oro- 3- net hox erazin-1-yl]-
S e B b S, S Eh i B DDy Coss Wt 1
NaBHa 2) NH? NHL NCI NC THF, GOCC NC G N C 0 p--~~ NNk-N MO
ry~ : Example 52

Synthesis of 1-]4-(4-chloro-3-methoxy-phenyl))-piperazin-1-yl}-2-(5-amino-pyrazole(3,4-

15  b]pyridine-1-yl}-ethanone.

M Me C\—g NN 0
N ° 0N A wed = La
l N N HNQa/Hp S04 [ B N &

N
A 1
N ” 90°C N ll:l‘ KQCO& DMF

c Mo e, oot UN{
PO N

[0202] Preparation of 3-methyl-5-nitro-pyrazolo[3,4-b]pyridine: 3-Methyl-pyrazolo[3,4

NH;

blpyridine (1 mmol, 1 eq.) was suspended into a mixture of 1:1 fuming nitric acid and
concentrated sulfuric 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-yl}-2-(S-nitro-
pyrazolo[3,4-b]pyridine-1-yl]-ethanone: This compound was synthesized from 3-methyl-5-

34



.G Cad MO0 d N~N~N. N 1-01 5 Mac [0186] Preparation of

(2 6-di ch i di nyl)nmethanol: To a solution of 2,6-dichl oro-3-

ni cotic ag{%{dﬁ 73009%5 , 1 eq.) in 10 nL of dry THF at O @T/H%@O%Qiﬂ%a NaBH4
(27 mmol g.) portion by portion under nitrogen atnosphere. After the
evol ut |ndm-mfra2h>yli3,édéwrgiw acserdisig dethe @litylation pootasios desenbedds Brabipld Gig i n t he

aact Sl et s T4 il LadRPLae B R w0 Rir AT YRE 10 20

m nut eanﬂ/@hh fvRdataya 1. bmﬁﬁt@yaa@ﬁt 1120m, 101009 B witid Q. | AthutSPhdhtd 900 The
reaction solution was en warned to rt, and extracted with 300 nL of

Et OAc, B P& Hrgiersced / I 5a(y agetonjfeile A4 e wals, tBn“ Brlivn&ormin acidy Yo sreteiodi um
sul Eat 9y ob4 JbRh anleg%gs I%L}CI\%-@H ?’ée%? 435 \‘;\f@ prow de a white solid,
OUt

whi ch wWa$s use ent ion rther purification: 15
HPLC r m nut es. (Agi l ent Zorbax SB-Cl8, 2.1X50 mm 5,
350) o3 %{’3 bR g\mﬁ“r‘éﬂ‘éo' anzth@iymmylipgﬁﬁ%}r\ewl]& (209900 100% B
with a B %

acet oni ?fa%‘w A pup oo gL A F o Ym0 ph@Ebiberd- g1 o

acet oni2e(Ginited-pyBI¢[BI) b]riidinc potitethand @ <w mehig nombhed with 200 L7f iron
Prepar a

al coholpof"gé}i’% “?Zﬁﬁﬁ%ﬁjce@aci al%ofoefgysjr@x ne%)%?%%er?ﬁ%utl ngg]él& .he above

pOU@SSIvthﬁﬂﬂ@té@@zﬂﬁ@OAe&ﬁ&ﬁBére@ST}@e filtratelviad evapdthtddemSu Ry dnidpupaed @p. nate (2
The resultant m xture was stirred at rtfor 30

A
i nut eé‘IP Lg; %%%%@ﬁ ift-thrhderatrmedoggrhesyl pinesr gy lLatfet™8 t he reacti on

t { Lt £ t
?h)e( t”ei’g{a?@ﬁ[?’ﬁ?@pﬁ?%%l M-t PAnShbr ﬁPﬂ@%et%ﬁtg Btﬁﬁ’e %6%%{&@?@%% nfTi NUL €S.

extracted with m. of E t he organic
| ayer WashawaSa€tl, B t¥H050mnsp, 36°Cpestgdimlimia Flowhiaesal Savieutrgradsak of i on,

Sat sol ut | rine dri e r sodi. 78 WO
S 1S B BIRR S St Al DTS P B U raRRT,

t 0 1pr ovude, RAer, B —ﬂu 10§ fothR 20 RYIVEFater/ 99964 ao%&)nﬁnle\)VfMS ESOVIHH: expddt NVR (400
MHz, CDC13) 6 10, 3 (s, 1H), 8.17(d, 1H), 7.42 (d, 1H). [0188]
Preparéﬂﬁgnfowd%‘ﬁclfﬂol or o- pyrazol o[ 3, 4-b] pyridine: To a solution of
2,6-dichloro-3- fornylpyridine (0.89 mmol, 1 eq.) in 3 M THE was added
hydrazi ne (1.06 mmol, 1.2 eq.) atExaﬁmp’ltS?»The resul tant solution was
heated at 120 C in seal ed tube for overnight. The sol vent was

Synthesis of 1-[4-(4-chlore-3-methoxy-phenyl)-piperazin-1-yl}-2-[3-amino-6-methyl-
pyrazolo{3,4-b]pyridine-1-ylj-ethanone.

NH, CI
s PO 00
Me” "N CI Me ‘N N KoCOg, DME N\ p
20 Me
[0205] Preparation of 1H-3-amino-6-methyl-pyrazolo[3,4-dlpyridine: 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-yl1}-2-[3-amino-6-

25  methyl-pyrazolo[3,4-b]pyridine-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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renoved in vacuo, and the residue was dry | oaded on silica gel colum.
Purification by silica gel chromatography provide 29.5 final product:
HPLC r et s toomiooR2oe = 2. 17 minutes (Agilent Zorbax SBC@ngZOOGZOZfX% nm
5.t, 35C) using ImM/mn flowrate, a 2.5 mnute gradient of 0%to 100% B
with a 1.1 minute wash at 100%883‘3,@‘,051 %formc acid / 5% 10
acetonitrile / 94.9% wat er Joformc acid / 5%vvater/ 94. 9%

g;ﬁ: (ﬁggt rtlh Qbf fvﬁS)(-E‘a Chli/Hi'o-Z ﬁﬁgr%ES-meghS()iy-%henﬁyB Mmet ?lffpl?)era in- -yh 2-
1-[ 4- (5. P ,ﬂbﬁacﬁamm)p)yr%ﬁﬂyh)b]ﬂﬁ&ﬁﬂqzymeﬂaaﬂ&ﬂe 2-(6-chl oro-

pyrazol o b] pyridine-1-yl) et hanone and
1-[ 4-(4-chl oro- 3- nmet hoxy- phenyl ) - pi perazin-| -

yl']-2-(6-chl oro-pyrazol ofg3, 4 b]pyrldi ne-2-yl)- eth The two title
conpounds were 15 syn acc riéong to the d\ coupling

procedure descri an‘pl N PR S0F e [P

(4-chl oro- 3- et hg henyl ) - pi erpbm n-1-yk (6 chI or o- pyrazol o[ 3, 4- b] py
ridine-1-yl)- et hanonew H NWVR 4100 MHz, CDC13) 8 8.08 (s 1H), 8.01(d,
1H, 7.25 (d, 1H), 7.16 (d, 1H) 50(d 1H), 6.45 (dd; °31H), 5.40 (s,
2H), 3.90 (s, 3H), 3.77 (m A4§),.8. 23 (m 41-1). LCI\/IS Bserved for
(MtH) +: 420.5: For 1-[4- (4 pJLQ,rN - MRE,BOXY- phenyl }\Eﬁ azin-l-yl]-2-(6
20 chl or o- pyr azol_&'8 uéx b di nex<2- Y1yt hanon \éﬁ ention tine =
1.66 minutes (Agilent @ bax "SB- c18, 2 1X50 “35C) using | rnl/nin
flowrate, a 2.5 minufe gradi ent of 20%t o1 be with a 1.1 m nute wash
at 100% B (A =0.1%fornmc acid / 5% acetonitrile / 94.9% water, B =

0. 156 1 G207k Beeparafiomsof Wik (4-6hlaoaflisrapinsthqxgphen v rensed miieezitor

(1NFZ|) Er ??rsg)dg%@ ﬂ@l ﬁjgn%nlt g?%glrﬁlég{en A mlxlt‘]‘re 5 f%g hzliozrf)_c}(-)[(%yr zol o[ 3, 4-

d] pyr phloweZ-ﬂuqxb)S-mbiﬂnaxwphﬁnyDQZ Mﬁhgl;pifiélﬁﬁﬁz%] EtﬁﬂiioUSZDB)’Bg,OQ@&mﬁlol QHO

NH2 NH2 I\J ??%2 H{E%rlazgpﬁlﬁ— Iﬁﬁf( 8 iﬁ%}%ﬁ?l eq?l potass1um cN%onate d\% z Meo
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-
bJpyridin-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-fluoro-5-methoxy-phenyl)-2-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 rt,
diluted with ethyl acetate and filtered. The filtrate was washed with water, dried over

20  NaySOy4, 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 }-1 H-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-oxo0-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}-

86



[0190) Preparation of 1H 6-hydrazo-pyrazolo[3,4-d]pyridine: To a solution
of 2,6- dichl oro 3- pyri di necar bal dehyde in 2 nlL of d| E§20¥\9@4ﬁ ded
excess andlit” 9ﬁydra2| ne. The resultant sol ution vvas 150 C
overnight. Upon cooling to rt, the desired 5 product precipitated out of
sol ut i tirpssizaloldid-bipysidineed-cafmmittite(d® g B ddmmdl, Wag), NIGICH HA1 (Hy84 4,i1088r at i on,

washed w u o) and dri ac he crude

pr oduct™@ \Emg eqlé@?‘t\% ?ﬁ&i qﬁLWZﬁédﬁﬁwﬁ &S %%QFFL% ‘F‘éﬁlﬂ’gnfr&)ﬁeaﬂl%

1.78 ”%dﬁhfoﬂiva(s'e&tdeﬁﬂﬁteam RxYo, :aBdlsddiveddn BR5Dadthte, %asl%ﬁ@ltlﬂﬁﬁﬂégaﬂdm /mn
flow rate, 5m nuteﬁfradl ent of 20%to 100% B with a 1.1 m nute wash

at 100%nser(twed t@prosgdeci-fd-f4-Ee Chloro-Sdmaroct-wethoxy-phenyleumathypivpreiar, B =

S Pt SN g SR Sinl Y, 1 e =

1H-6 azi azolo[34d ridine: IH6-h azo-pyrazol o[ 3, 4- d] pyridine
was su@agﬁd ePHEAOIR Ol E@]cf? -(JHlorg 2 fjuorges- reﬁgfewbw D@esiiyl-DREEZing -t of

wat er ?E?, 1@ 4%xadﬂ%l~&- 1&%;1%@0%3 @Q@%ﬂ%%ﬁ&n@ Aqhstd0Bs £ g@gl umnitrate

in 5 nm wat er resultant m xture was stirred at 10 min
and \Naﬂhler:b 1-lupro-S-Fiethoxgabenydn2-mektylrpipeteaimn-1 -mg 2t oxak-dtnd ¢-N- bqumms—, and

vashoaP AV E TP ke b G5 rm GuF R Ot P80 Bt o

I N1yactstuent SulPhRHCHE(MTINA) d@$ ig) @ds firRduc 100MT eVeriight. USedeastib@idtutur t her
purification: HPLC retention _tine = Q.50 m nutes (Agilent Zorbax SB-Cl8,

2. 1X50WALfPRCestratyd &y vewiordg prcm@erﬁ quda residuroviigh was purtlicd btk e gr adi ent of
20% t 0y f acid /
R S e e S S e A S
acet onylf-24(3-g)2,4]dBdigEeth)3- }Mpﬁami{q@é% pyi@a-1§))-dleurd (876D 18EM3 BeBafioBynt hesi s

o & b GO AR RRSRA BB 80 ety Mok ol et e

syn$ hegiszgduta gealedt 6920% to PaoaBkyittad 1.0minitohastodt 180%CB (hed. 19 ffxaspl e 6:

HPLC retgntl on ting m nut es (Zgl lent Zorbax SB-C18, 2.1X50 m n,

5p, 35& ﬁ%%ﬁ@etwrﬁfﬂﬁ{ 84 P?/bwt?raﬁe- 0.5%ommigpeidy &% aiay dfd%otcetontitle). o 100% B

W th ar dnk SHsQYLER ﬂ)r t. 4£80% B (A = 0.1 %formc acid / 5%acetonitrile

/80 WD 2007/ 00229 /'US2006/ 024313 94.9% water, B = 0.1% form ¢ acid

/| 5% water/ 94.9% acetonl trile); évsm(pgsgs M-H expect = 427.1, found

=427.1. Exanple 49 Synthesis of

1-[4- (4-chl oro- 3- net hoxy- phenyl ) - pi perazin-1-yl] - 56 am do- pyrazoto[3 4-
Synthesxs of 1-[4-(4-chloro-3-met oxy—phenyl)—plperazm-l-yl]-2 (3-cyano-pyrazolo]3,4-

20  blpyridine-1-yl)-ethanone.

