JAK2 | NHI BI TORS AND THEI R USE FOR THE TREATMENT OF MYELOPROLI FERATI VE

DI SEASES AND CANCER FI ELD OF THE | NVENTI ON 5[ 0001] This invention relates to
novel compount2sdsat are useful as anti-cancer/ anti prolpcirasatiowercagent s.
This invention also relates to a nethod of using the conpounds in the
treatnment of proliferative di seases, such as cancer, and to pharnaceuti cal
conpositions containing the conpounds. 10BACKGROUND OF THE | NVENTI ON

[0002] Efforts to 'ﬁ'&ﬁ&ﬁﬁﬁlﬁ%lﬁ@%\ﬁﬁ@ﬂkﬁﬁméﬁq‘}?ﬁﬁﬂ:ﬂ’MENT OF
nyel oproliferative disease have been bol stered by the observations of

constitutive activati oiMYELOPROQINERSY BV ISP HHIASEQANR GANGCERPD patients. In
particular, a single valine to phenyal ani ne nutation at residue 617
(JAK2-V617F) in JAK2 has been observed in the majority of 15 PV (95%, ET
(50-60% and PMF (50 60% patieiﬁIEL]()mbTHEZNWNirI@)Ncs et al., 2005' Baxt er

et al., 2005; . al .. V617F ation. resides t he

P aron of the WRKS L anE i FBE ke el i B i SRR hought
to function asn@aolawamaug'bmtD}ﬁlynﬁ@rﬁﬁmmsb@elﬁtegtulaaMhohAiﬁasmgﬂ@%bmpodﬁumase
activity. Mutations in exon 12 of JAK2 which also result in constitutive

JAK2 kinase aétihgfreamgitert grodiferastys discases seehip encer prekie harmeeditieticy (<5%in
PV and ET) angorﬁﬁcﬁlt{gﬁgé@kajllﬁngmglc%‘%ﬁdwth JAK2V617F | esions (Pardanari et
al ., 2007; Scott et al is a nenber of a non-receptor tyrosine
ki nase famly that al so incl udes JAK1, Tyk2 and JAK3 and function as

nmedi at ors |gf cytokine receptgk cRICEHGUNDOF 19 E IVERMSKE Murray, 2007).

Upon cytokl ne binding to its cognate receptor, receptor-bound JAK famly
menbers 25ar e [M82] vaﬁﬁdrtamdmmmmﬂlyﬂamc apiBaAbes taﬂhécﬁ mtloprobfesative pt i on

factor, which ,upon JAK hor | ati.on es di neri i on and
ronal catt ondBBSE R/ Tren S0 PRE SRR LR S RS E FOR R LT AR, G
bi ochem cal sSudiigmlingyahest MPD glieds. i pértiautdr, cangié nﬁtnlemmlsheﬁialﬁn@agenent of

a JAK famly menber W th an_individual rece instance,
eryt hr opoi et i FUAERHR resigie Vgﬂﬁg@n fﬁ*&gy%iﬁ gtﬁ?f{)‘lnég QO %ny
stinmul ating f@Vt(QS%i @14(%60%5 SEENIR{ SEPAGRAEI (ﬁaSl%Q' Kﬁaldvrbstehﬁ QO@:ﬁom nant
activation of JAK2 to nedi ate downstream si gnal I n Consistent wit h the

pat ho- physi ol 8g¥tcit ahvPB02kesleri st dd 200%-h e 1 Jarmitaiign meidesyitthy fegign of hese

cyt okines pr Omtﬁﬁz%@nedénﬁ&ﬁﬁm g%u&&ng@%r@m@m NGt BFufisloh ol APES
underlying PV, ET a respectively. Unlike other genetic activation
events, expr esgbiphibebry JIAKRING 1e‘gﬁlatesI A@t}'@amé kimpsractivity. Mugatonsein exon
transfornatlon N ; I S equire
the. o expr eost S SE MHER S Re R B T L B2 RS RO BRIl 20

i nport ant 20 un@hﬂl(aﬂaherd"mqﬁfmpﬁ@d%md)\bﬁndtm addKreayttoltiyreclngoepitlor i nt eracti on

Lu et al., gl t t t he TPO t
(VPL ¢ rypt optiak Vel Fafirnar it el rUf" 5% el SbhAsiay havtnisn *°°
identified i nawamdaqitbﬁpioslnakfnbseqmﬁdy Wiat DsoJiAddVBAKK, Tvegahil VRKPMmd and ET

(5% and 1% respectively) resulting in constitutive, JAK2- Stat activation
(Pi kman et al func@m)medmtors of cytokineTeceptor signaling (for review see Murray, 2007).

Upon cytokine binding to its cognate receptor, receptor-bound JAK family members

25  are activated and phosphorylate a STAT, a latent transcription factor, which upon
JAK-mediated phosphorylation undergoes dimerization and translocation to the
nucleus to regulate gene expression. Genetic and biochemical studies have
established distinct combinations of engagement of a JAK family member with an
individual cytokine receptor. For instance, erythropoietin (EPO), thrombopoietin

30  (TPO) and granuolocyte colony stimulating factor (GM-CSF) receptor engagement
results in the predominant activation of JAK2 to mediate downstream signaling.

Consistent with the patho-physiology of MPD associated with the JAK2-V617F

S1-



10These observations indicate that JAK-Stat signal transduction can be
activated through nutation in MPD at multiple points in the pathway in a
mut ual | y wechugi2gss4manner and suggest the possi bl e preseatasedioadnzt i onal
pat hway nutations in JAK2 - V617F and MPL-Wh15L negative MPD.

[ 0003] I nportant validation of JAK2 signaling as a driver of Ph(-) MPD
energed 15from rodent nodel s where JAK2-V617F nutant signaling was

reconsti t ut ed pjypibRGndIe HﬁBlQHé%' $RbihGte HeRITGE tati GPARRLDIRIh of HE VAN Bbes

| aboratories denonstrated that viral transduction of JAK2-V617F |nto nouse
bone marrow an@ldeslmmgé’d’u &htangd BMFmﬂSm@tlmly Snlike piher geaptisi aghvation geents,

reconstituted t et al.
2006, Bumm et g‘ﬁé@{og%g § as et %nﬂéﬁd’f%% %qsﬁéggga%g@gg#gggg i ncl uded
el evat ed henatrm)dcllsystersqodndﬂmm’m}alslyowrrtorwcamt: tieerveetulesrign dfelmetyoplodyesirnes,

gr anul ocyt SIS a 0 ich are als if.ested in
pol ycyt he "é?p Orsbh ‘%}ﬁlrgesl% A IF‘;PO‘%“??W“OIPLCO R *311 @(@H‘E‘ﬂokme

t hr ombocyt 05| ScCHRST 1ﬂ@facﬁd§18(&ﬁ1\66d 2003) hiesecstink]y, raetivande hsitasiogh ines Eu[ggest ed to
be attributable to ondar eneti.c e\ﬁents t hat coniﬁrl but e to tel et
expansi on ( WeFSiFRJo - typty )tO cHEias SHOPHPIGNAL SIdUr © LR)iDgYF Q?an

receptor nut atj MPDYRATVERRE vith IARDENE 1 1FORE TR IPRMHIESIUISYEshdi 19, 2

nyel oproliferative disease with a nore ragl d onset than JAK2- V617F ani mal s

that was reni FSBREERYOESUHISTRLYISHIPEY of Ak bost activaianyBikign siileAdivegal y,
hepat onegahy, tad oﬁs%waﬁeﬁs' iRdif 4t O8I A Qlat RONE rIRUL AW B Mﬂvaﬁéd al ., 2006).

Al so unli ke the JAK2 F nodel, m ce expressing MPL-Ws15L di spl ayed 30
dramatic throﬂ‘b@tgﬂntrmsfit@nplew’@;ﬁ muhtml@mmtﬁgl the phwaydio mewallyfoyelotivon of t he

receptor acti M‘@h%eggnc? 121?, p%&lb‘%ég}g%?e}{&% 7f ad tlz)lth? Eﬁ@%nﬁhtg{f%n%fm }ka | i neage.

Nonet hel ess, ions |ve under score e role of both
MPL-W515L andV@ATGZand\MRENVmLngaIWBMﬁD ati ons under |l yi ng the progression of

human MPD. [0 Kk estiqn.to tICbSIS s the rol e of
ndarti onal gelOE eTnERT e TREA HERTk G e8RS obPhy Rb B BAy ong
JAKZ2 and WPL. fiopMeddak molidlRBerof ARYIVER NE BrusdOdastina @l fet@RBltcgenati ¢

alterations in MPD di seas rogression, In fact, mtotic reconbjnation
occurs fr equeh%wor?%etw@vp%ﬁ icampETReRL GeMapldrRorgtowes siaronsygied thasyiral| es

i ndi cating a agh@6dioRf§ AR SBhTF mPmSsc BORDRM ARSI Qbschitat put at ed ki nase
(Levine et al., 2005). In this regard it will be inportant to devel op

condi ti onal JARPanygioprntR esakent mieaveenabtiuiaf seviers] ahpeast himes YRR (Blsevoetypi ¢ 10
consequences Qﬂ‘%édBeLg&HPe’t)éB%% nﬁH%tJ‘eﬁ(ﬂb’“te%gHa?se@éK%ob’ ﬁs%)urde“

Addi tional |y, eré Is evidence for an inhe gern’ine a e that
precedes and [ﬁaaamsspdwg:l ejpasteddnsatcpit, aplqmm@alml@a Mﬁmméd@@@erttler et al.
2005; Levine gt

some MPD pati enl{la%pd,&f sth%rag%owlsc? 891\%02%5%9%?0“' rgg}g 4 anlgfr;r\%rél’ Sognarrl1 é}%sa dﬁy at
noder at e | eveliispayugthaniiad wad. imerestibKly, unlike the human cond1t10n, thrombocytosis was
not observed in these murine models and was suggested to be attributable to
secondary genetic events that contribute to platelet expansion (Wernig et al., 2006).
25  Similar reconstitution of the TPO receptor mutation (MPL-W515L) in rodent bone
marrow resulted in a myeloproliferative disease with a more rapid onset than JAK2-
V617F animals that was reminiscent of primary myelofribosis including
splenomegaly, hepatomegaly, and reticulin fibrosis of bone marrow (Pikman et al.,
2006). Also unlike the JAK2-V617F model, mice expressing MPL-W515L displayed
30  dramatic thrombocytosis perhaps indicating a more dominant function of the receptor

activation compared to JAK2-V617 in the expansion of this lineage. Nonetheless,



15chronmosomal transl ocations are observed in | eukem a, epidem ol ogi cal data
suggest that it is questionable that JAK2-V617F is a genetic driver in this
cont ext swggestazsgy4addi ti onal genetic alterations are requiusedofdaers2f ul |

| eukemi ¢ transformati on (Theocharides et al., 2007). These observations
notw t hstandi ng, JAK2 inhibition with small nolecule inhibitors is
sufficient to nodul ate di sease progression in pre- 20clinical animl nodels

suggesting t hgfesJMS&vatdnl ¥tk @1y ShadMEdit BleQBIE of Bth RBILNHAI B Ry MFD_( Par adani
et al., 2007). It will be inportant to identify these additional genetic

al terations anN@!dewsdshvermptaiens hadwslyiperibe pregietsignge SumahMPDbut e to t he

di sease progr kon qQf - Ny VY f -V617F and
MPL- W15L. Itﬂgﬁ?f a%gg umﬁﬁ%ggggg e?%ﬁﬁﬁp?enen%%§%83653@5§m¥2 identify if

ot her JAK2 paghwéyc@btahg ooenige ardscasetraogreksion biRiDd pAKR end BPhoBevasdoci at ed
w th the acqui.siti.on of JAK2-V617F = JA onl2 or -\Wh15L nut.ations.
[0005] The. pat b o6 GBr Tear SR Vgt 1557 EER BobDuiiRs Bttt o ar e
useful as | KKLi fabi, hiithd @corfdiadiioh @cddes frajli&ilydh St parnts hegamonpauwnd of the
formula \ whi found to have weak actjvity against JAK2 in the assay
described her é‘fk‘ﬁg'éf\%ﬁaf alﬁeﬁﬂmﬁ%nb@mtmfmef&bﬁ%@m éﬂﬂg[ 0006] The

present i nvengiy@ifeddli@ié dQSink @f a1COMPIURESS fé%arﬁ@tﬁﬁﬁll'b@ imporRiedoneeyy i cal
conposi tions enpl oying such conpounds and for methods of using such

conpounds. [ 00gwTjtdsa YalhEkngrl apiealyingdde Aeicmminedhe Pisrotypler e are
di scl osed jgompalpdsn&s of @F Hyrhé‘zy%go&s%&s RlterBy b8 PR S OFBIE puk @4t Oner, or

b
phar maceutical |y acceptabl e sal't thereof, wherein: Yis G _4 alkyl; X
is G _4 al kyl AddiRnglly, there is evidence for an inherited germline allele that precedes and

predisposes patients to acquire JAK2-V617F (Goerttler et al., 2005; Levine et al.,
2006) as well as loss of chromosomal region 20q in some MPD patients. Although
MPD conversion AML is observed clinically at moderate levels and activating JAK
15  chromosomal translocations are observed in leukemia, epidemiological data suggest
that it is questionable that JAK2-V617F is a genetic driver in this context suggesting
additional genetic alterations are required for full leukemic transformation
(Theocharides et al., 2007). These observations notwithstanding, JAK?2 inhibition
with small molecule inhibitors is sufficient to modulate disease progression in pre-
20  clinical animal models suggesting that JAK?2 activation is sufficient for maintaining
MPD (Paradani et al., 2007). It will be important to identify these additional genetic
alterations and decipher how these genetic changes contribute to the disease
progression of PV, ET and PMF in the context of JAK2-V617F and MPL-WS515L. It
will also be important to implement approaches to identify if other JAK2 pathway
25  components are mutated in MPD patients not associated with the acquisition of
JAK2-V617F, JAK2 exonl2 or MPL-W515L mutations.
[0005] The patent publication W02006/122137 discloses coumpounds which are
useful as IKK inhibitors. Example No. A171 discloses the compound of the formula
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,NR2 RL , or INR2 RL any of which are optionally fused with a 5 or 6
menber ed carbocycle or heterocycle 20 having one heteroatom sel ected from
NR3 or S,weand/f2sssed car bocycl e or heterocycl e bei ng opPCorskég/ossbst i t ut ed
with 0-3 RL. [OO08]RL is H, halo, CN, C _6 alkyl substituted with 0-3 Re,
CF3, CONRaRa, NRaRa, COORb, C(0)Rd, cycloal kyl substituted with 0-3 Re,
furanyl, tetrahydropyranyl, or pyridinyl; R2 is absent, H Cl 6

al kyl subst i t yihesl Wik kfin@e3hdRe welll i dalskydic SQRe Elay dialioud, cyel oal kyl
substituted with 0-3 Re, or tetrahydropyranyl; R3 is absent, H or

C( 0) 0- Gi 4al ky hereinbelow. Ra is H Cl1_6 alkyl substituted with 0-3 Re,
C3-6 cycl oal kyl substituted with 0-3 5Re, tetrahydropyranyl, or
di oxot et rahydr ot hi ophenyl; Ro is Hor C 6 alkyl; Re is H halo, CN,

OH, 0-G _4al kyl, 0-0G 4al RETAILEZDMS@RI,PTKHE ORI(RHLE INGENYIQN,

C(O)N(G _4al k . hal i n n her of

whi th' ars opt TONG | v 185 BieriE e duronpio B BF e b e OBEh T b ReealiiRT %
azeridinyl, aZﬁh}bcdlti@)ﬂ emyflyyin@hict IcﬁMbQunm melrfbﬂmaybds ofosiphalch Bythpounds.

pi per azi nyI XI dot hi onor phol.i n or tetrah of wh| ch are
substi t ut ed qu Tlo- 2 Ineecordppge with t el?iései‘%mﬁnnﬂé %rgéﬂ%séos%‘c& gynds efy

0- G 4al kyl S@O%mgaﬂal kyl, NHC(0)-Cl- 4al kyl, norpholinyl, OC(0)-GC _4al kyl,
C(O)N(C _4al kyl)2, or O- a _4dal kyl - O G _4al k¥l . 15

N
P
>N
et
0 N N7 N’R
X H

10 )

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein:
Y is Cy.4 alkyl;
X is Cy4 alkyl;
15 Ris

SEP S BrR
I R1 \|I/ R1 \|I/ N \|/\

any of which are optionally fused with a 5 or 6 membered carbocycle or heterocycle
20  having one heteroatom selected from NR® or S, said fused carbocycle or heterocycle

being optionally substituted with 0-3 R'.

[0008] R'is H, halo, CN, Ci. alkyl substituted with 0-3 R®, CF3, CONR*R?,

NR'R®, COORP, SO,-C4alkyl, C(O)RY, cycloalkyl substituted with 0-3 R%, furanyl,

tetrahydropyranyl, or pyridinyl;



[ 0009] I n anot her enbodi nent are conpounds of Fornmula (1), wherein: Ris
110 --r-S 11 "NOS NN/N,,/( Nz-.; RIRIRL, ---e,r-_,N, "----NR2

-e,\ N- R2IWoRB11M28864- . . <N/ R1..".."N Rl----RL ,, /0 N/ PCHUSRWAINERE /
3lJN-R3\ 1--/ S 0 20R1/-R1R1R1

R? is absent, H, Cy_¢ alkyl substituted with 0-3 R, C(0)O-C,_alkyl, SO»-Cy.
salkyl, cycloalkyl substituted with 0-3 R, or tetrahydropyranyl,

R*is absent, H, or C(0)O-C_salkyl;

R is H, Cy alkyl substituted with 0-3 R®, Cs.6 cycloalkyl substituted with 0-3

5 R, tetrahydropyranyl, or dioxotetrahydrothiophenyl,

R"is H or Ci6 alkyl;

R®is H, halo, CN, OH, O-Cy_salkyl, O-C;.salkyl-O-C;_salkyl, NH,, N(Cy4
alkyl),, C(O)N(Cy.4alkyl),, SO,-C;.salkyl, or morpholinyl or piperazinyl, either of
which are optionally substituted with 0-1 C, 4alkyl;

10 R%is Cig alkyl, or azeridinyl, azetidinyl, pyrrolidinyl, piperidinyl,
morpholinyl, piperazinyl, dioxidothiomorpholinyl or tetrahydropyranyl, any of which
are substituted with 0-2 R®; and

Rfis H, halo, CN, C;4 alkyl, OH, O-Cy_salkyl, SO,-C;_salkyl, NHC(O)-C;.
salkyl, morpholinyl, OC(O)-C;_salkyl, C(O)N(C;_4alkyl),, or O-C.4alkyl-O-C;_salkyl.

15
[0009] In another embodiment are compounds of Formula (I), wherein:
Ris
S Ve % ST 57; S~
N\/< == N§<
R? , R? , R? , R , R?
SN, SN S
\E<N—R2 \555 ~ \|\|1/\ Nr2 0T /<
R? \N' R1 — 1
Sy 5 5*
N—/ , \g\rs O N—/
Y e T
20 R! , \R1’ R!



any of which are optionally substituted with 0-3 R1.

[ 0010] I n anot her

enbodi nent are conpounds of Formula (1), wherein: Y is nethyl; and X is

et hyl .

is

[ O802piwn28ssat her enbodi ment are conpounds of For raTaISeo1p/o4%REr €i n:

[0012] I n anot her enbodi nent are conpounds of Formula (1), wherein:
15R is any of which are optionally substituted with 0-2 RlL WO
2011/ 028864PCT/ US2010/ 047621 [0013] I n anot her enbodi nent are conpounds of

Formula (1), whersiliciirk Sptionally substitutBd witg ot rhal o, CN, G _6 al kyl
substituted with 0-3 Re, CF3, CONRaRa, COORb, 5S02-Ci4al kyl, C(0)Rd,

cycl oal kyl substituted with 0-3 Re, or pyri di nyl ;

[0010] In another embodiment are compounds of Formula (I), wherein:

5 Y is methyl; and
X is ethyl.

[0011] In another embodiment are compounds of Formula (I), wherein:

Ris
10
— O S~ —
SSS\“/\kW SSS\“/\/giR1 355\“/ N ‘5\[(\0
N 4
R1 B R1 B R B R B
~ N -~ /N\
g s ; ‘N—R2-\§ éLT/ N-R2
N= \f\ 2 N~
- N-R
R1 » R1 » N » or R1
[0012] In another embodiment are compounds of Formula (I), wherein:
15 Ris

3
R or

any of which are optionally substituted with 0-2 R'

-6-

R



Ra is H Cl_6 alkyl substituted with 0-3 Re, C3_6 cycl oal kyl substituted
with 0-3 Re, tetrahydropyranyl or dioxotetrahydrothi ophenyl; Ro is H or
C _6 al kywo 2Ra/a2886, hal o, OH, 0-C _4al kyl, S02-C _4al kyCTars2emongtsel i nyl ;
10Rd is C _6 al kyl, or azetidinyl, pyrrolidinyl, norpholinyl, piperazinyl
or di oxi dot hi onor phol i nyl, any of which are substituted with 0-2 Re;

Re is H halo, CN, OH O- CI 4al kyl , S02-C _4al kyl, NHC(O0) -G _4al kyl or

nmor phol i nyl . 15[ 0014] I n anot her embodi ment ar e corrpounds of Formula (1),

wherein: ----- N- R2 . RisRl Rl is H halo, G _6 alkyl
substituted wiH3b- SIWOtI@an@@\RQP@ copporss o @yrl, (De ydetsal ky|
substituted with 0-3 Re or furanyl; R2 is H Cl1_6 alkyl

Re, or tetrahydropyrany I Rs H, or Cl 6 al kyl substituted with 0-3 Re;
Ro is Hor G _6 al kyl; Re is H halo, CN, OH 0-0G 4al kyl,
0- G 4al kyl -O-Ci 4aRkwl NHE' N(C1-4 al kyl) 2, C(0)N(Gi _4al kyl) 2,

opti onal 1y Substi APRR b b G PR i3 RS SRRULCROPRE,
mor phol i nyk, pOpey. aatlynyd(OoR, dy@wlmtdusmmﬂmlamyf pr@nmirgi; whi ch are

substituted with Oz2 ﬁ?bl_?ﬂﬂyl sistitted witt D3 Re LK closy s Btinndauid 6.5 —4al ky!

or norpholinyl.
R, tetrahydropyranyl or dioxotetrahydrothiophenyl;

R®is H or Ci6 alkyl;
R® is H, halo, OH, O-C;_4alkyl, SO,-C;_4alkyl or morpholinyl;

substituted with 0-3 @O 4a| kyl, cycl oal kyl 20substituted with 0-3
I

10 R%is Cy. alkyl, or azetidinyl, pyrrolidinyl, morpholinyl, piperazinyl or
dioxidothiomorpholinyl, any of which are substituted with 0-2 R®;
Rfis H, halo, CN, OH, O-Cy_jalkyl, SO,-C;_salkyl, NHC(O)-C,_salkyl or
morpholinyl.

15 [0014] In another embodiment are compounds of Formula (I), wherein:

B \|1<N R?
R is R' .
R' is H, halo, Cy.¢ alkyl substituted with 0-3 R®, CF3, CONR'R®, COOR”,
C(O)RY, cycloalkyl substituted with 0-3 R° or furanyl;
R?is H, Cy.6 alkyl substituted with 0-3 R®, SO,-C;_4alkyl, cycloalkyl
20  substituted with 0-3 R, or tetrahydropyranyl,
R is H, or Cy_¢ alkyl substituted with 0-3 R";
R"is H or Ci6 alkyl;
R®is H, halo, CN, OH, O-Cy_salkyl, O-C;.salkyl-O-C;_salkyl, NH,, N(Cy4
alkyl),, C(O)N(Cy.4alkyl),, SO,-C;.salkyl, or morpholinyl or piperazinyl, either of
25  which are optionally substituted with 0-1 C;4alkyl;
R%is Cig alkyl, or morpholinyl, piperazinyl or dioxidothiomorpholinyl, any of
which are substituted with 0-2 R; and



[ 0015] I n anot her enbodi nent are conpounds of Formula (1), wherein: NNR2 R
isRL 5R1 is C 6 alkyl substituted with 0-3 Re; and R2 is C _6 al kyl.

[ 0016] | n woabhemsssabodi nent are conpounds of Fornul a (1 PCTAises1eiom7eehe
conmpound of forrmula (I) is selected fromthe exenplified conpounds.

10[ 0017] I n anot her enbodi ment the present invention provides a

phar maceuti cal conposition conprising a pharmaceutically acceptable carrier
and one or nore ofr¢;be eprpeHUNAS, Off, The@LESemy1 drityeMdLiap. or a

st ereoi somer, tautoner, pharmaceutically acceptable salt, solvate, or
prodrug thereof [0018]1n another enbodi ment, the present invention provides
a pharnmaceut i 5c b : Y f nula | or
pharnaceuticaﬁﬁ@sgccgg%%%ké&ggrﬁﬁgﬁgﬁggﬁg%ngggpﬁﬁgﬁgéﬁéﬁﬁgégrIy accept abl e
carrier. [0019]In anotifer enbodinent, the present invention provides a

phar maceuti cal conposi ¢I¢m,\cpaprising a pharmaceutically acceptable
carrier and a therapeuti l'y effective anmount of one or nore of the

conpounds of the pgesent inuention or a 20stereoi soner, tautoner,
pharmaceutical ly acé%ptable salt, solvate or prodrug thereof [0020]In

anot her enbodi nentR' &g pikelsabitititaenl 0GR pamavi des a met hod for treating
proliferative disogpekg aﬁé or cancer conprising admnistering to a patient
in need of such treafment™ & therapeutically effective anount of one or nore
of the conmpounds of the present invention or a stereoisoner, tautoner,
pharmaceutical |y acceptable salt, solvate 25or rodru% thereof, in

conbi nati on mﬂmﬁﬁbneh%wmﬁﬁf@n@FWBW“aWﬁPU@aWEQPfQGEWPK oVhereigtthsr eoi soner,

taut omer , phargmeetil ekt ATRERREEH foRdhd excRliNal EfbuRfodr Ug t her eof

[0021] I n anot her” enbodi nent, "the present invention prov es a method for
treating pPol G087kt i yeandilsoererdment tieareseatneentigoprpyiides aphamaasieuticst eri ng to

a patient in eed ol SHERLECANIENLAikPRABSHL ERllomELEeG e oRiTRUNt Of

one or nore o € comnpoun
compounds of the present invention or a stereoisomer, tautomer, pharmaceutically

acceptable salt, solvate, or prodrug thereof.
[0018] In another embodiment, the present invention provides a pharmaceutical

15  composition comprising a compound of formula I or pharmaceutically acceptable salt
thereof and a pharmaceutically acceptable carrier.
[0019] In another embodiment, the present invention provides a pharmaceutical
composition, comprising a pharmaceutically acceptable carrier and a therapeutically
effective amount of one or more of the compounds of the present invention or a

20  stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof.
[0020] In another embodiment, the present invention provides a method for treating
proliferative disorders and/or cancer comprising administering to a patient in need of
such treatment a therapeutically effective amount of one or more of the compounds of the
present invention or a stereoisomer, tautomer, pharmaceutically acceptable salt, solvate

25  or prodrug thercof, in combination with one or more other anti-cancer agent, or a
stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof.
[0021] In another embodiment, the present invention provides a method for treating
proliferative disorders and/or cancer comprising administering to a patient in need of

such treatment a therapeutically effective amount of one or more of the compounds of the



present invention or a stereoisoner, tautoner, pharmaceutically acceptable
salt, solvate or prodrug thereof [0022]1n another enbodi nent, the present

i nvent i orwpnrou/udses4a nmet hod of treating a patient in needTafS2@oolickerati ve
di sorder and/or cancer treatnment, conprising 5adm nistering a conmpound of
the present invention or a stereoisonmer, tautoner, pharmaceutically
acceptable salt, solvate, or prodrug formthereof in an anmount effective to

treat the pr Ohfegé?ﬁ ﬁltvbﬁ/t{%n(é)'r§Qtrefiﬁfsoﬁ&d(agfonféﬁrﬁﬁﬁ{nace{u@}@ﬁgf]ak&p%l%tslaﬁrsolvate
enbodi nment , e present invention provides a nmethod of treating

myel oprol i f er at prodrugiheessfes, such as pol ycyt henmi a vera, essenti al
t hrombocyt Opeg\j(ﬁﬁend It Eﬂﬁggf}ﬁ;foa{)%&lt Qhd Breé)eﬁl fvertSh :p%ﬁdé@ il of & sR@RCT eas,

prostate, |un ad an reast, ova astric cancercas wel |
as ot her tunnpattegzpmmem«zﬂpu(difﬂgtimdlmrcﬂﬁrendvfytwlammtreatmblam’nmw,rlsmgur obl ast onmg,

gl i obl astoga, %ﬁs Fm C rYB.StOCﬁ f@ ) an %{ |%gan0| es such as
acute myel dgefASUE " fETk&F A TR SPEeée"r ‘}VF%%OF? §568{58 fy U eukeni a)
and acute | ynplimhldceluﬁw{@mftc&ptaﬂtﬁ[sﬂ()gél]viltﬂ oillpﬁtdh%rfoﬁﬁrﬂﬁfﬁoﬂﬁmﬁl anobhi& offcesent
invention provides a n veI édg nprising adm ni stering a conpound of
t he present FR/té‘ﬁ‘HhSﬁr eraa“@tdésr" f rcancteéutorrer phar maceutical | y

acceptabl e sa#mmpol ViddiRthePEmBYdREEMANE HefBnt MOERBH ptRiRNa aRMEAL @ddiget i ve to
treat a proliferative disorder and/ or cancer. 0055 I n anot her enbodi nent,

the present i Hvekpiobfrivediserses. suchms R amis V%teiswgtwéolap@b@qywaww
di sorders 16”%%21 %ﬁb?&ﬁp§dllﬁ'tﬂ9?rggf‘i‘h%§c?eraé %905{2196 funB b &Rid cfekneed of
ically e of

such treatnen her apeut ' ecti1ve ano a-conpound of fornula
(1) or a sterbwrgomwm, otaautgeries canphras wal eucthadhmyr e eptabiemsldple, sol vat e

or prodrug ther nbi nat.i n her ntl cancer agent
or antiproli fgl ?@Pqeemé;lalg%%a ant ébcl)%S?oan}\ao%ﬂOb?aSgo eh%yn%énr?c 1315 RIS elcsiiag%rrer

taut oner, ph ahmelugmﬂa]hdlgnmree picalak ecmeaﬂnyelo@nbusamécemua (ﬂﬁ:lwmgdeﬁ:@tdrh er eof
[ 0026] I n anot her (Ja nvent.ion provides a nethod for

treating prol f“f"é‘?‘g‘?’? 9/181 ngiraei%I}dgacﬁ{?g WM& ompri si ng adni ni stering to

a patient 15n qoed] of iSatobhet erapddvRat:, Be prashapeettios ptdvideeh het m¢@o@nmount  of
one or nore of the conmpounds of t he present invention or a stereoisoner,

taut oner, phafffBRERS a@annvgﬁeratg&ecﬂp@ev@ f4hq DressB i EANEOBEIG SIGEUREG t her eof

in conbinat i Oyl Iﬂ%a@éun@ﬁkﬂac@éﬂ%ﬁe @Rtéom?en&%ro&gg%m thdredt n§£ﬂaa[n§‘(9fn§0”er
t aut oner, pharnaceutically acceptable salt, solvate or prodrug thereof
effective to treat a proliferative dlsorder and/or cancer.