ClQNCN{N'N\ ON  NHOHHOL BN Cl.Q \_JN_<_ 5

MeG - T
[0211]) A solution of 1-[4-(4-chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-cyano-
pyrazolo[3,4-blpyridine-1-yl)-ethanone (0.15 mmol, 1 eq.) and hydroxyl amine HCI 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% K3CO;s 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, 5, 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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5 bl pyridine-1-yl)-ethanone. 0 C N~ N SnCl2-2H20, CI N~ ~-~ N EtQAc N
MOO Moo - [ Na NH2 [0193] To a solution of

1-[4-(4-0%@%(}?2%t hoxy- phenyl ) - pi per azi n- 1- yl | - 2- ( 6- B&T/H#2006/024313

pyrazol o[ 3, 4- b] pyri di ne-1-yl ) -et hanone (0.071 mmol, 1 eq.) in 1 nL of

Et CAc &8s BC{A&dO 1%&:&0%@5&@a@tc&1aﬁled.94mewme§ts =t=@m%, firiddca] Mg heat ed

at 40 C for kﬁsultagh_ 10 m xture was cooled to rt and dil uted
with 26@‘%(1.94(91% E?ce@ﬂtm MBEER MEH exgect =d4dil ulored cadbdnat e aq, sol ution.
The diluted m xture was stirred for an additional | h, before the

organi c | ayer was separated, wasHxdmpdd6 brine, and dried over sodium
sul fate. The solvent was renoved in vacua, and the residue was purified

?Z HPLMtgesgﬁ i(@M! %&w&m Iﬂe’ﬂicﬁ‘({ @ﬁ@pggﬂraZ}ﬂdl H@@@( o (%1e- 3) 6.63;' 86

(dd 1pyraZE10E@10hlyr@me- -Slla@a(mnem-l) 3.89 (m 4H), 3.13 (m 4H). LCMB
observed for (MtH)+: 401. 1. Exanple 50 Synthesis of
1-[4- (4-chl oro- 3- met hoxy- phe I) plperazhl ;@X -20(7-

'no pyrazol o[ 3, 4-

c] pyridine-1-yl o) | IQ)QNC' ¥ i NH NaNC2, HCl
NH MOO CI N O J¥E N S“g /N~CIN~/N
SnCl2, FtOAC \-j N~ NN I\/DO 2(9“[313 N H2N N' [01921 Preparati on of

7- hydrazo- pyrazol o[ 3, 4-c] pyridine: To a solution of 2-chloro-3-
f1 uor ofpd121or Myl RYIpetlistLof (D, oBﬁnﬁﬁmlxed)ﬁq M-(@rehRo Nlmehoxhfhensy- added | nl

of hydr azi ne
piperazin-1-yl}-2-(3-cyano-pyrazolo[3,4- b]pyndme— -yl)-ethanone in 2 mL of
trimethylorthoformate was added camphorsulfonic acid (CSA) (5.0 mg, catalytic amount).

10 The resultant mixture was heated at 50 °C for 10 nﬁnutes and cooled to rt. The reaction

solution was concentration in vacuo to provide a crude residue which was purified by HPLC
chromatography to provide 20.0 mg of the title compound: "H NMR (400 MHz, CDCl;) §
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 (fn, 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-y1)-pyrazolo[3,4-b]pyridine-1-yl]-ethanone.

Me
O =
NP N NH cl N N—‘(O_ N N:So
N N Nooe™SN
/ J<__N'N\ 2 CHyC{OCHa)s s N
=5 T MeQ =
N / CSA, 50°C Ne

[0213] The title compound was synthesized according to the cyclization procedure using

20  trimethylorthoacetate as described in Example 56: 'H NMR (400 MHz, CDCl3) & 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 (i, 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 pyrazolo]3,4-b]pyridine-1-yl)-ethanone.
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(excess). The resultant solution was heated at 110 C in seal ed tube for 5
h. The reaction 81 WD 2007/002293 PCT/ US2006/ 024313 to rt
and sol v& 20492 % pved in vacuo. The crude residue was @a&ﬁgégqg%veral
times with hexane, EtCAc, and dried in vacuo to prow de a light yellow
sol id, which was Nrw'Et out further purd| _<_HPLC retention tine
= 0.20 ninutes (AQ=L/ent - SBCGEEEC C) using Im/mn
flow rate, a 2.5%finute gradient mfdtnem%toMTOO%B 5 Wi al.1 mnute
vvash at 100%B (A =10.1 % folwi'c acid / 5% acetonitril €YY 94.9% water, B
0.1 %formic acid / 5% wat e, 94. 9% acetonitril e); MSWPES) M+H expect
150. 1, found =150.0. [0195] Preparation of
7- azi deoxad} aZQMQ{l&hl@r@Bweﬂmdyﬂﬁwnﬂhb@emmmGﬂM -(damidypirasse[3g@d accordi ng

to ro col.. des ed in 8 HPLC retentjon tine = 0.26 m nutes
10 E)Aglﬁ) iinge ﬁiﬁf apOTey eﬂ%%@@ Gith2 @ﬂuWé@@é uafg<3|eﬂwmvas $9RRinsdat e, a
2.5 m WD@M gtrrafyr@otmlgf Haﬂ%ortet@ntmﬂ&wzf}mam%s (JAgtHeﬁt%&bW cq% 100% B (A

= 0.1%formc acid 5% acetonitrile . 9% water, .1 %fornic
acid / 25@65\ﬁamarSu,Qﬂ°©msmgdmdhmmﬂomte wSS(nasgnte gMdHneQﬁ%JL%ﬁo IJO@% B, found
=160. 9. 9 eparat.i 0

T4 (2t b B BRI Ohedh t 5 07 s o619 S pocloipleg4ge vier, B

pyr azoha{&%fdﬂnwwuw ste~2atet! 94.9% hosomieile)] MSS(ESPIVBILAG uas4syN thadi zed
accordin protocol described in Exanple 6: HPLC retention tinme= 2.43
i nut eS4HA |Ient Zorbax SB- C181 2.1X50 mm 5, 35C) using 1'm/mn flow
rate, a 2.5 mnute gradient of 20%to 100% B with a 1.1 m nute wash at
100% B (A =0.1 %formc acid / Fsamgdedhitrile / 94. 9% wat er, B = 0.1%
formc acid / 5% water/ 94.9% acetonitrile); M5 (ES) MrH expect = 427.1,

found s3fthedid 6f Z{4-[4dRdto-Simdthesishedkl)-piperazin-1- 1]-2 (3-methylsulfonyl-

1-[4- (4-chl oro- 3- et hox E)henyl) pi perazin-|-yl]-2-(7-am no-

pyr azolPyFaelnlbPsimirifinelyly¢thanem¢éanone: The title conpound was

synt hesi zed according to the procedure outlined |n Exanpl e 49: 'H NWR

400 MHz, CDC13) 6 7, y 7. 74(4, \ d, 1 7.20 (d,
(11 1), 6.45(d, ? @FJ@ 5—-(16 Jg— Qg(s Hél—l), 3.8& 25

(in, 4H), 3,13 (m 4H) LCIVB obisér ved for ( MiHH) +:1 . Exanple 51
Synt hesi s of

1-[4- (40213 orme %ﬂHE&rﬂﬁéﬁMrdRW@@ thespdeﬂ%roﬁﬂ m-gar-&blbm% d3tHoRxpaely®- 2y 1) -
pyraz olo [ 3,4 ridi ne-2-yl]-ethano
piperazin- -yl] 2 é-1odo—pyrazolo[3 4- b]pyndm— -yl) ethanone according to the protocol
15  described in Bxample 41: "H NMR (400 MHz, CDCI3) 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-fluoro-5-methoxy-phenyl)-piperazin-1-yl}-2-(3-oxazol-2-
20 yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone.

GICH;COE,

| KaCOq, \ ! LII_?H.
3\ DMF,90°C QG  N= THF, MeOH 0 N=
[ J N ~— Eto/”\,N 7\ — JK/N J
NN N= N BOP, TEA, DMF

. . e

" '?"/ 1.n-Bull, EN’> o N
MeD. Q N“ 220 (\NJ\/',“ 7\
j@[ 3. PhPIPd o N N
cl F :@
' cl F
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WO 20071002293 PCTI US2006/ 024313 0 1 0 1 C N-~NH Cl CHzoozEl HNC \
KHMOS, THE, 7/;532 HONNrneo N NN -~ NN HATU, TEA N N~
2-oxazoléy Wyl)TIn 01 N NCN MeO (PheP)ePd, TﬁEWéE?"N‘”“”
JJJIII~~hUJJIIIhUJJJJJIIIIII (01981 Preparation of

(3- i odi9216ir arepaitindofiHtin r($ddad‘0epﬁazpl@[aééﬂp}¢id&cl-dd)eicbt¢te ot anixtifoof

[ uti f I d di 10 m_ f
cry  THERG F R G SO0 Ch b IO | Gt st i et 2iS azi de)
in tolye ruaa(v?luﬂmn%lf DMF &t 0 @0hwis Alded Ztﬁﬁ cthi‘Si&Eta&' EVSC}EEFMO%HBPWGV e, and

the redult solution was stirred at for mnutes at Chloro
et hyl %ﬂ@ét)aT\léO b@rmr tthCt}Ommgit\aQM@@dﬁm@bwth ethybacetate ﬁOHQWtdbm sol ution

over ni G P aifed bt St B B¢ s PR Bt T e
by si |1br6ﬁd@&ie cﬁi’dre%@iu@g rfaﬂfﬂéaﬂ(ﬁ&ﬁ%ﬂrﬁ&&prbdhchsy i dheordQerEtpave n
hexane) to irov I de 70, é

pyr azoftByl43- d@}WM‘%ﬂ[ﬁé bjpmcyla é‘ﬂ)i '%‘,Ce'éi‘éﬁ @1& hyl ester: HPLC retention tine
= 2.63 mnutes (Agilent Zorbax SB-C18, 2.1X50 mm 5, 35C) using Im/mn
flow I‘@mﬂ] aP2pdatinmmit(@-iodprepdtazeid] 3 4fb ﬁﬁ%ﬁ-bymw%(ﬂlﬁﬂ t Bthal (B-Iadavi nut e wash

at 100% 1% % acet oni riI 99 &

0. 08%1?306?' 0@339 /?\R/'g)‘taéﬁ?%dlgﬁ/%a%ﬁo Ietq}nivﬁg)as ‘éé g?)\l@l-f’expect =
331 0, Tﬂpwatﬁsm%%medﬁ td At QButibk GRRIEId 20 n¥f of 1IN LiOH for 3h. The organic
(3-1odo-pyrazol o[ 3, 4-b] pyri di ne-2-yl)acetic acid: This conpound was

synt hesl\zats %%@Yaapwgedta@dﬁhﬁéewmﬁe% pbeseryag neptyatized with i NI ta g
descri @@?f}éﬂ% Ef@ﬂ%%suﬁgg E%E'Erel:iyu iR &e@ﬁ?_c,gﬁ'é&ct DewhltbidgiaRyRduct was

used i e next step w I cation ention tinme = 1.02
m nut eﬁlte(rétgéﬂdemtdrﬁdrtd»givewm@w&omm@—bﬂpmdﬁ;1 yBSGticumidig I/ mn flow
rate, a 2.5 mnute gradient of 20%to 100%B with a 1.1 mnute 20 wash at

100% Bjofrs] OprbfarkidsndfCl -RICUACHIoRY- 866D bthbkyephen -8 fy1]-B(3= 0. 08%
formc gsgl d /f/S%wat er%4 9% acetonitril e)}ePI\/S M+H eyx %ct = 303.0,

f otind ied03:¥pyragdlotd 4-binypdinal-ybethgnone: A mixture of (3-1odo-pyrazolo[3,4-
1y£ 22(() Bﬁélﬁﬁgﬁlpgﬁgﬁ ?ﬁg@@@g g %ﬁﬁ%igﬁerg%bfﬁl @4 %lg]r)r%)(z)zuﬂ O%%g&gtyntyhem zed
accor dplrgyl)-pipestzomd2#8 gpk pgu1vj)eB®@up¢genq4;8|6@t beqliv), siatlyylaaint) (43 mihé
coupl i Qq% vr) G295 1%4 ofH IE'vaag gttu? r;'itat 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-bjpyridin-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-ylj-2-(3-
oxazol-2-yl-pyrazolo[3,4-blpyridin-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 stitred 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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25 time = 297 m nutes (Agi | ent Zorbax SB-C18, 2.1X50 mm 5, 35C) using
Im/mn f{on ;@%% m nute gradient of 20%to 100% B with a 1.1
nm nut e vvash a? E%B (A = 0.1 % fornmic acid / 5% acetohF¥¥#¥®R4313 94, 99
wat er , = 0.08%formc acid / 5%water/ 94.9% acetonitrile); M (ES)
MtH ex f:teprbvizie Bie2n@le pfaiunt Pubifiatton W3 aW0el2 0N ath HRARROH oPAEA ISR0A6diRA4313

[ 02011 Syn

L4 (R R G R RSP Py PR 132 Gl 2y 1) -

pyr az Og?ﬂa%;lé‘{ﬂbﬂ- mcﬂhneylﬁemadanetab@wﬂ@pov{f&r .09 Xt VCRIPEES) observed for
| or O -nmeth OXy- eny

o e b A141 i it ppre b sl ybocsin: B L5 Sutarinds 0. 071
ok beg )y ARPaabShEald 8 id LRSI PROSRNLOE B3k ad (0,05 100 - O 35

2- oxaz®dk @:‘((I]% formideiiadl ) IoracétOnidBe NPNOY, viatef, B&- 0)1%}'611311«5 edd) bPnwateym Xt ur e
was heated in a sealed tube at 80 C for 48 h. The reaction sol uti on was
cool ed?#-8"racetonifilelit ed with 30 mL of NHACL sat. ag. sol ution, and
extracted with 300 nmL of EtOAc. The organic |ayer was separated, washed
with brine, dried over sodium suIExatmpleG]i |tered and concentrated in

vacuo, crude re i b I hromator (0% to
o 0odoaBh T Rt WGBSRl avafiiqRorthesiEPeRE aelilbOTRRAHEERWR (a00
MHzQ Caﬁﬂiﬁéundﬁoﬁn%?es{@dndddta conSpcobd ) @f thtliflventlorBl (d, 111) 7- 22 (m 3H),
6.52(d, IH), 648(dd H), 6.01 (s, 2H), 3.9 0(s, 3H), 3.80 (m 4H),
3.27 ( AR for (MrH) +: 453.5. Exanple 52 Synthesis of
1-[4-(4- -3 - nyl ) - pi perazi n-1-yl | -2-(5-am no- pyrazol o[ 3, 4-
15 b] pyri di Ae- 1-g¢lls et hanone. Me Me CI vN HNO2JH2504 02N N Mao CI N N N
SVC N H K200,, DV O C NN-~ N_ M Fe, AcOHC N ~~N Me N MO0 / MeO
Nf NI NO2 NH2 [0202] Preparation of

3-met hyl - 5-nitrorpyr aé@ﬁ?@)@prés’sﬂz%ﬁé di ne: 3-Methyl - pyrazol o[ 3, 4-

a) THP-1 cells

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/LL 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% CQ2/95% air, IOO% 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° celis/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, Auburm, 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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b] pyridine (I mml, 1 eq.) was suspended into a mxture of 1:1 fum ng
nitric a oncentrated sulfuric acid (1 nmL :1
resultan&ﬁﬂFﬁﬂﬂVé%mas heated at 90 C for. 30 20 nlnutegk%$ﬁ%ﬂ&%%%’lon

m xture was then cooled to rt, and poured into a m xture of sodium

bi car bonat eBand Assays The resultant solution was warnmed up to rt and
extracted with 300 nL of EtOAc. The organic extract was separated,
washed with brine, dried over sodiumsulfate, filtered, and concentrated
i n vacuo. The crude ﬁe. . silica gel chromatography to
provide 70.2 g of 3-IBEPHL Fo[ 3, 4-b] pyri dine. 25 102031
Preparati on of

1-[4-( ftrzziql OCOR3 -capitelsity/ callb @Ry JenPifiet add feshspyhded 2n éséambdffee 20 mM

pyrazol 4 Q%Pyrldlne | -yl]-ethanone; This conmpoun omas synt hesi zed
from 3H yﬁ 149 b Nesti7) b Sl ranp NgShosrdoping 3% bovine serum

t |
Gest i RO ES Suptabh bl CLBRIHL B i L M R B0 BB e
Zor baxB&BH@]aSsawatb&S@t wpias, foBowS 5I) mﬁsafm;glls (5rd VOYTHIPE1 calisivatler 5x W*5 mi nut e
radient of 20%to, 1 e wash at .100% A=01%
D or Chagndiyter ul Adst bt pieu Plefs fodafinatisrcotigomnd; sVORATIR < nei d' | o6
\[Ngt2 82 i cms%er%t%‘ﬂioﬂgffa%ﬁo QM tdch lcBhpoddB foESecMiEl(@XRA GF a do#4Sspdnselforind =445. 1.
n esis o
1- [ 4- ( qoranpvad §0g determigrijonsh sRyen ). pnbef 474 Isbcled VITR-bu (obiaipedifipsn Perkin
pygézog%% L‘llfe%]c Eésd BSsd 1%&%] rqg DRRUIEB] Labeled CF 15/leukotactin (obtained as
Ioro ox - plpera2|n-i-y %-
2- (5 nabmmmyadaﬁdiehpgbmqmyﬁm hife Seighdes,GdsmnoMe) [dilGtedny) assay ndfdoined

W th [ PV acetic Cld 0. Cifsor 30 m n.
N tor eoBnrRg b o IeRE yideife "l P & foesfind ok TE & one. and
filter fa@elea’ NﬁPflla| WlE@THPVW&H@W’éﬁQ&)@Qd Ion:maﬁ;émtoﬁaml wn hfoh@@td@)’ théPLC to
provi de 1- (4-chl or o- 3- et hoxy- phen tﬁera2|n -yl ]-2-(5-am no-

B

pyr azop@tesseﬁlqsi]q@w%nuhétﬁ@ fcgnapp@#m@réhé °‘I111F> Fetnenhples plaitfﬁﬁn —Rzaquensrn nut es

(Agkl e ate, a

2 ?;5 mi %I'Ee ag% I ent o?@ glé%s }%1 %ﬂl%a m éﬁ@ap © 1 mnh{lﬁué vvasﬁog#o%m% B (A
= 0.1 9bfosqum @thdrvestSﬁ/ﬁPadatrd)hlswrnhés Meirﬁe@@’lg%smtlk}att;onﬁluﬂ @01 formi c

ilzlj_g Q_MS Oé(;(z%;vall%l %%ﬁg%ﬁl%&lﬁeél S %wraé allcﬁi)e& tol\ésacl(x \I%%Pl, ti\l/gpl_ia{%)s( g/%?etseaﬁed éln]dzl' 2, found

1-[ 4- (?adi‘d&bt@sﬁ@-rﬁcdﬁﬁfeb(m(a’i‘mﬁﬁﬂ s):mﬂllﬂﬁfn&bhﬁtcﬂ(i’}id:ldarcﬁhlbt&nﬁéﬂtd)0€6ntﬂtﬂt hyl -
pyrazol o] 3, 4- b] pyri dine-1-y F hanone. r o CN NHzNHZ, Hz Cl NN~ C d
-N NO_ Is Wlmng either diluent only (for total counts) or excess MIP-1a or MIP-1§ (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. ICso values are those concentrations required to reduce the binding of labeled
MIP-10 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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| dioxane N Meo ~--/ NM NC M NHMo KzCQ, DW 20 Me [0205]

Prepar at i 3- am no- 6- net hyl - pyrazol o[ 3, 4-d] pyri di ne: Thi s compound
was synt‘ﬁ@%?og/géfz%i’ccordl ng to the cyclization proceduP&TISPWY HItr azi ne
described in Exanple 3 and the crude product was used in the next step
W t hourNID Q1A toafing] the cells were rdsﬁﬂﬁﬁcled?oy itk beffe: (EIEmk s balanced salt solution

1-[4-(4- - 3- h 1- 3- 6 25
et oyt (T S B0 e b B oAt b ¢ e;ﬁ%%“a%&om
synt he&%&%oﬁ&%ﬁﬂogﬂotoﬁl@t& {lﬂ'ﬁo%aﬂ%@ﬁ{o@o%qﬂtﬁfdaﬂ&d%@ %eﬁ) dageribed in

Exampl e 6.86 (d,
1H), 6ext8atiah at 359 mn@ndﬁpdmmultapemﬁ 1dc@rding ofthporessergg e(ﬂsismﬁlal) 400 13n 8l (m

2007 otiub Rett s usfubhendihanliia® SRRl il 400 it hiion™ MO

1-1(S) raﬁo  Bxftintney- v2eré belfdraned aﬂﬂ"hlcmﬂr et n)ﬂxﬂrgflﬁfcﬁ%tte@bdéﬁ cagthiig- Y1 ] - 2-
(3 [1 4]oxad|azol I-pyrazolo[3 b]p ridin- | ) ethanone. OO NtlQ
T0°(ctR 0.2 TN A6 BUREELE The ohaeiine EEhag0E Rsgelover apma g 1 @ F N

E, 12cﬂ¥)dé‘f*"/ 1h R e AR Dty it R

1- [ ( S) bldeKide camhpmund 2up tadd phy -weed dudoed atplifesaydnyls, Folhat ddy ghiemekiazs a160

|2 @ﬂ O.f,eagr?dsk](()%) %}IE&ZI({)!&%[ S’})ystembs] B%/nneggl)oqm]]\/%b anc? Egln%r%?&emokme @(é ué]SF

c Ioro fﬁw - pi perazin-I|-yl]-ethanone (1.37
g, g% ﬁ&?%ﬁteﬁxs’@hﬁ%@%@o L‘%E/S%aszm Ia%/?, y B] pyri di ney(]l 0 g, 4. 08(
rrm)l 1 eq), potassium carbonate (2.26

3, Chemotaxis assays

[0225] Chemotaxis 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-1a; R&D Systems; Minneapolis, MN) are used as
specificity controls. The lower chamber was loaded with 29 pl 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 pl. 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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g, 16.4 mvol, 4 eq), and DMF (15 ml) was stirred overnight at 90 C. The
reaction solution 10 was diluted with ethyl acetate, washed with

sat ur at eWRYIEHNIPINAHCC3, and concentrated in vacua. PFNESEPYURESBr oduct
was purified by flash chromatography to provide 1-[(S)-4-(4-

Chl or opgpf{ 2 L0do- pyra
zol of 3, %P %é&%?ir §?lﬁ%§m§ﬁ’§& oér% Fm%ﬁ‘ébuﬂf@%gg@%ehbéfi %’i Vgﬁgﬁ%#
1-{2- [mmmen@m olrm}t,zfefvbmadma@wmombmm ph@nvgeld)w}ibn(c&)apamd twujmnlmﬁted
pi perazi n- iL yI ] - 2- oxo-et hyl }- 1H pyrazol o 3, 4-b] pyri di ne-3-carbonitrile: A
m xt ur &%

[(S)-4- ChI or o- 2-fl uor o- 5- met hoxy- phenyl ) - 2- et hyl - pi per azi n-
-yl ]- 2I0§237] od&F- b%llami @pgowteé]lwww ghemaline reeeptpspthat find titegamelsem ofmol , 1
eq) AP el ) [ at 175 C
for5 Oﬁllr g %1621 Aé\gl on q)%l’ %{g%\%}gp@%gi B%&? %gt%% rac))d\ﬁl%ﬁ%l%éh{beﬁg)fet hyl
acet at eclBrwkrd hddeé tceehchmﬁ ifi tHetplag, eThwallnasieahenintubatwd treth, radib]aﬁéled)ver 20
Na2SO4, and purified by ash chromat ography to provide 1-
{2-]4- MLP@ﬁq dinboyng ]1gpélfldza§removed by washing the cells, and bound ligand was

T KB T DU AR b Ve RO g 0.4

1-{2-[ delmdblﬁﬂ lgaveto2] Edunts; neﬁspmﬁic@qun@wmde)mﬁ&mﬂﬂ)hyﬂcubatmgrthfzmeﬁs
Ar‘r%{ §<t uWé pnfagélgqiigénu_agx S _lil HPWEES! QhiBition Q)Jag)c/irtegrhggd Bq'y e re(?@a)égrrp di ne:
ol 0

- OXO- ¢t 07/ 002293 PCT/ U 006/
| H pyT & PP IcePRL céP‘H’éPﬁCE qqp@)? togp gpmé én%%aﬂmﬁclcp@a}) X
NH2 OH; Hgf 0. 84 g, 3eq) TEA (1.5 m ), and ethanol (10 m)

was st The reaction solution was concentrated in
vacua,—a 3 e —W A
concentrated to prOV|de
1-{2-[4- (4-Chl oro-2-fl uoro-5-net hoxy-phenyl)-2-net hyl - pi perazin 5
1-yl]-2-o0xo0-ethys} - N-Ihyd Ra¥ponkdcpeszol o[ 3, 4- b] pyri di ne- 3- car boxam di ne
(1 2 g). [0210] Preparation of

1-1(9S) 4- Chl or o- 2-f I ugr.o- 5- met hqgxy-phen met hyl - pi perazin
2-(3- iﬂzégh] dR@eHBH A ogngtﬂatﬁy?raﬁwné[ssa *gmm %dlp&l S Vveﬁ 2§ SRl Bl ltYA
XUt Afioitigdnd indils, (ERbAGOZAGLUOLI GBI DY RIVRY] X184 MRk PI P
erazin-1- 0 X0-e *N-hydroxy-1
pydézo b@{lmmd lsppsenirations- Izktha Ass@Y. dlt atiovet Qflcompg)md wad vesieywhileraeH of or mat e
(20 m 0 f d (PTSA) (0.1 g) was stirred at
100 C é@%ﬁ%ﬁgﬁlgm#H§%§%§%€&5ﬁgﬁﬁg (%n&&&as concentrated in vacua to
provi de a crude residue which was purified by flash chromatography to
provi de .
| -[(S) - 4- (4- Chl oto- 2-$¢RbfUpetionalassays,  hhenyl ) - 2- net hyl - pi per azi n-1 -
yl]1-2-(3-[1, 2, 4] oxadi azol - 3-yl - pyrazol o[ 3, 4-b] pyri din-1-yl)-ethanone (0.7
g). LChHR2Ret ©UR 108 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 ion release in response to CCR1 chemokine ligands (i.e., MIP-1a, 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
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time: 2.61 mn (Agilent Zorbax SB-Cl18, 2.1X50 mm 5, 35C) using Im/mn

flow rat 5 m nute gradi ent of 20%to 100% B nut e
wash at %%%)0%%{{2 = 0.1 %formic acid/ 5%acetonitri Fiﬂ!ﬁ%ibég water, B
= 0.1%formc acid / 5% water/ 94.9% acetonitrile). LCMS observed for