[0025] In another embodiment, the present invention provides a method for treating
20  proliferative disorders and/or cancer comprising administering to a patient in need of
such treatment a therapeutically effective amount of a compound of formula (I) or a
stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof, in
combination with one or more other anti-cancer agent or antiproliferative agent and/or
another agent, or a stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or
25  prodrug thereof.
[0026] In another embodiment, the present invention provides a method for treating
proliferative disorders and/or cancer comprising administering to a patient in need of
such treatment a therapeutically effective amount of one or more of the compounds of the
present invention or a stereoisomer, tautomer, pharmaceutically acceptable salt, solvate
30  or prodrug thereof, in combination with one or more other anti-cancer agent, or a

stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof.



WD 2011/ 028864PCT/ US2010/ 047621 [ 0027] I n anot her enbodi nent, the present

i nvention provides a conpound of the present invention for use in therapy.

[ 0028] | n woabhiensssabodi ment, the present invention provipdeasarioonmound of
the present invention for use in therapy for treating a proliferative

di sorder and/or cancer. 5[0029]1n another enbodi nent, the present invention
al so provides the use of a conpound of forrmula | of the present invention

for the manuf aghbr e of aRHEEhCRTBNM:, thOPrelditinl&ftidh PRMdcOF comfuph bf @Eat i ve
di sorder and/or cancer. [0030] The present invention may be enbodied in

ot her speci fi erefant myentioniieiunse setherelty-ng from the spirit or essenti al

attributes t hgtfo%’]f Tg\} %}oitﬂéé}égﬂg%d;%%@gﬁ%%%a?ﬁ§eﬁ'oh Pﬂo@ﬁﬁ@%@@ﬁ%ﬂ&‘%ﬂ%

preferred aspects an e invention no erein. It is
under st ood t hatesamynvamndbi use mxbelapgefor seaing tipeolperethentisordey entor@anaeay be

taken in conj ion_wth any other enbodi pent or enbodimepts tq. describe
haat i onal SmoRWERL of i otheB R BiRg T BT DR T epeOh BB PRSI BR B Pa B35 ¢ hat
each i ndi vi duabmgduadenfor@iilal bethp pefat eentriacdhambiEadnge bf Smeditanhdddpendent

preferred enbodi nent. Furthernore, any 15 el enent of an enbodi nent is neant
to be conbi neH‘e\XieE“I‘?leﬁh‘ifaé’ﬁ%ilfﬁrlailveoql?%ﬁlgépiﬂ%fl%er'from any enbodi nent to

descri be an a?ﬂ];[ﬂ)]. onghe FROQHIEBHon niekhok RinbbNGn[0AR3 dcdime éralshambng are

definitions of terns that may be used in the present 20specification. The
initial defindenagmggrasyihgeririt gresgntil atipbwes therpeh Hbpanventgipincespasees ehat
group or tgr : WE i L AL M part
of anothe#sgpgﬁgﬁﬂﬁgﬁgggﬁ%?ﬁgfﬁfggﬁ%ﬁzgg%%%%&g?%gggiggﬁ%%ﬂ%’gth%%hﬁi

i nvent i on nmay ishaersiopéther anyrnéalhsybaanentcofighnpresest intimities sapbh eken we

i ndi cated, all c¢hir.al nantjoneri ¢ _and diast.ereone ic% and..racem c 25f orns
o oo, SrTelio B AR h T A SR RE AR Ik e 30 AT e

i nvention. Mapiefgedrmboditents. oy #soab bohafersisnd thiebhdidudividudl eraent et t he
like can also b resent. in the co unds, and aJl suych stable isoners are
cont enpl at ed_PRTTHO BPRUBHES bt Bt e i flaner e e o of

t he conpourds cRinchthf ap ERB&Iherit WGBSt RIbeRbMLEAES Gith BRTardANd JiRY cloehts bat ed as
a mxture of isoners or as separated.isoneric forns. The present 30

conpounds can®Beemadingnstp deperbsen addifigpabepbodineg¥. racenic forns. It is well
known in the art how to prepare optically active fornms, such as by
resolution of racemc forns or by synthesis fromoptically active starting
materials. Al chiral, (enantiomeri cD&RINITIONS

[0031] The following are definitions of terms that may be used in the present

20  specification. The initial definition provided for a group or term herein applies to that
group or term throughout the present specification individually or as part of another
group, unless otherwise indicated.
[0032] Compounds of this invention may have one or more asymmetric centers.
Unless otherwise indicated, all chiral (enantiomeric and diastereomeric) and racemic

25  forms of compounds of the present invention are included in the present invention. Many
geometric isomers of olefins, C=N double bonds, and the like can also be present in the
compounds, and all such stable isomers are contemplated in the present invention. Cis
and trans geometric isomers of the compounds of the present invention are described and
may be isolated as a mixture of isomers or as separated isomeric forms. The present

30  compounds can be isolated in optically active or racemic forms. It is well known in the
art how to prepare optically active forms, such as by resolution of racemic forms or by

synthesis from optically active starting materials. All chiral, (enantiomeric and

- 10 -



di astereoneric) and racemc fornms and all geonetric isoneric forns of a
structure are intended, unless the specific stereochem stry or isonmer form
i s speci fwoabiwo2ssedi cat ed. [ 0033] The term "substit ut ed, PCagiSasiemd4teer ei n,
means that any one or nore hydrogens on the designated atomis repl aced
with a selection fromthe indicated group, provided 5that the designated
atom s normal valency is not exceeded, and that the substitution results in

a stable CO”DQM&QreoM‘@ﬁdj afld RHBSLIf MR AR ill?gé%%e@ic(i.korﬁeric £5i%hs: of b B tigre BT 0gens
on the atom are replaced. Keto substituents are not present on aromatic

moi eti es. Ri ngtedabluslepoheispecifs sigreshohuytei an isogreefogd dbipecibenisndiersad. ar e
formed betwee adj teo il ts = = r

107 00347 vien a3 ar PaBEE et el ATl fin, ek ol oflor Hshydrogens
constituent opn flerdeigmtddatoraisoephpedmdth aistisctibaffrom the onlictedeawh, modided ence i s
i ndependent of its definition at every other occurrence. Thus.. f.or exanple,
1 o group’i s ehBRASTEeBY LoD frrmil Goenel trobe S S FRTR: Lt tRruth ey
optional | y bersulssihiatstabRdombbduhdu pVHea atswisstiR3ntds Retp 6i.ca @) RBerad h@Redens on
occurrence is _selected ilnd ggndeﬂ%l_%‘ fromthe definition of R3. Al so,

conbi nat i ons _i@d‘f‘m%ﬁfﬁﬁﬂ Tt &0 SPRSPEFN ) ARG ES A TR RUP Y e REg y i f
such conbi nat ek k@AY lab udel héleADh® J6RIPBIHAL Shat 40 FREYBER céh RONjab&nt 2
substituent is shown to cross a bond connecting two atons in a ring, then

such subst i t u8Ag 3By (be. bondedV.voNahy at om on the ring. Wen a substituent
s 11 sted i €AY | NGiGALLNGkDE BLORT Bl AL SHGR HASLA! dElludrF oPONded

to 20 the rest of the conpounc 1 gi'ven rmula, then such substituent
may be bonded farimalagpna eommenids its definitsantas tachweeurten@oprbyidepenilen of if definition
substituents and/or wvariabl es e pernlssihle only jf h _conbi pat.i.ons
result in sta ﬁeeve oortrlf)egﬁ?lc gr.e Eﬁeogé%ﬁ N e(%@@%’ 1\%/\?13;8%?%Sb%“élf{éé%grsgbsﬁlutt%ao‘%&ehn at ons
(e g, am nes) 0a@rR’coapeaihgoupmay hetigaibsentubitivedtvitb op td theke gtaups biel Ronver t ed

to N-oxides b reat ment. wi.th an oxi di zi 5agent. (e , ~.MCPBA and/ or
hwdr ogen per ot HEESEBeGs Fetcib SRRt it B TR Mt & £ AN EOROTHES. ol
shown and 1§l abfB@stRidntQ@adr dirRBles Afe@eBiRSHIE 6119 6 subh ERMBIEatioad Bs e seblewn
nitrogen and its N-oxide (N->0) derivative. [0037] As used herein, the term

"al kyl " or "aFfRYP@AE* is intended to include both branched and

st rai ght - chai fye3af Ur &#186 adbh @A dubsTRNAE RERNACR 10N Bohd KA nd & SRRCT T i ed
30 nunber of carbon atons. For exanple, "Cl1-10 alkyl" (or alkylene), is
i ntended to i Hcd ke then suahzubsg8ienyay ghondgl to @y ato® ondige riggn ViIBIG: al kyl

groups. Addit is%%uklé’is lfis%d \%ﬁ%ﬁpilngigat'i'ngjtﬁe %&n%la@ﬁlgl %?ﬂ?&b@ﬁtu@lt@ﬁonﬁ@(ﬂong 1to

6 carbon atons. I groups can be unsubstitute
20 the rest of the compound of a given formula, then such substituent may be bonded via

any atom in such substituent. Combinations of substituents and/or variables are
permissible only if such combinations result in stable compounds.
[0036] In cases wherein there are nitrogen atoms (e.g., amines) on compounds of the
present invention, these can be converted to N-oxides by treatment with an oxidizing
25  agent(e.g., MCPBA and/or hydrogen peroxides) to afford other compounds of this
invention. Thus, all shown and claimed nitrogen atoms are considered to cover both the
shown nitrogen and its N-oxide (N—O) derivative.
[0037] As used herein, the term “alkyl” or “alkylene” is intended to include both
branched and straight-chain saturated aliphatic hydrocarbon groups having the specified
30  number of carbon atoms. For example, “Cq_1¢ alkyl” (or alkylene), is intended to include
Ci, Co, C3, Cy, Cs, Cg, Cq, Cg, Cy, and Cqg alkyl groups. Additionally, for example, “C1-

Cg alkyl” denotes alkyl having 1 to 6 carbon atoms. Alkyl groups can be unsubstituted or

-11 -



-11- substituted so that one or nore of its hydrogens are replaced by

anot her chem cal group. Exanple al kyl groups include, but are not limted
to, net hywoQewmayosssthyl (Et), propyl (e.g., n-propyl andPCcsapseapph)c2l butyl
(e.g., n-butyl, isobutyl, t-butyl), pentyl (e.g., npentyl, isopentyl,
neopentyl ), and the |ike. 5[0038]"Al kenyl" or "al kenylene” is intended to

i ncl ude hydrocarbon chains of either straight or branched configuration and

havi ng one Orsﬂﬁﬁﬁﬁﬁ@Hhﬁ?m&@ﬁQQﬂ:&ﬂ&Q@%o%&ﬁQﬁn%ﬁﬁkd%@ﬁn&ﬁ&%hmh@d%%&qﬁtab'e
poi nt along the chain. For exa al ken (or al kenyl ene

i ntended to |ﬁé@n@ea@mlgﬁﬁﬁlﬁmﬂwdﬁﬂa@ﬁ@_@BH%UREﬁ?hﬂQW@MGﬁwl msPEls of
Topr openyl - 2Bk SHpP 34 BEbrohyT GG Ry AR (et

2- hexenyl, 3- beﬁﬁnybmquh@menWD,mﬂiheMenyl 2- met hyl - 2- propenyl

4-met hyl - 3z pe , .apd the i "al kyn ene"
R R I S S e N S
conf|gurat|ons@mguhaMmmgmmmmﬂynﬂmwauMMwmgen@anb@ﬁdeﬁﬂ@ammﬁamd@nbbﬁmthat
may occur in g¥¥ st abl e. poi nt alon%ﬂthe %Q?In For anple, "C2_6 al kynyl"

(or al kynyl enE¥I MEY%06CHY i3g% &abls Ppig mﬂ:ibr@$nl and C6 al kynyl

groups; such ag, ehiRuiiy! or PKERYR m1ﬁ%&%ﬁmimcﬂ§@tyﬁx|c,h%xMﬂMi Aieglyt he 11 ke.
[ 0040] "Hal 0" or "ha%gbé%" |ﬁ§lu es fluoro, chloro, brgno ané |odg

[ 0041] The t er groupy @kmlkwf'alhegﬂen@ucteobmwﬁl rjog Bepited tl@y¢thgwbdn3§0penﬂc2ud| ng

nmono- , : k i ntended to
include &B%@h%e@%&gvgl%%%@ %%%ﬁﬁ@TLg?%él%%%%%%§g1%5%$§wbalkyI gr oups
i ncl ude, but arhexangt, 4therantye d- He@enytyahﬁpyldpmbpengyGlrmd:nhmwpenteygzll apleht yl |
cyclohexyl, n?%bornyl and the like. As used herein, "carbocycle" or
"carbocyclic r'éSidue” is intended to mean any stable 3, 4, 5 6, or

7-menber ed nogESYE! i CAynl 61ycall4yﬁy1@ﬂie”'4’s 1n&nd&l, to L&ludéjaydrwarb@rchaﬁs oEdier ed
bi cyclic or 25tricyclic ring, may be saturat ed, partlally

unsat ur at ed, SRS S Brta%le%fm%ﬁgawéw h@%&ﬁ%@f Bfre SRl cabEERPRIeRS e ude,

but are ng§ | iyt ke oécqr mcaxykt@ﬂegw{ alo@tﬁé et Fbp ex‘éﬂlﬁieo‘b@ktéaﬂk'}lnyl Qyel opentyl,
cycl opentenyl, cycl ohexyl,  cycl oheptenyl, cycloheptyl, cycl ohéptenyl,

adamant yl , cyammmdmyhgsmymﬂﬂbomEhWEC&ﬁ&n(@ﬂ@iaﬂi@mﬁkwn@Smﬁpﬂfmm@yclooctane,
ool g B RES AT bR D oreloctame,
t et r ahydr onapidgoayj “Halo” or “halogen includes fluoro, chloro, bromo, and iodo.
[0041] The term “cycloalkyl” refers to cyclized alkyl groups, including mono-, bi- or
20 poly-cyclic ring systems. C3_1¢g cycloalkyl is intended to include C3, C4, Cs, Cg, and Cy
cycloalkyl groups. Example cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl, and the like. As used
herein, "carbocycle” or "carbocyclic residue” is intended to mean any stable 3, 4, 5, 6, or
7-membered monocyclic or bicyclic or 7, 8, 9, 10, 11, 12, or 13-membered bicyclic or
25  tricyclic ring, any of which may be saturated, partially unsaturated, unsaturated or
aromatic. Examples of such carbocycles include, but are not limited to, cyclopropyl,
cyclobutyl, cyclobutenyl, cyclopentyl, cyclopentenyl, cyclohexyl, cycloheptenyl,
cycloheptyl, cycloheptenyl, adamantyl, cyclooctyl, cyclooctenyl, cyclooctadienyl,
[3.3.0]bicyclooctane, [4.3.0]bicyclononane, [4.4.0]bicyclodecane, [2.2.2]bicyclooctane,
30  fluorenyl, phenyl, naphthyl, indanyl, adamantyl, anthracenyl, and tetrahydronaphthyl
(tetralin). As shown above, bridged rings are also included in the definition of

carbocycle (e.g., [2.2.2]bicyclooctane). Preferred carbocycles, unless otherwise specified,
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(tetralin). As shown above, bridged rings are also included in the
definition of carbocycle (e.g., [2.2.2]bicyclooctane). Preferred

car bocyclwe,20urni2esg ot herwi se specified, are cycl opropyCl/usgaibolisey! ,

cycl opentyl, cycl ohexyl, phenyl, and indanyl. When the term "carbocycle" is
used, it is intended to include "aryl". A bridged ring occurs when one or
nore carbon atons |ink two non-adjacent carbon atons. Preferred bridges are
one or two CapRQNCIBHBHR. ¢ 3&Rmh§l@9ﬂ&ﬂn&h%3%@x§§ﬂHﬁﬁyﬁhﬂﬁﬁ&m9pnwﬁ&%ﬁe
nonocyclic ring into a 5tr l'ic rin ring is dged, the
substituents fa®i‘cabodyele” tSWéedr itnsgmtﬁa%datp #sluge “pyEs é\nltﬂd@ﬁd fihgodshisdidien

[ 0042] The ter r ar bon
aroups havi ng ks o s EyEaamt fulRAARK Al CerP LR i e AP

napht hyl , bipheﬂwhmamdawmph@nthgrmwpéxugaehmwﬁmmhﬂmhmmuywbéwsmg$noauted
10[ 0043] Th erm " subst tuted ar sub ituted by,
ot oxanpl s, - SieaceH s VA thetl Hitsel ThEhod@ertveBIot rothCiRs TR by

al kenyl , subspn%aﬁeﬂﬂﬁmhegyl al kynyl , substltuted al kynyl , aryI

substituted ar al kyl al o, trifluoronetho trifl oroneth
yaroxy . al kol icIhop- i TSy nOSE I G S o g et

al kyl am no, anyigf% o2 @rfsh alokili@ife Rag peitidh,ky g phenyl, aJaFmﬁyﬂn RenPPandt hi ol ,
al kyl t hi o, 15ureido, nitro, cyano, carg é car boxyal ky car anyl

al koxycar bony Hiphggykgiopps. g3 of whigh sy basubsitads ul f onyl ani ne, sul foni ¢ aci d,
al kysul f opyl fon « be
further sggstltu%ed ggéggﬁr§§§&ﬂéxa§?qe%gﬁffhgﬁd%EH§“§H€§%§F9QB}?§E§F aryl
or arylal kyl . of004d]rFhigstituentystdhes thSwsﬁtuteéfaéwt atkenmubfpltmt@(h@lkftlyl

substi tuted, 0 20 f nber ed
nonocycl i c, YQ%gn“fu%% %f@gwglaﬁml ﬁgﬂRmﬁfﬁ ﬁﬁmﬁ%%ﬁ% © F?@j%llc ring
system which trﬁhﬁ)rcametﬂye,&srﬂro@malmy eﬂl@abyimlmmdylaky, lagdsty, ankRlkyiixpoimino,

at om cont ai ni n n r exa r|d|n tet azol.e,. i ndazo] e,  .[0045] As
dsed harein, PREebBRe Ry BRSNS i B i JRES Siab AP ESlisib0doLAs
or "het er asyclictdoghi@YcyahS carab;@,neeaﬁo;iyalkmeaa}baan}ataaltﬂx@ca'ibon@ alkk/ltiiondyenber ed
nmonocyclic or 25bicyclic or 7, or 14-nenbered

bi cyciic het erd&yipe. carylﬁw&%%rﬁ ?"éf0§1§taﬁ‘|da%ﬂé¥fulfi’}§’|1’tSPlé‘anW%§%ﬂ%?’&’@%@l‘eor

ful 'y unsat ur gkedyheanshimahChacingHtd: Sutin&RA Rk P Mh1ANEy Lalk Sy, AkQfy14
het er oat ons i ndependently sel'ected fromN, 0 and S, and |nclud|ng any

bi cyclic grouplkyeylyihiylon aedfkydf the above-defined heterocyclic rings is

fused Lo a beRgaP | ol S980-300h S, NBLELORLAMRTB,APL | Onal |y

be oxi di zed (| trogen atom’'ma stituted
or unsubsQOtuﬁEdXQmﬂe\Wnﬂi@a4NR7wh&mewannmycH:dnoahammmmeébbgﬂmtment, i f

dor L) T ) BERSHE ST B P U W PRI P o °

least one carbon atom-containing ring, for example, pyridine, tetrazole, 1ndazole.
[0045] As used herein, the term "heterocycle”, “heterocyclyl”, “heterocyclic system”
or “heterocyclic group” is intended to mean a stable 5, 6, or 7- membered monocyclic or

25  Dicyclicor 7, 8,9, 10, 11, 12, 13, or 14-membered bicyclic heterocyclic ring which is
saturated, partially unsaturated or fully unsaturated, and which consists of carbon atoms
and 1, 2, 3 or 4 heteroatoms independently selected from N, O and S; and including any
bicyclic group in which any of the above-defined heterocyclic rings is fused to a benzene
ring. The nitrogen and sulfur heteroatoms may optionally be oxidized (i.e., N—O and

30 S(O)p). The nitrogen atom may be substituted or unsubstituted (i.e., N or NR wherein R

is H or another substituent, if defined). The heterocyclic ring may be attached to its

pendant group at any heteroatom or carbon atom that results in a stable structure. The
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het erocyclic rings described herein may be substituted on carbon or on a
nitrogen atomif the resulting conpound is stable. A nitrogen in the

het er ocycWwe 2nayo2egstti onal | y be quaterni zed. It is preferpea/ush@b/owtsen t he
total nunber of S and O atons in the heterocycle exceeds 1, then these
het eroatons are not adjacent to one another. It is Spreferred that the

t ot al nunber of S and O atons in the heterocycle is not nmore than 1. Wen
the term "het ﬁét% i€ rlngssde's'c'srﬁféd hérbinl iPayl BatsGRAERRed & daftfoh WHEn DEHSLQRK N if

[ 0046] Exanpl es of 'heterocycl es include, but are not limted to, acridinyl,
azoci nyl, bengiertsulingicompound nywighle. ah yitrogerein s Istessayelamyy opbenidpkazol yl |
benzoxazol i ny f
benzisoxazolyh?m%g%§%2g§ ?g%%ﬂmﬁﬁ@ﬁ%ﬁg%§?%¥la}@f&@§f@(§é§ g?& el,

4aH- car bazol yhsteroaydbodxicengs 1, tbhrtzhmrhyteroamhrrscmemw ladjagsinntowing Andther. It is
decahydroq i ngli.n |

dihydrofur [2 @ﬁ%%?ﬂpggﬁgg STg%%”@§%§P%SFﬁP%%%‘9%””‘%?%a£% |nyI,

i m dazolinyl, Vﬂwnd&zahyﬂmwﬂﬁyﬂﬂdﬁm&wyhm1hﬁd@h&ﬂﬁkhdbhd@bMﬁY| |ndolizinyl,
i ndol yl , 3H-|n i satino i soben ofu anyl, i.sochroman I :

i soi ndazol yl nd@F‘?‘H@}FS Of%gtﬁr%ae}wpc ufles BRf At e tolgqr?)é}%iaa%rryw

i sot hi azol Opybérﬁirﬂmhzol}ll%ﬁﬁeﬁﬁllah{}h beh%@ﬁ@in?%éﬂz@kd%iyl bERlRYAaRadi oxyphenyl
nor phol i nyl , napht hyridi nyl, octahydr0|squ|noI|né oxadi azol yI ,

1, 2, 3- oxadi azbeiAhiazelyh bauzssiazalvh denjstrazalyb bguseudp ik SeyAsothiazalyh- oxadi azol yl |
OvaO| i di nyl ., ,Owa%akM 1ny108%'rl§5QQ1kVLlaH-E¥1{)hﬂﬂ'dﬁ)ﬂollnﬁh&l@@}ﬂa{nw 'cﬁiﬂoﬂﬁéh 1,

phenanthrollnyl phenazi nyl énot hi azi nyl, phenoxat hi nyl, phenoxa2|nyl
pht hal azi nyl , Cpn@ewhﬂﬁﬂwyﬁown@émvb2H¥%¥1@ﬂﬂbmmammyl 204- plperldonyl

pi peronyl, pt razi i

pyr azol | nyI ﬁfhy(gljzoo é}l’z 3pb§{e'tr£%rdrofﬁ) X{l %{111)511 1 @%azglél% rl%ldaz&)/dn%/ég}lmcggn

pyri dot hi azol amdp]z;pﬂyl,dllmmdazoﬂm;mdnlehylhy]hdohpylr mdbllzﬂiiymyhdolﬁylﬁmidlolyyI1sat1noyl
2-pyrrolidonyl rrol 0 i haz o in

At pol + 31 oL ety Rh ] alier DA Y shipdsF Foaiyitinyt

t et rahydr of soq;mhmblynydothletzetom’rmﬂmqwamw Byiazolbﬁ}tr[cﬁ%@|ris(éthylened10xyphenyl
6H 1, 2, 5-t hi adi azi nyl, 3-. 25t hi adi azoly 4-t hj adi azol y

1, 2, 5-t hi adi afmghohnﬂ r@phthwﬁl%a %VWSOW%{%PWWOW{ ﬁ@éz@iawzolylm enyl

t hi enot hi azol yb,4- &;J&Hrﬂaﬂﬁﬁ Z@Ldﬁdmidwl,eﬂ?h%ﬂﬁiz%lﬂ'|0xa£0'ﬁhfﬂ?h@§‘a\éblyl triazinyl,
1,2,3-triazolyl, 1,2, 4-triazolyl, 5-triazolyl, 1,3,4-triazolyl, and

xant henyl . Al §8in{lelgl I?Ddé@!dﬂilb’bPh@@@hﬂ@llpﬂgﬁ&ﬁ@ﬁﬂ%lﬂ?}d @@Wmh@her@timzmym ng, for

et e ooyl s | ol G EBRAEERE, pR A ShEA A b ® o ERERS Ph eyt
pyrrol yT, 2Byr Iameyluonyﬂmmm bleriginglspariviynpt pmmtﬂnwrmhm“azo' .

i m dazol i diny zoly
oxadi azol yl , ]g%gwyd¥wﬁ?ﬂﬁt%”“mﬂyﬂf%?ﬁ?%ﬁﬁﬁe Hdm (BZ&Wﬁp%d@Hamglazolyl

t hi azol yl , pyr1d1ny1 pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2-pyrrolidonyl, 2H-pyrrolyl, pyrrolyl,
quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-

25  thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
thiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl,
1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl, and xanthenyl. Also
included are fused ring and spiro compounds containing, for example, the above
heterocycles.