( MtH) +CCR 8 Ghenfol@nali nd 8. ST 68) ldRfon. To control for spec1ﬁc1ty, non-CCR1
1-[4-(4-chl oro- 3- et hoxy-pheny]@&; pi perazi n-1-yi]-2-(3-cyano-pyrazol o[ 3, 4-
20 b] pgvgaméﬁ, precifioplly beadpldnmnwas @ided,orhicly alscGrgngs dra sicten tApshadIbrage , N-4 N
NHz o LJ NN I NTJO
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for5 1 pulseind beeeat upon MiPxtaaddities b mibseivel beobidrvedapdn beadgleininr at ed i n

vacuo. The cctude resj due was, di ssol 200 nL o di chl or t hane,
nashed iR EWEYeoH afmwwanoalqspe@)éfﬂk ﬂ@ﬁgﬂwwn&& BN rORpIsedrilldg over

sodi U”&e%ﬁ'hﬁ@tlf‘othf\/lﬂ’tl%cr &%k flohated in vacuo to provide the desired

pr oduct white retentlontlrre 1. 61 m nutes (Agllent
Zor bax C18, X50 mm 35C) . us 1 flow rate, m nut e
o ncl SHESH Oe 5 BUBIPHuRtion: ot chebokiis S i Ted S Bt Bo0203
PCT/ Uwgr{l@laﬂgge%eptglo&ﬁkésﬁl@ml@ 311@1%96\/!’(&@%)1@8&1 Si1s>Moaptignidefd | © / 94. 9%

wat er , : formc acid % water/ 94. 9% acetonitrile); M5 (ES) M+H
bt candidaa camppettitihibHancs onEB G| e SIS DRIng (s bt o

L a0 A P S P ol
HC G]—b}@hlotﬁdrs*dkbd}dl\lvdﬂ errqﬂ@edl\/@HPl\hﬂyﬁbtﬁ&k)cyﬁ&)Eukbmﬂa cElI Whjchresembtuspensi on
of (0. r%ggocgtrer:g,las wells gs %res%fly 1sol[ated§1ﬁ)ng£]}!ttgsr evere used as ta?/geg rnéilleznbattraction
by CCR1 chemokine ligands (i.e., MIP-1a,, CCL15/leukotactin). Cells were place in the top
15 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  CCRI1 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 ICsg 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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pi perazi n-1-yl]-2-(3-cyano-pyrazol o[ 3, 4-b] pyri di ne-1-yl)-ethanone in 2 nL
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5 8. 615t emgﬂ-hbumcz tﬁ%]c(eﬁlﬂxctlﬂz 01ntﬁnf¥£mﬁ§hon]sban 1n6u“c§ﬂt1£ dintrdfAticufir 42 (dd,

1H), 5.57 (s, 2H), 9 (s, 3H, 3. (m 4H), 3.21 (m 4H), 2.69 (s,

1H) . L@velqsb#éﬁ@e@u%anew anme@risresmprﬁhaéa%@zsg} Ry Hegplgasgfol

1-14- 5
oyt a2 P R RSEL Y Bl kot b Bologfatit dind
PCT/ USZiafed ﬁ@ﬂaaaes in I‘euk(ﬂ:yféb obculith ¥noGhl B 260 (@ syndvidin imrespnspyr i di ne,
Cl 2 Ma N NH2. NHAC 214 ) ) ;
% (A ﬁ%? %ser?h?ww %@%ﬁ@rf SelseivaAntaequists pf demokine seBlopiNS ol of 3, 4

- b] pyghb%@eiclacylb)m@maqa@epo%ﬁﬁIe@ala@hy%w& (139(211)99495va44ara9b09»rl dine (3
equiv) was conmbined in DCMat rtfor mn: HPLC retention tine =1.82

m nut e@Z.‘»ﬁ‘g' )\?&(ﬁ)ﬁ)ﬁ%@’s%%y??co%%gcted essentially as described in Podolin, et al. ibid.,
female New Zealand rabbits (approximately 2 kilograms) are treated intra-articularly 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 pM 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
Rheum. 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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5 2.1X50 mm 5p, 35C) using ImM/mn flowrate, a2.5 m'nute gr adi ent of
20% to 100%B with a 1.1 mnute wash at 100% B (A = 1% formc acid ;
5% acet ofYQ 2007/¥229394. 9% water, B = 0.08% formic aci dPﬁT@%%{%?lP 94. 9%
acetonitrile); M5 (ES) M-H expect = 443.1, found =442.8. Exanple 59 10
Synt he f

1[4 (?2§5P0§%me%e rLr'e ‘{Vﬁ rats (%ﬁrom}latelglo pzekrﬂg ie_xre a]xe_as _ezl\g,ed wi 1s|0£131| onyI
pyr az ohml ihjected M]lthpliwumiisriaeqnagltt)a Adidvatrt@nmalnmgwnamwlmw&omgen[ 0215]

The tit) , th d - th h |
pi Serlfﬁ'i‘ﬁ ga%ngfﬁlﬁg%‘%%%ﬁgtﬁﬁﬁ‘?%{‘@n aﬁ]&rﬂﬂd(ﬁa‘if Ii?@ﬁﬁy T w A
accor dbd}ﬂlcﬁa@ dohfpoﬂmk a6k da%ﬁmd@s%rcuﬂ@ﬁ@buh thaBX@ TRNEdAL il b \VRat(A00 Mz,

oels) 848 (0 17, 7.39 (dd 1) 7.22 (d 1H  6.51 (s,

1|-|)5 Gemqqyousﬁpge liper qlgasmgpar)ents 9l the apide Jogmiq)dlmrg,etqrgve(rmakm)an 3eci_mmgs _
36t sbBting 1 taldn@VR PRSEE ¥EGAERY, (MFH) ki 415.0. Exanpl e 60 Synthesi s

f
1-[4-(4 or o met hoxy- phenyl Zi n- 2 (3- oxazol -
20 yl - ng]’z rbtilgta% ﬁﬁqe&msapﬁurfs ?{%aGBYIFVa%H va#e@a or r@rewg | KCO,, ;

LI CH, %m}')\l)”u%ﬁ d%ed%@reﬁ QX&TVItTIi'iF ro%@'is%l%\% for elt}EP@é ch&‘n&'@‘is:asﬁ H N~ N-
BOP, TEA NN 2 oznG 2 VeO N 3. ( PhaF) 4Pd

MeO NJ 01r\b1nd1ng Essay ELES descrl‘t@g above +, ICsp > 12.5 uM ++ 2500 nM <ICso <12.5 uM; +++,
10 1000 nM <ICsp < 2500 nM; and ++++, ICsp < 1000 nM.

Table 2

Structure Structure
j‘\f\ H;C-Q \
N
w0 QG
N O N~
cl V(CH
E 3
1.002/+++
1.001 /4
0 NF, o
H:;C’O NQ&N,*\ C]\©\ ' ) N] :
a o {
F : o N o]
1.003/++H+
03/ 1.004/4++++
=0
= o)
HaC- O /Q/ //\N&N% cl NQN{— rliNj
N
N
1.005/+++ 1.006/++++
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WD 2007/ 002293 PCT/ US2006/ 024313 [0216] Preparation of Ethyl
(3-1o0do-pyrazol of 3,4-b] pyridin-l-yl)-acetate: To a m ,

3-i odo- IFﬂb?WH%%L@[S 4- b]pyrldlne (9.8 g, 40 nrnol, 1§&Hﬁ§m@%g#33

pot assi um carbonate (27.6 g, 5 equiv) in 15 nL of DWW at 90 C was added
ethyl chloroacetate (8,5 nl, 40rfp1®h (coht'dgquiv). Two hours later, the
reaction mxture was diluted with ethyl acetate follomed by 5 mashing

W th aturated dy \ldl‘IUL.D The—o gdlli c— aytTl vas—tred—and
conceptrated to lé"rfow%fj the crude pfoduct. Pur|#%95PP8n of the crude

produpL_by—iLashwGthnagggLaphy_game_4¥lnﬂ

(3-Iogo pyrazol o[ 3, A«Q er in-1-yl)t acetaté Pllg) [0217] Neparation of
(3-i odo- pyrazo%is -1-yl )t acetlcﬂ do-

pyrazol of 3, 4c1 i n- 1 yl) - Acet at e (11 g, Jg*ql

di ssol ved |nH§Q)nL of 10 THE and 50 pL of NBCH o t e ﬁtlon Wes hdded

40 nL{of IN LI OH for 3h. The organi c| solvents were aporated and t he
remai ni ng aqueouslpﬂﬁ s neutralized with INHCI to a pH of about 1
which|resulted in igFiempltatlon bf the desi rbB0¥Histitict as a white

solidiwas filtered and air_dried tojqgive

(3-Iojo-pyr%9” 0[3,4-b]p N. iyl -yl)tacetic acid. [02181 Pr
1-[4-(4-Chl ax NﬁEho{% oxy- phnnyI)pr@era2|n 1- yI]N
i odo- 2-yl -pyra [Sﬂ@ ts] pyri din-1-yl)-et hangse
(3-i oglo- pyrazoIoP? 4- B pyridin-1-yl)-acettc Q&? N0 mml,| 1
equiv), 1-(4-Chloro-2-fluoro-5-methoxy- phenyl)- plpera2| “A2.45 ¢g,| 1
equi v), BOP reagehPO4+88 g, | equiv), triethylamine (4.2 nL, 3 equivV)
in 10| of MF was stirred at rt ovefnight. To th8l¥/eatti on ni xturel was
then added water and the solid precipitates were renoved by filtration
N

and air dried to give 14f4\(4 20 N=

Chl or ¢- 2- f | uor o- 5- nethox -phenyl ) - plberazin;i;yl]-;;(s-'ﬁ ~2- Yyl - pyrazol o
[3,4-b]pyridin-1- yl) %7 LCVB| (ES) obwmww 0.0. 102191
Synt hesis of-o ,zf

1-[4-(4-Chlor kuerOS met hoxy- phenyl ) - pi perazi n- 1-yl ] -2-( 3-
oxazol - 2-yl ¥py¥azol o[ 3, 4- b] pyri di n- 1tryl)-ethanone: To a solution of
oxazolle (690 ng 10 mmol, 2.5 equiv){in tetrahydt8itant (5 nL) unde
ni trogen at nospherb01Mas added dropwi se 25 n-butyl lithium (2.5 Mi
Hexane, 4,8 nlL, 3 equiv.). The resultant m xture was stirred at -78 C

for ap additiona)f 60 min foll owed by|the addifi on of ZnCl2 (0.5 Min THF,

rati on of

:ﬂ

32 nL) 4 equi meL{Eaﬁt”pn sol ution masjéfigmed to to 0 G and
stirred 1 h fopHowed-by \tie] afldition of
1-[ 4- (4- Chl oré®- 2-f 1 uor o- 5- oxy- phenyl) - plperazﬁﬁ/VT(\ 3-iodof 2-yl -

pyrazol o[ 3, 4-b] pyri di n-1-yl) - et hanone (2.12 g, 4 mol , 1 eq 3v) and
pal | adi um 30 tetr&R1¥ ¢ttt phenyl phosphi ne) (462 0,1 equiv). The
reactiion m xture was then heated to |refl ux forgg(ﬁﬁ*4éboled to roop1
tenperature and diluted with ethyl acetate. The reaction
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m Xture was washed with water,
concentrat ed |n vacuo 90 WO 2007/002293 PCT/ US2006/ 024313

crude

bri ne,

praﬂﬁgp 082 £ i cati on by flash

desired product

1-[4-(4-Chl oro- 2-fl uor o- 5- net hopabipheeut'd) pi perazi n-1-yl]-2-(3-oxazol
pyrazolo[3 4-Db] pyridin-1-yl)-ethanone as a white powder

| -
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d 'f unctiohal assa
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gradi ent Q€paration to isolat
cells were washed with PBS an
ard procedur &817/REthi ni ng cel | s
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D5 to 2 x 106 celll sk and 20
cells expres%ﬂQCR and can be
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pur n,
a)

-

e
hsed
&enyi

ar
ng

CA) .

says.
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91 WO 2007/ 002293 PCT/ US2006/ 024313 B. Assays 1. Inhibition of CCR

| i gand bi ndi n %92231 CCRI expressing cells were cenpgpigyaesand
resuspethé%PO'i'/%) Ssay buffer (20 mM HEPES pH 7.1, 140 nM Nad, 1 nM
CaCl2, 5 nM MygCl2, and with 0.2% bovine serum5 albumn) to a
concentration of 5 x 106 cel | sTable2deontd)- 1 cells and 5 x 105 for
nonocytes. Binding assays were set up as follows. 0.1 nL of cells (5 x
105 THP-1 cel I s/ veghietife 5 X 104 nohocytes) was figeladyrd O the assay|pl ates
contdlnlng t he conpounds giving a final concentration of-2-10 M each

conpound—for—screening \un g doseTesponsefor—capound—+¢€50
determ nations). Thend0. f 125I | abeled M P-1 ao(om ined from
Perkiin 10 El mer Life j%;/ Bost on, MA) or O. 1 E%{t>label¢d CCLI
5/ 1 eukotactin (ob ai as a cust om r adi ol ab®l i \;E% El mer |[Life
Sci ences, Bos di luthed in assay buf f wnal concentration
of -50 le y| |ng -30, 000 cpm per mell dded (u5|ng 1251 | abel ed