30 [0047] Preferred 5- to 10-membered heterocycles include, but are not limited to,
pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyl,

imidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolyl, morpholinyl, oxazolyl,
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triazinyl, triazolyl, benzimdazolyl, 1Hindazolyl, benzofuranyl,
benzot hi of uranyl, benztetrazolyl, benzotriazolyl, benzisoxazolyl,
benzoxazoW9l2p1iomssedol yl , benzoxazol i nyl, benzthi azol yl , Pbgnseeoolicarol yl ,

i sati noyl, isoquinolinyl, octahydroisoquinolinyl, 5tetrahydroisoquinolinyl,
t et rahydroqui nol i nyl, isoxazol opyridinyl, quinazolinyl, quinolinyl,

i sot hi azol opyridi nyl, thiazolopyridinyl, oxazolopyridinyl,

i m dazol opyri @kaﬂlﬂzolyﬁ@Qaz@ﬁ&ﬁﬂoﬂegﬁl}ﬁfdfﬁhlﬁwl thfaQQéhﬁJleh@afdﬁa%@ﬁﬂéazwl 6 nmembered
het erocycl es includé, but are not limted yridinyl, furanyl’, thienyl,

pyrrolyl, pyr &iinyl. trlagylybbmiymda@bﬁelrfémdmlyl hﬂnmﬁawln@ﬂnmﬂl@fmfdhzol yI
d i di
I m dazol i di nybenz’teﬂquéﬁhbﬁ&&h{d%ﬁﬁ hns f%?%ﬂgzll?én% r B4 rlyﬂe’nﬁ g&fﬁ% Kol

oxadi azol yl , oxazoll tetrah azin
t hi azol yl , trbazﬂmybyl@ﬂdﬂﬂﬂﬂ&mb&y%ﬂnﬁﬂs&xmnmhmﬁs@HaU¢0EU$Bdﬂmyhg and spiro

conpounds §on ?raﬂ @éqqéunohr#é,latgfgaglydlgtﬂ?l%gﬁnb sotxaﬁotloerli}ry?lg}é}c}l %umazu)ny 911 n anot her

embodi nent? het éro¢ pyri
15pyri di nyI eiaxIagy,lisothisotppiyfidihy Inthlazobpyreiingl, ,ox paot @z alliyll, 1n’ﬂ1tiafzah)p$/r1dinyl,

pyrrolyl, thla olyl, pyrazinyl, thiadiazolyl, pyrimdinyl,
pyri dazi nyl , %gg%?ykmy?gﬁéhlazolyl oxadi azol yl, indanonyl, piperazinyl,

pyranyl, or pygous] ¥ pi@QRQIAL %%dnﬂiéfdd%@féro%&&essiﬁahdle%utf&%IﬁftQﬁﬁ’t@dl%S such as,
epOX|des and aziridines. [0051] As used herein, the term"aromatic

heterocyclic gyetip. fyranylh Bicay b ayyelyl, prazadyl ety DinsToEeh PRCELAB) o
monocycl i gg an%lﬁﬁ%o‘l’ﬁylﬁhda(iolﬁflmhﬂcﬁ){lhﬁégﬁﬂgﬁ‘rlmgz?bl}lhﬁg?h&gyp%Qaz%iyll east one

het eroat om ri ng nmernber such as sul oXygen, rogén. Het'eroaryl

gr oups |ncIudeXMMﬂDhb@wahWnﬁawﬁdnﬁﬂﬁvﬁmdwhwd@ynﬂnmdﬂnw¢WLﬂyﬂabﬂnyI

pyri dazi nyl Fl n yl hol.yl , i |, .l.m lyl,
Lo, SRS B g ST SO s PR RA P
benzthiazolylpxmmw«aMﬂ%y¢qmmwmazb$yl triazolyl, tetrazolyl, 25indazolyl,

}néoﬁlagiadlaﬁ@%éioxé?%%gia20|%é%ﬂﬁ3§§ﬁ ya&%ﬁéﬁﬁ%%L¥%%n£ﬁ@%%53g%§%hélbups

can be substi wﬁ(ﬁﬂquso;u@aLﬁb&ﬁliﬂouhﬁdthlemepﬁaionﬂgafanﬁn pyRdAYythReolsubst i t ut ed
or unsubstituted (i.e or NR wherein is H or another substltuent i f

def i ned) Thenmdwé»@emﬂaazﬁal éluP#l%rpln#é%ya%%&wrmr%@mép%a%ﬂr pothizolyl di zed
(i.e., N->0 apdidaO)Pindahdnyl, %113694291?1 pohfd, dRtrofypt al nunber of 30S and 0

atons in the aromati ¢ heterocycle is not noré than 1. Bridged rings are
al so i ncl uded|Q040} heAch@flllﬂildeﬂ@W sofallpidtegarerygles, suchas aposigescand japigididet ur s when

onhe or nore a (' AS use Qgere‘?n tﬂ\étel%{ “amdmatlc Mt MPeIRWs B oRGRAroAFRF RON OF

nitrogen ato eferre ridge
20 1ntended to mean a stable monocychc and polycyclic aromatic hydrocarbons that include

at least one heteroatom ring member such as sulfur, oxygen, or nitrogen. Heteroaryl
groups include, without limitation, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl,
furyl, quinolyl, isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrroyl, oxazolyl,
benzofuryl, benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl,

25 indazolyl, 1,2,4-thiadiazolyl, isothiazolyl, purinyl, carbazolyl, benzimidazolyl, indolinyl,
benzodioxolanyl, benzodioxane, and the like. Heteroaryl groups can be substituted or
unsubstituted. The nitrogen atom may be substituted or unsubstituted (i.e., N or NR
wherein R is H or another substituent, if defined). The nitrogen and sulfur heteroatoms
may optionally be oxidized (i.c., N—O and S(O)p). It is to be noted that total number of

30  Sand O atoms in the aromatic heterocycle is not more than 1. Bridged rings are also
included in the definition of heterocycle. A bridged ring occurs when one or more atoms

(i.e., C, O, N, or S) link two non-adjacent carbon or nitrogen atoms. Preferred bridges
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include, but are not Iimted to, one carbon atom two carbon atons, one
nitrogen atom two nitrogen atons, and a carbon-nitrogen group. It is noted
that a brwogetialzsssys converts a nonocyclic ring into a Pciragedivosreng. Wien
aring is bridged, the substituents recited for the ring may al so be
present on the bridge. 5[0052] The term "carbocyclic ring" or "carbocycle"
refers to stable, saturated, partially saturated or unsaturated, nono or

bi cyclic hydr QRarbaf b ReSihRato CAREALE: Romh2walcaBn aPﬁfstdn%hﬁ{ghyatoﬁlhl S
incl udes a nmonocyclic ring containing 5 or 6 atons or a bicyclic ring

cont ai ni ng 9 ¥ nigogancitams, B 4 eriroa- mmaﬁégrqvncItuﬁ@ot@y@mﬂwr@gwwa@c| obut yl ,
cycl opentyl, E?ﬁyﬁ??@ﬁgocygﬁlcqju%gﬁ ta%h PMQ WBQ&’?HX 15%%!% ed, the subsPtuents

tetrahydronap erm ot| stit s'It refers to
‘car bocyclic rdcngi'foothe'rmgm@(agﬁoIbebreh@men thmbndgecat es that the carbocyclic
rlng may b ituted a nore sub t.abl e ns by one
Tore” or up U Rliepd iR M EPRiATa ¢F iy st SRR REr® alby )
aI koxy (pref epakiblyy daomeed C&Hdﬁ@éﬁyr)lt.ed hédor btwﬂ&&iykisdcaﬂbrnﬁngsphaetanabb,ylza | ower
al kyl am no), di al kﬁl amn ]¥)r efer abI a dllél ower ] al kyl_am _no), hal o,

hal oal kyl ( pr 8PBIFabtycust ) R deURgOR IS FRE AfiniD %Oﬁée%&ﬁgﬁwychc

nonoal kyl am nﬁﬁ?&&ﬁkﬁﬁﬁh 96&@04&&5&@%&@6@&@%&&«:1@&&3& opfIpyHeydidbugi.er ably | ower
al kyl am do) kox referabllly a |l ower al koxty%wower lal kyl

al koxycar bonyFyqigne %’bﬁ%@}iﬁxél exsibentyl Rigxdremdenyhgind tetr QS@P%I&lﬂbfén}}l%edﬁVl
(preferably a“&ﬁ?ﬁéfﬁa(lly%hlﬁéfﬁ&@d”%@'M!et%?&% “@a%e?cflﬁé'rmg@[ne %b@&lcye”m&%mﬁhalcatésa' d

aryl being optional 'y substituted by hal o, I ower al kyl and | ower 20 al koxy
groups. [ 0053}lEhde cabonythetieg wa krwsibstgiiad 4t onp et mdis solxyigeable kng fogitionnly

o' 1 ont 2at i onfrigy i€ SERPY ISRt onl Bl iR iRet HIBRLBBLE 1 11
i nvenzl gln ) Ph@}mfarablytlowalalllgpxa);nmm ?ﬂ]cell@lanenoh(lpmfemldx:a;tqqulayglafmmag; ca:c I ?/
acceptable) s S, are a er a al.sq .useful,

oo P P T ho B BliTrAN AR B EBIRaT - B 4 B RERY 5056 The
conpounds 16f hﬁmaswnaatﬂyl)rralyaﬁo@r BinsRCirSonl, bndhlkAkinindedrbdryl, such as sodi um
potassiumand Jithium with alkaline earth petals such as cal cium and

magnesi um Wi il lﬂ}a&é?ﬁcérbﬁ%)éeaék@ G’E‘I‘“Floe(gre&ir@%]oﬁ’l%ﬂéw Iamidtre, alkpyalisyly | ami ne,
pyridine and gf@RALRG 19%18&%&%@&@1394 i ﬂ@@xyw%m(@a@ram @lbwke. Such salts

can be forned as known to 30those skilTed in the art. 056% The conpounds

for fornula | akayycrbemils alkylsahprion Qeefredya Webaléjalﬁfirbora/&m&y tisrageni ¢ aci ds.
Such salts 'nﬁlrg@ﬁbgb%@n; OB Wi Ggﬁoﬂﬁxgglg%ﬁsgtﬁgé@w JAVLRIERG 1B A de,

net hanesul f oni'c aci uric-acl acetic ac tr| ‘uor oaceti c aci d,
oxal i c aci2d, nébwei goawi d, benzenesul fonic acid, tol uenesul fonic acid and

various ot her nptra hos orates, tartrates, citrates,
succi nat es, i glateThe%néofl% atgms S% mcfd?g)ggarrlf(fufwanflln Oﬁ ‘Such salts

can be formed[@S4Kknowhe t@nﬁdﬂﬁ&sﬁofﬂfﬂn‘luﬂﬂdna}i’bxﬁs]ﬂﬁs @frée form (with no ionization) or

may form salts which are also within the scope of this invention. Pharmaceutically
acceptable (i.e. non-toxic, physiologically acceptable) salts are preferred, although other

25  salts are also useful, e.g., in isolating or purifying the compounds of this invention.
[0055] The compounds of formula I may form salts with alkali metals such as
sodium, potassium and lithium, with alkaline earth metals such as calcium and
magnesium, with organic bases such as dicyclohexylamine, tributylamine, pyridine and
amino acids such as arginine, lysine and the like. Such salts can be formed as known to

30  those skilled in the art.
[0056] The compounds for formula I may form salts with a variety of organic and

inorganic acids. Such salts include those formed with hydrogen chloride, hydrogen
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5[0057] In addition, zwitterions ("inner salts") may be forned. [0058]All
stereoi soners of the conpounds of the instant invention are contenpl ated,

ei ther i rwadnimessee or in pure or substantially pure foPeT/Ush@oseforni ti on
of conpounds according to the invention enbraces all the possible

stereoi sonmers and their mxtures. It very particularly enbraces the racemc
fornms and the isolated optical isonmers having the 10specified activity. The

racem c formspealddeefaRQLNGR: Ryd, RIS Geld, %ﬁi@&‘i‘cﬁ i SheBR aclObxLX AGM! €,

fractional crystallization, separation or crystallization of diastereoneric

derivatives omakequsihbengandsylfand ackl, tadesneyworih pedarbrigphgthery reg. i Mdates. dual
optical isone b i { : f e jjonal

met hods, suchbgossﬁﬁ#%sf ﬁoergg%rgsgsé gﬁli@{é%’tg{r}%é%a?eg’ﬁgmﬁm% 01(:;l S’aaFSl%(%%t%ésaal Wytg%ﬁdve acid
foll owed by cthedikal. |Suzlatdlsnan WeSHoO5EI%k Khewprogbentskillederbd on is i ntended to

include all i es.of atons .occurring in the present conpounds. | sotopes
i ncl ude th%se?@%m F\Ié?ﬂdﬁ{jmt %%%%ﬁ(é?‘%ﬁfaétsr?wg)re%%fﬂeddi fferent nass
nunbers. By wg0s8f genmetadoixrigulfeheasdehpainidd 0bthe linstint @t éndion atesohtompRteaf
hydrogen include deuteriumand tritjum. ]sotopes of carhon include 13C and
14C. I'sot opi c&lty1n duriut OEBhR}EﬁﬂroFé‘!b%‘i‘n“F EPYR R i TOR d_E';%EH“‘Qj’e‘_?fé"P’é‘PP‘WdQO be
prepared by cagéRittd @R intREBNEAbESes KN MWDok @blk BORBisSkéd bRPthbiR ndiigre@r k Or by
processes anal ogous to those described herein u5|ng an appropriate

€

i sot opi cal | y- Vemjeprigulpdvepabrecas thegpesanc frms mul thokolkisleptce! vemes hevieg Her wi se
enpl oyed. 1 00GQL FRERANAYS TRE rab dfic FHTEhRbd regmved%yﬁﬁaw@a\{ﬁle%egﬁﬁbﬂ aé,g&nﬁ-

Since prodrugs are knownh to enhance nunerous desirable qualities o

phar maceut i caksan{pde, dractionel anyritdliizagion, 3gradiau ai ¢ragsallizatipn ofrdintfra@narici ng, etc.)
t he conmpounds 0f t.h r i nvent i on Y d i.n.prodr form
Thus. the. preSahetiRBREREN: bPYRRLEGA Y BEude by THuh R BRIE, coent 1y
cl ai med conpoisodsts carebhadsnaf frae thevraremags friha tsacvavanidnad enydeds, tshdns, for

containing the sane. "Prodrugs’ are.intended taq. include any.covalently
bonded cacr | oGt Grasil S5k Pl garEe Y R RERERt T hvent i on
in vivo when $0059] pr qdé p@sdnsinsOaRiinh@sied idchidd aIMmaaIvpbd ¢atosibj ect .
Prodrugs of the present invention are prepared b%/ rmdin{%i ng functi onal
groups pr esenfCUHIR{B thedygsertiramperngy cliotapardyelidsdhose pemsnaying basiBhs are

cl eaved, ei t hefomidnnMd} bt ffERet: RIALBIIn®RrsO Byl why\df ¥herd] @xdnl}flc RRANEHout |
conpound. Prodrugs include conmpounds of thé present invention wherein a
hydr oxy, ami ndmitaions ispfonsschipydrgganupclide dsoigtiwd apdtrigivin. dsasenss ehesrbonwhen t he
prodrug of th i i WS, j 4N i ject, it
0l caves 1o 1orabtSoind PO PHled s BRTANRbGLAC! B BRI Ahealy, 0
respecti vély. b&Epapptdeby ahvartodaltgbniqnesiknden tdthbscakidled ot thSasit pi iyed t o,

acetate, for mat e ana(%ll benz?a e der ir1 a 'hvrei§1 o'fn aaln%ohrol .and tan‘lj ne functional
groups int hepcoc%?ﬁ%?unélgg%ufs ?ﬁgsepcg’ Csi)ﬁ{l TRVeRtI=SH. pr[> 86%% VAPPSUS forms of
prodrugs are Wbkld ksagsunin pladeloé thambn-1dbeled ecegemlotsrvife @ndbyed.
[0060] Compounds of the formula I may also have prodrug forms. Since prodrugs
are known to enhance numerous desirable qualities of pharmaceuticals (e.g., solubility,
25  bioavailability, manufacturing, etc.) the compounds of the present invention may be
delivered in prodrug form. Thus, the present invention is intended to cover prodrugs of
the presently claimed compounds, methods of delivering the same and compositions
containing the same. “Prodrugs” are intended to include any covalently bonded carriers
that release an active parent drug of the present invention iz vivo when such prodrug is
30  administered to a mammalian subject. Prodrugs of the present invention are prepared by
modifying functional groups present in the compound in such a way that the

modifications are cleaved, either in routine manipulation or iz vivo, to the parent
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prodrug derivatives, see: a) Design of Prodrugs, edited by H.
Bundgaard, (Elsevier, 1985) and 10 Methods in Enzynol ogy, Vol. 112, pp.
309- 396, woi20adh2k864K. W dder, et al. (Academ c Press, 198%)US2010/047621 b) A
Text book of Drug Design and Devel opnent, edited by Krosgaard-Larsen and H.
Bundgaard, Chapter 5, "Design and Application of Prodrugs,” by H

Bundgaard, pp. 113-191 (1991); and 15c)H Bundgaard, Advanced Drug Delivery

Reviews, 8, 1 &ﬁ%&u%@%%dm%%@%hé tmﬁﬁwﬁtsdofwﬂr&%ﬁt lpenundeﬁatﬁ%yataat

solvates (e.qg. ydrates) of the conpounds of fornula | are alSo wth the
scope of the pmisesisul 12X is ad @Sﬂnmgroelblthﬂatwhdn Mrpéodg%@rthﬁ pryserahown in

the art. [0063] 75 gt?égdnﬁﬂlgﬁ%dqg F@Hﬁhaﬁ% e%t %tc[eli%s% ?orm%rf?eeﬁ&?% 1t flec

i ndi cate a conpoun I's sufficlent ust to survive rsolation to a
usef ul degr eeamfnopurfrdeypuliirydml arorup,actpedwem ﬂxamples affdodrognmélada, but aravicd an

efficacious t utr ent erred that the res nt recrted
conpounds go ﬂmtlte(g a:{'artte arﬂ?ﬁa?ng be%?gg veiye %f gﬁgh}{%s used

herein, "t reatgtolttgs"ino]ﬁe cohrpealtdmﬁtﬁé p@@tﬂﬁﬁnvteht@nt reat rrent of a di sease-state in
a mamal , par jcul arl and |n ude &‘F 8 ventin
u

C
di sease-state 4"# 2 GEB‘t?rfS‘ini‘fd) PRpdg %Srﬁ’rﬁ*?ﬁq kltorrnb%t Ay CXaRA nogﬁh‘{%}h mammal

I s predi sposedrddfigtdRaveiveeage- state but has not yet been di agnosed as
having it; (b |nh|b|t|ngthe di sease-state, i.e., arresting it
devel opnent ; and/ o?) (c)DérSernwét?%uaSrréhtefi BeHsBunlgard (Ejsever, I%5)aidhg

regressi ongof Me%dﬁ!nslﬁéﬁrﬁolééﬂ%} 1[99953 E@@%lﬂ@&‘l%fl Ka‘MdﬂePfef At &npgOUNL

is intended to 1 nclude an amount of conpoun t he ‘present invention
that is effecPiose Ien adni ni stered aI one or in corrbr nati on.

" Ther apeuti cal | y elgf eCtA yegccf)%w ugllfesgfz?g% n\;e?op eicait E: 1ted%§wgs%%§€ nggﬁmt of

t he conbi nati on of conpoun rve
di sease. WO 2aiH/ m&gm«:wapjm 1D/cﬂ@t?ﬁt21]A[[pﬂl@rﬁﬁ]1'BﬁEr0ﬂ“%$é by Hi. Busiyhardn

further include i conprrsrng one or nore conpounds of the
present |nvenPP§n§j§B%@9p% ceutically acceptable carrier. [0067] A

" phar maceusi cal | y @ccep.adhegal, UhiRliced BhRIFelh @y Refibds, §eneg aloby). accept ed in
the art for the delivery of biologically active agents to_ani mal s,
particul ar, mi}P62) s [t should further be understood that solvates (€.g., hydrates) of the compounds
of formula I are also with the scope of the present invention. Methods of solvation are
generally known in the art.
[0063] “Stable compound” and “stable structure” are meant to indicate a compound
20  that is sufficiently robust to survive isolation to a useful degree of purity from a reaction
mixture, and formulation into an efficacious therapeutic agent. It is preferred that the
presently recited compounds do not contain a N-halo, S(O);H, or S(O)H group.
[0064] As used herein, “treating” or “treatment” cover the treatment of a discase-state
in a mammal, particularly in a human, and include: (a) preventing the disease-state from
25  occurring in a mammal, in particular, when such mammal is predisposed to the disease-
state but has not yet been diagnosed as having it; (b) inhibiting the disease-state, i.¢.,
arresting it development; and/or (c) relieving the disease-state, i.e., causing regression of
the disease state.
[0065] “Therapeutically effective amount” is intended to include an amount of a
30  compound of the present invention that is effective when administered alone or in
combination. “Therapeutically effective amount” is also intended to include an amount

of the combination of compounds which is effective for the treatment of disease.

- 18 -



5Pharmaceutically acceptable carriers are fornul ated according to a nunber
of factors well within the purview of those of ordinary skill in the art.
These i ncwodeli/ozsgeshout [imtation: the type and nature @CTiUuseo1aosieee agent
bei ng fornul ated; the subject to which the agent-containing conposition is
to be adm nistered; the intended route of adm nistration of the
conposition; and the therapeutic indication being targeted.

10Phar maceut i gglghly aQQ@Bkﬁgk%v&ﬁ%hm%ﬂ§rm@&h&ﬂ%nBQ&hn@QHﬁﬁMﬁn diHraqueous
liquid nmedia, as well as a variety of solid and sem -solid dosage forns.
Such carri er sceaRPURATOfiepraseAtiFRItio AN fifegasaetica g pesentelrie earderd addi ti ves
in addition t a Ll cl uded
in the formul ati Zﬁ fo%r égr\l}{a%rl eicall}ﬁ#gél}é%%géﬁ}sr egnl.%ke.r% tjagl"tieagd %%?ézrgltb?%ﬁag lﬂhe
active agent thgiartdter the deétvery,of\h@lldgmﬂy)wlvtecagd:rimeanmfalsonrpanmugar skdanhrhald 5i n t he
art. Descri égns of sg f pharnaceug acce Hgb e arr%ers and
factors in MRPufi: 0%68 BECFIRT AUy a‘fcﬂr %/Sralné‘ i A 1y

avai l abl e SOUﬁ@B?M&mQhengwﬁ?ﬁﬂﬁ%@ﬂpﬁ@nmﬁ@ﬂﬂﬁ@ﬂﬁmm shBh@&ﬂ&@ewm§ﬁalh

Sci ences, 17th e ck Publ i shi Conpan East on, 985, ich is

i ncor por at ed HBY§G: ﬁ@wp@faé SHUE o Fhe |aP%Veé}$F‘?trb8t“§ fo%@ﬁﬁﬂh?\?“t[l%éoa‘]”‘l*ﬁlé
present i nventheQBeitoRantd compbsiondl BORUEAMMIHERL; tkehfcAddl e@EpPUNds are
inhibitors of protein kinases. Mre s eC|f|caIIy, conmpounds such as those
described in ﬁ‘EP@lSFrﬁt\mrﬂflthﬂPommlmfb apgyie greppeitis ipdigadion heing fangesed. acti vity of
menbers ofjot hep Ay %oéuﬁ&’gug%c&ﬁata'bl% e R iRclnde RS RubARRY haf egqé%‘é)ds'h pg useful in
the treatnment of prolifeérat |seases 25t hat” are dependent on signaling
by one or nor eedi, dshedlens Iae@ew of wlid sut fendisslebidmagei fnnmmcﬁ@cln%ﬁi@pﬁfml iferative
di seases, sol l1n%lutd%| rr%m%ber of h}}ﬁere%?ﬂlg eﬁi%}lgs c5‘11‘1d Qc{d?t Vte?}n a,’ddl‘u"oJ % tth,1 g&lve %ned neCk

br east, colon ovar t ¢l idi i ng %

nyel oma, nel anlmhmddmemarl Qfgmlsemmmmgglhdhﬂhﬂ astﬂaemmdomﬁmntvaﬂ@;gohaisons

| i i h t 0069 I
ol ates (o a Bhar HREEUET LI FORGAGHTI GHeDY EohphRIbR bt updms o =0

phar maceutis calid te a€CBRcapli s Saktitabld @hzﬁﬁlﬁceuﬁwﬂly&c@b&bl’é&:ﬁﬂéfsl el fhao@ccept abl e
carrier in the treatnent of hyperproliferative disorder in manmal

In
particul ar, s#ValvehHARsHEAGHPE ATe w8 &iVerieh of wadilypupiladle soBrepTFb Rt farhe

growth and/ or e%}ﬁ@sk@ﬁf@t&f mgﬁgcepﬁaamzync@mwh%aUMaaapubimlhgcb f whi ch
are associated wth FIt-3 (Fns-like kinase-3), JAK2, JAK3, and J

especi al | y t hssor, Bﬁmi%%vmh@h isgpeorirgied hareiahy rqferawemd%mtlr@h JAK2, for
their growmh and spread, including for exanple, cancers of the bl ood,

t hyroi d, 5breast, colon, pancreas, or a variety of tunmor types including
mul tiple B9el oma, nel anoma, neurobl ast UAALEMN gl i obl astoma. In addition to

JAK2 activity Qﬁ i bi tIVII st,, JAK3/ JA be useful
n the treat mMR; " abF AT ol SRR T TS iy o
[ 0070] Thus ac amitdioRdfipeotén kintdeheMossgpesificatly, dofg ol @adhi 29 thdsé @4seribed ipr ovi ded
the use of 10 .c.o ound he formula |, or a pharnmaceuticall cceptabl e
Sal t thercof M PHOARNChRetT o8 eSO ey of SRt i on
of an anti probf feedpadrt v en&kfiu@fbitdrdwill Beakbh aRdRdmant BrosvGhvadsdasdunan
being. [0071] According to a further feature of the invention there is
provi ded &5 nethisbefe flgpendent on signaling by one or more of these receptors. Such diseases include

myeloproliferative diseases, solid tumors of the pancreatic, prostate, lung, head and neck,

breast, colon, ovary, as well as other tumor types including multiple myeloma,

melanoma, neuroblastoma, glioblastoma and hematological malignancies such as acute

myelogenous leukemia.

30  [0069] The invention also relates to a pharmaceutical composition of compound of

formula I, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier in the treatment of hyperproliferative disorder in mammal. In particular, said
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produci ng an antiproliferative effect in a warm bl ooded animal, such as a
human being, 15 in need of such treatnment which conprises admnistering to
sai d ani D 2arn/eBdeect i ve anmount of a conpound of for mul &CIr/uSR018/047621
pharmaceutical ly acceptable salt thereof as defined herein before. [0072] By
virtue of their ability to inhibit FlIt-3, JAK2, and JAK3, ki nases,
compounds of the present invention can be used for the treatnent of

proliferative %h@e%ﬁ@a@%@mﬁd@ﬁﬂoﬁqjé B e GRNG S hibil t@@é%lhﬁﬁi/or%b@asﬁﬁﬁ%?ﬁ%se
i nvention provides nmethods for the treatnment of "a vari et cancers,

i ncludi ng, buprimety ani ricueent selid tumersidlishous argociated with E]én?’(ﬂgl’ﬁérhh e kinesedoi ng
t hat of the bI n ncer),
AScTG) A A RSB0 LR ANk P b e

breast, colon ng col érecta cancer
25(i ncl udi ng Mlzlfoatﬂwﬁr BEMIs el sbreaéllhchhdjl@ocezmﬂe eanderk uﬁ@ebhbedldhﬁoicli nomne) ,

ovary, pro tes eni tourl nary t atl rectum
| ar ynx, Ecr %%St’(cionéll’ PJ%IC% BEFIRe® ft E%E{Sllrtl:c\{ucdé lﬁ gogﬂc?phagus

st omach, gal I nfelaadndarnﬁumalramma aﬁd’glroelastpmandl &ldition ¢o mwtmgy,ﬁﬁlﬂlambjds cel |
carci norra) hemat opoi.etic rs of lynphoid lineage including | eukem a,
acut e 30! ynmph8e{ity asiah %Iﬁé/i‘m%é@hfg@@% e pFefulip ﬁi@q@atpe@m o Ce‘églﬁ gpneers

| ynmphona, T-Cﬁ&dmgéﬂmﬂmatomgipbﬁbns | ynphoma, - non- Hodgki n's | ynphorm,
hairy cell homa, histiocytic |ynphoma, and Burkett's |ynphong,;

henat opoi et | c l Nitor s Thes aegeiiedo ¢ f%@argaépff%eii thelinention dheee mEpvadse disi use of
nyel ogenoyg | @H&ﬁg&ﬁﬁ ofﬁilé%rﬁﬂYaSIP&aaSﬁHaﬁna%&H%%eMé Qidndr&HLHEa and

promnyel ocytic | eukem a; tunors of central and peri pheral
nervous syst emanyfedtudion g medicroey famas inShapradustiba st aprratiprglifecatie cliendin a

schwannomas; wann-blooHéJgD ISk dBs anGhyRl,Qri gin including fibrosarcons,
rhabdonyoscarcorra an steosarcoms, ~and ot her tumors incl udi ng mel anoma,

xenoder ma pi gt s umccdkéing toabirheat thanm of e niveotia, theérhywroddddad hethod far
Cae R LRt R OBF L RS YRR B R ™ o0
pol ycythenva weked oESSE Btdt@bnttWhinidapyit@peminkstand toned afinbrasisetivieul ti pl e
myel oma,  col Ogm(o:l?nr‘:%teg con%o%gc? tof t%?nrlllﬁg E or a{a Sh%rn%?églgt{claﬁy gcacglg:table salt thereof as
defined herein before.
[0072] By virtue of their ability to inhibit Flt-3, JAK2, and JAK3, kinases,
compounds of the present invention can be used for the treatment of proliferative
20  disecases, including cancer.
[0073] Thus, the present invention provides methods for the treatment of a variety
of cancers, including, but not limited to, the following:
carcinoma including that of the bladder (including accelerated and metastatic
bladder cancer), breast, colon (including colorectal cancer), kidney, liver, lung
25  (including small and non-small cell lung cancer and lung adenocarcinoma), ovary,
prostate, testes, genitourinary tract, lymphatic system, rectum, larynx, pancreas
(including exocrine pancreatic carcinoma), esophagus, stomach, gall bladder, cervix,
thyroid, and skin (including squamous cell carcinoma);
hematopoietic tumors of lymphoid lineage including leukemia, acute
30  lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell
lymphoma, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, hairy cell lymphoma,
histiocytic lymphoma, and Burkett’s lymphoma;

-20-



[ 0075] The anti-proliferative treatnent defined herein before may be applied
as a sole therapy or may involve, in addition to a conpound of the

i nvent i orvoane/asseaor e ot her 15subst ances and/ or treat meoTAIS280007621 eat ment
may be achi eved by way of the sinultaneous, sequential or separate

adm ni stration of the individual conponents of the treatnent. The conpounds
of this invention may al so be useful in conbination with known anti-cancer
and cyt ot oxi ¢ agenfSnaaipdictit RAITEMdyeldid Ghiadt IRl A chkdnid Or Mul ated as
a fixed dose, such conbination products enploy the conpounds of this

20i nvent i on wihykiogenokelcukpatigie My eladespBetcey ndyeacyayabuid tmerpineandt her

phar maceut i Cah%anﬂfb’c. Y8eAQ60L W thin its approved dosage range. Conpounds
of formula I y "be used sequentially with known anticancer or cytotoxic
agents and tr eat netmors af ¢heudnting andplirghersimentvan syateoombludiag bsrocftomaul ati on s
i nappropri ate, 76l The.term ‘anti-cancer" agent includes any known agent
that is usgf ufle‘F%gast%]néa’ §g?nrl%§?%ﬁ W E&ncer i ncl udi ng the follow ng:

17a- et hi nyl est r adi @horsdif@telynchimdl beginriadlydidestirost@mndabdoigditarome,

fl uoxynest erone, dronost anocl one propionate, testol actone, negestrol acetate,
met hyl pr edni sB‘Pdo‘??ée,OS"r’F‘é%%fi@ est ost erone, prednisol one, triantinol one,
chlorotriani sene, Qu&ENYPIRURGIAAANRDMaKEBAIMNHBLRLWTLER, estranusti ne,

medr oxypr ogest er oneacet ate, | euprolide, flutam de, toren fene, Zol adex;
matrix 30 net SFTRORGIHRIN A SENINIAT. B olligptanrancshipbd teBtecarcl98R’- as ant i - VEGF
anti bodi egy(A (ﬁﬁ%} n )l“h@ﬁ@se?lpﬁllvéntﬁﬁcé%wﬁﬁwﬁﬂdﬁ@foﬁﬁw%@@tﬂl@ﬂt cﬁ@&k%ﬁfw;

Vat al ani b, BAY-43-9006, SU11248, -547632, and CEP-7055; HER 1 and HER 2

i nhi bi tors i nolyaldpregjfeagitvie dispisRpsuckaa pdbsotihemia wdeq, cspitiahthronei@eRopevkd didt or s

i ncl udi ng gef i tini er| af. 140l - 7200 E 1d__cet uxi mab; Eg5
i bi tors s pRBrogR b e st R R neet Mt eaRTbER T (PO S
such as caner {0005p, EKBaibprolifelatil®833tmAdikde B, hedéin ddte nmplibe Afplicd anasole

GW 572016; kinase inhibitors, e.qg. G eevec(r d.dasatinib (Sprycel);
SCasodex(r) " ( BRERY o an beSh i Fafouniaday mod ikt AT R e s Hhe

i nhibitorss MaBstakéddas®od tiatrinksOrSsch fdadmiit ARG Be ke R bphay oflReF 1 nhi bitors,
such as imatinjb; antiangi ogenic and antivascul ar ‘a%e‘nts whi ch, bg

i nterrupting BPYYENCHLIFRIENEDPT MR BINISTARRICH eapdpduglepmBonfises dent by
depriving theg.afhcRUtrhb EbRFbun&asHki@idyvefion Wy Gio e REEHISn BRA5RARA wigpendent
carcinomas non-proliferative; inhibitors of non-receptor and 10receptor
tyrosi ne ki nakeeyn gngkgapgar epdcyddtofip pgegisiand spaymants.necludingigflisoradf i ng agent s

such as vinbl agtingy a}/% %&&1 &c}sh,&ﬁeh é’o}t‘n‘[i)%aﬁbt?bf&ﬁﬂcté’én%ll)mg &npRAG! St el

docet axel , 7-0- nethy onet pacl1taxe

4- desacet Y- 4invettioplvatibthn dosepachid deseaibed below and the other pharmaceutically active
3'-tert-butyl-3' -N-t.ert-butyloxycarbonyl-4-deac 1-3' - dephenyl-3' - N-debenz
oy - 4- 0 ot hotB P BBV Bl R R R R Bl RR R ke

epot hi l one A, sepeoithil) e kBowepoichideoneyfotoxidaiont bhd ©eenddt, ifdsdxyepatiti | one
A, desoxyepot hi | one EIT %@%5' latiopdisi .

[ 1R¢, 3R*(E) , 7RIS Hepmbigqeon forpulafigeis) ipappropiiaigi nydr oxy- 8, 8, 10, 12, 16- pent anet h
y1l-3- [1-net hyjp78r ( 2TRBtAY Lardtr-ddntaz bbbl kndoPeedntlifat @abiut % kiR

[ 14. 1. 0] hept adecaneb, 9-di one (i xabepilone), [1S- o )

[ 1R*, 3R ( g , 7’:(62}‘[1119@*0,1‘ rppeer glg]:qdl,ng@gc 110\3142:[ plo-ethinylestradiol, diethylstilbestrol,

(ani nomet hyl ) 14t 0iAe Qoo FELBHCLRREV K ndhchdrofl A Y 1Euedfackhel 2. 16- pen
t anet hyl - 204-17- dioo%%%%lcfcozl o[ 14)3/1.60] - hept adecane- 5&991& one, ‘a?ld‘ ©
derivatives t hsgetblacdK mathilpedmsodoneanethylrtodtostasonst prednigeddrie, eipmkigolone,
inhibitors, epi Lot pxi t | de. . . t] tic enzynes,
e.g., topoi sognfgglg)g} 2% |Se€ehﬁ?%ﬁy8?0§?3%§%tg fgyﬁgﬁl %gh,lm?d(%béostﬁ g@ggﬁf?‘g’sw 38;

procar bazi ne; nriltoeyx@pgaservapacptagt lenprolido dndinidkt icommitorodades seicik as

isplatin rbopl at i i in; .biological.r n i fiers;
gl‘ 3\5)% ﬁt i nﬁp g?fngo o&totepna?er}glhigﬁgrs; \Pﬁ(% inhibitgrs?su%g as? a%lti—VE(sjPQantaoeodlrg? ?Avast?n@%’
and small molecules such as ZD6474 and SU6668; Vatalanib, BAY-43-9006, SU11248,

CP-547632, and CEP-7055; HER 1 and HER 2 inhibitors including anti- HER2
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25anti hornonal therapeutic agents; |eucovorin; tegafur; antinetabolites
such as purine antagonists (e.g. 6-thioguani ne and 6-nercaptopuri ne;

gl ut am neweanbagossedt s, e.g. DON ( AT- 125; d-oxo-norl euci mexr/useélbomisel eot i de
reductase inhibitors; nmlOR inhibitors; and haematopoietic growh factors.
[0077] Addi ti onal cytotoxic agents include cycl ophospham de, doxorubi cin,
30daunor ubi cin, mtoxanthrone, nelphal an, hexamethyl nelam ne, thiotepa,

cytarabin, i daﬁtrb%aﬁg eréeighmetgcﬁs@ﬁlﬁlbn&@%ﬁ | REtinib: SRARLAUBRASET,
bi cal utam de, | eu i dobenzoi ndol e derivatives, interferons, and

interleukins. E 29@1@5&88@@@%@]52@%@@@2@@0@7@ TH99hSBF 743031, end
medi cal oncol gy 4. f())a% }'i?é?ﬁﬂl%uo?%%ﬁl'ag?ante&nﬁfbs%K%-ﬁ%@”@i '@t 3 RE Ofgg Ak f fogf ent

forms of treatnment to treat each patient wth cancér |ca1 oncol ogy
t he ot her conmpoYber@4( m)d GW-51206; tkmea infibttors re. @dﬂeetvea%nﬂ«iasahmb (Sprycel®);

"adi Ot her agy. GPCRErGEHBRRHYS S AErSER cHTHOr ARy bt et M PR AR n

cat egori es of kRRANEKI, PIAGIRRA inhibitors; PDOPin@bfdraRGCHeRLEniRIAML S t hat work
by different nmechani sms ‘fromthose defined hereinbefore (for exanple,

| i nomi de, i nhiPgiegshis apd aitiyescylar pecalyivduchy hﬁéﬁqr@ﬁtm&b@%ﬂ%tq solid famasscane) -
(i) cytostat kéhd %H&%éifé H n?ﬁgide§§$lhg91§fﬁ%f$.ﬁt?1E ot X3 HRkiGn, &h%ﬁ%ﬁd n,

10t or emi f ene, |fene oxIf , 1 odoxi ene progestogens or
exanpl e, rregesmd’r%enajcleetndtré)Darcmommalt@smolifnﬂatim tlolnlbltC(rﬁ ofnoamacmptoe and
anast r ozol zoI ol an

ant i pr ogesliﬁ Ogrec 9 tPﬁ : 1’3?1 L O % n1%he1t)1ftors 81“%?6 S)gnafhﬁ tubu%cl} tlnr% aigulgts sucg

bi cal ut am de, ijbpstﬁteﬁ'ﬁﬁcﬁﬂtlﬁﬁf;emte@jme Iszhiﬁhmag(mclﬁﬁ;&l amdetam agoni st's (for

Sac af nytir or eallEtUEopE By Pigisab e erd P o Ml Rasg Tvaherr Ay

inhibitors, api- butﬂm&man}aglea&&tﬂmrde@mm’eN deRhalyl-a0-lctoRaamohylhi bi t ors
such as marimastat and inhi bitors of urokinase plasm nogen activator

recept or funcPidiRrelahdt PrhYispIbeRde Brcliremenetiileas Or crothiens BrerothdlgrhCgr owt h

factors 'ﬁ@'Ugﬁnﬁﬁﬁe@%§&£kﬁmmﬁﬁﬁwzfQEme&%Mﬁ%ﬁéBdﬁS'VEd growt h factor and
hepat ocyt e growth actor, such inhibitors include growh factor antibodies,

growt h fact or [ %b*t(@)7Péknkqsﬁd(HR’éé2%WH absl-Abadornt £)10(8doacntzueh)3-and
Erbi tux(r) (C lt}ﬁ)éﬁhgﬁ?%z m%éﬁ&f)ﬂﬂ?%owl @ﬁ%xﬁrt Jﬂgiefi?tc%{a&c 8' S8 ARG dIQEa?lQ”' ne

ki nase inhibitors I fer at ant| n astic drugs
and conbi nat i 69sdithedixebdpilose, [USERT, m#@ﬁVRth&ﬁndBf"ﬁ@& ,165#G A3 é% 2—

anti met abol it for te

T uor opyr i i af e B AR EBhslibledii ST M B st bues,

cytosine 20 4-17-dioxabicyclo[14.1.0]-heptadecane-5,9-dione, and derivatives thereof; CDK
inhibitors, antiproliferative cell cycle inhibitors, epidophyllotoxin, etoposide, VM-26;
antineoplastic enzymes, e.g., topoisomerase I inhibitors, camptothecin, topotecan, SN-38;
procarbazine; mitoxantrone; platinum coordination complexes such as cisplatin,
carboplatin and oxaliplatin; biological response modifiers; growth inhibitors;

25  antihormonal therapeutic agents; leucovorin; tegafur; antimetabolites such as purine
antagonists (e.g. 6-thioguanine and 6-mercaptopurine; glutamine antagonists, e.g. DON
(AT-125; d-oxo-norleucine); ribonucleotide reductase inhibitors; mTOR inhibitors; and
haematopoietic growth factors.

[0077] Additional cytotoxic agents include cyclophosphamide, doxorubicin,

30  daunorubicin, mitoxanthrone, melphalan, hexamethyl melamine, thiotepa, cytarabin,

idatrexate, trimetrexate, dacarbazine, L-asparaginase, bicalutamide, leuprolide,

pyridobenzoindole derivatives, interferons, and interleukins.
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25ar abi noside); Intercalating antitunour antibiotics (for exanple,

ant hracycl i nes such as doxorubi ci n, daunonycin, epirubicin and idarubicin,
m t omyci rw@,20dzesseaonyci n, mthranycin); plati num deri vacirusgoipfosrszexanpl e,
cisplatin, carboplatin); alkylating agents (for exanple, nitrogen nustard,
mel phal an, chl oranbucil, busul phan, cycl ophospham de, ifosfam de
nitrosoureas, thiotepa; antimtotic agents (for exanple, 30vinca al kal oi ds

l'i ke V'an'StWMWslV'@P&Ek@MQﬁankQQhéﬁB%H?m%BﬁnM Rlclitito RS o @RhitA¥RLES such
as Taxol (r) (paclitaxel), Taxotere(r cetaxel) and newer m crotubule

agents such adifeepwt fﬂrmm’fétreaﬁ@ﬁn@@stre(at %ﬁbéﬁlepb‘ﬁél) cangijrs diberedipn ohepdogaribd ogs,
and el eut her obj,n. aha of?&h(s) oﬁsﬂ@ﬂ‘r Hﬁ%ﬁ o5 gln’&ﬂ'r@ﬂh% Qﬁtg)r& Ot G RIRL &t

eplpodophyllotOX|ns suc e and teni posi ansacri ne, topotecan,
i rinotecan); dehwdémemémﬁthMyb@msgﬁfmmh@kamphﬂchﬁhah@pgwi&k%s) bi ol ogi cal

difj nd prot Vel cad
(bor Cozom By . T BDPEI AR AT Ba AL BUR kit of RaeTEetfonnds. of the

present |nvent|on @re oﬁnmﬁ@gﬁﬁshgh@mhmhﬁnkbﬁﬂ&kﬁhﬂhumamaﬁsﬂ@neﬂkects Such
compounds of the invention are expected. to be useful in a w.de range of

di sease st at egefimﬁé ﬂlera}nh@ﬂ)teéf%@Famrﬂ%anpl&qesmhlamrs PhigtesEe Ve Bets ¢ 1 s,

[ 0080] Mor e spgﬁ%;ﬁgﬁjﬁxnmhge conpounds of formula | are useful in the
treatment of a Ovarlety of cancers, including (but not limted to) the
foll owi ng: carci néom, qymwumgﬁrgtswh@tasaﬁthsmgqm ot gr@plepameriéat i ¢ duct al

d
adr eno- cangi NQMay; . e&ﬁ)& n%o(llr%f& it S0 AL %’pro@%’%@%}&a@% g%l%g%{erg%%’l

tunors of the centra1 gé eral nervo
neur obl ast omaace@lt@)oebblastamambmd(fnmmmbkabaiiasttaznh; lett&zoldh boratadd, oggnoatane),

mal i gnanci es such as acute Qus | eukem a and .other tunors,
el di g et SHORERG bR PeSRy AR SRR Feb e hre R aif i o

ki nases in theicslegulidd, tﬁiﬂot@tfon@ﬁie{atﬂ) aL’HRIF[@g(bIﬁﬁsl’ﬁidlaﬁmgd)rﬁstg@“&eerxalhlplej nhi bi tors
could act as reversible cytostatic a ents e useful in the

treat ment of &PFredns et FUBRELY, \th‘ib ?FSPE@?@%@“%%&W%@P“@%‘FW%I@F

proliferatkoneyfndle findPRR0), %né%&ﬁ%ﬁs%rgsemﬂﬁﬁ[o% ARt ﬁwaglméeht@l forelenpiat osi s
pol yposi s, neuro-fibronmatosis, pulnonary fibrdsis, art r|t|s psori asi s,

gl oner ul oneph pietallgproteissainkibiters ﬁmhla@manglaﬁﬁqn@ pllhémogs @mrwa@mlmlmgeger Y,
hyper trophi ¢ ?&RfratoF Qe 611 ﬂ&tﬁ’;ﬂﬁandgﬁlﬁ{&'ﬂ?&%%@gﬁ& fﬁ“Cﬁ&?’%&CP %?08&%%%%&?5

conpounds of tornu are especl usef treatmen
25having a highhmaﬁnd&nm@edﬂﬁtyGGQMWEwkwna@égQQM1&mmyMM§mphma$a$bwﬁmate,
colon, brain, fa;[cpo¥,rs(1)1ic}ginhibitors include growth factor antibodies, growth factor receptor antibodies
20  such as Avastin®” (bevacizumab) and Erbitux® (cetuximab); tyrosine kinase inhibitors and
serine/threonine kinase inhibitors); and
(iii))  antiproliferative/antincoplastic drugs and combinations thercof, as used in
medical oncology, such as antimetabolites (for example, antifolates such as methotrexate,
fluoropyrimidines such as 5-fluorouracil, purine and adenosine analogues, cytosine
25  arabinoside); Intercalating antitumour antibiotics (for example, anthracyclines such as
doxorubicin, daunomycin, epirubicin and idarubicin, mitomycin-C, dactinomycin,
mithramycin); platinum derivatives (for example, cisplatin, carboplatin); alkylating
agents (for example, nitrogen mustard, melphalan, chlorambucil, busulphan,
cyclophosphamide, ifosfamide nitrosoureas, thiotepa; antimitotic agents (for example,
30  vinca alkaloids like vincristine, vinorelbine, vinblastine and vinflunine) and taxoids such

as Taxol® (paclitaxel), Taxotere” (docetaxel) and newer microtubule agents such as

epothilone analogs (ixabepilone), discodermolide analogs, and eleutherobin analogs;
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and pancreatic tunors. By the adm nistration of a conposition (or a

conbi nation) of the conpounds of this invention, devel opnent of tunors in a
manmal i arwbasti/i2836seduced. [ 0083] Conpounds of formrul a | poayusadvm41sel usef ul
in the treatnment of other cancerous di seases (such as acute nyel ogenous

| eukem a). 30[ 0084] The pharmaceuti cal conpositions of the present invention
containing the active ingredient may be in a formsuitable for oral use,

for exanple, apolahbalSnhibhQ¢ h@ﬁexambfé%ﬁ&%phﬂ@]%@%‘ SucBfas Qtdp¥siddsRensi ons,
di spersi bl e powders or granules, enulsions, hard or soft capsules, or

syrups or el i Sanipssidg, @G%]rmnéﬁpoaece@mwmn)a@@kﬂmlen@lb@r% Hprexpmplent i on i s
admi ni st er ed 'ﬂ g)yﬁd(mé lgﬁlca"fgs!r?%ﬁste m&dlﬁ?eréjﬁ'{%ll an&gg ﬁlh‘mléois S a{w (Jl dgm
t cri t he

determ ned by pre ng physician wt osage general l'y varying
according to (Hwteagmb) wei ght, sex and response of the |nd| vi dual patient,

as well asth verlt |en t0 If fornulated as a
T xed dose’ olTonti KR ahiNG: BR Smalag Rty aF s hEStioi o

i Eventi on Wi t F}}tﬂeﬁﬁ&tmgﬁrollﬁlﬁgﬁe dﬁ“&ﬁsr I%@Ec@ﬂﬁ)ﬂh_ ﬁd@fdheth@enﬂbﬂﬂ?ﬁ Cciexpected

phar maceuti ca act|ve agent or eatnent. within its approve osag

range. 10 c:orr&b‘%/Frﬂi%fI L‘Fl GPniRnge of diggseatals “EPé“déEtﬁﬁaH‘Feétfé? %lssﬂlﬁ‘dg‘?ﬂn?aa‘?l&y with
known anti canggkritRr cytotoxic agents when a conbination fornmulation is

i nappropriate. The invention is not limted in the sequence of

adm ni st r at i of088bnpdinseispesificalys hgicampoyndy obrmauail aeselfibd thg Fegpenspf or to
or after agm Dy 8dsArOlnchfHKARWD: ARk LBNRET Byt ot oxi ¢ agent ().

[ 0087] The conpounds may mnistered 1n a dosage range of about 0.05 to
200 15nmg/ kg/ day, pfefirelmalma yintladigg thanf 1o @restptk ghakgaticiductal airengtaraisse, or i n
2 to 4 divi de AGE AND FO?%/UaLé OCQ\I [ 0088] The conpounds of this

01’1 u ovad dNCcreas
i nvention can ‘ere n-suc dosage forns as tablets,

capsul es (each of Wmnﬁﬂ]ls phihk weleml subpaiphad! meeto@asestant, ihdlidog n@lrc&ﬂase)ma,

531; Sggul gﬁlldonsﬂéblapstoma éndom%ﬁobalsto%a‘?;mu' es, elixirs, tinctures, suspensions,

15 — hematological malignancies such as acute myelogenous leukemia (AML), and
— other tumors, including melanoma and multiple myeloma.
[0081] Due to the key role of kinases in the regulation of cellular proliferation in
general, inhibitors could act as reversible cytostatic agents which may be useful in the
treatment of any disease process which features abnormal cellular proliferation, e.g.,

20  benign prostate hyperplasia, familial adenomatosis polyposis, neuro-fibromatosis,
pulmonary fibrosis, arthritis, psoriasis, glomerulonephritis, restenosis following
angioplasty or vascular surgery, hypertrophic scar formation and inflammatory bowel
disease.

[0082] The compounds of formula I are especially useful in treatment of tumors

25  having a high incidence of tyrosine kinase activity, such as prostate, colon, brain, thyroid
and pancreatic tumors. By the administration of a composition (or a combination) of the
compounds of this invention, development of tumors in a mammalian host is reduced.
[0083] Compounds of formula I may also be useful in the treatment of other
cancerous diseases (such as acute myelogenous leukemia).

30  [0084] The pharmaceutical compositions of the present invention containing the

active ingredient may be in a form suitable for oral use, for example, as tablets, troches,
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enmul sions. They may al so be administered in intravenous (bolus or

i nfusion), intraperitoneal, subcutaneous, or intranmuscular form all using
dosage f owomomal2Bssknown to t hose of ordinary skill in tireTalsasmomemati cal
arts. They can be adm ni stered al one, but generally will be adm nistered
wi th a pharnmaceutical carrier selected on the 25basis of the chosen route
of adm nistration and standard pharnmaceutical practice. [0089] The dosage

regi men for tRg.cRIRQMRLS iyt shﬁ)eﬁsﬁ@rﬁeﬂ]gpe&sm{@ﬁ&bd%% Mekdnule@fenfPGnS Ehardar y
dependi ng upon known factors, such as the phar nmacodynami c ‘characteristics

of the parti cmwftcag@elﬂ:ﬂs QiNErUDS ef ahise and route of adnministration: t he
speci es, age, [ £ %ehq Oc}pﬁ?ﬂ]n%‘%kco?@ﬂ%otthgrhveﬁrﬁbq) dw(;ngimstepgd 151.18% HuftGh P! ent;

the nature 30 and extent concurrent treatment;
t he frequency sdfect,tieatane dbsagt vél mcmmaléy lof detaatmingil by ﬂatprermr,ibingudmsie'malwimnd
hepati c fugctl aon, of the aﬁlgt i ent fect gle5| r ician or

Dol mar i aet i hodse e e aradPeiife Rt BRIE SR AT Rt bR T o g
required to tﬁrﬁl&hdﬂah@tﬁﬁﬂﬂﬁﬁ{zell a{sQﬁ)&Q}z&}ty%ﬁMepﬁtmgemgrnﬁitorgyl dance, the daily

oral dosage of each a i ent n used for the indicated effects,
will range bedtieh Hgf%fm St 3 eéﬂemS%EF% iBrigeEs s iCHREY B ef er abl y
bet ween about cSnShdd & 0 thvBRHIEGvithin MO dysa¥eia8iE dRQibed a¥ove ARG IR er
preferably between about 0.001 to 20 ng/kg/day. Intravenously, the nost

preferred dosekargpeautieadlygetiieragent ehBeatment withy ifppotovaddaspgergngeConpounds of
this invenpi O@OHB% I}ago%mqﬁmhs&%féo b@a(ﬂmﬁfs%ﬂalg (ﬂ%h%%ﬁy?ﬁgl%o Eahtjil%n&‘?%our

daily dosage nmay be admnistered 1n divid ' , ree
times daily. mpm@@g@mmmmmn@inanm forinpleeent if onprapride Hermvengorrsadt i n

intranasal f on:y t\écll & tﬁ ?eﬂueah[ Hfs ad 1nlst§ "t|10¥1 6%%|m 01'1 I’H R?PO%%% 1 m%hlgg gr%fn s(t)eredvI a

transdernal rou der'mal aé tered in
t he form of aefﬂ[eapﬂdeb na:hfteﬁ:ledlmmerryt1®yt§tﬂearnnowhenmhaﬁ®ger aderoxic sgant(i;)l on wll,

of course, i nyous rather than .inter t throughout dosage
Pegt men. 150 o8 rhe (BERHBHHAS mhES RSy nahrcdraran chr AR o w ¢ b
sui t abl e phar mRagtal Gabtfe@blyueRtifin 106 GigkgRAY Sn a Ghglalotd @S2 (ColivrIed i vel y
referred to herein as pharmaceutical carriers) suitably selected with

respect to thé%$htended formof adninistration, that is, oral tablets,

capsules, elixirs, syrups andDbgng K]D mﬂwﬁgﬂ@rﬁjﬁnt with conventional

pharmaceutical practices. 20 [Wor al admnistration in

the form of al@08Bl et The carappandseof thih mverttongan bl adgninistatsd mesvch erhdgsegec onbi ned

with an oral, {%91@ al Q¥R caBglﬁé f{@a%ﬁ%%ﬁﬁhh%lﬁ%{ﬁ@{a&@h Roleab (G fmGGbIb4E!T such as
c ucose

| act ose, star , Sucrose 0Se, nmmgnesi um st ear at e,
di cal ci umthoﬁcpimataaonsa@hltsL pmw@wl fandes, mamrs; tn(dtqresarsbertsm)hs aymipst hed | i ke; for

oral adm ni st ration | qu m’g he " onmpone an be
25conbined w FRYARY> oy " Hafe B iRl h el A RTR LR at e i her
carrier such asraperitoneal, subcutaneous, or 1ntramuscular form, all using dosage forms well
known to those of ordinary skill in the pharmaceutical arts. They can be administered
alone, but generally will be administered with a pharmaceutical carrier selected on the
25  Dasis of the chosen route of administration and standard pharmaceutical practice.
[0089] The dosage regimen for the compounds of the present invention will, of
course, vary depending upon known factors, such as the pharmacodynamic
characteristics of the particular agent and its mode and route of administration; the
species, age, sex, health, medical condition, and weight of the recipient; the nature
30  and extent of the symptoms; the kind of concurrent treatment; the frequency of

treatment; the route of administration, the renal and hepatic function of the patient,
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et hanol, glycerol, water, and the |ike. Moreover, when desired or
necessary, suitable binders, lubricants, disintegrating agents, and

col ori ng w@entig28sn al so be incorporated into the m xtuPeT/tSeémwalsieel bi nder s
i nclude starch, gelatin, natural sugars such as glucose or beta-I|actose,
corn sweeteners, natural and synthetic guns such as 30acaci a, tragacanth,
or sodium al gi nate, carboxynet hyl cel | ul ose, polyethylene glycol, waxes, and

the like. Lubpjr@pteddased. nAtpH%&aIfj&%Qﬁm{rﬁﬁ@n Hé@&hﬁ‘r@e&nag%&me%eeat e,
sodi um stearate, nmgnesium stearate, sodi um benzoate, sodium acet ate,

sodi um chl ori aﬁectlawn@tn@ofﬁhkémgmﬁmrn@@gtreatkbpgaﬁcprcl ude, without limtation,
starch, methyl, i he |ike.
Oun ds (hj%?r%?aﬁ eo?g&{eral gﬁﬁ&ﬁ%@ th€dai ao'?ah a&@ﬁg acf vk

[ 0094] The co rese I nven |o can arso be adm ni stered in
the form of | ingosicme wdeh usnérftyr thy mtlieatsd eﬁw@hwatrasgfdidtwwmabanﬁlol)ato vesi cl es,

I Suni b
for ad f 1 of 100 Peks ShioaSRsihariy baTE Mou Rl st STBRES o e,
gr phoslphgtl dwﬁtglhollbdr Aes and ﬁea@}afaam@umer?éb&nmmrtesemg/kgma@nt| on mayI al so

e coupl ed wi sol u Mer.s r a rr ol yners
can i n(F:)I ude p tVV?nr%‘f %{[ re%&() H&Qﬁ ?; %gut%al toa out 10 mg(/: poly

pol yhydr oxypr @BMle@fd@@f:ﬂh}é'l%ﬂ&T ﬂﬁbemdmmlstered ina s1ngle daily dose, or the total
10pol yhydr oxyet hyl aspart am dephenol, or pol yet hyl eneoxi de- pol %/GS(}/Sl ne

substituted witilY ospasimaie admaiideedsn qruﬂttdw@ﬁ%mféwo fHee. ebfybimersdady- t he
present i Qyenijgof My RSoGR F‘B%fﬁ% ih®n oﬁ?éa%%% aa’ﬁnn@gté? ﬂﬁﬁ%@éaﬁt‘oﬂﬁ'ﬁ’”ﬁrs

useful in achieving controlled rel ease of drug, for exanple, polylactic
aci d, polygl y@mliqabusa@f s:intabl@pmaymk@hwﬂesmlvw taepsdeemalrdutpobiyigg ycol i ¢ aci d,

pol yepsi | on C?rQ %}:‘,ﬁ %( at %ls y%gn ? IXIHQ%}:% ﬁeq’grlmd(’)f alt%%gcleyrgaltd.el?me del‘ S,

pol yacet al s, yrans, ycyanoac crossl
anphi pat hi c bls}@@ekn clwp:ta)hggmdmmn‘trahgtdwmlgef G)urs[: (6 hiDas ag@thktothan

(pharnaceuti cal osition suitable for adm nistration may contain from
about 1 milli Q‘P‘gmltfr%tébo&ﬁﬁoé%dlo?ﬁgﬁ?g@?% of active ingredient per dosage
unit. I n tihesgoobpr mrgetdmgoahd COFRPREIY ARsnkRRdaCLdnYiRNGRIEdiieRt W | |
20ordinarily be present in an ampunt of about 0.1-95% by wei ght based on

the total wei gh%mlaqeuf% ddesifoSictRi ST O VO allogtively af‘é%&n%éerﬁws contain the
active ingredpeina@0tcd ek PRiteRY Ld1&%Sh with respect to the intended form of

administration, that is, oral tablets, capsules, elixirs, syrups and the like, and
consistent with conventional pharmaceutical practices.