I

M P-lla wit 6" TRE- 1 cel s and 1251 Iabeled G&EL15/ | eukot actin with
nDnOﬁytes), t heMe pl at es seal ed and |ncubated Pt approximately 3 hours at
4C on a shaker platform Reactions |15 were aspir d onto G-/ B gI#ss
filters pr e- soakdd2B#+8+3% pol yet hyljenei m ne (PE@?4§3ﬁut|on on a %acuum
cel |l |harvester (Packard Instrunents; Meriden, CT). Scintillation fliuid
(40 1|5 Mcroscint 20, Pacﬁéhp Instrunments) was added to h well, the
pl ates were sealed and ra ctivity neasured in a E3$é nt
scintjillation counter (Pagckard |Instruments). Con cont ai ni ng
eithar diluent only (flor 1o counts) or excessy P-1 R (1

g/ m,) 20 for non-gpewi T Wi nying) were used c culate t he percent of
totall inhibitj cw?conpo . The conput ogram Prism from G aphPad
I nc. |(San Di Ca) was used to caliculate 1§30 values. |C50 valu%s are
t hose concentr@tions required to reduce the binding of labeled MP-1 a
to the recept ooMmby 50% . (For further descriptions of |igand binding and

ot herj functional assays, see Daira?hi, et al., J. BioI Chem
274: 21569- 21574 (0388)=+Penfol d, et |25 al ., Proci02 Acad. Sci. |USA.
96:9?39-9844 (1999), and Dairaghi, ?t al,. J Biol. enl 272:28206- 28209
(199 —2. jLH - j ) :
intrdcel lular stores of calciym cellls (THP-1 or nnnggvé? -ywer e
i ncubated with 3 M of 9 NDOX-AM dye |( Mol ecul ar , OR) lin
cell |[media 30 fog”&&JWVnDNes at rogm t enper d wash W th
phosphat e buffered saline (PBS). After /Eiff
cl
Cl/©/ OMe
OMe
1.028/ ++++
1.027/4++++
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92 WD 2007/ 002293 PCUUS2006/ 024
resuspended in flux buffer (Han
FBS). Caj@toomerai | ization was

I nt ernati onal spectrophot oneter
Jersey) with

HmM

excitation at 35@.g
quorescence en ssion at 400 nm an

the cells wer

RSy °

313 I NDO | AM | oadi ng,
k's bal anced salt soluti
measured using a Phot 8RT
(Photon Technol ogy I nternational;
5@gg% ﬁl si mul t aneous recordlng
90 um Relative intracellula
AQ0—rR-490-nAm-em-ssi-on r-atH

cal ci
Exper
cont

avial o \wera-—avnr oo e
Url_lj CVCTI ST VWO

i ments were ng*ﬁﬁﬁed at 3
ning . 106 cells in 2 M o

I COOCU (J.O LII

AT T

th constant RPREWEEi n cuvettes
x buffer. The chenokine |igands

7C Wi
f flu

ed over a range fr@ T
time (typically fie

o 10 M were ﬁ%vziﬁggé

10 s
ds (i.e M R&D Syst

be us
over

(up t
secon

che
buf f er (ank s bag,
i gands (i.
are us
m gration.
are used as

of chenoki ne
conmpound; th
20 pl. The
cellsjin the |
five high powered fi
Probes), a quoré%%@ﬁV*Hye met
m croscopi ¢ observation. 25 C.

Assay| [ 02261 To eval uate snall

alt so

Clher
spec
0.1 n

chenoki ne (i., S | a; R&D Systen
3. Chenot axj says [ 02251 Che i
por e jpol ycarboggte, pol yvinyl pyrrol

t axi s chanbers ( Neuroprobe;

p chanber coftai ned 100, 00 R,? or nonocyte cel
Chahbers were incubated 1-2 ho%ﬁ;:gf 37C, and the nunbe
r chanber quantifidd ei @l by direct cel

el ds per wel |

100
s).
econd
ens;

nM The em ssion i at

E '3 \was pl ot
G N k¢’ngd\ conpo
henoki peg” at 60

landi date lig
and @ontrol

s, followed zgzg

M nneap .

5, My lis, M) at 150 seco
mot axi s assaysomere performed using
i done- coat ed filters in 96-wel |
Gaithersburg

n (HBSS) and 1%

ctir1 R&D Systens

15

lutia FBS) CCR1 che

M nneapolis

DF | a; R&D Sys ens: e
he | ower chanb QAS @aded\mt
Leukot act i vafylng anount

counts
or by thé&MeyQuant assay (Ml ecu
hod tihat neasures nucleic acid conte
| dentfi fi cati on ofL.03hibit ors of CCRlL
organi c nol ecul es that prevent the

receptor CCR1 from bi nding Qg
radi oactive ligand (i.e, M
cell s expressing CCRL on thg ce

o N=
[/\NJ\/N 7\

N N=
Cl ;

OMe

1.033/++++

-l/a or 3

and, |an assay was enplpyel~ hat det €
0 CCL1 5/ keu dlng t
CH3

rface (/Ei:riabﬁ

OMe

Il su

Cl

1.034/++++

4si ng chenot axi

e
nd 1%

New

of
r

each
may

ted

unds
10

nt and
1.

ct ed
0

101



93 WD 2007/ 002293 PCT/ US2006/ 024313 THP-1 cells or isolated human
m)nocyte For conpounds that inhibited binding, whet petitive or
not , Wé‘%o #9UPBEBt i ve counts are observed when corrparpgyrUtsﬂ)O??@ﬂ'hi bi t ed
control s. 10227] THP-1 cells and nonocytes | ack other chenokine receptors

that bind the same set of 5 chripM heohi'dands as CCRI (i.e., MP-1 a,
MPIF-1, Leukotactin, etc.). Equal numbers of cells were added to each

wel | mredmmh—m—mrvd”
M P- 1 &. Unbound Ilsgan was removed by washing the ce 'I'se, and bound | i gand

was VAo TNE-Ta .
incubat ed vmthout any ar gﬁnl und gave total counts; @n-spechi C

bi ndi hg was deterg{(n\emﬂbyl ating|the cells 10 vvltg bel ed |igand
and | gpbel ed | igan er cent i bitipn was determ nedjbyyt equation: %
inhibjtion = [ (sanmpl e cpny - (npnspecific cp’ﬁﬂ [ ofal cpm -
(nonspeci fi ]) x 100. Il I 2.} Dose Re rves [0228] To
ascertain a ca Edate conmpound's aff|nity for as well as confirmits
ability to inhi | i gand binding, |nhibitdryJactivity was titered]over

al x 10 10 to 1 x %_944_*43/! range of 15 conpourffMéconcentrations. In the
assay, the anmount 'of conpound was va ied; while cell nunber and |igand
concehtration were held constant. CCRI funct 183&48says 102291 CCRI
is a seven transnenbrane, G protei n i nked receptor. A hall mrk of

signaling cascades induced Ry the Ilaation of some su h P‘é eptlors i s the
pul serlike release of 20 c umiopns fromintr tares. Calcium

mobi | | zati on assays wepe med to determne if t he cand ate CCRI
i nhi bl tory conpoun A{;gua le to al 50 bl ocec s of CCRI signaling.
|l e

Candi dat e corrpoun to inhibit [igand,btge ng and signaling with an
enhanted speci over other chenpki ne andgggn- chenoki ne receptors

were desi re&lI 2301 Calciumion release in response to CCRI chenoki ne
l'igands (i.e. P-i a, MPIF-1, 25 Leukotactin, e¢jpgg)-+was neasured using

the chlciumindicator |NDO-1. THP-1 cells or nonocytes were | oaded{w th
| NDO- L/ AM and ass f calciumrelease in response to 94 WO

+
2007/ 002293 PCT/ @9%67’%4313

0 SOzMe Na

(\NJK/N /

CI/Q/ - /@OLS/S\\

OMe

1.039/-+++ Obde

1.040/++++
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CCR1 chenokine ligand (i.e., MP-1(x) addition. To control for
specificity, non-CCRI |igands, specifically bradykinin, was added, which
al so si griP3007{082283 seven trausnmenbrane receptor. Wt HHSIUSSHGIIRd, a
pul se of fluorescent signal will be seen upon MP-la addition, If a
conpound specifically inhibits f&ﬁQZQQ ,hg signaling, then little or no
signal 5 pulse mnll be seen upon M P-1 ddltion but a pulse w il be
obser yegd—tpor—bra -A—adet-t-ofr—iHowever; eonpound
non-specifically %ﬁFH“rSI Y% signal i ng, {then no puI@ ﬁe be seen upc}f

both EP-la and bradykinin_addition. [02311 One of th&munarv functions

of chenokines is their a
receptor - expressing ceIIs

10 candi date conpound |nmwm
si gnalli ng (at Ieas(”asﬁ\dg

ytoanMethernmaton.o chenoki me
uch as white bl ood c Nrmiﬁ§ n irmthat a
d not only CCRL specific bi gCand

ned by cal ci br'lizati on assays), |but
al so CCR1 nedi ate ~gj)gratioml,‘-a chenot axd Say was enpl oyed. THP-1
nyel ofonocyt i ukem a cells, whichjresenbl ¢y.nonocytes, as wells as
freshly isob nonocytes, were useﬁ as targets for chempattractio by
CCRI ¢henoki ne dvegands (i.e., MP-1 a, CCL15/Ieukeyactip). Cells were
placelin the top 15 conpartnent of ajmcrowell mgration chanber, ile

M P-1{a (or other ypefippt+ CCRL  chenoki ne |igand) and increasing
concentrations of a candi date conpound was | oaded in the |ower chanber.

I n t hg—absenceof T nhirbitor cettswjti—mgrate to tt , in
response to the chenokinc i st; if a conpound | NUbLI | fungtion,
then the majority of gell's wll remiin in the ugper cha N To

ascertfain a candi dgfac nnbu d's affilnity fon | as well as to
confirmits abi M~t0 inhibit CCRL Wedlat@ | mgration, inhibitory
activilty was tiltgred over a 1 x 10-16 to | x 1l Mrange of conpound
conceAtratioﬁb iln,this chenptaxis agsay. In this assay, the anount |of

conmpound was VaPI%d; whil e cell nunbgr and chemplgype-+agoni st
concentrations ey 94 Q@L%$constant Afiter the chenotaxis chanbers were
i ncubat ed 1-2 hour's "at C, the respﬁnding cells in the | ower chanber

wer e 2 H-Rgow-Hh—the—COyQuant—assay—(-Moleewt-ar—Prgbes) ,

a flugrescent dye t hodk.t measures nucleic aC|d0coﬁ§§F§Tuand by

measurjing with a Ef?ﬁtrafhgyﬂ Pl us (Tecan). The qgﬁgaBQNI Progr am Prii sm
csalcu

/
fron1¢?aphPad (San Diego, Ca) was used | ate 1 C50 val ugs.
| C50 (val ues, t hose conpound concentratiqﬂ:irequired to inhibit the
nunber of cell sudesponding to a CCRl1 agoni%t )y 50% 95 WO 2007/ 002293
PCT/ U$2006/ 024313 4. In Vivo Efficady OMde

1.045/++++

1.046/++++

Nji/g// \ th/gz/ \

N
Cl Na
Ci Cl

OMe OMe

1.047/+-+++ 1.048/++++
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a) Rabbit nodel of destructive joint
ef fects of candi date conpounds on inhibiting the infl
of rabbi O tW"8R 2 Bntra-articular injection of the bacteria
a rabbit node

conponent 5 |i popol ysaccharide (LPS),
inflammation is used. This st uljble2giopt’d)i m cs the destructive joint
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and injected wwth Freund's Inconpl ete Adjuvant containing 2 ng/nL bovine

type Il collagen at the base of the tail and two sites on the back on
days 0 aW®B"8¥2%his 17 day study, A candidate compoltfdU3%8% @’y daily
in a sub-cutaneous manner fromday O till day 17 at a 5 efficacious dose.