20  [0093] For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an oral, non-toxic, pharmaceutically
acceptable, inert carrier such as lactose, starch, sucrose, glucose, methyl callulose,
magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the
like; for oral administration in liquid form, the oral drug components can be

25  combined with any oral, non-toxic, pharmaceutically acceptable inert carrier such as
cthanol, glycerol, water, and the like. Moreover, when desired or necessary, suitable
binders, lubricants, disintegrating agents, and coloring agents can also be
incorporated into the mixture. Suitable binders include starch, gelatin, natural sugars
such as glucose or beta-lactose, corn sweeteners, natural and synthetic gums such as

30  acacia, tragacanth, or sodium alginate, carboxymethylcellulose, polyethylene glycol,
waxes, and the like. Lubricants used in these dosage forms include sodium oleate,

sodium stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium
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such as | actose, starch, cellul ose derivatives, magnesium stearate, stearic
acid, and the like. Simlar diluents can be used to nmake conpressed

t abl et s. Botzhiwakdeet s and 25capsul es can be manuf act ur egtCagissusaioned

rel ease products to provide for continuous rel ease of nedication over a
period of hours. Conpressed tablets can be sugar coated or filmcoated to
mask any unpl easant taste and protect the tablet fromthe atnmpsphere, or
enteric coat edyfRie, 8l tﬁstlke/q)lglmﬁagmcﬁgfnahu@%lmeuttlﬁqtag%tsfapdhnﬁl%w nal tract.
[0098] Li quid dosagé forns for oral adm nistration can contain coloring and
30f l avoring téellum%@a%reb?jmmféman@é@émaﬁééhe 1kg099] I n general , wat er a
suitable oil ne guﬁg (; ,

sol utions and[(g)?yjc ghgu ggdsgoﬁ)é%&ﬁgsﬁren %elﬂﬁg &)halS%%g aEhﬁ ?ﬁtteg%delﬁg ycols are
sui table carr lfcemsafﬂlposopardemeey gisteg] wth mallmilumltansesfozbas lp@eent eral

adm ni stragl on 1[[>£ﬁfllerrabll cont al .2 ir%/a r ub e salt {? ac ive

i ngredi ent; sti't" %Veféi W%F‘ﬁ%} 4 %e“é"ﬁd 11%05%688%%%‘? ?“é?

subst ances. Ardriicdxbdfhihasphgligige Biich aSUEd’les@@olSQéﬂrjdﬂmblbSdﬂphbipﬁatlds'ﬁ(ﬂblums.su| fite,
or ascorbic aci either alone or conbined, are s |table sta |I|2|ng
agents. Al so TaBs1 5 EOBPOMA L st 8 Bt O UHTEDIRE |

addi tion, parg ?r%ﬁ'as 8¢ b8 EdAers ONcipDlyRIcRS8h Rldd¥es, such as

benzal koni um chf or i de, nethyl-or propyl-paraben, and chl orobut anol 1001001
Sui tabl e phar RelyenylpeElidens. W@fl§0@1ﬁn@e&q§3rhm@aymﬁp>m@ﬁﬁh%‘g*ﬂamld§-p enol,

Phar maceutjpca OGSy 1 YR AEm Bl SN BYkid 1eagan do kgl gr ence text
in 10this |ekd%Bl aod o%(% RESI SR T os ne ea‘?uasgf’quélai/ 15f00101] The
assays were peithppimewyl nsidudsotethergdd- thetdmpuadsed theTireseht inedntiosmay vol une
vvasBOIALpr [ rom 151 A bpi f

(fluorescei na ggouéged 9 %félasasnoé lbfl? ﬁ%%g%h% pt%glgi%&sc%srgrpﬁ%ﬁlngg%{lﬁg gélnl?lso Cﬁltef ?1 & (100
mM HEPES pH 7 ofla drih@, foiMxivin@lE2pol2activieBdepay sBootie nall, piopdpﬂnaﬁefp@yledtﬁs% Brij35
and 4 mM DTT). The reaction s initiate [of0) atia of JAK2 with
Slbstrates andd BOE5HhE b atRRL SRy B RES) RulBkeSR ot +oom
tenperatune f gsly6hoditers, RNACHEE, rﬂoryau@dropyraasdgmp@yaﬁ&cy%s ahd 315>S§IM<@DTA to
each sanmple. The reaction m xture was anal yzed on the Caliper LabChip 3000

by el ect rophoP’é‘i‘rPR%ll@étﬁ%lPl&?lf emolymers i hydrggilescent substrate and

phosphor yl at gy duglosack R {%ﬂaﬁﬁac@@tﬁc@l M&sﬁ@ﬁs‘}%ﬂ@BEmea)ﬂnﬁlﬁﬁ%Bhson to no
enzyme control reactions for 0% i nhibition and vehicle-only reactions for

0% i nhi bi t i onmaYkentaisfiopegboetonaligram e droubf00p azibherams of activisengiedienyger s ATP,

30 1..EM JAK%oJa%é’%F%ﬁ%E g@%%&c@& icallco %ﬁﬁ%ﬂm&ﬁﬁzact&e{h cdRRf VB0, 1. 6%

Dose response curves were Nerat ed erm ne the concentration required
i nhi bi ti ng050%difariky eggescatot v amnyunt be@)ltO Conpdyrvdsghnbased din gsodtsled at 10 nM
i n di net hyl sul fOﬁ dﬁhe( %_}uand eval uated at el even concentrations, each in
duplicate. | A" e WEPE " dr i ved by non-1|i near

[0097] Gelatin capsules may contain the active ingredient and powdered carriers,
such as lactose, starch, cellulose derivatives, magnesium stearate, stearic acid, and the
like. Similar diluents can be used to make compressed tablets. Both tablets and

25  capsules can be manufactured as sustained release products to provide for continuous
release of medication over a period of hours. Compressed tablets can be sugar coated
or film coated to mask any unpleasant taste and protect the tablet from the
atmosphere, or enteric coated for selective disintegration in the gastrointestinal tract.
[0098] Liquid dosage forms for oral administration can contain coloring and

30 flavoring to increase patient acceptance.
[0099] In general, water, a suitable oil, saline, aqueous dextrose (glucose), and

related sugar solutions and glycols such as propylene glycol or polyethylene glycols
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30regression analysis JAK3 Tyrosi ne Kinase Assay [00102] The assays were
performed in V-bottom 384-wel| plates. The final assay volunme was 30 | AL
prepar ed woam1lBsséAL addi ti ons of enzyme and subst r at es PET(USkmofoemeei nat ed
pepti de and ATP) and test conpounds in assay buffer (100 mM HEPES pH 7. 4,
10 MM MgC12, 25 nmM Bet a- @ ycerol phosphate, 0.015% Brij35 and 4 mM DTT). The
reaction was initiated by the conbination of JAK3 with substrates and test
conpounds.  Therlf@mid QRideRr pAeHBAL RfLidhs. FQAMhE [P Bhdhifaladn@his®fion n. and
term nated by adding 45 I AL of 35 nM EDTA to each sanple. The reaction

m xture was abgfeadycontaina prsr gaubipeatt of fis@aiiys isgodenysudplie stelyprpg et i ¢
separati on of t and.: nk ct.

R byt on da et A P Rt A LA
reactions f or bik@ifi¢ rawlninbdlfionoranchrivie h¢id,| egthanllgne peawbhinmlsart enita¥ i nhi bi ti on.

The final concent.r.ation, of,.reagents.i.n the assays i,s ATP ... EM JAK3

{loor cament pEatliFRe b plERAFRL Rihat R B eI s TRV T o ponse
curves were gedfiti@i paeiterallbtigivey inrenthing@raonadrt rsath Brvefiatkoniued i nhi biti ng
50% of ki nase alct,i Vit I C5%2. Co ogrgid%ﬂv\ere dj ssolved at 10 MM in

di met hyl sul f oSMgEdS O P YDA oriuiapgh concentrations, each in

duplicate. | Cpb1y@l USgitaMRS ShaflRdcbitRd]l RVriddedle LEs0BBYd ih ®OMS8RIQN anal ysis. Cell
Proliferation Inhibition Assay 20[ 00103] Conpounds were eval uated for their

abi lity to i nAlracesicr! Ssiearast Mpet TublshiggComgpan. adandgrdrpigtenertastin es

thym di ne jhncgppgigtion in the DNA of the dividing cell, which is directly
correlated with cell nunbers. SET-2 cells were plated at 10000 cells/well
in 96-well plates and were cultured for 24 h in RPM-1640 supplenented with
20% fetal bovi test conmpounds were added. Conpounds were
25diluted in ?Eﬁ“@?’rel% [ %én‘ggﬁch that the final concentration of dinethyl
sul f oxi de never exceeded 0.1% Follow ng the addition of conpounds, the
cells were cuI%&zgﬁlfor n additional 72 h before cell proliferation was
det er mi ned by FPRY DNASSYHfhesi s with 3H-thymi di ne i ncorporati on.

[00104] Cospoywndel|desas ihgd wigs firforM&l @ -Bsitoanl3d4nwéihslad AKPhcamid] £56dy
30Proliferation Inhibition assay described above. The followi ng results
wer e obt ai nedvolumapRE3q LEpERpIcd #omARML( adg8ins of enzyme and substrates

(fluoresceinated peptide and ATP) and test compounds in assay buffer (100 mM HEPES
pH 7.4, 10 mM MgCl, 25 mM Beta-Glycerolphosphate, 0.015% Brij35 and 4 mM DTT).
The reaction was initiated by the combination of JAK2 with substrates and test

20  compounds. The reaction was incubated at room temperature for 60 min. and terminated
by adding 45 uL of 35 mM EDTA to each sample. The reaction mixture was analyzed
on the Caliper LabChip 3000 by electrophoretic separation of the fluorescent substrate
and phosphorylated product. Inhibition data were calculated by comparison to no enzyme
control reactions for 100% inhibition and vehicle-only reactions for 0% inhibition. The

25  final concentration of reagents in the assays is ATP, 30 uM; JAK?2 fluorescent peptide,
1.5 uM; JAK2, 1 nM; and DMSO, 1.6%. Dose response curves were generated to
determine the concentration required inhibiting 50% of kinase activity (ICs).
Compounds were dissolved at 10 mM in dimethylsulfoxide (DMSO) and evaluated at
eleven concentrations, each in duplicate. 1Cso values were derived by non-linear

30  regression analysis
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uM SET-2 (1050, uM 3 1.50E-03 0.01 4 0.03 2.53 15 1.52E-03 0.49 29 0.01
10.00 33 6.37E-04 0.01 34 1.50E-03 0.24
WO 2011/028864 PCT/US2010/047621
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JAKS3 Tyrosine Kinase Assay

[00102] The assays were performed in V-bottom 384-well plates. The final assay
volume was 30 uL prepared from 15 pL additions of enzyme and substrates
(fluoresceinated peptide and ATP) and test compounds in assay buffer (100 mM HEPES
pH 7.4, 10 mM MgCl, 25 mM Beta-Glycerolphosphate, 0.015% Brij35 and 4 mM DTT).
The reaction was initiated by the combination of JAK3 with substrates and test
compounds. The reaction was incubated at room temperature for 60 min. and terminated
by adding 45 uL of 35 mM EDTA to each sample. The reaction mixture was analyzed
on the Caliper LabChip 3000 by electrophoretic separation of the fluorescent substrate
and phosphorylated product. Inhibition data were calculated by comparison to no enzyme
control reactions for 100% inhibition and vehicle-only reactions for 0% inhibition. The
final concentration of reagents in the assays is ATP, 8 uM; JAK3 fluorescent peptide, 1.5
uM; JAK3, 2.5 nM; and DMSO, 1.6%. Dose response curves were generated to
determine the concentration required inhibiting 50% of kinase activity (ICs).
Compounds were dissolved at 10 mM in dimethylsulfoxide (DMSO) and evaluated at
eleven concentrations, each in duplicate. 1Cso values were derived by non-linear

regression analysis.
Cell Proliferation Inhibition Assay

[00103] Compounds were evaluated for their ability to inhibit cell proliferation,
using an assay that measures thymidine incorporation in the DNA of the dividing cell,
which is directly correlated with cell numbers. SET-2 cells were plated at 10000
cells/well in 96-well plates and were cultured for 24 h in RPMI-1640 supplemented
with 20% fetal bovine serum, before test compounds were added. Compounds were
diluted in culture medium such that the final concentration of dimethyl sulfoxide
never exceeded 0.1%. Following the addition of compounds, the cells were cultured
for an additional 72 h before cell proliferation was determined by measuring DNA
synthesis with 3H-thymidine incorporation.

[00104] Compounds described herein were tested in the JAK2 and Cell

Proliferation Inhibition assay described above. The following results were obtained.
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Exanpl e# JAK2 (1050, uM SET-2 (1050, uM 35 5.36E-04 2.85 38 0.04 0.06 49
0.05 3.93 53 1.47E-03 0.10 55 7.48E-04

WO 2011/028864 PCT/US2010/047621
TABLE 1
JAK2 (IC50, SET-2
Example#
uh) (IC50, uM)
3 1.50E-03 0.01
4 0.03 2.53
15 1.52E-03 0.49
29 10.00
0.01
33 6.37E-04 0.01
34 1.50E-03 0.24
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4.30E-03 61 7.51E-04  Exanpl e# JAK2 (1050,
7.33E-04 0.33 73 1.00E-03 0.06 81 0.01523 0.339 98

WO 2011/028864

uM SET-2 (1050, uM 70

JAK2 (IC50, SET-2
Example#
uh) (1C50, uM)

35 2.85

5.36E-04
38 0.04 0.06
49 0.05 393
53 1.47E-03 0.10
55 7.48E-04 4.30E-03
61 7.51E-04

-31-
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0. 000695 0.007365 101 7.43E-04 10.00 109 1.52E-03 4.15

(1050,

uM SET-2 (1050,
WO 2011/028864

Exanpl e# JAK2

uM 116 1.49E-03 0.17 125 0.05 1.27

JAK2 (IC50, SET-2
Example#
uh) (1C50, uM)
70 7.33E-04 0.33
73 1.00E-03 0.06
81 0.01523 0.339
98 0.000695 0.007365
101 7.43E-04 10.00
109 1.52E-03 415
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[ 00105] Conmpounds descri bed herein have been tested in one or
above identified assays and have been found to be active.
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Compound formulated in appropriate vehicle was administered to mice

either as an oral bolus or injected intraperitoneally or subcutaneously to Balb/C mice.

Blood samples were collected through orbital bleeding or cardiac puncture at various

time points post compound administration. Aliquots (90 uL) of the blood were placed

in a 96 well plate. Diluted solution (5ul) of murine thrombopoietin (mTPO;

Peprotech) (diluted 1:1000 in dPBS/BSA, 2 puL in 2ml dPBS/BSA was delivered to

each well for pathway stimulation. The plates were incubated at 37°C in a water bath

for 10 minutes. 1.5ml of fix/lyse solution (from BD Biosciences) was added to each

well. The samples were then incubated at 37° C for 15 minutes to ensure lysis of red

blood cells (RBCs). The plates were centrifuged at 2000 rpm for 5 minutes and

aspirated using the V&P 96 well aspirator. The cells were washed with dPBS, re-

centrifuged, re-suspended and transferred to a regular 96 well plate. The cells were

washed twice with dPBS followed by addition of CD61 FITC (from eBiosciences) for

1denti
5
C. In vivo assay
[00106]
10
15
20

surface receptor staining for 45 min in the dark at room temperature. The cells were

then washed in dPBS and permeabilized for pSTATS staining as follows: 200 puL of
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ABBREVI ATI ONS [ 00107] The foll owi ng abbreviations may be enpl oyed in the
nmet hods of preparation and Exanples: 5 h = hours DCM = di chl oronet hane THF
= t etrahywioaburessetiPLC = hi gh performance |iqui d chr onaPogrispity/oDicEA =

di i sopropyl ethyl amne 10 i-PrOH = i sopropyl alcohol TFA = trifluoroacetic
acid mn = mnutes DV = di met hyl f ormam de EDC =

N- ( 3- Di net hyl am nopropyl ) N -et hyl carbodi i m de 15 HOBt =

hydr oxybenzot piazobif NP pared ey ey B RLdidicPRngs BRI heabfples ReRt at e AcOH

= acetic acid BOP reagent = benzotriazol e-1-yl-oxy-tris-(di nethyl am no) -
20phasphoni unfiskkeft¢d ariepien sQ matues spd Aien sangpdesuy e washad treeuwits odi um chl ori de

NGS = N chl or dERset A e bk st BT AP S T byt O RS BERELS! e de
Alexa 647 antibodies. The samples were incubated at room temperature in the dark
5 for 45 minutes, washed twice and re-suspended in 10 uL of the Stat5S (pY695) Alexa
647 antibodies used were added to the sample. The samples were re-suspended in
200 uL of dPBS/BSA and run on the FACSCanto on sample images were processed

using Diva 6 and FlowJo 8.5.3 analysis software.

-34 -



30 Methods of Preparation [00108] Conpounds of general formula Tin which
the R group is thiazole (as in lal) and RL and R2 groups are CF3 or al kyl
or cycl oawhkyblignsssenbi ne to form a saturated carbocycl i eComshevasmeyclic
ring or where R2 group is COORb could be 5prepared using the general nethod
depicted in Schene 1. Dichloro internediate Il (prepared using procedure
reported in W200612237) could be conmbined with a 2,4- di methoxybenzyl and
the resulting secondary amne is capped with suitable protective group
(Boc) (I111). The second chlorine atomcould be converted into the
correspondi ng am ne (IV) through the benzophenone imne internediate. The
am no 10 conpound coul d be hal ogenated to internediate V. V could be
subjected to transition nmetal nediated indole ring formation and the
resulting indole nitrogen is capped with ethyl iodide to afford VI. Ester
hydrol ysis foll owed by am de bond formati on and cl eavage of protective
groups with acid treatnent would yield amne VII. Amne VII could be
converted into thiourea VIIl by first coupling with benzoyl isothiocyanate
15fol l owed treatment with aqueous base. Formation of thiazole could be
achi eved by condensation with an a-bronoketone derivative (RLCHBr COR2).
N-\\Y NJ[j- NN\ NI 1\ ( NH Ial

-35-
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Data for Example 26

11495 PCT



ON NH NH2 VI I a) 2, 4-di met hoxybenzyl am ne, heat; b) NaHVDS, Boc20; c)
(Ph)2=NH, d) HC1l; e) NS, f) Pd2(dba)3, ethyl pyruvate; Etl, Cs2CO3; h)
NaOH (aq)wo=2diimgsdeapr opyl am ne HCL, HATU, DI PEA; j) TFApPCI)USBansedsR1

I sot hi ocyanate; 1) NaCOH (aq); m R2CHBr COR1 Schene 1 10 [00109] Conpounds
of general fornmula a2 in which the R1L group is CONRaRa coul d be made using
Schene 2. Thiourea internediate (VMII1) could be conbined wth Et Q2CCHBr COR1L
to afford the thiazole ester (I1X). The ester could be hydrolyzed and the
acid could be coupled with amne to afford thiazole am de derivative (1a)
a) Et Q2CCHBr COR1; b) NaOH (aqg); c) HNR R, HATU, DI PEA Schenme 2 [00110]
Simlarly, conpounds of general forrmula a3 in which the RL group is
CONRaRa coul d be prepared using the general protocol depicted in Schene 3.
N. N-s\C2Me Ij-NN N\ R

0 0
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ONNNH"'", " ----/ X a) R2CHBr COCO2Me; b) NaCH (aqg); c) HN\R R,
HATU, DI PEA 15Schene 3 [00111] Conpounds of general formula |ain which RL

i s hal ogewoQ@028640r 1) coul d be prepared by condensi ng@Carus2010/047621

a, a' -di hal oketone as depicted in Schene 4. a) R2COCH(Hal )2 Schene 4
5[00112] Alternatively, thiourea derivative VIII could be converted to room
tenperature into G5 un-substituted thiazole XI and then directly

hal ogenat ed using el ectrophilic hal ogen source or through netallation

foll owed by quenching with an el ectrophilic hal ogenating agent (Schene 5).
Hal bN [j-NN\ ONNNHS ----/ lad4 a) BrCH2COR2; b) Sel ectfluor or NCS or
NBS or NI'S or tBuLi followed Selectfluor or NBS or NCS

w
P
-37 -

w

si2ra] gLy LsdndlL plod

w

38
o5

Data for Example 74

11495 PCT



Schenme 5 [00113] Conmpounds of general fornmula a5 in which RL is SO2Rb
coul d be synthesized using the general synthetic approach shown in Schene 6
\0, Rb N-wWDO208/d28884N , N\ NNNH S ----- / 1a5 a) Br2-acerCt/useild/o41sp1 Et OH,
heat Schene 6 [00114] Conpounds with general fornmula la in which RL and R2
conbine to forman aromatic or heteroaronmatic ring could be prepared using
Schene 7. a) Pd(0) catalyst, NaQ Bu, phosphine |Iigand, heat Schenme 7

15[ 00115] Alternatively, these conpounds could be nmade by first coupling
aniline or heteroaniline (XVI) with the isothiocyanate (XV) foll owed by

oxi dative cyclization (Schene 8).

- 38 -
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\' s\ NN\ ,,,..--, INNNs ---1H la7 a)

1,1 -Thi ocarbonyl di -2(1H) - pyridone; b) NaH, c) NIS Schenme 8 5 [00116]
Conmpoundswof2ogensseal formula I bl could be prepared usi ngCrhis2genetcal

synt heti c approach depicted in Schene 9. Aniline VIl could be conbined with
ydi t hi onet hyl ket one conpound XVI1, (prepared using the procedure reported
at roomtenperature in Synlett, p 2331 (2008)) under basic condition to

afford XvVII1. 10Stepw se condensation of the Boc-protected hydrazine
derivative would give the required pyrazole |Ib 1. \' N--- NR1
ABBREVIATIONS

[00107] The following abbreviations may be employed in the methods of preparation
and Examples:
5 h=hours
DCM = dichloromethane
THF = tetrahydrofuran
HPLC = high performance liquid chromatography
DIEA = diisopropylethyl amine
10 i-PrOH = isopropyl alcohol
TFA = trifluoroacetic acid
min = minutes
DMF = dimethylformamide
EDC = N-(3-Dimethylaminopropyl)N’-ethylcarbodiimide
15  HOBt = hydroxybenzotriazole
NMP = N-methylpyrolidinone
EtOAc = ethyl acetate
AcOH = acetic acid
BOP reagent = benzotriazole-1-yl-oxy-tris-(dimethylamino)-
20 phasphoniumhexafluorophosphate
brine = saturated aqueous sodium chloride solution
Et;N = triethylamine
tp = retention time
rt — room temperature
25  NCS = N-chlorosuccinamide
NBS = N-bromosuccinamide

NIS = N-iodosuccinamide

30

Methods of Preparation
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NNO/ Ne-N*."NGC-'" R ----/H Ibl 15a) NaH, THF; b) RLN(Boc)NH2, AcOH,
35-40C, ¢c) HCO2H or TFA, 60C Schene 9 [00117] Conpounds of general fornula
| bl or |fwoand/i2886s0ul d al so be prepared by coupling C &Cmalseoidenicent i ve

(XIX) with an appropriately substituted 2-

(XX) using a transition nmetal catal yzed reaction (Schene 510). NRI
O NN NRor2 H Ibl a) isoanyl nitrite, CH2I2 or isoanyl nitrite,
CH2Br2; b) Pd2(dba)3, Xanphos, 10Cs2CO3 Schene 10

10

15

[00108] Compounds of general formula I in which the R group is thiazole (as in
Tal) and R' and R* groups are CF; or alkyl or cycloalkyl or combine to form a
saturated carbocyclic or heterocyclic ring or where R2 group is COOR" could be
prepared using the general method depicted in Scheme 1. Dichloro intermediate 11
(prepared using procedure reported in W0200612237) could be combined with a 2,4-
dimethoxybenzyl and the resulting secondary amine is capped with suitable protective
group (Boc) (II). The second chlorine atom could be converted into the
corresponding amine (IV) through the benzophenone imine intermediate. The amino
compound could be halogenated to intermediate V. V could be subjected to transition
metal mediated indole ring formation and the resulting indole nitrogen is capped with
cthyl iodide to afford VI. Ester hydrolysis followed by amide bond formation and
cleavage of protective groups with acid treatment would yield amine VII. Amine VII
could be converted into thiourea VIII by first coupling with benzoyl isothiocyanate
followed treatment with aqueous base. Formation of thiazole could be achieved by

condensation with an a-bromoketone derivative (R'CHBrCOR?).

- 40 -
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[ 00118] Conpounds of general formula b2 in which R2 group is CONRaRa coul d
15be synt hesi zed using Schene 11. Aniline VIl could be conbined with y-

di t hi ometwol2katfasss4deri vative XXI1, (prepared using thePprasedong7er om
Tetrahedron, p 2631 (2003)) to afford internediate XXI1l1. Stepw se
condensati on of Boc-protected hydrazine derivative would give the required
pyrazol e al dehyde XXl V. Al dehyde coul d be oxidi zed usi ng oxone or sodi um
hypochlorite to furnish carboxylic 20 acid _XXV. Coupling of acid XXV with
am ne woul d give pyrazaole amde Ib2. WO 11/ 028864PCT/ US2010/ 047621

N--- P AN----\\ V[ - NVSSKOME @ 1 -NN SMe[ N0 N NpNH2 + MgS-/ OMEOMe 0 e N N
A . / HOVE XXIfT T\ LA N«@ ’
N Boc oCH
I il ’
AN
N’\\N \N’\\
| X OCH;4 e I | \ N OCH; f,g
HN™ "NTN H,N N N
OCH; v OCH;

e
O N °N” "NH” "NH, N” "N~ "NH
A

AN
PO N T ov s
| J]\ |/ )I\SR
O
_J
Ial

a) 2,4-dimethoxybenzylamine, heat; b) NaHMDS, Boc,0; ¢) (Ph),=NH; d) HCI;
¢) NIS; f) Pdy(dba);, ethyl pyruvate; g) Etl, Cs,COs; h) NaOH (aq); 1)
5 dicyclopropylamine HCI, HATU, DIPEA; j) TFA; k) Benzoyl isothiocyanate;
1) NaOH (aq); m) R*CHBrCOR'

Scheme 1

10 [00109] Compounds of general formula Ia2 in which the R' group is CONR*R®
could be made using Scheme 2. Thiourea intermediate (VIII) could be combined
with EtO,CCHBrCOR" to afford the thiazole ester (IX). The ester could be
hydrolyzed and the acid could be coupled with amine to afford thiazole amide

derivative (Ia)
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N---- N121d NN NNNCHO ---/H XXIV ~a) NaH, THF, heat; b) RLN(Boc) NH2,
AcOH, c¢) TFA; d) oxone or sodium hypochlorite; e) HNRaRa, HATU, DI PEA 5
Schenme 1IwpQOm1@3se€Conpounds of general fornmula Id | couldThsS2@oepmeed usi ng
t he general protocol as shown in Schene 12. Aniline VIl could be
coupled with chloroacetyl 10 chloride and the resulting am de coul d be
treated with thioam de (R2ZCSNH2) to furnish thiazole Icl. 15 k \ N---\\
-NNa, b e 0O NNNH ----- [ VI

N
>N, DEs m &fCOZEt
) N NH

CONRR?