Cal i per measurenents of the ankheleR@tont'ddi aneter were taken, and reducing
joint swelling is taken as a neasure of efficacy. [0236} In the table

bel oW~ STTuUCTUresg tﬁﬁ'& AU ViTy are provided for geph@sentative conpounds
descni bed herein. tivity is provided as follows tor either the

chen5+a>ﬁ S—aSSaYy u.né%%‘w assay—as—deser+bed—abeve— uM
++, 2500 nM < IC50 < +++, 10 1000 nM < I C50 < 2p00 aM anq ++++,
| C50 (< 1000 nM Table gtr ture Siructure 3 - i \ H3C) ~N C |[~_\
NN-CWN NI N p N CH3 F 1.002/i | 1.001p r+ 0 2 HB G0
H3C- |NNCH Ci N.J. F H3N N~NN / odC 1. 003/+ﬁ;:l\; [+t ON_
a-0O\ N~1 O ~ NNN/ ClMeN O 1./005/ ++- HF 1.
2007//0022981"PGT/ US2006/ 024313 Tabl ¢ 2 (cont’4d. N\St/Kl&A%ture Structure
OMe
cl
1.055/4+++ OMe
1.056/++++
OH O
Ny NHz N:\\N

OMe OMe
1.057/++++ L.058/++++
TH; 0
N'oj( /U\/N 2
aN '/\N
NS o
G Q "N
I/\N/U\/N - Cl CH3
N\) OMe
i ; 1.060/-++++
OMe
1.059/4++4+
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JJN 3 0C

N ~1J A / 1 N NN
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N~NJ H3C.OF CHO3 1.007/+ ++
1.008/-H++ H3ICGON/ d / NNNCNNHCON ~-N O-QC NFCH da [/
NN-C NI iwo20008291 | |-+ 1.010/+ H as \' N N-- 0 N IH/UN30001024313 N~ O
1.012/++1-+ 1.011/++ O C 1| NN - NC ON ~NNO CH3 1.013/ I
1.014/ +++ 98 WO 2007/ 002293 P £(Q243] Table 2 (cont'd.)
Structure Structure N O 16174%5:‘&?%9%9

Structure Structure
S0,Me TN
0 N¥
A g =
(\N - /”\/N J
N N \
N ,\O .
AT g
OMe OMe
1.061/++++ 1.062/+1F
i T
O N= O N=
{/\N/U\/N a \ e ‘/\NJ\/N 4 \
N\,/I N= N\/k N=
CHj
cl ¢
OMe OMe
1.063/ ++++ 1.064/++
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O NONONF C ~1 1.016/4-+F+ 1.015/++++ N | ~ OOH~ N 0O N
NNFCN/ "I V'I NN, rNMN d d O Ow 1.017/++++ 1.018/
1-+++ JJJ 3, N ONNNN rNNF~vyN/ 1 ~C | ~C Ow O 1.019/++++
1.020/++++ NI NON- }ON FrNF~NVN ~N~Ade N~-N~-M C C Ow OWw
1. 021/ +++1- 1.022/ ++++ 99 WO 2007/ 002293 PCT/ US2006/ 024313 Table 2
(cont'd.) Structure Structure CH, 3

What 1s claimed is:

1. A compound having a formula selected from the group
consisting of:

Ia
d;_\‘_:b\
0] N=—
®Y,, | N/ /b
N
(\ N / : and
RZd N \/l R3a
RZc R2a
Ib
O
Ry
R# N\)
RZc RZa

or a pharmaceutically acceptable salt, hydrate or N-oxide
thereof, wherein the subscript m is an integer of from 0
to 2;

each R! is independently selected from the group consist-
ing of —CO,H and C,_, alkyl, optionally substituted
with —OH, —OR™, —S(O),R™, —CO,H or —CO,R™
wherein R’" 1s an unsubstituted C, alkyl
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ONONN FrNN G N NN/I, CH3 3 ~C If( Owvwe OW 1.0231++++

NJ N~ C Ov C Owe 1.025/++++ 1.026/ ++++
NNN-/ fNNN N C Cd Ow Ow 1.028/ +I-++ 1.027/++++ 100 WO
2007/ 002293 PCT/ US2006/ 024313 Table 2 (cont'd.) Structure Structure
IOCI N, NfN-NCNDN NO~ N d dlI i Ow

1.024/++++ NS O N O NN, N_

bN/

R2¢, R and R?“ are each independently selected from the
group consisting of hydrogen, halogen, cyano, oxazolyl,
—NO, —CO,R?,—CONRR?, —C(O)R?,—S(O),R",
—R?, —C(NOR)R? —OR*, —SR*, —NR?C(O)R",
—X?0R¢, —0—X?0R?, —X*NR°R? —NR°S(0),R®,
—OC(0)R?, and —NR°R?; wherein

within each of R*?, R** and R*?, X? is C,_, alkylene and
each R°and R¥is independently selected from hydrogen,
C,.g alkyl, C, g haloalkyl, and C,_¢ cycloalkyl and each
R? is independently selected from the group consisting
of C,_q alkyl, C,_g haloalkyl, and C, ¢ cycloalkyl;

each of ring vertices a, b, ¢ and d in formulae Ia and Ib is
independently selected from N and CH, and one of said
ring vertices 1s N; and

R*“ is selected from the group consisting of hydrogen,
halogen, —NR/R#, —R”, —S(0),R”, and —Y, wherein
Y is selected from the group consisting of homopiperidi-
nyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, pip-
eridinyl, azetidinyl, pyranyl, tetrahydrofuranyl, piper-
azinyl, phenyl, thienyl, furanyl, pyrdyl, pyrmidinyl,
pyrazinyl, pyridazinyl, pyrazolyl, imidazolyl, thiazolyl,
oxazolyl, 1soxazolyl, isothiazolyl, triazolyl, tetrazolyl
and oxadiazolyl, optionally substituted with from one to
three substitutents selected from the group consisting of
halogen, —OR/, —NR/R®, - R"_—CN, -—NO,
—CO,F, —CONR/RE, and —C(O)R/, wherein each R’
and R® is independently selected from hydrogen, C, ¢
alkyl, C,_¢ haloalkyl, and C,_s cycloalkyl, and each R” is
independently selected from the group consisting of
C,s alkyl, C,_g haloalkyl, and C,_¢ cycloalkyl. |

2. A compound of claim 1, wherein R** is a member

selected from the group consisting of homopiperidinyl, mor-
pholinyl, thiomorpholinyl, pyrrolidinyl, piperidinyl, azetidi-
nyl, pyranyl, tetrahydrofiiranyl and piperazinyl.
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Ove 1.030/++++ 1.029/++++ NWMN NN CH3 NI NNCH3 NJ C Ow C

1.031/ ++++ Owe 1.032/+H \NFNJ \' CoON 1T " 'CH3 G Ow d ~
Ove 1.034/++++ 1.033/++++ 101 WO 2007/ 002293 PCTI US2006/ 024313 Table 2
(cont'd.) Structure Structure ON ~ NNN -i \ NJNCNN d Ol Nv

Ove Clg 1.0351++++ oMe 1.036/ | | |

3. A compound of claim 1, wherein R** is a member
selected from the group consisting of oxazolyl, oxadiazolyl,
imidazolyl, pyrazolyl, triazolyl and thiazolyl.

4. A compound of claim 1, wherein m is 0.

5. A compound of claim 1, wherein m is 1.

6. A compound of claim 4, having formula Ia.

7. A compound of claim 4, having formula Ib.

8. A compound of claim 1, wherein R“ is selected from the
group consisting of phenyl, pyridyl, pyrimidinyl, and pyrazi-
nyl.

9. A'compound of claim 1, wherein m is 0 or 1; and R**is
hydrogen.

10. A compound of claim 1, wherein R*“ is selected from
the group consisting of hydrogen, F, Cl, Br and 1.

11. A compound of claim 1, wherein R** is hydrogen,
chloro, fluoro, bromo oxazolyl, pyrldyl pyrnmdmyl oxadia-
zolyl, thmzolyl —R” or cyano.

12. A compound of claim 11, wherein R! is methyl; and m
is 0-2.

13. A compound of claim 1, wherein R?“ is selected from
the group consisting of F, Cl, Br, CN, NO,, —CO,CH,,
—C(O)CH, and —S(0),CH;.

14. A compound of claim 1, wherein R*? is selected from
the group consisting of —_SR", —0—X*—0R", —X*>—
OR¢, ——OC(O)RS, -—-NR“R?, _R® and —OR".

15. The compound of claim 1, wherein R** and R*? areeach
independently selected from the group consisting of hyvdro-
gen, F, Cl, Br, I and OR".

16. A compound of claim 1, having a formula selected from
the group consisting of:
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10N 1T ONN NNIKI NVN G i OW O ~ oM 1.038/-h+++
1.037/++++ 0 N SO2Me N3 Nt, NN NI ~NLN r J C gN N Ow C

1.039/ +++- oMe 1.040/1 | | 102 WD 2007/002293 PCT/ US2006/ 024313 Table 2
(cont'd.) Structure Structure 3 ON/ CNN'/ VI \ NI NA J N C
~/ Ove C Owe 1.042/++++ 1.041/+++ 1 ON cl -"NL N ~NL"NNI gNJ
Noni Cl
Ib!
R3a
O N=—

R* N\) Nao

RZ(‘.‘

RZC

or an N-oxide thereof, wherein R** is halogen, cyano or
nitro; and R* is selected from —SR?, —O-—-X*—OR®,
X2 .C DR, --R® —OR“and - NR"( (O)R”.

17.A compound of claim 16, wherein R** is selected from
the group consisting of halogen, —NR/R&, —R" aiid —S(0),
R 7

18. A compound of claim 16, wherein R** is selected from
the group consisting of homopiperidinyl, morpholinyl, thio-
morpholinyl, pyrrolidinyl, piperidinyl, azetidinyl, pyranyl,
tetrahydrofuranyl and piperazinyl.

19. A compound of claim 16, wherein R** is selected from
the group consisting of oxazolyl, oxadiazolyl, imidazolyl,
pyrazolyl, triazolyl and thiazolyl.
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a i

Ove We 1.044/x-+++ 1.043/+f-HO- OV NN NI NNCI NJ NJ N

Ove 1.045/++++ 1.046/++++ r'N Nomi C Il I N3 C ~~C ~ Ow Ow

1.047/ ++++ 1. 048/ ++++

owe -~
NJ

20. A compound of claim 16, wherein R?* is selected from
the group consisting of phenyl, pyridyl, pyrimidinyl and
pyrazinyl. |

21. A compound of claim 1, having a formula selected from
the group consisting of:

, Ib?
R3a
0 N=—
. //u\\v//r!
f//A\\N /// \
R N\\»//J N and

RZ(.‘ RZa

Ib*
R3a

0 N=—
& AN |
X N\/kCHg RS

ch R.‘Za

or an N-oxide thereof; wherein R*“ is halogen, cyano or
nitro; R?? is selected from —SR°®, —O—X*—OR¢,
—X2—0R*, —R®, —OR*, —NR“RY, —NR“S(0),R*
and —NR?C(O)R¢; and 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.
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ci
Cl

OChle Owve 1.051/ ++++ 1. 052/ ++++
L Ove Owve 1.053/+++l- 1.054/ ++++

MM ON JONNNHEZMNM NR d
104 WD 20071002293 PCTI US2006/ 024313

Table 2 (cont'd.) Structure Structure z O NNNN N\ NI N~MO N/ ~ C
Il \/ MM FNN O£, ,,~ M d" 1.055/i +++ OV 1.056/++++ Op N NH2
M N NN I a1 i Ow Ow 1.057/- ++ 1.058/+-HF CH3 ~IO0

, N

22. A compound of claim 21, wherein R*? is selected from
the group consisting of halogen, —NR/RE, —R” and —S(0),
R”.

23. A compound of claim 21, wherein R** is selected from
the group consisting of homopiperidinyl, morpholinyl, thio-
morpholinyl, pyrrolidinyl, piperidinyl, azetidinyl, pyranyl,
tetrahydrofuranyl and piperazinyl.

24. A compound of claim 21, wherein R>“ is selected from
the group consisting of oxazolyl, oxadiazolyl, imidazolyl,
pyrazolyl, triazolyl and thiazolyl.

25. A compound of claim 21, wherein R3? is selected from
the group consisting of phenyl, pyridyl, pyrimidinyl and
pyrazinyl.

26. A compound of claim 1, having a formula selected from
the group consisting of:

Ia!

and
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N) N NKNN\ C | HNCH3 N Ow cl 1.060/+++ OQOwe 1.059/++++ 105 WO
20071002293 PCTI US20061024313 Table 2 (cont'd.) Structure Structure S02
M ~N\ ON/~ I NN~NNi NI g N N onme O 1.061/++++ 1.062/++-F '/
F~N"1T N-NI 3N NN I NNHC ' G Ow O 1.063/ ++++ 1.064/ ++++
106 What is clainmed is: 1: A conpound having a formula selected fromthe
-group consisting of la d~C ON Nand Red N Ra

-continued
Ia?

RZL‘

or a N-oxide thereof; wherein R*° is halogen, cyano or
nitro; and R?? is selected from —SR®, —O—X*—O0R¢,
— X% _0R¢,—R®, —OR® and —NR*C(O)R".

27. A compound of claim 26, wherein R** is selected from
thhe group consisting of halogen, —NR/R€, —R” and —S(0),
R".

28. A compound of claim 26, wherein R** is selected from
the group consisting of homopiperidinyl, morpholinyl, thio-
morpholinyl, pyrrolidinyl, piperidinyl, azetidinyl, pyranyl,
tetrahydrofurany! and piperazinyl.

29. A compound of claim 26, wherein R>“ is selected from
the group consisting of oxazolyl, oxadiazolyl, imidazoly],
pyrazolyl, triazolyl and thiazolyl.

30. A compound of claim 26, wherein R*“ is selected from
the group consisting of phenyl, pyridyl, pyrimidinyl and
pyrazinyl.