NNNH

a) EtO,CCHBrCOR'; b) NaOH (aq); c) HNR’R?, HATU, DIPEA

5
Scheme 2
[00110]  Similarly, compounds of general formula Ia3 in which the R' group is
CONR"R? could be prepared using the general protocol depicted in Scheme 3.
10
\ \
J> N7 J> N7 CO,Me
>N s S a >—N X NN\
/7 L /] PSS
O)NNNH NH, O)NNNH S
VIII X
\
. J> N CONR®R?
C
6 NTONTNpT S
la3
a) R’CHBrCOCO,Me; b) NaOH (aq); ¢) HNRR®, HATU, DIPEA
15 Scheme 3

[00111] Compounds of general formula Ia in which R' is halogen (CI, Br or I)

could be prepared by condensing an a,a’-dihaloketone as depicted in Scheme 4.
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a) chloroacetyl chloride, base; b) RRCSNH2 N2 P. \ -\\ RNk ,S N ONNI\T-
----/Hlc | Schene 12 [ 00120] Conpounds of general formula |Idl could be
made as pwo28cesss413. Previ ously descri bed i sot hi ocyanaCe/usesiowatszve XV
could be conbined with am di ne 5XXV under dehydrating reaction conditions
to give 1,2,4-thiadiazole (1d 1). N--NH N--\\ N N NCSH2ZNA R2 XXVI |R2
[2-NN-NS ' NA I dl Schene 13 10

N
>—N >—N

0  NTONTNHTONH, O NNTNH” S
VIII ~ Ta4
a) R”COCH(Hal),
Scheme 4

5 [00112] Alternatively, thiourea derivative VIII could be converted to room
temperature into C-5 un-substituted thiazole XI and then directly halogenated using
electrophilic halogen source or through metallation followed by quenching with an

electrophilic halogenating agent (Scheme 5).

| _— | | R2
O NTNTNHT ONH, 0 NNNH)\S
VIII XI
AN
b J> N’\\N Hal
> [>_N 74 | N NNy _g2
P Pl
O N NN~ S
)
10 Ta4

a) BrCH,COR?; b) Selectfluor or NCS or NBS or NIS or tBuLi followed
Selectfluor or NBS or NCS
Scheme 5
15
[00113] Compounds of general formula Ia5 in which R" is SO,R" could be

synthesized using the general synthetic approach shown in Scheme 6
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[ 00121] Conpounds of general formula 1 el could be prepared using a

synt hetic approach as shown in Schene 14. |sothiocyanate XV could be

conbi ned wot2bh11zessbe XXVI in the presence of phosphi ne t@®cyiustadonsB2oxazol e
Tel. O Scheme 14 [00122] Conpounds of general fornula |Igl could be
prepared using a synthetic 20 approach as shown in Schenme 15 Am ne VI |

coul d be conbined with acyl isothiocyanate XXVII. The acylthioureaido could
be condensed with hydrazine derivative to yield t 1,\12\1, 4-triazol

derivative Igl. k \ N--\\ -NN 2/ 0 NN NH -5_4 VII JRRNHNT 2 N
VN AL RN e 0 9 a R Nm I

RY 4 _
Br —
XII X1 VIII
\ Q. RrRb
b J> N7\ \S:O
- >—x SN
1L R
O NTN"Nu” S
A
[a5
a) Br-acetic acid; b) EtOH, heat
Scheme 6
5
[00114] Compounds with general formula Ta in which R' and R* combine to form
an aromatic or heteroaromatic ring could be prepared using Scheme 7.
\ \
J> N—\ , J> N\ Rl
>N e N~ R G Do N N
A ) 1 7] Nge
- X 2 - /k
O NTNTUNH, S”TR O)NNgS
~ VIl X1V Ia6
X = hal, -SO,Me
10

a) Pd(0) catalyst, NaOtBu, phosphine ligand, heat

Scheme 7

15 [00115] Alternatively, these compounds could be made by first coupling aniline or

heteroaniline (XVI) with the isothiocyanate (XV) followed by oxidative cyclization
(Scheme 8).
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NN---/HIg | Schene 15 5 EXAMPLES Exanple 1

10/ V, N-di cycl opr opyl- 6-et hyl - 1- net hyl - 4-(t hi azol - 2-yl am no) -1, 6-di hydroim d
azo 14, 5-wa2pywrmeses| 2, 3- b] pyri di ne- 7- car boxam de 1APr ep&CaRtUSee 007621
6- chl oro- N- (2, 4- di net hoxybenzy1l)-1-met hyl- 1H i m dazol 4, 5-cl

pyridin-4-amne \ N--\\ L/INT 1, d NNHOw [00123]

In a 200 nL round

bottom fl ask, 4,6-dichloro-1-nethyl-1Him dazo[4,5- c]pyridine (15 g, 74 2
nmol ) (prepar ed as p3> W2006122137 exanpl e }? 5)\I\yvas di ssolved in
h

2, 4- di met hoxybenzw)_n(e\/((gi\m 166 mmllﬁ_)_(eﬁ&\tion m xt uf |R2
| +

O NTONTONH, 0 )N N7 UNCS BN R

VI XV xvi

a) 1,1'-Thiocarbonyldi-2(1H)-pyridone; b) NaH; ¢) NIS

Scheme 8

10

15

[00116] Compounds of general formula Ib1 could be prepared using the general
synthetic approach depicted in Scheme 9. Aniline VII could be combined with y-
dithiomethylketone compound XVII, (prepared using the procedure reported at room
temperature in Synlett, p 2331 (2008)) under basic condition to afford XVIII.

Stepwise condensation of the Boc-protected hydrazine derivative would give the

required pyrazole Ibl1.
\
P 0
— +
O N "N" "NH, MeS N N N
VI XVII XV
\
J> N Rl
b, c . [>—N N N
4 2
o _J v J\/\R
Ibl

a) NaH, THF; b) R'N(Boc)NH,, AcOH, 35-40°C; ¢) HCO,H or TFA, 60°C

Scheme 9
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was heated to 110 C for 3 h and cooled to roomtenperature. Water was added
and a tan colored solid precipitated out. Vacuumfiltration yielded a tan
solid. Thwo=oll/dsssas washed with et hyl acetate and hexameTius2¢100l121
6-chl oro- N- (2, 4- di nmet hoxybenzyl)-1-nethyl-1H i m dazo[ 4, 5-c] pyri di n-4-am ne
(23.459 g, 95 %5yield) as a creamcolored solid. [00124] M5 (ESI) mz
333.0 (M+H) [00125] 1H NWR (500 MHz, DMSO-d6) 6 ppm8.05 (s, 1 H), 7.17 (t,
1 H J=6.19 Hz), 7. 06 (d 1 H J=8.25 Hz), 6.87 (s, 1 FD 6.55 (d, 1 H,
J=2.47 Hz), 6.42 ; =8.52, 2.47 Hz), 4.54 g : H J=5.77 Hz), 3.82
(s, 3 H, 3.7#047] 3Q@|§np0®d$2f g%leranOH)luli@llcsli’ﬂeq@drl @Ql@ﬂwalmbetrémaretﬁhhyyl

6- chl oro- 1-nme

yl(2, 4- dlneth%&%%e%zy ?%g&%§%§F§XE%8%%%%1ﬂ?ﬁmHMG MI$gﬁm%

6- chl or o- N- ( 2 adhinghpyretdhodeyiyetnzy X)X) Bsingt hgrdsitioabmetal catalyzed reaction (Scheme
15i m dazo[ 4, pyridi n-4-am ne (exanple 1A, 0.63 g, 1.893 mol) in
tetrahydro uré (38 nL) cooled to -78 C, was added NaHVDS (1.0 M THF, 2. 366
m., 2.366 mvol) slowy. After stirring at -78 C for 30 mn, BOC20 (0.483
m., 2.082 mmol) was added. The cold bath was renoved and the reaction was
allowed to warmto rt ON. By HPLC, -50% conversion was obse W@W} The
solution was re-co@led to -78 C. 20 NaHVDS (1. 0 MTHF, 2. 36 » 2. 366

nmol ) was added ang’t he ture was stirred m nNoef orieNt addi tion of
BOC20 (0. 483 ni>—=. W). The ceol d bi?h#&gzrﬁﬁﬁ§§id and3¥%e reaction
warmed to roomte h> The solvent ypder Réd%ced
pressure and the Pesi pé?%ltloned betmeeﬁ)gL%nyaéﬁkate wat'er. The
organi ¢ | ayer was washedmtw ce with water, dried 6¥8r ariy XZErmgnesi um

sulfate, filtered and concentrated in vacuo. The crude residue was purified
by flash chromat ography using an Isco 40g colum eluting with 50 - 100%

et hyl acet at e/ hexa toHyirel d tert-butyl M;> HN—\ .

6- chl or o- | - met Rl H-j ibhﬁN§>c]pyr|d|D4_ 1( 2,.4-4di et hokybenzyl )
carbamate (0.638 8 A yg}L%> a froany ol d>[;}90127] M5 (ESI)
mz 433.0 (M+H) /J //F NN

Ib l If1

a) isoamyl nitrite, CHyI, or isoamy] nitrite, CH,Br»; b) Pd,(dba);, Xanphos,
10 CSzCO3

Scheme 10

[00118] Compounds of general formula Ib2 in which R* group is CONR*R® could
15  Dbe synthesized using Scheme 11. Aniline VII could be combined with y-
dithiomethylketone derivative XXII, (prepared using the procedure from
Tetrahedron, p 2631 (2003)) to afford intermediate XXIII. Stepwise condensation of
Boc-protected hydrazine derivative would give the required pyrazole aldehyde XXIV.
Aldehyde could be oxidized using oxone or sodium hypochlorite to furnish carboxylic

20  acid XXV. Coupling of acid XXV with amine would give pyrazole amide Ib2.
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[00128] 1H NWR (400 MHz, CHLOROFORMd) 6 ppm 7.91 (s, 1 H), 7.47 (d, 1 H,
J=8.31 Hz), 7.19 (s, 1 H, 6.38 (dd, 1 H, J=8.31, 2.52 Hz), 6.32 (d, 1 H,
J=2.52 Hzyp 261113868, 2 H), 3.80 (s, 3 H), 3.74 (s, 3 H) pC3U52010847631 H) ,
1.40 (s, 9 H 5 1CPreparation of tert-butyl 2,4-dimethoxybenzyl (6-

(di phenyl net hyl eneam no) - 1- net hyl- 1Hi m dazo[ 4, 5- cl pyri di n-4-yl ) car bamat e
10[ 00129] Anhydrous di oxane (4 nlL) was added to a nixture of tert-butyl

6- chl or o-

1-met hyl- 1H-i mi azNﬁﬁ 5- CT’yrldln-4- 1( @wd- di met enzyPY&arbanate
(exanpl e 1B, O. nenone ﬁMe 1. &&9
mol ), Pd2(dba)3 ( QVZQB ),

9, 9-di net hy1- 4, 5- blsgdlphenylphosp |no)xanthene (0. 2561 ﬂ42 midle) , and
cesi um carbonate (0.672 ¢ 2.063 motY. The reaction nlg?% e was 15heated
to 90 C overnight. After cooling to rt sol vent was renoved in vacuo. The

residue was partitioned between et abﬁbate and water. The organic |ayer
was washed tw ce with water, dqpe@'ov Hygﬁéh magnedi um sul f at e,
filtered and concentrated in vacuog hg ¢ ue was purified by flash

chr omat ogr aphy using an Isco 40g éb%ﬁﬁnbblgtlng W th 50-100% et hyl
acet ate/ hexane to provide tert- 20 butyl xxv

2, 4- di met hoxybenzyl (6- (di phenyl net hyl eneam no) - 1- net hyl- 1H i m dazo[ 4, 5-
c]pyridin-4-yl)carb te\§0 757 g, 89 %yield) as |Igﬁ$1ye||0m180|ld
[00130] M5 (ESI) mz/414.0 (ﬁﬁCPh@+2FD [00131] &E& (400 WHz RDNBC>d6) 6
ppm 8.16 (s, 1 ﬁ?? : | R, J 8_56f_lF51 1 f\ﬁﬁ"g .

7.25 (d, 1 H, J=8. N A~Joil (m 4 H), «8, CﬁRﬂ% (d 1
H J=2.52 Hz), 6.33 (dd, 1 H; J=8.56, 2.27 Ft), 4. ’n% , 3.70 (s, 3
H, 3.69 (s, 3 H, 3.67 (3 H, 1.25 (s, 9 H W

2011/ 028864PCT/ US2010/ 047621 1DPreparation of tert-butyl

\6/-1?r2n1 2?;1: ;renﬂ]gil éﬁ;@ﬁ;@"a%g ,ﬁgﬁ(ﬁ%Sﬁgkl%ci?Hﬁ%gFA, d) oxone or sodium

hypochlorite; ¢) HNR*R?, HATU, DIPEA

Scheme 11

[00119] Compounds of general formula Icl could be prepared using the general
protocol as shown in Scheme 12. Aniline VII could be coupled with chloroacetyl

10  chloride and the resulting amide could be treated with thioamide (RZCSNHZ) to
furnish thiazole Icl.

N’ N’ NH, N

a) chloroacetyl chloride, base; b) R>*CSNH,
15
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[00132] In a 1000 nL round bottom flask, tert-butyl 2,4-dinmethoxybenzyl (6-
5(di phenyl net hyl eneam no) - 1- net hy1- 1Hi m dazo[ 4, 5-c] pyri di n-4-yl ) car banat e
(exanpl e WG200/@2884 15.93 mmol ) was stirred in THF (50 ®Cxr/US2o1b/oki621 (33 nl)
was added. After 2 mn, the reaction was quenched with 1 N NaOH (65 niL) and
ethyl acetate (100 nmL). The organic | ayer was separated, dried over
anhydrous sodiumsulfate, filtered and concentrated in vacuo. The residue
was dried under vacuum for 10l h and tddhtmeabed with ether (4x). |solated
tert-butyl 6-am no-1-nethyl-1H

i mdazo[ 4, 5-c] pyridin-4-y1(2, 4-di met hoxybenzyl) carbamate (6.587 g, 15.93

Furt her pur QAR T PaBR RS RRHRLrATL! Bl R b YBETS I 1 R

(400 MHz, DNVB@:at®)sl§ dpyribal i9@hipeyabatierivatidetXVaoul beicodbigedwitli Shidine 6. 44 (d,

&DH s (25 H?W l?ﬁdgégeg]??@&gﬁr'%t{%ﬁg@rg@ﬁo(% :tozév %54 fﬁi‘gé%oie?ﬂ @J)l_DH), 5.58 (s, 2

1EPreparation of tert-butyl 6-am no-7-iodo-I|-methyl-1Him dazol4, 5-

cl pyridin-4-y1(2, 4-di net hoxybenzyl ) car te [00135] In a round bottom
flask, tert-butyl 6-anino-|~agthyl-1H-ijm dazo[4, 5- J> N

cl pyridin-4-y1(2, 4pdinret zyl ) caMNbararevt ean%W@ , 19.08
nol ) was di ssol ved i 200 mC)y and_cooted to 0/C | adoguceirhi m de
(4.51 g, 20.03 mol) Was)'di ¥sdfSfed in thetemaini ng YecN (30 Mi)" and added
dropwi se to 25the reaction xW xture over 40 mn. The reacti®@h m xture was
stirred at 0 C for an additional 10 m n and was quenched with 2 M sodi um
hydrogensul fite (125 nmL). Stirring and tenperature were mai ntained for 50
mn. The mixture was transferred to a%€®8ddtory funnel The aqueous | ayer
was extragped with CH2Cl2 (3 x 100 nL). The conbi ned organic |ayers were
washed with water and brine, dried over Na2504, 5filtered and concentrated
in vacuo. TheltMgHe Cevipduls ghgenpiat formeld 1plcauldlapreiradrianegsaphsticusi ng an
| sco 120g col ' j - 9 i de
tort-butyl o SR Mt Sther ORI e 3Gt 8h ot AR

c] pyri di n- 4- y XXV 14n thepetstrox pbpineptlidc@rybddrbt @xiBl86 g, 82 %yield) as a
pal e yellow solid. 10[00136] Ms (ESI) mz 539.0 (M

2 N
8 e r i, Oy s
0 NTNTNCS PhyP 0 NTONNTN
A H
15 - XV Iel
Scheme 14

[00122] Compounds of general formula 1g1 could be prepared using a synthetic
20 approach as shown in Scheme 15. Amine VII could be combined with acyl
isothiocyanate XXVII. The acylthioureaido could be condensed with hydrazine

derivative to yield the 1,2,4-triazol derivative 1gl.
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[00137] 1H NWR (400 MHz, DVSO-d6) 6 ppm 8.00 (s, 1 H), 7.40 (d, 1 H J=8.06
Hz), 6.43 (d, 1 H J=2.52 Hz), 6.31 -6.39 (m 1 H, 573 (s, 2 H, 4.86 (s,
2 H, 3.9800e11/@8%d4, 3.67 (s, 3 H, 3.64 (s, 3 H), 1.30PC3/US201bh047621
151FPreparation of ethyl 4-(tert-butoxycarbonyl(2, 4-dinmethoxybenzyl)am no) -
1-nmet hyl-1, 6-di hydro i m dazo [4,5 -dlpyrrolo [2, 3-blpyridine-7-carboxyl ate
[00138] To a flask charged with tert-butyl 6-am no-7-iodo-I|-nethyl-1H

i mdazo[ 4, 5-c] pyridin-4-y1(2, 4-di met hgxybenzyl ) carbamate (exanple 1E, 3.49
g, 20 6.47 mol) in DW@B;43 ﬂ.nL) ma§ﬂadded PdZ(%ga)B\ 0.474 g, 0.518
mol ), ethyl pyruvag , met hyYj cycl ohexyl ani ne
(2.77 nL, 12.94 mo | t|o ﬁ?%ﬂhne e W sh argon for 10
m n and heated at 60 6 T ﬁeactlon was co fter
cooling to roon1tenperapy1e Nt h&"f eact i on nlxture/Was di liut ed Wit h et hyl
acetate and saturated aqueou$!NaHCO3. The 25resul tant &nul sion was vacuum
filtered through a pad of Celite an tranﬁferred to a separatory funnel The
aqueous | ayer was ext macied, wi t h et I ac t Rthe conbi ned organi c | ayers
wer e washed wi th 10% agueous "Li (Zﬁk The or gani ¢ phase was
dried over My504, filtered and con ntN' N)\ The brown residue
was purified by flash chromat ography _usin dm I sco 1209 colum eluting with
40- 80% et hyl acetate/ hexane to yield eth Lg- (tert-butoxycarbonyl(?2, 4-

di met hoxybenzyl ) am no) - 1- net hyl1- 1, 6-di hydroi m dazo [4,5 -d]pyrrolo [2,3

- b] pyridi ne7-carboxylate (2.830 g, 86 %yield) 5[00139] M5 (ESI) mz 510.0
(M+H) [00140] 1H NWVR (400 MHz, CHLOROF®¥m¢)IS6 ppm 7.83 (s, 1 H), 7.57 (d,
1 H J=8.31 Hz), 7.39 (d, 1 H J=2.27 Hz), 6.40 (dd, 1 H, J=8.44, 2.39 Hz),
6.32 (d, 1 H J=2.52 Hz), 5.16 (s, 2 H), 4.43 (g, 2 H, J=7.05 Hz), 4.09 (s,
3 H, 3.745(s, 3 H, 3.56 (s, 3 H, 1.43 (t, 3 H J=7.18 Hz), 1.40 (s, 9 H
10 1GPreparation of ethyl

4-(tert-butoxycarbony1(2,4-dinethoxyb£¥§¥¥¥%ﬁ§no)-

6- et hyl -1 -net hyl -1, 6-di hydr oi m dazol 4, 5-dl pyrrol 012, 3-bl pyri di ne-7- car boxyl
ate \

Example 1
AN
P

10 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(thiazol-2-ylamino)-1,6-dihydroimidazo[4,5-
d]pyrroloe[2,3-b|pyridine-7-carboxamide

1A Preparation of 6-chloro-N-(2.4-dimethoxybenzyl)-1-methyl-1H-

imidazo[4.5-c] pyridin-4-amine

15
[00123] Ina 200 mL round bottom flask, 4,6-dichloro-1-methyl-1H-imidazo[4,5-

c]pyridine (15 g, 74.2 mmol) (prepared as per W0O2006122137 example A1.5) was

dissolved in 2,4-dimethoxybenzylamine (25 mL, 166 mmol). The reaction mixture
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N---\\ NOw N N I3oc [00141] To a solution of ethyl
4-(tert-butoxycarbonyl(2, 4-

15di nmet howplkzenizozBgeani no) - 1- met hy1- 1, 6- di hydr oi mi dazo [ 4 PETASp@yion™D

[ 2, 3-b] pyridine- 7-carboxylate (exanple 1F, 5.046 g, 9.90 mml) in DV
(49.5 nL) was added ethyl iodide (1.601 nL, 19.81 mmol) and cesium
carbonate (6.45 g, 19.81 mmol). The reaction m xture was heated at 60 C 60
m n and cool edaf ReatRQBN {EIPLRE 3hUh& coollfto rERE fehBrallrX L WhRr WaSaddbd dged Wi th
ethyl acetate and vacuumfiltered to renove cesium 20 carbonate. Saturated
aqueous sodi utansolosdsehdpiscipddedeldedaamm filHaticguddide tayadid. Whe sadidt r act ed
w th ethyl RS re washed with 10%
I|th|un1ch|orS@g&’%kgwmhémgnge%%gﬁhﬂ%%ng{ u@hﬁghﬁﬁgﬁﬁﬁyﬁulfate filtered
and concentratlmmbthqubeanzylinl n@rtludléHiamdhzcﬂ S\f«dpyruhrr Aaendnef(3. W&t gl 95[90142] MBS
(ESI) mz 38'%(£askgr %80é4$b 1H NWVR (400 MHz, CHLOROFORMd) 6 ppm 7.79
(s, 1 H, 7.6 Q™1 HegosBUY ™ 743 (s, 1 H), 6.39 (dd, 1 H, J=8.41.
2.38 Hz), 6. 3.’[&)0(12]4] 11vf$(E3;¥)2m£63HD)(M+51)20 (s 2 H) 4 79 (q, 2 H J=7. 03
He), 441 (4, 1 MR &@M D%d 1 1H% 153

1.44 (t, 3 H [991%5115 ﬁﬂ 150/MHg, DYS(yd 6)§P®171%?5(58 B 794 63H|1|z§

2011/ 028864PCHZ}J$2183<@/1Q47J@%5 i&%%rs@lﬁ@rmj 685 @d, 1 H, ]=2.47 Hz), 6.42 (dd, 1 H,

4-(tert-butoxycarbonyl benzypam no) - 6-

et hyl - 1- met hyl= 815252d7ﬁ32dr40i4rfdd7a121011=§ 78&!4) @y&%(@lﬁi? 334164, gybi V' he. YHear boxyl i ¢
aci d GVEfO

1B Preparation of fert-butyl 6-chloro-1-methyl-1H-imidazo[4,5-c]pyridin-4-

vyl(2.4-dimethoxybenzyl)carbamate

N7\

Boc OMe
[00126] To a solution of 6-chloro-N-(2,4-dimethoxybenzyl)-1-methyl-1H-

15  imidazo[4,5-c]pyridin-4-amine (example 1A, 0.63 g, 1.893 mmol) in tetrahydrofuran
(38 mL) cooled to -78 °C, was added NaHMDS (1.0 M THF, 2.366 mL, 2.366 mmol)
slowly. After stirring at -78 °C for 30 min, BOC,0 (0.483 mL, 2.082 mmol) was
added. The cold bath was removed and the reaction was allowed to warm to rt ON.
By HPLC, ~50% conversion was observed. The solution was re-cooled to -78 °C.

20  NaHMDS (1.0 M THF, 2.366 mL, 2.366 mmol) was added and the mixture was
stirred 30 min before the addition of BOC,0 (0.483 mL, 2.082 mmol). The cold bath
was removed and the reaction warmed to room temperature 5 h. The solvent was
removed under reduced pressure and the residue partitioned between ethyl acetate and
water. The organic layer was washed twice with water, dried over anhydrous

25  magnesium sulfate, filtered and concentrated in vacuo. The crude residue was
purified by flash chromatography using an Isco 40g column eluting with 50 - 100%
ethyl acetate/hexane to yield zert-butyl 6-chloro-1-methyl-1H-imidazo[4,5-c]pyridin-
4-y1(2,4-dimethoxybenzyl) carbamate (0.638 g, 78 % yield) as a foamy white solid.
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5[ 00144] To a solution of ethyl 4-(tert-butoxycarbonyl(2, 4-

di met hoxybenzyl ) am no) - 6- et hyl -| - et hy1- 1, 6-di hydr oi m dazo [ 4, 5-d] pyrrol o
[ 2,3 - b]lworndinesesd- car boxyl ate (exanple 1G 5.32 g, 9. 2Cwruskjioiomreet hanol
(49.5 nL) was added 1 N NaCOH aqueous solution (49.5 nL). The reaction

m xture was heated at 60 C 3 h and cooled to rt. Ethanol was renoved by
concentration in vacuo. The 10 residue was acidified wwth 1 N HC1 and the

product was c@johef temg)%syﬁ%qggblm;@tlon
4-(tert-But oxycar bony1l 4- di met hoxybenzyl ) am no) - 6- et hyl - | - et

1, 6- di hydr oi n{(lﬂé%%i[ 4IHWB>MQWHFZCEL@FQ§QRM -AEd meéﬁﬂ)@le)H é?:(dél(4 39,

844 nmol , M gl a 9jid after
drying on the v%cguﬁlnlgz)l)éﬁ)glﬁg])%@?Es}v@%ﬁ%?;ﬁz) ?/ﬁ%sdlwlljlﬁfr’epar ation of
tert-butyl 7-HdiSyidl(opridpy.Re ey iy 63 81, B4 -3kt hyo ¢s, 9 H)

1, 6-di hydr oi m dazo[ 4, 5-d1lpyrrol o[ 2, 3-bl pyri di n-4-y1(2, 4-di net hoxybenzyl ) car
bamate 20f00146] To a m xture of

4- (tert-but oxycar booy 1(Eephrdionet Rextnbe nzydimaiibadenA1(6-

ethyl-1-nethyl-1, 6- d| hygro i.mdazo [4,5- d] pyrrolo [2 3 b] pyridi ne-7-c
arboxyl i c aci &diphepylmg ppmino Jolgmethyl 1 F-imidazgf QoyNgRe-gepafiamag (17,47 nl)
was added di cycl opropyl am ne hydrochl oride (0 303 g, 2. 271 nmol ) ,

N- net hyl nor phol i ne (0.499 niL, 4.54 rrm)l) DVAP (0.021 g, 0.175 mol ), and
HATU (0. 797 g, 2.096 25mmol ). The reacNu{n m xture was stirred at rt 5 h
and heated to 50 Cfor 45 mn. The re ctNon was cool ed to room
tenperature. Acetonitrile was renbve K vacuoOBlfied t he resi due was
partitioned between saturated uéqli i U _pigar bonat e and

di chl or onet hane. The aqueous | er was exliragd wi t h di chl oronmet hane. The
conbi ned organic layers were dried over afifydrétsosndi umsulfate, filtered
and 5concentrated in vacuo. The crude solid was purified by flash

chr omat ogrl@phy00i29Ing Aahydreescli@@ng(4ool Lwas adHest to agninfurcof Ter-bugh GeloeoCH2C12 t o
yield tert-butyl _ -
(di cycl opropyl car%’ér%gylﬂlqaé-o[é‘tshimyrﬁl ty f11(y14 dimgthglxyrt\)fl%lzry o)lcarﬁb% e (ef(%n%le

-d] pyrrolo [2]1Bs 06138pggr1|4di4mﬁblyhér&pﬂtmdommmxgb@ﬁmﬂ)C@&hinmasmhiz(dbaﬁ g, 78 %

ield lid, 1 14 00148
TH MR (00, M 70D otk s B bl Grubgie ido g5tiege (33 L 25755
ﬁ) , g 2(5) (s, 01142‘|)n,mo® éiQi c(e@idm c&ranaté_ E7€ﬁ607§3g,, 23633%11{5%)) Ih@reaatlc(ndmé(ﬁl;di{wasl 2-351
3. %3’2 (s, égs hea@‘% 90° @ Oggnl(gm Azﬁqqyoollilgz@rqs)@ive@tw rénim@é in yacuay The (37 4oH) ’
Hz), 0.80 - O;&Ru Was ﬁarmone@b&%eélﬁethﬁ agcgaté Qﬂd \éat!:ﬁ‘) The Bf 2R ALI 9y Of

4-am no- N, N-di cycl opropyl-6-et hyl - 1-neth
washed twice with water, dried over anhydrous magnesmm sulfate, filtered and

concentrated in vacuo. The crude residue was purified by flash chromatography

using an Isco 40g column cluting with 50-100% ethyl acetate/hexane to provide tert-
20 butyl 2,4-dimethoxybenzyl(6-(diphenylmethyleneamino)-1-methyl- 1 H-imidazo[4,5-

c]pyridin-4-yl)carbamate (0.757 g, 89 % yield) as a light yellow solid.

[00130] MS (ESI) m/z 414.0 (M-CPhy+2H)

[00131] 1H NMR (400 MHz, DMSO-d¢) 6 ppm 8.16 (s, 1 H), 7.67 (dd, 2 H,

J=8.56, 1.51 Hz), 7.44 - 7.60 (m, 3 H), 7.25 (d, 1 H, J=8.31 Hz), 6.96 - 7.11 (m, 4 H),
25 6.87(s,1H),6.46 (d, 1 H, J=2.52 Hz), 6.33 (dd, 1 H, J=8.56, 2.27 Hz), 4.52 (s, 2 H),

3.70 (s, 3 H), 3.69 (s, 3 H), 3.67 (s, 3 H), 1.25 (s, 9 H)
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di hydr oi m dazol4, 5-dl pyrrol 012, 3-bl pyri di ne-7-carboxamde ,\ N---\\ 1/ O
N N NH2 20[ 00149] To a solution of tert-butyl

7- (di cyclwpnropyi2gsi banoyl) - 6- et hy1- 1- met hyl - PCT/US2010/047621

1, 6-di hydroi mi dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di n-4-y1(2, 4-di net hoxybenzyl ) car
bamate (exanple 11, 2.66 g, 4.51 mmol) in dichloronethane (33.8 nL) was
added TFA (11.28 nlL). The reaction m xture was stirred at rt 45 mn and was
concentrated in vapyo. pihrioHde el ashdUeni@s | RRityi-| HORRA §8LWaRRid&lhy |
acetate and satur a't_d 25 aqueous sodium bi carbonate. The aqueous Tayer was
extracted wit kil jnethoserbenzisl iqapbagiateand t he combi ned organics were dried
over anhydrous SOdI um sulfate filteged and concentrated in vacuo. The
crude solid was purfied by flash chroNefography using an Isco 40 g colum
eluting with 4 - 10% MeOH CH2C12 to N 4 no- N, N-

di cycl opropyl-6-ethyl -1-methyl -1, 6 ih droim o [4,5 -d]pyrro 1o [2,3

-b] pyri di ne-7- carboxam de (1.2 9 %yield) as a pale yellow
solid. [00150] M5 (ESI) mz 339.2 (l\/HrH) BOC[ 1] 1H NWR (400 MHz, MeOD) 6
ppm 7. 95 (s, 1H) 7.15 (s, 1 H), 4.51 (q, 2 5H 9™ 13 Hz), 4.04 (s, 3 H),
|2-|)8?Pr gpg?a'gl ﬂ) Ina?&)o(ntlL roundH%)d)tt ﬁask tert- b%gylémdlmetm)){ybenzyﬁ6 0.81 (m 4
N, N- di cycl 8pr @Mihﬂﬁmtﬁy}dneﬂnalﬂ@thmbﬂlﬂtk(ﬂhhmm 4, 2-ciflyaidinaBycarbamate

Lo ol et S SRV oL, BRI %5058 PRI 91001521 To

di hydroi m daz@cﬁd%d5A‘ﬂtblpyﬁﬁrp|tHé[r3acﬁorb'}v ueﬂémaw?mqan N@@H%S’&Lg e 1J, 30
ng, 0.089 mmol), 2-bronot hi azol e $ 0.133 mml) d2( dba) 3 (12 18

ng, 0.013 nmoPRgetatg|IRPmI)oThgorepric awerov?@ S?ﬁ?ﬁ}“)d dinesl YSHIITOBY YRR oxi de
(13.63 my, 0. 1dadTARELd WRScorhed: el %c&zﬁwhe[rééﬂue v%l‘s] ﬁrlga Whddf E1cW@R r&par ged

with argon gas for 5 mn 15and heated to 85 . . The reaction
m xture wa8 filheed wighrated wityhther (ﬂkhdsmte@ettrwyléﬁmlmh@@ﬁwi -4tled. The crude

resi due was p eparat | i
N, N- di cycl opr (&:)h[l)lf/l%2 PS Q%%ﬁalﬁﬂﬁélgﬁ{/?&fh@ %{ ﬁf%%gﬂa%/ayﬁ gﬁﬁﬁ'r?%? ig’11,569-3 mmol,
di hydr oi m daz oPAYS-d{ my arcedao] 2]i8- bleyinl adirivd {Fwaeal ok snfuder(pdrificatioh0. 49 %
yi el d) al ong W'Otlgg’]sorﬁs {E%?)Or}/ﬁrﬁq Os(t[\ﬁrﬁ)i ng material .
[00134] 1H NMR (400 MHz, DMSO-de) & ppm 7.93 (s,1 H), 7.44 (d, 1 H, J=8.31
15 Hz), 6.44 (d, 1 H, J=2.27 Hz), 6.35 (dd, 1 H, J=8.56, 2.27 Hz), 6.25 (s, 1 H), 5.58 (s, 2
H), 4.87 (s, 2 H), 3.67 (s, 6 H), 3.63 (s, 3 H), 1.30 (s, 9 H)

1E  Preparation of fert-butyl 6-amino-7-iodo-1-methyl-1H-imidazo[4,5-

cJpyridin-4-y1(2.4-dimethoxybenzyl)carbamate

\
N7\
N

I N OMe
»
RS
Boc OM

[00135] In a round bottom flask, terz-butyl 6-amino-1-methyl-1H-imidazo[4,5-

20 ¢
c]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate (example 1D, 7.887 g, 19.08 mmol)
was dissolved in MeCN (200 mL) and cooled to 0 °C. N-Iodosuccinimide (4.51 g,
20.03 mmol) was dissolved in the remaining MeCN (50 mL) and added dropwise to

25  the reaction mixture over 40 min. The reaction mixture was stirred at 0 °C for an
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20 [00153] MsS (ESI) mz 423.0 (MtH) [00154] 1H NVR (500 MHz, DMSO-d6) 6 ppm
8.14 (s, 1H), 7.47 (d, 1H, J= 3.57 Hz), 7.24 (s, 1H), 7.14 (d, 1H, J= 3.57
Hz), 4.63W0aq0112138864 = 6.87 Hz), 4.05 (s, 3H), 2.88 -2.9®Crms2@bi47621 39 (t,
3H, J= 7.01 Hz), 0.73 -0.81 (m 4H), 0.64 -0.70 (m 4H) 25 Exanple 2

/'V, N-di cycl opr opyl- 6-et hyl - 1- met hyl - 4- (4- et hyl t hi azol - 2-yl am no) - 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-carboxam de WO

20117 028864PCiHR2ALAY Qh/d Jwag ARERANAH 20 s‘éalum hydrogensulfite (125 mL).

4- (3-benzoyl t hi ourei do) - NN-di cycl opr opyl-6-et hyl -'1-

met hyl - 1, 6- di Ajdngiand wampelagrewere piaitghestior ) ming vl @inarcavas drapdwised tele

5[ 00155] A so a I 1, 6-

di hydroi m daz%gfﬂﬁ?agor?ff néfllf %qu%g%l%%%%égﬁ%ggx%yﬁg% E% (3;( ggu(q%xanpl e 1J,
234 ng, 0.69 fhotimtamd doganrdyyers sat Iwiasi@ylasri&t\wte(r@ndbm dﬁecB@/em‘fszSDz;,l n
acetone (3.m room t.enper tur reaction m xture
was cool ed to}iageiarb&%feél?ra%gén ‘é{'&ﬁoedﬁl d% aﬁaurﬂ)f;leg}\ﬂ’%agfl d was

col l ected by thbima@giaphy @i aailscodrecoltian gluuﬁzg &9142(0300% ethyl

enzoyl t hi our ei do N- di c 0 6-eth

di hydr oi mi o|az6‘i‘3212 %QH 15 K Pﬂﬂf‘@zg@qﬁ}%%@m% 10f‘°éa%‘i9¥‘§ﬁ &’éld%‘)é‘b5' , 88%

yi el d) [001561; 0BSH)2,4-Hinfethb IRarbBihgte POB A Mt vield 1d yeliswNVR (1400
MHz, DMBO g%’ﬁ%lm%‘@ (ltr)]frre ;s(;ﬁ%nfml?lslr : e@? Sé(\)/lg n%,lezbl—l) 632 - 7.74 (m
1H) 758(t slidy. 65 Hz, 2 H) 7.34 (s, 1H) 447(br s., 2 H 4.11 (s, 153
ll:i)D .90 - 13 9% 04 53] 2M§(E%Iﬂ§/z(s§9o%M'j') 1.28 (br. s., 3 H 0.64- 0.81 (m 8

2BPreparation
N, N-di cycl opr d}$y37l6- éHH‘JtN/IRﬂ(MbMHyJ DXISORdsd & ppin @8015,8-H), 7.40 (d, 1H J 8.06

di-hydroi m dazedd o ql " 12b 33 2,3 631 40§ 1) £3 ROXATAR (/7)) 3.95

(s, 3 H), 3.67 (s, 3 H), 3.64 (s, 3 H), 1.30 (s, 9 H)

15 1F  Preparation of ethyl 4-(fert-butoxycarbonyl(2.4-dimethoxybenzyl)amino)-

1-methyl-1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-carboxylate

EtomN OMe
oC [ ‘:\OM

H B

e
[00138] To a flask charged with tert-butyl 6-amino-7-iodo-1-methyl-1H-
imidazo[4,5-c]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate (example 1E, 3.49 g,

20  6.47 mmol) in DMA (43.1 mL) was added Pd,(dba); (0.474 g, 0.518 mmol), ethyl
pyruvate (7.22 mL, 64.7 mmol), and N-methyldicyclohexylamine (2.77 mL, 12.94
mmol). The reaction mixture was sparged with argon for 10 min and heated at 60 °C
6 h. The reaction was complete by LCMS. After cooling to room temperature, the
reaction mixture was diluted with ethyl acetate and saturated aqueous NaHCOs. The

25  resultant emulsion was vacuum filtered through a pad of Celite and transferred to a
separatory funnel. The aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with 10% aqueous LiCl solution (2 x). The

organic phase was dried over MgSQOy, filtered and concentrated in vacuo. The brown
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N--- -Ni NISO0::iN21\1 NA NH2 \H 20[ 00158]

4- (3-Benzoyl t hi ourei do)-N, N-di cycl opropyl-6-ethyl-I|-nethyl-1, 6-

di hydr oi mvOaat/q2486%- d] pyrrol o[ 2, 3- b] pyri di ne- 7- car boxanipd@/uSexampioel 2A, 306
ng, 0.61 nmmol) and 1IN NaOH (10 mi, 10.00 mmol) in 10 mM EtOH were heated at
60C for I h. The reaction was cooled to roomtenperature and concentr at ed.
The remai ni ng aqueous solution was extracted (3x) with ethyl acetate. The

organi c phasere%m\aaayﬁdrﬁﬁd@y%sﬂ\a?o‘}%@griﬁhwghggm IR0 QDGR i@ %dvith

Purification bg ica ge chromat o chl or onet hane/ net hanol 0-4%
gave N, N-dicyé 189%@@33’13@%@/1@}?11“@#@?8@34 4t(lfﬁrbblrt@i3’d@rb§tn}6(2cﬁ hydroi mi dazo

829 y1 o1 ) . [B TRy DT VR oSy IR e B Tk AR b e

CHLOROFORM d) 7ea1ppmlat¢(z)&30(gm6°/syl¢1d1 9.27 (s, 2 H 7.75 (s, 1 H 6.89

gts } |7‘|)1‘51 52[60?33% &%@Sﬁéﬂg% %(B%%&)(SZP?e?argt |7(7)n-of2 0. (m 2 F .45

N, N- di cycl oprqm}jle]G eHhyNR Y400enhiy) CHLOROFORM d)6ppm783 (s, 1H),7.57(d, 1 o
L0met hyl thi azp) %%11&5} 793 a1 B LIV, BLGRROTE: Pl Py RO A5 kA, T N Ry dine
N, N-di cycl opr epy 4> Bz)e8 Iy |s; iHTMlBy(lq At 1147(1}5}@2)0@09]%631515 BMF(QBTPI)d%@M S-
d] pyrrol of 2, 3- b£ ridi ne car boxam de (exanpl e .10 nmmol ) and
15 chl or oacet 6n %6124340@1{ J5748 Hawd140 (5P X OH (2 ) vvere heat ed at 80C for
20 min. Thg reaction was cooled to roomtenperature and the sol vent renoved
i n vacuo. Saturat ed NaHCCB soI ut| on was added and the aqueous | ayer
extracted (3x) w tHedi dhtmratiorbhethy d gaibonyl@yded ot
dried over Naz2s5Q4, fil
purified by s
provide N, N-dicycl opropyl-6-ethyl-1- met\hyl
(4- et hyl t hi azol - 2-yl am no) - 1, 6-di hydr o} I\dazo[4 5-d] pyrrol o[ 2, 3-b] pyri di ne
-7- carboxam de (9 ng, 12 % yilkOd) Ite soikd. [00162] Ms (Cl) niz
436.1 (MHH) P
O N NN
Boc

OMe

[00141] To a solution of ethyl 4-(tert-butoxycarbonyl(2,4-

15  dimethoxybenzyl)amino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-
7-carboxylate (example 1F, 5.046 g, 9.90 mmol) in DMF (49.5 mL) was added ethyl
iodide (1.601 mL, 19.81 mmol) and cesium carbonate (6.45 g, 19.81 mmol). The
reaction mixture was heated at 60 °C 60 min and cooled to room temperature. The
reaction mixture was diluted with ethyl acetate and vacuum filtered to remove cesium

20  carbonate. Saturated aqueous sodium bicarbonate was added and the aqueous layer
was extracted with ethyl acetate (2 x). The combined organic layers were washed
with 10% lithium chloride (3 x), dried over anhydrous magnesium sulfate, filtered
and concentrated in vacuo. Crude product was carried forward.

[00142] MS (ESI) m/z 538.1 (M+H)

25 [00143] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.79 (s, 1 H), 7.62 (d, 1
H J=8.28 Hz), 7.43 (s, 1 H), 6.39 (dd, 1 H, J=8.41, 2.38 Hz), 6.32 (d, 1 H, J=2.26 Hz),
5.20 (s, 2 H), 4.79 (q, 2 H, J=7.03 Hz), 4.41 (q, 2 H, J=7.28 Hz), 4.07 (s, 3 H), 3.74 (s,
3H),3.61(s,3H), 1.44 (t,3 H,J=7.15 Hz), 1.41 (s, 9 H), 1.37 (t, 3 H, J=7.03 Hz)
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[00163] 1H NMR (400 MHz, DMSO-d6) 6 ppm 10.70 (br s, 1H), 8.12 (s, 1H),
7.23 25(s, 1H), 6.69 (s, 1H, 4.61 (q, 2H, J=7.19 Hz), 4.04 (s, 3H), 2.88
-2.98 (mwokMpi/e2s®9 (s, 3H), 1.38 (t, 3H, J= 7.15 Hz), @CTAIS2@08176¢Mm 4H),
0.62 - 0.70 (m 4H) Exanple 3

[V, N-di cycl opropyl-6-ethyl-4-(4-(fluoronethypthiazol-2-ylam no)-1-nethyl-1,
6- di hydroi m dazo[ 4, 5-d] pyrrol o] 2, 3-b] pyri di ne-7- car boxam de 3APreparation
of 1-brono-3-fluoropropan-2-one 0 5FBr [00164] Bromine (0.36 m, 7.02
mmol ) was added dropwi se to a solution of 1- fluoropropan-2-one (0.51 nl,
7.02 mol) in car t cirenardiion of #&rer Dy 2.4 benzglaneinget at 45C
for 3h. The rg@lgf_i_%thﬁ_%%ﬁg:,
water. Upon e

| ayers were dried over Na2SO4, filterelslN and concentrated. Purification by

silica gel chromatography (0-20% Et OAc/ H@f\ﬁnes) gave
1- br ono- 3-f | uor opr opan-2- one HS, a oil (M8 ng, 65% . [00165] 1H NMR
(400 MHz, CHLOROFORM-d) 6 ppm 5. | : (s, 1 H 4.10 (d, J=2.86
Hz, 2 H). 15 3Preparation of © N1

N, N- di cycl opropyl- 6-et hyl-4-(4-(f abr onet H34c) - 2-

yl am no) - 1- net hyl -1, 6- di hydr oi m dazor 4, 5-dlpyrrol o] 2, 3- bl pyri di ne-7- car boxa
m de [00166] [(eégar &d afsolation of ethyl 4-(zert-butoxycarbonyl(2,4-

N, N- di cycl opr -6-ethyl - 1- hyl.- 4-t hi our ej do- 1, §-

20di hydr oi mi dﬁ%{‘ X be&?ﬁ&rﬂf‘f’%‘?@cﬁ%‘gﬁzl' B‘QY‘f]d?'ﬁ@ygf-ol?&ﬁi?@%?fﬁl?@“?‘@%pl e 2B)

and 1- brono- ngghaﬁ@én%ﬂ:@@ﬁa@(&a&p(e%mﬁgg%, 3Amkist) AtahE (3RFmIPRAsedur e for
Z

2. [00167] MS SI) rt = 1.94 mn, 4“M+H) )
added 1'N NaOH aqueous solution (49.5 mL). The reaction mixture was heated at 60

29 g

aya B A, -

°C 3 h and cooled to rt. Ethanol was removed by concentration in vacuo. The

10 residue was acidified with 1 N HCI and the product was collected by vacuum
filtration. 4-(fert-Butoxycarbonyl(2,4-dimethoxybenzyl)amino)-6-ethyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxylic acid (4.3 g, 8.44
mmol, 85 % yield over two steps) was isolated as a white solid after drying on the
vacuum.

15 [00145] MS (ES)m/z 510.0 (M+H)

11 Preparation of fert-butyl 7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-

1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pvyridin-4-y1(2.4-dimethoxybenzyl)carbamate

AN
PN

D—NmN OMe
gae!

O N N N
Boc

OMe

20  [00146] To a mixture of 4-(tert-butoxycarbonyl(2,4-dimethoxybenzyl)amino)-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxylic acid
(example 1H, 0.89 g, 1.747 mmol) in acetonitrile (17.47 mL) was added
dicyclopropylamine hydrochloride (0.303 g, 2.271 mmol), N-methylmorpholine
(0.499 mL, 4.54 mmol), DMAP (0.021 g, 0.175 mmol), and HATU (0.797 g, 2.096

25  mmol). The reaction mixture was stirred at rt 5 h and heated to 50 °C for 45 min.
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[00168] 1H NMR (400 MHz, CHLOROFORMd) 6 ppm 9.34 (br. s., 1 H 7.75 (s, 1
H 6.96 (d, J=3.52 Hz, 1 H 6.90 (s, 1 H 527 - 553 (m 2 H 4.75 (q,
J=7.12 HzwO020D7H863. 98 - 4.11 (m 3 H) 2.76 - 2.91 (m 2PCHUS2015447621 J=7. 04
Hz, 3 H 0.70 - 0.94 (m 8 H. Exanple 4

4-(4-tert-butylthiazol-2-ylam no)-/V,Ndicycl opropyl-6-ethyl-1-nmethyl-1, 6-
di hydr oi m dazo[ 4, 5-d] pyrrol o] 2, 3-b] pyri di ne-7-carboxam de 5 [00169]
Prepared fromrie Nadionvas k@&é@t@%éorﬁte%{ﬂébﬁ%ré ﬂ@ét&ﬂﬂrﬂé‘w&shrbﬁb'\l?e%'zﬂ Qicke 6-

di hydroi mi dazo [ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 2B) and
1- chl oro- 3, 320 therdi bwwmu@ﬁébﬂw afupgedsagiveoys s ol wi prcarbasate aisbr t ed f or

%/i—lz[ O(C):I:EIZ(C)]]?CF Cﬁ%@%&ﬁan gl 3@ J{ﬂ:@l’a{&h% é}?t Sﬁe?ﬂtxt% dlﬁ@oréﬁ%@ Tﬂe'f EII)NR 4( ‘7120 (a
i :7%70?SH2 1 b{)mldlinﬁiélorgamc Bydd) wRredvied o®r 8thydmus Rod)m 1R, (ittgredaidl 03 Hz, 3 H)

V. byl opf afgsddy kGt Tpge bl ATF PR SRR YRR 5, 1 arm no) -
1- et hyl - 1, 6adisby 80 gicstusiazfidg Entﬂ]lp%VJMbOHKJI&(b;]tpWeildﬂkéﬂﬂbtﬁyl@ar boxam de
SAPr eparati on (dO cyc}opropyfgar%ammgl) g P?%e%h%/ll fl %n(}/ L}cp 51%?(@120 ?I (prrrolo 2,3-
b]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate (0.8 g, 78 % yield) as an off-white
solid.
10  [00147] MS (ESI) m/z 589.0 (M+H)
[00148] 1H NMR (400 MHz, CHLOROFORM-d) é ppm 7.78 (s, 1 H), 7.67 (d, 1
H, J=8.28 Hz), 6.85 (s, 1 H), 6.40 (dd, 1 H, J=8.41, 2.38 Hz), 6.33 (d, 1 H, J=2.51
Hz), 5.20 (s, 2 H), 4.58 (q, 2 H, J=7.03 Hz), 4.02 (s, 3 H), 3.74 (s, 3 H), 3.62 (s, 3 H),
2.77 -2.85(m, 2 H), 1.42 (s, 9 H), 1.39 (t, 3 H, J=7.40 Hz), 0.80 - 0.89 (m, 4 H), 0.72
15  -0.78 (m,4 H)

1J Preparation of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-

dihydroimidazo[4.5-d]pvrrolo[2.3-b]pyridine-7-carboxamide

0 NN ONH,

20  [00149] To a solution of fert-butyl 7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-yl(2,4-dimethoxybenzyl)carbamate
(example 11, 2.66 g, 4.51 mmol) in dichloromethane (33.8 mL) was added TFA
(11.28 mL). The reaction mixture was stirred at rt 45 min and was concentrated in
vacuo. The crude residue was partitioned between ethyl acetate and saturated

25  aqueous sodium bicarbonate. The aqueous layer was extracted with ethyl acetate (2
x) and the combined organics were dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The crude solid was purfied by flash chromatography using

an Isco 40 g column eluting with 4 - 10% MeOH/CH,Cl, to yield 4-amino-N, V-
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[00172] Sul furyl chloride (0.248 nL, 3.05 mml) was added dropwi se to a

sol ution of 1-(isopropylsulfonyl)propan-2-one (418 ng, 2.55 mol) in 1:1
AcOH DCMwo@o1wr2yseat OC. The reaction was stirred at rt PCorus4do/ofteel sol vent
was renoved in vacuo, then diluted with dichloronethane. The organic |ayer
was washed (2x) with saturated NaHCO3 sol ution, dried over Na2SO4,
filtered, and concentrated to | eave 800 ng of a colorless oil. The materi al
was used with r ni tq B,

L CRORCRM o) 9%&%5%6%#!% etlBH 1 &éﬁ\ | @thﬂm&%%}s ngwaézgﬁggyme 7

3 H 1.45 (ddcarhef@n@db(l?; gaéSﬂznmcé )% v )@papd@iy@ilpwohd

NA- di cycl opro ‘%Sﬁn
(1 sopropyl sul ny rret I azo F&m no) - 1- met hyl- 1, 6- di hydr oi m dazol4, 5
- 10di pyrr ol o1®138t]bl pyIrNMRr(éOOMHarMeQEmﬁ dem 7[9004 14]), Piepat &d, 4.5loip N, N- di cy

cl opropyl-6-e - 1-pet hyl - 4- t hiQur ei do- < 0 roi mda

[ 4, 5-d] pyr ? ol %’{%]734} ﬁﬁf:}?ﬁ&ﬁ’ﬁ@g?%ﬁf 2833%1%2‘)’(12%5%&@’ %? Gy (m.4 .

chl oro-1- (i sopr7opylgsyinf ®AY! ) propan- 2-one (exanple 5) using sane procedure
as l5reported for 2. [00175] M5 (ESI) rt = 1.84 min, mz 542 (M:tH). [00176]
1H NVR (400 MHz, CHLOROFORM d) 6 ppm7 82 (s 1H 7. 01 (s, 1 H 6.90 (s, 1
H 4.73 (q, J=7.041Hz, Reddai; ¥

Hz, 1 H 2.79 - 2.91 (r H
6 H 0.74 - 200:dhydrepnidazely S-dHy

10 [00152] To a mixture of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-

2.56 (s,

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 30 mg,
0.089 mmol), 2-bromothiazole (11.98 pL, 0.133 mmol), Pdy(dba); (12.18 mg, 0.013
mmol), BINAP (24.84 mg, 0.040 mmol) and sodium ferz-butoxide (13.63 mg, 0.142
mmol) was added PhMe (887 puL). The mixture was sparged with argon gas for 5 min

15  and heated to 85 °C for 5.5 h. The reaction mixture was filtered through a plug of
Celite and concentrated. The crude residue was purified by preparative HPLC to
provide N, N-dicyclopropyl-6-ethyl-1-methyl-4-(thiazol-2-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4 mg, 10.49 % yield)
along with some recovered starting material.

20 [00153] MS (ESI) m/z 423.0 (M+H)
[00154] 1H NMR (500 MHz, DMSO-ds) & ppm 8.14 (s, 1H), 7.47 (d, 1H, J=3.57
Hz), 7.24 (s, 1H), 7.14 (d, 1H, J=3.57 Hz), 4.63 (q, 2H, J = 6.87 Hz), 4.05 (s, 3H),
2.88 —2.99 (m, 2H), 1.39(t, 3H, /= 7.01 Hz), 0.73 — 0.81 (m, 4H), 0.64 —0.70 (m,
4H)

25

Example 2

0 NONONTN
H

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methylthiazol-2-ylamino)-1,6-
dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide
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R S

'V, N-di cycl opropyl-6-ethyl-1-nmethyl-4-(4-propylthiazol-2-ylam no)-1, 6-

25di hydr owoi2du620088645- d] pyrr ol o[ 2, 3- b] pyri di ne- 7- car boxamrCaaSp@OOF7bpR1
Prepared from N, N-di cycl opropyl- 6-et hyl - 1- net hyl - 4-t hi our ei do- 1, 6-

di hydroi m dazo [ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 2B) and
1- bronoppent an-2-one using the sane procedure as reported for 2. [00178] M5
(ESI) rt =1.94 mn, mMz 464 (MtH) . [00179] 1H NNR (400 MHz, CHLCRCFCRN$d)

6ppm8.43-978(m1 7714 6. 89 1H)648 1 H 4.75
(g, J=7.04 Hz, 2 pg_4 dﬁg@ggmgo (bbagoannu id lopr --thl,h7 37 Hz,
2 H 1.76 (day, i Qg 1) 101 (.

IV, N—dlcyclopropyl 6 ethyl 4- (4 e yIth|
10di hydr oi m dazo[ 4, 5-d] pyrr ol©o] 2,
Pr epar ed fron1N,N—dicycIoproﬁ?r

-2-yl am no) - 1- met hyl - 1, 6-
- b] pyr {'diYne- 7- car boxam de [00180]
- et “Ixyet gyl #- t hi our ei do- 1, 6-

di hydr oi m dazo [ 4, 5-d] pyrrol of 2, y -cgdf boxam de (exanple 2B) and
1- bronobut an-2-one using the sere pNocadur & asNr e d for 2. 15[00181]
MS (ESI) miz 450 (M+H). [00182] 1H ( 400 BvHAL ORM d) 6 ppm 7.71

(s, 1 H 6.89 (s, 1 H 6.49 (s, 1 H 4.75 (q, J=7.03 Hz, 2 H) 4.04 (s, 3
H 2.80 - 2.88001A§] 2 AHphiod 5f §-gmind=V Ndbcydoprapy Hy-cthyBlnethyl-J67. 15 Hz, 2 H)

é_ ??N(Nt i\l J=7. ﬁglyclﬂzoimiglazla%,Qdﬁ)glrrgl%hﬁ—g]pyrigméﬂ»—'carbg)%a%ggel: &:xaBmBle ll\‘li,_2_3>l \mgl,\IN Sel”

0.69 mmol) and benzoyl isothiocyanate (0.1 ml, 0.83 mmol) in acetone (3 ml) was
stirred at room temperature for 3h. The reaction mixture was cooled to 0°C and water
was added. The resulting brown solid was collected by filtration and air-dried to give

10 4-(3-benzoylthioureido)-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (306 mg, 88% yield)
[00156] MS (ESI) rt = 1.86 min, m/z 502 (M+H).
[00157] 1H NMR (400 MHz, DMSO-d6) 6 ppm 8.44 (br. s., 1 H) 7.99 - 8.07 (m, 2
H) 7.64 -7.74 (m, 1 H) 7.58 (t, /=7.65 Hz, 2 H) 7.34 (s, 1 H) 4.47 (br. s., 2 H) 4.11 (s,

15 3H)2.90-2.99 (m,2H)2.08 (s, 1 H) 1.28 (br. s., 3 H) 0.64 - 0.81 (m, & H).