31. A compound of claim 1, having a formula selected from
the group consisting of:

113



R2c RRalb RBON. (R)., N RRd N C v a ~b~ R2CRza or a

phar maceutical |y acceptable salt, hydrate or N-oxide thereof, wherein
the subscript mis an integer of fromO to 2; each R is independently
selected fromthe group consist- ing of -CO2H and Cl1_4 al kyl, optionally
substituted with -OH -ORm -S(O2R'"', -CR2H or -CO Rm wherein R'' is
an unsubstituuted G -6 alkyl; 107 R2a, R2c and Red are each independently
selected fromthe group consisting of hydrogen, hal ogen, cyano,
oxazolyl, -NO2, -C2R -CONRR, -C(ORc, -S(O2Rc, -Re, -GzNORc)Rd,
-ORc, -SRc, -NRAC(O Rc, X20Rc, -0 X20Rc, -XZNRRd, -NRS(O 2R, -0C(O) Rc,
and -NRcRd; wherein within each of Rea, R2c and Reg,_X2 is Cl_4 al kyl ene
and each Rc and Rd is independently selected fr ogen, Cl1_s alkyl,

Cl_$ hal oal kyl, and C3_5 cycl oal kyl ‘4nd eaclN is independently
selected fromthe group consisting f Cl_s/ al ky\, hal oal kyl , and
C3-6 cycloal kyl; each of rin erti o\ n formul ae I a and
Ibis |ndependently sel ected frdn N and” CH, d one of saj ring
vertices is N, and R3a is $electgd fromthe grloup consisting of hydrogen,
RZd , N R3a
R2c RZa

RZC RZu

or a N-oxide thereof; wherein R>“ is halogen, cyano or
nitro; R*? is selected from —SR¢, —O—X*—OR",
_X>_OR® ,—R%, —OR" and _NR? C(O)R"; and Rz“
1s selected from the group consisting of F, Cl, Br, I,
—CO,Me, —CONH,, CN, oxazolyl, —=CH,NH,,
—CH,NHMe, —CH,NMe, and —C

32. A compound of claim 31, wherein R* is selected from
th;: group consisting of halogen, —NR/R&, —R” and —S(0),
R”.

33. A compound of claim 31, wherein R** is selected from
the group consisting of homopiperidinyl, morpholinyl, thio-
morpholinyl, pyrrolidinyl, piperidinyl, azetidinyl, pyranyl,
tetrahydrofuranyl and piperazinyl.
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hal ogen, -NR-g9, -Rh, -S(O2Rh, and -Y, wherein Y is selected fromthe
group consi sting of honopi peridi- nyl, norpholinyl, thionorpholinyl,
pyrrolidinyl, pip- eridinyl, azetidinyl, pyranyl, tetrahydrofuranyl,

pi per- azinyl, plienyl, thienyl, fiiranyl, pyridyl, pyrimdinyl,
pyrazinyl, pyridazinyl, pyrazolyl, imdazolyl, thiazolyl, oxazolyl,

| soxazol yl, isothiazolyl, triazolyl, tetrazolyl and oxadi azolyl,
optionally substituted with fromone to three substitutents sel ected

fromthe group3qopsts ‘%é!(?luﬁl ofiedhpadt, whBkein RR selecied fréi, - - N2
I

ggﬁect ed froﬁ%ﬁ@g 11{’&"%}' ?gﬁgaﬁzl %Xa&fé&&]ig é#é‘%ﬁ%ndegmjyea;h

R is al kyl py@zqly mﬁala}l thiago from the group consisting of
Cl-8 al kyl, C138, M@ﬂi@nd@ﬁ@l@n@bwhmkywa 25 sélevtegidimch of claim

Lo uher el s ey %Stlﬁg'sfh‘“‘fm By RO TRHPERTAYE o ©

pi peridinyl,P ’z"é%méf pyranyl t et rahydrof nranyl and pi perazinyl .

108 3: A corrpoaﬁdA)o‘:om unmd, witeze i paiBeonspound ivselecietideded from the
group consi st é’lgr8u %ﬁﬂl gy«adi azolyl, ‘i mdazolyl, pyrazolyl,
triazolyl an iﬁtff% %\ ound of Ialml V\/ﬂl’}gh&mISO 5 A
compound of cl ré? &‘mﬁt 19Xy-pheny )T@H’B‘é‘[ﬂf?dno ™ 4, having

f]?r IT}J| a li \M: Ry c@%hniﬁfoﬁ] r&ilg-ll-yhavhmgoﬁe,r mula Ib. 8 A C]E)rrp(r)]undI
of claim r 4 B_‘ld) __36 Tﬁgth% ﬁﬁ?h r%ép;i} n SZI ng or pheny
P%r: gyg oPyrll maﬁ&}%%ofoi f%]a r1d1 b e%}l%gﬁ?o oun al m 1, wherein
-[4-(4-Chloro-3-methoxy- phenyl) -piperazin-1- yl ]-2- (3-
chloro-pyrazolo[3,4-b]pyridin-2-yl)-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-pyrazolo[3,4-b]pyridin-1-yl-etha-
none;
1-{4-(4-Chloro-2-tfluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-pyrazolo[3,4-b]pyridin-2-yl-etha-
none;
2-(3-Amino-pyrazolo[3,4-b]pyridin-1-yl)-1-[4-(4-chloro-
2-fluoro-5-methoxy-phenyl)-2-methyl-piperazin-1-yl]-
ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1]-2-(3-
chloro-pyrazolo[3,4-b]pyridin-1-yl)-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-(3-methyl-pyrazolo[3, 4-b] pyridin-1-
yl)-ethanone;
1-[4-(4-Chloro- 3-methoxy -phenyl)- plperazm-l -yl]-2-
pyrazolo[3,4-b]pyridin-2-yl-ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-
pyrazolo[3,4-b]pyridin-1-yl-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-pyrazolo[4,3-c]pyridin-1-yl-etha-
none;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl  ]-2-pyrazolo|3,4-c]pynridin-2-yl-etha-
none; :
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hydrogen. 10. A conpound of claim 1, wherein Rea is selected from the
group consisting of hydrogen, F, d, Br and I. 11. A conmpound of claim1,
wherein R3a. is hydrogen, chloro, fluoro, brono, oxazolyl, pyridyl,

pyri mdinyl, oxadia- zolyl, thiazolyl, -Rh or cyano. 12. A conpound of
claim 11, wherein R is nethyl; and in is 0-2. 13. A conpound. of claim
1, wherein Rea is selected from the group consisting of F, C, Br, CN,
N2, -CRCH31 -C(OCH3 and -S(O 2CH3. 14. A conpound of claim1, wherein
Red is selected from the group consisting of -SR - OX2 -OR', X2- OR,

Rga:( 3\5 R2d a]I: EB%%CIB%E ggﬁg%ﬁ) I&ﬁa%gﬁ}gﬁi céns:,wsq'?lrﬁlgnof
hydro- gen, F, Eﬁl‘ - Y,’B vy H‘Pal havi ng a
forml a sel ecl-e{d, (4 Ginﬂsort)@-mednmx REipErazidd -iyb-2- @?.a ONr3 N1
and R2 N- N RgfiabbR2-Rpyradblo[3 yr\dﬁ-‘l\'gj'lz)-ethanone
1-[4-(4-Chloro-2-fluoro- 5-methoxy -phenyl)-piperazin-1-
yl]-2-pyrazolo[3,4-b]pyridin-1-yl-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-1-
yl]-2-pyrazolo[3,4-b]pyridin-2-yl-ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-
methyl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1]-2-(3-
oxazol-2-yl-pyrazolo[3,4-b]pyridin-1-yl)-ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl1]-2-(3-
fluoro-pyrazolo[3,4-b]pyridin-1-yl)-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-(3-oxazol-2-yl-pyrazolo[3,4-b]pyri-
din-1-yl)-ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1]2-
pyrazolo|3,4-c]pyridin-2-yl-ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl1]2-
pyrazolo[3,4-c]pyridin-1-yl-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-1-
yl}-2-pyrazolof3,4-b}pyridin-1-yl-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methy]-
piperazin-1-yl}-2-(3-thiazol-2-yl-pyrazolo[3,4-b]pyri-
din-1-yl)-ethanone;

1-[4- (4-Chloro-2-fluoro-5-methoxy-phenyl)- 2-1nethy1-
piperazin-1-yl]-2-(3-pyridin-2-yl-pyrazolo[3,4- b]pyrl-
din-1-yl)-ethanone;

1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1}-2-(3-
methyl-pyrazolo[3,4-b]lpyridin-1-yl)-ethanone;
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X:) R2c or an N-oxide thereof; wherein Rea is hal ogen, cyano or nitro;
and R 2d is selected from--SR', --O---X2 -OR", -X2 - -OR', --- Re,
--OR'" and ---NR'IC(OR . 17. A compound of claim 16, wherein R3a is
selected from the group consisting of halogen, -NRRg, -R'" and -S(0O 2
18. A compound of claim 16, wherein R3a is selected fromthe group
consi sting of honopi peridinyl, norpholinyl, thio- norpholinyl,

pyrrolidi nlyl 118 [4gdi-dhiplo - BARIG - Symethyxgrpheny Qtﬁietﬁ MU{ agy:c and
the or oup consi é%lﬁ% ARG P BiA ﬁ%’f’%[‘% AT Pozol o1
triazolyl and t i@ ONnct10 20. A corrpound of claim 16, wherein R3a is
R L i e SR
group consi Stl ngl#Z0 rﬁa’y 'RHBaZp Per #1- Ay - ‘éﬁ]lliﬂlqi&’o R2 I1b4 R3a 0
'C\"yaﬁg '(;Lr] R aq.¢3.[444-Catofs- ?%@ﬁﬁﬂf%ﬂc‘?ﬁfﬁ%pe}“ﬁﬁheﬁnyﬁ@ 's hal ogen,
oxo-ethyl}-1H-pyrazolo[3,4-b]pyridine-3-carbonitrile;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-
(pyrazolo[3,4-b]pyridin-1-yl-2-oxide)-ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-
morpholin-4-yl-pyrazolo[3,4-b]pyridin-1-yl)-etha-
none;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-pyrazolo[3,4-clpyridin-1-yl-etha-
none;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-
(pyrazolo[3,4-c]pyridin-1-yl-6-oxide)-ethanone;
2-(3-Azidomethyl-pyrazolo[3,4-b]pyridin-1-yl-1-[4-(4-
chloro-3-methoxy-phenyl-piperazin-1-yl]-ethanone;
(1-{2-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl}-
2-oxo-ethyl}-1H-pyrazolo[3,4-b]pyridin-3-yl)-meth-
anesulfonic acid;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-(3-
oxazol-2-yl-pyrazolo[3,4-b]pyridin-2-yl)-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-(3-[1,2,4]oxadiazol3-yl-pyrazolo[3,
4-b]pyridin-1-yl-ethanone;
1-{2-|4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-
oxo-ethyl}-N-hydroxy-1H-pyrazolo[3,4-b]pyridine-3-
carboxamidine;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1j-2-(3-
[1,2,4]oxadiazol-3-yl-pyrazolo[3,4-b]pyridin-1-yl)-
ethanone;
1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-yl]-2-[ 3-
(5-methyl-[1,2,4]oxadiazol-3-yl)-pyrazolo[3,4-b]pyri-
din-1-yl]-ethanone;
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nitro; Red is selected from-SR, -OX2-OR, X2 OR, -Re, -OR, -NR Rd,
-NR' S(O2Re and -NRC(O R, and Rea is selected fromthe group consisting
of F, d, Br, |, -C2M, --CONH2, CN, oxazolyl, -CH2NH2, - CH2NHW,
-CH2NMe2 and -Cl I~N--O1. iii 22. A conpound of claim?2l, wherein R3a
is selected from the group consisting of halogen, -NRR9, -Rh and -S(O 2
Rh. 23. A conpound of claim 21, wherein RJ, is selected from the group
consi sting of honopi peridinyl, norpholinyl, thio- norpholinyl,
pyrrolidinyl, pi[de(4-dChloro-Azmethonytphenyhrpiperazens biwliiv2s{3+ anyl and
pi perazinyl. 24. 4 - j b RSRUS- ected from
t he group consi s??%gﬁag?gggg%@?ﬁ@gyéépg’fgpﬁfh@mﬁg};;g?ﬁﬁh pyrazol yl,
triazolyl and thpQElgl’yl . 25. A conpound of claim?21l, wherein R3a is
sel ect edI fr ggn 2%3%%@1@@11@11?!—‘?1}!rﬁ@o%djﬂﬂ?h}’ﬁyﬁf&%‘iild?ﬂl)-1Pg4i('tzligi ][lyl anflh
razinyl . : 0 ed from e
gyoup cgnsi sti ngcgﬁ%égfﬁ?}ﬁ?ﬁoﬁ&%ééy -ﬂYg%%Zw—%eﬁhég f c / 112
-continued | a2]1-[4-(4-Chloro-3-methoxy-phenyl)-piperazin-1-y1]-2-(3-
iodo-pyrazolo[3,4-b]pyridin-1-yl)-ethanone;
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-2-methyl-
piperazin-1-yl]-2-(3-iodo-pyrazolo[3,4-b]pyridin-1-
yl)-ethanone; and
1-[4-(4-Chloro-2-fluoro-5-methoxy-phenyl)-piperazin-1-
yl]-2-(3-o0xazol-2-yl-pyrazolo[3,4-b]pyridin-1-yl-etha-
none;
or their pharmaceutically acceptable salts and N-oxides
thereof.

37. The compound, wherein said compound is selected
from the group counsisting of:

N
x
z‘/o /< l :
o NQ o A
Cl

CH;
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CNL) NR2d N R3a Cl-13 R2 or a N oxide thereof; wherein R2, is hal ogen,
cyano or nitro; and Red is selected from-SR, -0 X2-OR, -X2-OR C,
-Re - ORc and -NR dC(O R . 27. A conpound of claim26, wherein R3a is
sel ected from the group consistdanfimfiedal ogen, -NWRg, -R' and-S(0)2 R

28. A conpodin@-ofOcl ai m 26, wherein R3" is selected fr the group
consi sting of honoRi peridinyl, norpholinyl, thi p snyl
pyrrolidinyl, pipefdnyl, az’ef-i—ﬂé—vnl, N, tegjrahydrofuranyl and
pi perazinyl. 29. 5 nd of clai ereNn R3h is sglected from

t he group cofé / , . pyrazolyl,
triazolyl and thiaXxalyl ) co und cl ai m 26, erein R3a is
selected from the group consi ST of phényl, pyridyl, pyrimdinyl and
pyrazinyl. 31. A compound of claim¥, having a fornula selected from the
group consisting of: 113%1a3 N 1O (83 J~ NT and R2d NT V Ra R2° R24 | a4

N
0
N\/k
Cl CH;
F

cl
N
Hy,e— 9

MeO: : N
Cl
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CNL ~2d N Ra CH3 R2e a R2" or a N-oxide thereof; wherein R2i is

hal ogen, cyano or nitro; R2d is selected from-SR', -OX2-OR, X2--0R,
-Re, -OR" and -NR 1C(OR'; and R2" is selected fromthe group consisting
of F, d, Br, I, -CO2M, -CONH2, CN, oxazolyl, =CH2NH2i - CH2NHWE,

- CH2NMe2 and -CH- N-OH. 32. A compound of claim 31, wherein R3Qis

sel ected from the group consisting of halogen, -NRfFRg, -R ' and-S(0)2
R 33. A conpound of claim 31, wherein R3" is selected from the group
consi sting of honopi peridinyl, norpholinyl, thio- norpholinyl,
pyrrolidinyl, piperid.inyl, azetidinyl, ranyl, tetrahydrofiiranyl and

pi perazinyl. 114 34. A conpou clai iy 31, whai R3a is selected from
the group consisting of oxazolfyl, o egol yl, /inmidazolyl, pyrazolyl,
triazolyl and thiazp

.gﬁ conmpqund o m 31, wherein R3 is
selected from h§;L297of phenyl, rad pyri m dinyl and
pyrazinyl. 36 1, wheretfi said conpound cted from the
group consist?h \ - (4- Chl oro- 3-i nét hoxy-p i perazin-1-yl]-2-
pyrazol o[ 4, 3-b] pyridin-1 -yl -ethanone;

1-[ 4- (4- Cnhl or o- 3- met/hoxy- phenyl ) - pi perazi n-1-yl ]
pyrazolo[4,3-h{per@in-2-y|-ethanone;

1-[ 4- (4- Chl oro- 3- met hoxy- phenyl ) - pi perazin-1-yl]-2-(3-
chIoro-pyrazoIHﬁ3>4tp]pyridin-2-y|)-ethanone;

-2

Cl
)
N
F
0
CHj;
H;C—0O
/ \ N\
cl N N{ NT SNV
L< \
F CH;
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1-[4 -(4-Chloro-2-fluoro -5-nethoxy-phenyl)-2 -nethyl -

pi perazi n-1-yl]-2-pyrazol o[ 3, 4-b] pyridin-1-yl-etha- none; 1-

[ 4- (4- Chl or o- 2-f | uor o- 5- net hoxy- phenyl ) - 2- net hyl -

pi perazin-1-yl]-2-pyrazol o[ 3, 4- by p¥fiheledt 2- Y| - et ha- none;

2- (3- Am no-pyrazol o[ 3, 4-b] pyridin-1-yl)-1-[4-(4-chloro,~2-fluoro- 5
- met hoxy- phenyl ) - 2- net hyl - pi perazin- | -yl] - ethano
1-[ 4- (4-Chl or o- 3- met hoxy- phenyl ) - pi perazin- | -yl]-2 (3-
chl oro- pyrazol-o[ 3, 4-b] pyridin-1-yl)-ethanone; 1-

[4-(4-Chl org Tf_igporo-S-nethoxy phenyl)-2-meth
pi per azi n- 1 ( 3- net hyl pyrazolo[3 4- b]pyD;

1-[ 4- (4- Chl or o- 3- mpthaxy- phen i perazi,n- -yl ]
pyrazol o[ 3, 4- hano e; [ 4-

- met hoxy- ph-‘. [ ' ﬁ -yl N

- et hoxy- phenyl) 2>-ntet hyl -

pi perazin-1-yl]-2-pyrazol o[ 4, 3-c]pyridin-|-yl-
1-[4-(4-Chloro-2-fluoro-5 -nethoxy-phenyl)-2-nethyl - piperazin-1-yl
]-2-pyrazol o[ 3, 4-c] pyri din-2-yl -etha- none; 115

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

pyridi n-2-yl - pyrazol o[ 3, 4-b] pyri di n-1-yl ) - et hanone;

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

t hi azol - 2-yl -pyrazol o[ 3, 4-b] pyridin- | -yl)-ethaione;

1-[4-(4-Chl oro-2-fl uoro-5-net hoxy-phenyl) - pi pera ",,N-yl]-z-pyrazolo
[ 3, 4-b] pyri di n-1-yl - et hanone;
1-[ 4- (4-Chl oro- 2-f 1 uoro-5nmet hoxy- phenyl) - pi per azi

0O N="

Cl

OMe

Cl

OMe
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"3 rs

] -2-pyrazolo [3,4-b]pyridin-2-yl-ethanone;
-[4- (4- Chl or o- 3- net hoxy- phenyl ) - pi perazin- | -yl]-2-(3-
t hyl - pyrazol o[ 3, 4- b] pyri di n- 1-yl ) - et hanone;
1-[ 4- (4- Chl or o- 3- met hoxy- phenyl ) - pi perazin- | -yl]-2-(3
oxazol - 2-yl -pyrazol o[ 3, 4-b] pyridin- | -yl)-ethanone;
1-[4-(4 Chloro 3- net hoxy- phenyl ) - pi perazin-|-yl]-2-(3- fluoro-pyra zo to
[ 3, 4-b ] pyridin- | -yl)-ethanone; .
1-[ 4- (4-Chl oro- 2-fl uoro-5- net hoxy- phenyl ) - 2- net hyl -
pi perazin-1-yl]-2-(3-oxazol -2-yl -pyrazol of 3, 4-b] pyr iy—di\n-1 -yl ) - et hanone;
1-[ 4- (4-Chl or o- 3- et hoxy- phenyl ) - pi perazin- |-yl]2-/pyraXol o[ 3, 4
-c] pyridin-2-yl-ethanone; 1-[4 -(4-Chl gro-3

i/n-1-yl - et hanone;

met hoxy- phenyl ) - pi perazin-1-yl] 2- pyr zoIo[3N4" yri
[ 4- (4- Chl or o-2-f | uor o- 5- met hoxy- pheny{j) - plpel
| ]-2-pyrazol o[ 3, 4-b] pyridin-1-yt>eth ; N
[ 4- (4- Chl or o- 2-f | uor o- 5- net foxy- phényl ) - 2~ et hyl - :
i perazin-1-yl]-2-(3-thiazol -3-yl-pyfazol o[ 3, 4-b] pyri- din- |
| ) - et hanone; Me(J4- (44 - f | upt 0- 5- net hoxy- phenyl ) - 2- net hyl -

1-
y
1-
p
i perazin-1-yl] -2 di u- 2>yT-pyrazolo [3,4-b]pyri-
in :

yl

-1 -yl)-ethanone; - Chl or o- 3- net hoxy- phenyl ) - pi per azi n-
3,4 b] pyri di n-1-yl)-et hanone; 116 1-

-2-(3- nethyl -
y- phenyl)-2-nethyl - piperazin-1-yl] -2-(3

p
d
-yly
[4- (4-Chloro-2-fhu
- et hyl - pyrazol o 3 4-b] pyridin-1- yl-ethanone;
1-[ 4- (4-Chl oro- 3- net hoxy- phenyl ) - pi perazin- | -yl]-2-(3-
t hi azol - 2-yl -pyrazol o [3,4-b]pyridin- | -yl)-ethanone;
2-[ 4- (4-Chl or o- 3- et hoxy- phenyl ) - pi perazin-1 -yl] -2 oxo-ethyl }-1
y

1-{
H pyrazol o[ 3, 4-b] pyridine-3 -carbonitrile; CHj3

Cl

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

(pyrazol of 3, 4-b] pyri di n-1-yl - 2- oxi de) - et hanone;

1-[ 4- (4-Chl oro- 3- net hoxy- phenyl ) - pi perazin- | -yl]-2-(3-

nmor phol i n-4-yl -pyrazol o[ 3, 4-b] pyridin-1 -yl)-etha- none;
1-[4-(4-Chloro-2-fluoro-5 -nethoxy-phenyl)-2-methyl piperazin-|

-yl ]-2-pyrazol o[ 3,4-c]pyridin-1-yl-etha- none; 1- [4 -(4-Chloro -3

- met hoxy- phenyl) -piperazin- | -yl] -2- (pyrazolo [3,4-c]pyridi

n- 1- yI 6- oxi de) - et hanone;  2-(3- Azi domet hyl - pyrazol o [3, 4-b] pyri din-|
-yl -1-[4-(4 chl oro-3-net hoxy- phenyl - pi perazin-I -yl] -ethanone; (1-{
2-[4- (4-Chl or o- 3- net hoxy- phenyhﬁcmlnnkailn | -yl]- 2-oxo-ethyl } -1

H pyrazolo [3,4-b]pyridin-3-yl)-meth- anesulfonicacid; 1 - [4
- (4- Chl oro-3 - net hoxy-phenyl) -piperazin-'1-yl] - oxazo
-2-yl -pyrazol o[ 3, 4- b] pyri di n- 2-yl ) - et hanone; 0
1-[4- (4-Chl oro-2-fl uoro-5-net hoxy- phenyl)-2-neth Nperazi n-|
-yl]-2-(3-[ 1,2, 4] oxadi azol 3-yl -pyrazo to [3,
4-b] pyrid.in-1-yl-ethanone; 1- {2-
[ 4- (4- Chl or o- 3- et hoxy- phenyl ) - pi peragi n- | y -2- oxo -ethyl}
-N-hydroxy-1 Hpyrazolo [3, 4 -b] pyrjdine-3j- oxatnidine; | -
[ 4- (4- Chl oro-3 -net hoxy- phenyl)-plp eglazi n- -(3 -
[ 1, 2, 4] oxadi azol - 3-yl - pyrazo p - none;
1-[4- (4-Chl oro- 3- met hoxy- phgnyl ) - 'pera2|n-l I (5 -methyl- [ 1
2,4] oxadiazol-3 -yl)- pyraz lo [ 3f 4-b]pyri- di - et hanone; 117 1
- [4 -(4-Chloro-3 -pe ~pi perazin-1-yl] -2 -(3-
met hanesul f onyl - py 3,4-bTpyridin- | -yl)-etha-
Cl
OMe
F

Cl

OMe
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none; 2-(3 -Am noinethyl-pyrazolo [3, 4-b]pyridin-1-yl)-1-[4-(4-
chl oro- 3- met hoxy- phenyl )-piperazin-1-yl] -ethanone; 1-[4-(4-Chloro-3

- met hoxy- phenyl ) - pi perazin- | -yl] -2-(3-

i odo- pyrazol o[ 3, 4- b] pyri di n-1-yl ) - et hanone;
- met hoxy- phenyl ) - 2-net hyl - pi perazin- |-yl]
[3,4-b]pyridin- | - yl)-ethanone; and
1-[4-(4-Chl oro-2-fluoro-5-net hoxy-phenyl)-p

yl]-2-(3-o0oxazol - 2-yl - pyrazol o[ 3, 4-b] pyri di n-

1- [4-(4-Chloro-2-fluoro-5
-2-(3-io0do-pyrazolo

perazin-1 -
1-yl-etha- none; or their

pharmaceutically acceptable salts and N oxides /'t eof. 37. The
conpound, wherein said conpound is selected t™Nomthe group consisting
C-

of: N NH3C-p No N d CH3 118 -continued
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NN NC O ZN o N' N N d Owe 133 -continued | ONNand NN
ad Ol ONomt FN C-13 Cd Ow and their pharmaceutically
acceptabl e salts and N-oxides thereof. 38. A pharmaceutical conposition
conprising a pharma- ceutically acceptable excipient or carrier and a
conmpound of claim11. 39. A pharmaceutical conposition of claim 38,
wherein said conposition is formed as a stent or stent-graft device.
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and their pharmaceutically acceptable salts and N-oxides
thereof.

38. A pharmaceutical composition comprising a pharma-
ceutically acceptable excipient or carrier and a compound of
claim 1.

39. A pharmaceutical composition of claim 38, wherein
said composition is formed as a stent or stent-graft device.

134