2B Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1.6-

dihydroimidazo[4.5-d]pvrrolo[2.3-b]pyridine-7-carboxamide

O N N/NiNm
(\ H
20 [00158] 4-(3-Benzoylthioureido)-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2A, 306 mg,
0.61 mmol) and 1N NaOH (10 ml, 10.00 mmol) in 10 ml EtOH were heated at 60°C
for 1h. The reaction was cooled to room temperature and concentrated. The
remaining aqueous solution was extracted (3x) with ethyl acetate. The organic phase

25  was dried over NaSQOy, filtered, and concentrated. Purification by silica gel
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cH

'V, N-di cycl opropyl-6-ethyl-1-nmethyl-4-(4-(pyridin-2-yl)thiazol-2-ylamno)-1
, 6- di hyowoi2nidaesssji4, 5- d] pyrrol of 2, 3- b] pyri di ne- 7- car boramiuseo10/0@G283] A
solution of 4-am no-N, N-di cycl opropyl-6-ethyl-1-nethyl-1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 1J, 70
nmg, 0.21 nmol) and benzoyl isothiocyanate (3611,1, 0.27 mmol) in acetone (1

m) was Sti”@& Ahtob f‘c‘mb%rﬁéh%[%/rﬁe% - Rpo) JWe Aselaeat d-& yed in
vacuo, the resi guetog \é\’ggsédta ken ut nl n anblaéd ?Sg ? P&% ng, 0.290

mol ) was addédnethid th@a@t@d@ﬂmdm@aﬂ@@ M@OHOQ3 -Blpyridipo - cool ing to
room t enper at r Y, anone, hydrobrom de (139.4
ng, 0.50 mmol )Ua{r\g\/e()alxsaal1%r e%%wé i>eﬁ(lrlgda@ f(%n) %1 ?ed at 80C for 24h. The
reaction m xt (0085%as MOASEInz398 Odrtd.enper at ure and concentrated. The

resi due was purifi 7%

Voo di chi or o iiney PRI ARG T RRET ORMAE M Y LOEREC g B 10. 2 g
(10%::|yi el FI) ofs, 2H)775(s 1H)689(sh1 H)452(q,J 7121;112 2%)4(?6)(sh3H)2|772290

N, N-di cycl opr - 1- net redin-2-yl)thiazo -

yl am no) -1, g‘ﬁ*?yﬁ} bgﬁ{tdéffol[@ﬁ,%-%i)ﬁi@r (9}9% §HB] pyri di ne-7- carboxam de as a
br own solid [00184] M5 (ESI) rt = 1.78 min, mz 499 (MtH). 15[00185] 1H NWR
( DVBO- d6) 6ppm109(s 1H, 1H) 781(d 1H) 7.75 (s, 1H),
3.92 (m 4H), 3.772(q, 24 Igpraypl-6-ct : anple 9

20Pr epar ay Onn{%{h 1th1azol2 lamino 16d1
[V, N-di cyc opropy y1l-1-ne

yl am no) -1, 6- da_agz{imnsigm dazo[ 4, 5- d] pyrrol 0[2 3- b] pyri di ne- 7- car boxam de
[ 00186] This conpound was prepared according to exanple 2 using
3-bronol, 1, 1-trifl uoroacetone to provide N

, N-di cycl opr opoolet- etyy-diicielomopwilo-ethy14-methyl-4-thioureido-1,6-dihydroimidazo[4,5-

d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B, 40 mg, 0.10 mmol) and
15  chloroacetone (62.4 mg, 0.40 mmol) in EtOH (2 ml) were heated at 80°C for 20 min.

The reaction was cooled to room temperature and the solvent removed iz vacuo.
Saturated NaHCOs solution was added and the aqueous layer extracted (3x) with
dichloromethane. The organic layers were combined, dried over Na,SQ,, filtered, and
concentrated. The crude material was purified by silica gel chromatography
20 (dichloromethane/methanol 0-7%) to provide N,N-dicyclopropyl-6-ethyl-1-methyl-4-
(4-methylthiazol-2-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (9 mg, 12 % yield) as a white solid.
[00162] MS (CI) m/z436.1 (M+H)
[00163] 1H NMR (400 MHz, DMSO-ds) & ppm 10.70 (brs, 1H), 8.12 (s, 1H), 7.23
25 (s, 1H), 6.69 (s, 1H), 4.61 (q, 2H, J=7.19 Hz), 4.04 (s, 3H), 2.88 — 2.98 (m, 2H),
2.29 (s, 3H), 1.38 (t, 3H, J="7.15 Hz), 0.72 — 0.81 (m, 4H), 0.62 — 0.70 (m, 4H)

Example 3



25(trifl uoronethyl)

t hi azol - 2-yl am no) - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-

b] pyri di reo2etiamkssHam de. [00187] M5 (ESI) m z 490.0 ( MPHI/USYER0/047621

2011/ 028864PCT/ US2010/ 047621 [00188] 1H NWVR (500 MHz, DWVSO-d6) 6 ppm 11.71
(s, 1H), 8.16(s, 1H), 7.86 (s, 1H), 7.27 (s, 1H), 4.63 (g, 2H), 4.05 (s,
3H), 2.89 -2.98 (m 2H), 1.40 (t, 3H, J=6.87 Hz), 0.74 - 0.80 (m 4H),
0.64 -0.71 (m AtA.aR§x8 91-é-chyl-4Jth }lﬁﬁorl}{n&hah)ml&ioiﬂz-yﬁrnﬁﬂa)tﬁmewqfa-

IV, N—dlcyclopropyl 6- et hyl - 5- et hi azol - 2-yl am no) -

1, 6- di hydr oi mi dazo[ 4, Qﬂld}lwmrcbmﬁé Qipb]rpl;on %fbh)e/rrﬂn@a%wmxﬁ@ée 10[ 00189]
4-Anino-N,N-dicyclopropy1-6-ethyl-1-nethy|-1,6-dihydroinidazo [4,5 -

d] pyrrol o[ 2, 3- b] pyri di ne- 7- car boxam de (exanple 1J, 86.3 ng, 0.255 nmol)
was di ssol ved i n a¥%et orizemnadiohehr-bydma-Ffttropoyanzbes (37. 8 pL, 0.281 nmol)
was added. The reaction was stirred ate;ggi;tenperature for 2h. The sol vent

was renoved in vacuo. The residue was taken up in ethanol (1500 pL) and
K2CO3 (49.8 ng, 0.357 15 mml) was adyf Bl reaction nixture was war med

. adai t1 onal 9168 oHSAPRRLASTAE 7484 Tt cn Rl YRR EFED ror
16h. Addi ti on@hordpropan-2-one (0.51 ml, 7.02 mmol) in carbon tetrachloride (25 ml). The
solution was heated at 45°C for 3h. The reaction was cooled to room temperature and
quenched with water. Upon extraction with dichloromethane (3x), the combined
10 organic layers were dried over Na,SQyu, filtered, and concentrated. Purification by
silica gel chromatography (0-20% EtOAc/Hexanes) gave 1-bromo-3-fluoropropan-2-
one as a yellow oil (118 mg, 65%).
[00165] 1H NMR (400 MHz, CHLOROFORM-d) é ppm 5.14 (s, 1 H) 5.02 (s, 1 H)
4.10 (d, /=2.86 Hz, 2 H).
15
3 Preparation of N, N-dicyclopropyl-6-ethyl-4-(4-(fluoromethyl)thiazol-2-

ylamino)-1-methyl-1,6-dihydroimidazo[4.5-d]pvrrolo[2.3-b]pyridine-7-carboxamide

[00166] Prepared from N,N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
20  dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-
bromo-3-fluoropropan-2-one (example 3A) using the same procedure for 2.
[00167] MS (ESI) rt = 1.94 min, m/z 454 (M+H).
[00168] 1H NMR (400 MHz, CHLOROFORM-d) é ppm 9.34 (br. s., 1 H) 7.75 (s,
1 H) 6.96 (d, /=3.52 Hz, 1 H) 6.90 (s, 1 H) 5.27 - 5.53 (m, 2 H) 4.75 (q, /=7.12 Hz, 2
25 H)3.98-4.11(m,3H)2.76 - 2.91 (m, 2 H) 1.54 (t, /=7.04 Hz, 3 H) 0.70 - 0.94 (m, 8
H).
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br onopr opanal was added and the reaction mxture was stirred at 60 C 3 h.
The et hanol was renoved by concentration in vacuo. The crude residue was
purified W 2B0/028%3h chr omat ography using an Isco 12 g ecorarseoelogtseng wit h
2 - 10% MeOH CH2C12). Additional purification was acconplished via
preparative HPLC.

N, N- di cycl opr opyl- 6- et hyl - 1- net hyl - 4- ( 5- net hyl t hi azol - 2-yl am no) - 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b]pyrt§gd%g 4- carboxam de (20 ng, 17.47 %
yield) was isolated as a white solid. 25 [00190] M5 (ESI) mz 436.0 (M+H)
[00191] 1H NWR (500 MHz, DWMSO-d6) ppn1«g,§6 (br s, 1H), 8.12 (s, 1H),

7.23 (s, 1H), 7.12 (s, 1H), 4 621\§q 2H, .78 Hz), 4.04 (s, 3H), 2.87 -
2,99 (m 2H. 2.39 (s. 3H) 1035 3H}3 0 72 -0.81 (m 4H), 0.59
-0.71 (m 4H) Exanple 11 \ N---- N N}JB:}~

/ V, N-di cycl opr opy1- 6- et hy1- 4- (5- & hyl¥hi &Y ol N2- YWani no) - 1- met hyl - 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyxi di ne- H_carboxam de 5 [00192]
Prepared from 2-bronobut anal and

4- Ami no- N, N- di cy‘l:(‘btglftdwyﬂtleazel Bylamigex-NyVrdicy dopfiopylot-efinyd-braseghyl4,65- d] pyrrol o
[2,3 -b]pyridine-7-cq4 QA S&RaPr ocedure as
that of exanple 8. oo& Hagm(sqgjﬁ{mhﬁ[z@mé%hﬂg im&?% 50 ?ﬁ/HH) 10
[00194] 1F5NNR (500 MHz, CHLOROFORMd) 6 ppm 8.91 - 9.22 (m 1 7 71 (s,

35 75780 oy, O1RGus o, i Eighiy. A5y Pl £ 00 6“ 73

- 0.92 (m 8 HWhydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1—

-l
-|

chloro-3,3-dimethylbutan-2-one using the same procedure as reported for 2 .
[00170] MS (ESI) rt = 1.99 min, m/z 478 (M+H).

10  [00171] 1H NMR (400 MHz, CHLOROFORM-d) § ppm 7.74 (s, 1 H) 6.90 (s, 1 H)
6.48 (s, 1 H)4.74 (q, J=7.03 Hz, 1 H) 4.04 (s, 3 H) 2.77 - 2.90 (m, 2 H) 1.53 (t,
J=7.03 Hz, 3 H) 1.37 (s, 9 H) 0.70 - 0.96 (m, 8 H).

Example 5
AN
P,
>—N
7 NS
A s

0~
15 )\

N,N-dicyclopropyl-6-ethyl-4-(4-(isopropylsulfonylmethyl)thiazol-2-ylamino)-1-
methyl-1,6-dihydroeimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

SA Preparation of 1-chloro-1-(isopropylsulfonyl)propan-2-one

20
Q 9
/JKT/ﬁ\r/
ClO
[00172]  Sulfuryl chloride (0.248 mL, 3.05 mmol) was added dropwise to a solution
of 1-(isopropylsulfonyl)propan-2-one (418 mg, 2.55 mmol) in 1:1 AcOH/DCM (16

-61 -



Example 12 \ N--\\ N S'"" NNNH

2-(7-(dicycl opropyl carbanoyl) - 6-et hyl-1-net hyl -1, 6- di hydr oi m dazo[ 4, 5-
d] pyrrol ov0,28t1i2g8601 di n- 4-yl am no) -/ V, N-di met hyl t hi azol ecaASasboxBRi de
12A Preparation of 2-(7-(dicycl opropyl carbanoyl)-6-ethyl-I|-nethyl-1, 6-
20di hydro

i m dazol 4, 5-dl pyrrol 012, 3- bl pyri di n-4-yl am no) t hi azol e-4-carboxylic acid

[00195] 4- Am ﬂgyd}lo% dreYeh @iBh QRY dirR gl HY(I)r‘411 'Tﬁ& E'M%n!—w@s Qhﬁyg{ Q'vg&gaé o0[4,5

- d] pyrrol o] 2, di ne- 7- car boxam de (1J, ng, 0.89 nmol)
benzoyl |sothﬂ@é@dﬁ@@éﬂbdwhbﬂﬁmﬂm@ei@wﬁﬂﬁh¥lﬁﬁraﬁ%W@ﬁéi@A)Wﬁhsﬁmﬁ@dst|rred

" EtoH (6 o) RDE R C el e REEDYHicldd SRR IHERITHE L BIET VP
gegiggnag GOCuMoﬁ%Bhﬂ 1hemMaadmmsgMMa@ﬂmehemﬂmogg?nmmdTﬁth¥L i on was
heat o ar - SocNsgRAn > SIS B APORERORMRE RURS 24 o B “IN e
(6.3 m, 6.30Jﬁ1‘3066) 6.\9@${zaﬂﬂ¢d.56(ls,13hﬁ1r466md,'l]@6194n'3>.05lH£6a{)d heated at 60C for

4h. The reaction was cooled to roomtenperature and the solvent renoved in
10vacuo. The remai ni ng aqueous solution was acidified to pH 1 and the

precipitate 5 Preparation of N, N-dicyclopropyl-6-ethyl-4-(4-

(isopropylsulfonylmethythiazol-2-ylamino)-1-methyl-1.6-dihydroimidazo[4,5-

10  dlpyrrolo[2.3-b]pyridine-7-carboxamide

[00174] Prepared from N,N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-
chloro-1-(isopropylsulfonyl)propan-2-one (example 5%) using same procedure as
15  reported for 2.
[00175] MS (ESI) rt = 1.84 min, m/z 542 (M+H).
[00176] 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 7.82 (s, 1 H) 7.01 (s, 1 H)
6.90 (s, 1 H)4.73 (q, J/=7.04 Hz, 2 H) 4.35 (s, 2 H) 4.06 (s, 3 H) 3.36 (quin, J=6.88
Hz, 1 H)2.79 -2.91 (m, 2 H) 1.53 (t, /=7.04 Hz, 3 H) 1.43 (d, J/=6.82 Hz, 6 H) 0.74 -
20 0.92 (m, 8 H).

Example 6
Y
BSeeSa Ny
O )N N g N
N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-propylthiazol-2-ylamino)-1,6-

25 dihydroeimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide

[00177] Prepared from N,N-dicyclopropyl-6-¢ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-

bromopentan-2-one using the same procedure as reported for 2.
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removed by vacuumfiltration, washing with water, EtOAc, and then

di chl oronet hane to afford

2- (7- (di cwol2orwaagssht car banoyl) - 6- et hyl - 1- net hyl - 1, 6- di hy #coiustdaserept, 5-

d] pyrrol o[ 2, 3- b] pyri di ne-4-yl am no)t hi azol e-4-carboxylic acid (325 ng , 79%
yield) as brown solid. 15[00196] Ms (ESI) rt = 1.85 mn, mz 466 (MH).
[00197] 1H NWR (400 MHz, DVSO-d6) 6 ppm 8.16 (s, 1 H) 7.94 (s, 1 H 7.26
(s, 1 H 4.63 dmgy Qbsir =2 onif, 05 463 3k 336 (br s., 1 H 2.89
-2.99 (m 2H)[ J=7.03 Hz, 3 H) é

2012Pr epar at | dW189] ziﬁﬂmaméq&wgr@@wa@mmmpm t4&y9—78(me1 W71, 6-

C ar bowam ag DO GG RPAPYIE P G OGN Bhal O

2- (7- (di cycl opnophi) Z6&(th&Toy 1)z BHBtIIdd. Jret 9 [742,H65 2 H) 1.53 (t, /=7.04 Hz,

25di hydr oi ]

pyrrol o[ 2, g] b?@rﬁbds(hg 7%? gﬁﬁn%%?ﬁ a(}%zf gnzfg%)ar boxylic acid (exanple 12A, 44
ng, 0.095 mol) in DMF (2 nl) was added HATU (108 ng, 0.284 mmol), DI PEA
(0.066 nL, 0.378 mmol ), and di et hyl am ne (0 013 m, 0.189 mmol). The
reaction was stirred at rt for 3h, thefMMe7sol vent was renoved in vacuo.
The residue was purified by prepamrative\HPLC to give 2-(7-

(di cycl opropyl car banoyl) - 6- et hyl - ?mat hyN/l\ 6- di hydr oi m dazo[ 4, 5-d] pyrrol o

[2,3- D] pyridi ne-4-yl ami no) - NoR-Ni zQlg- 4- car boxami de (10 ny, 21%
yield) as a brown solid. [00199] (E 1) _m z L5,8~V{/H-|) 5 [00200] 1H NWMR
(400 MHz, CHLOROFORM d) 6 ppm 9.@5 ( 7.81 (s, 1 H 7.43 (s, 1
H 6.90 (s, 1 H 4.74 (q, J=7.03 Hz, 2 H 4Ho5 (s, 3 H) 3.31 (br. S., 3 H)
3.13 (br. S., 3 H 2.75-2.90 (m 2 H 1.54 (t, J=7.15 Hz, 3 H) 0.65 -0.96
(m 8 H). 10 Exarrmlk}sli011310nﬁopwb6etlp'ﬂ-éﬂdﬁeﬁrylthi;lizoigl-ylhmilpr)demchhybl,és descri bed

for exarrplg 12 Exarrp

N-cycl opr(% yl-2-(7- (‘(ljll Xécoll ?Jynscdal%ré%&/ﬁ 'b]é’ygfihn§T7'c_LarH%’fahmlfie 1, 6-

[00180] Prepared from N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-
bromobutan-2-one using the same procedure as reported for 2.

15 [00181] MS (ESI) m/z 450 (M+H).
[00182] 1H NMR (400 MHz, CHLOROFORM-d) § ppm 7.71 (s, 1 H) 6.89 (s, 1 H)
6.49 (s, 1 H)4.75 (q, /=7.03 Hz, 2 H) 4.04 (s, 3 H) 2.80 - 2.88 (m, 2 H) 2.75 (q,
J=7.45Hz, 1 H) 1.54 (t, /=7.15 Hz, 2 H) 1.33 (t, /=7.40 Hz, 2 H) 0.82 (br. s., 8 H).

20 Example 8
AN
Y
>—N
0) N "N N7 N N Y
& H
N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-(pyridin-2-yl)thiazol-2-ylamino)-1,6-
dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide
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di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di n-4-yl am no) t hi azol e- 4- car boxam de
[00201] MS (ESI) rt = 1.99 min, mz 505 (MtH). 20[00202] 1H NWR (400 MHz,
MeOD) 6 pwon281102sg68, 1 H) 7.74 (s, 1 H) 7.26 (s, 1 H 4pre3/usq1od+76203 Hz, 1
H 4.13 (s, 3 H 2.94 - 3.04 (m 2 H 2.8 - 2.93 (m 1 H 1.51 (t, J=7.03
Hz, 2 H 0.67 -0.95 (m 12 H). - 68 -

IV, N-di cycl opropyl- 6-ethyl -1-nmet hyl - 4-(4- (nor phol i ne-4-carbonyl )t hi azol - 2-

| ani 1, 6- o . b d
[yogr;ogi))ws (Eg}dig romoﬂﬁ%%ﬁé fhlowrvr&éye hﬁ opyR6- Eﬁﬁgl zg%ﬁlygh%ﬁR/R 0?3310 E/Hz

CHLORCFORM d) d@y@pmlga@m :( inymralo] b 3tb]ﬁ)’r1¢ln€‘i‘6 ce@oxa:r.még (eparide (8,105 . 81 !
350 (4, =4 83" A GngehblistRigeh b BIopP ey ach R B wy  F 1Ly o
Hz, 3 H) 0. 70stirrddl. 8@ doofmtemBerkfure foO1.Bix afilpl selveht wasernoved e Rzchb,[thd ref@did 1\ r NN
W0 ---/H 5  was taken up in EtOH (1.5 ml), and K,COj3 (40 mg, 0.290 mmol) was added. The
reaction was heated at 60°C for 3h. Upon cooling to room temperature, 2-bromo-1-
(pyridin-2-yl)ethanone, hydrobromide (139.4 mg, 0.50 mmol) was added and the
reaction heated at 80°C for 24h. The reaction mixture was cooled to room
temperature and concentrated. The residue was purified by silica gel chromatography
10 (0-7% MeOH/dichloromethane). Re-purification by preparative HPLC provided 10.2
mg (10% yield) of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-(pyridin-2-yl)thiazol-2-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide as a
brown solid.
[00184] MS (ESI) rt=1.78 min, m/z 499 (M+H).
15 [00185] 1H NMR (DMSO-d6) s ppm 10.9 (s, 1 H), 8.2 (bs, 1 H), 7.81 (d, 1 H),
7.75 (s, 1H), 3.92 (m, 4H), 3.77 (q, 2H, J = 7.8 Hz), 2.52-2.81 (m, 7H).

Example 9

MHNTJN A

20 Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-(trifluoromethyl)thiazol-2-
ylamino)-1,6-dihydroimidazo|[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide

[00186] This compound was prepared according to example 2 using 3-bromo-
1,1,1-trifluoroacetone to provide N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-

25  (trifluoromethyl) thiazol-2-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide.

[00187] MS (ESI) m/z 490.0 (M+H)
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[V, N-di cycl op ropyl-4-44-((1,1-dioxidotetra hyd ro-3-thiop h enyl)carb
anoyl)-1,3- thiazol-2-yl)a mn 0)-6-ethyl-1-methyl -1, 6-di hydroi m dazo
[ 4,5-d] pyorolim28%643- b] pyri di ne-7-carboxam de 15 [ 0020BLTNS2¢1BS8I)621t =
1.88 min, mz 583 (MrH). [00206] 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 9. 31
(br. s., 1H 7.77 (s, 1 H 7.69 - 775 (m 1 H 6.91 (s, 1 H 4.85 - 4.99
(m 1 H 4.64- 481 (m 2H 4.07 (s, 3H 3.45- 3.61 (m 2 H 3.35 (br.

s., 1 H 3 19[d(ﬂ§82] JTﬂI%Jﬁﬁ(S(&)M?IZ"BMS@ (i’%f)éplzﬁl'ﬂ%ogH?% 16T, 1¥I)|“98(2( 57 -
2.72 (m 1 H =14. 49 4 (1 90 Hz, 3
H 0.69 - 0.94H} ﬂ}27gs Hﬁ),zg@g)qaﬁ@ éom 3H), 2.89 — 2.98 (m, 2H) 140 (t, 3H, J 687

[V, N-di cycl Opﬁﬁﬁélﬁﬁ dglo-(%géfj[%cydé u@gpg;z{’ | i di ne-1-carbonyl)thiazol-2-ylam
0

no) - 6- et hyl thyl - imd , 5-d] pyrrol o[ 2, 3- b] pyri di ne-7-
car boxam de 5 [00207] I\/S(ESI) rt = 2.05 mn, mz 555 (MtH). [00208] 1H NWR
(400 MHz, OD) 6 ppm8.00 (s, 1 7 770(s 1 H 7.19 (s, 1
H)468(q§/EJ703Hz 2H)451(t Jnyi‘E‘(P%‘o“ﬁa 4.34 (t, J=7.40 Hz, 1
H 4.06 (s, 3H)396(tJ1318Hz 1H)\386(tJ765Hz 1 H 2.87 -
3.02(m210|—|)2.34-2.59(m2H) 5(’\60Hz 3 H 0.72 - 0.95
(m 8 H.

O

Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methylthiazol-2-ylamino)-
1,6-dihydroimidazo[4,5-d|pyrrolo|2,3-b]pyridine-7-carboxamide

10 [00189] 4-Amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 86.3 mg, 0.255 mmol) was
dissolved in acetone and benzoyl isothiocyanate (37.8 uL, 0.281 mmol) was added.
The reaction was stirred at room temperature for 2h. The solvent was removed in
vacuo. The residue was taken up in ethanol (1500 uL) and K,CO3 (49.3 mg, 0.357

15  mmol) was added. The reaction mixture was warmed to 60 °C for 3 h. 2-
Bromopropanal (45.4 mg, 0.332 mmol) was added. After 3 h, additional 2-
bromopropanal (~100 mg) was added. Stirred at 60 °C for 16h. Additional 2-
bromopropanal was added and the reaction mixture was stirred at 60 °C 3 h. The
cthanol was removed by concentration iz vacuo. The crude residue was purified by

20  flash chromatography using an Isco 12 g column eluting with 2 - 10%
MeOH/CH,Cl,). Additional purification was accomplished via preparative HPLC.
N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methylthiazol-2-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (20 mg, 17.47 % yield)
was isolated as a white solid.

25  [00190] MS (ESI) m/z 436.0 (M+H)

[00191] 1H NMR (500 MHz, DMSO-d¢) 6 ppm 10.56 (br s, 1H), 8.12 (s, 1H),
7.23 (s, 1H), 7.12 (s, 1H), 4.62 (q, 2H, J = 6.78 Hz), 4.04 (s, 3H), 2.87 - 2.99 (m,
2H), 2.39 (s, 3H), 1.35 - 1.46 (m, 3H), 0.72 — 0.81 (m, 4H), 0.59 — 0.71 (m, 4H)
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Example 17 k . N--- 1>-Nii SNNNN---iH
(4- (azetidi ne-1-carbonyl)thiazol -2-ylam no)-/V, N-di cycl opropyl-6-ethyl-1-ne
t hyl 151, ewai2bydresseni dazo[ 4, 5- d] pyrrol o[ 2, 3- b] pyri di ne- 7Pcarusexanmimel [ 00209]
M5 (ESI) rt = 1.95 min, mlz 505 (MrH). [00210] 1H NMR (400 MHz, MeOD) 6 ppm
8.03 (s, 1 H 7.70 (s, 1 H 7.21 (s, 1 H 4.78 (t, J=7.53 Hz, 2 H 4.69 (q,
J=7.03 Hz, 2 H 4.19 (t, J=7.78 Hz, 2 H 4.08 (s, 203 H 2.95 (ddd, J=7.22,
3.45, 3.14 Hz, 2 H 2.27 -2.48 (M 2ghmpickd (t, J=7.03 Hz, 3 H 0.69 -
0.93 (m 8 H). 25 Exanple 18 Et hyl
2-(7-(dicycl opropyl car banoyl) - 6- et hy2- 1- nﬁghyl 1,\6- di hydr oi m dazo[ 4, 5-
d] pyrrol o[ 2, 3-b] pyri di n-4-yl am?g)&\t] hi azol g- 4q¢ar bgxyl ate 5[ 00211] This
conmpound was prepared accordi ngt )e_xeﬁﬁ/)ﬁ\/{us&i et hyl
) N N/ N/L\N

K H
N,N-dicyclopropyl-6-ethyl-4-(5-ethylthiazol-2-ylamino)-1-methyl-1,6-

dihydroeimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00192] Prepared from 2-bromobutanal and 4-Amino-N, N-dicyclopropyl-6-ethyl-
1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide (example
1J) using the same procedure as that of example 8.
[00193] MS (ESI) rt = 1.86 min, m/z 450 (M+H).

10  [00194] 1H NMR (500 MHz, CHLOROFORM-d) 6 ppm 8.91 - 9.22 (m, 1 H) 7.71
(s, 1 H)7.14 (s, 1 H) 6.89 (s, 1 H) 4.75 (q, J/=6.94 Hz, 2 H) 4.05 (s, 3 H) 2.80 - 2.89
(m, 4 H) 1.55 (t, /=5.00 Hz, 3 H) 1.37 (t, /=7.49 Hz, 3 H) 0.73 - 0.92 (m, & H).

Example 12
AN
P
>N N )
| P /L\M
O N NN N {
H

15 \

2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrole[2,3-b]pyridin-4-ylamino)-N,N-dimethylthiazole-4-carboxamide

12A  Preparation of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1.6-

20  dihydro imidazo[4.5-d]pyrrolo[2.3-b]pyridin-4-ylamino)thiazole-4-carboxylic acid
\
P

P

/ S OH
| /L\/H
NN »o

O N

C VN

- 66 -



br onopyruvate and N, N-di cycl opropyl-6-et hyl - 1- met hyl - 4-t hi our ei do- 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 2B) to

yi el d et hwD 2011/028864 PCT/US2010/047621
2-(7-(dicycl opropyl car banoyl) - 6- et hyl - 1- et hyl - 1, 6- di hydr oi m dazo [ 4, 5-

d] pyrrol o[ 2, 3- b] pyri di n-4-yl am no) t hi azol e- 4- car boxyl ate as yel |l ow sol i d.

10 [00212] MS (ESI) mz 494.1 (M+H) [00213] 1H NMR (500 MHz, DMSO d6) 6 ppm

11. 42 (br s, 3dﬂ)|95]8- 34 hBio-MKDdic glo%ﬁérl%—etﬂﬂ)b—m&hgﬁl,6—%1ihyé1lfﬂmid520 25(q, 2H),
4.30 (q, 2H J= 7.15 Hzip,yA.OS (s, 3H), 2.89 -2.97 (m 2H), 1.39 (t. 3H J=
7.01 Hz), 1. 3gdIpyrrolofkd-blpyriding-&-catbpxangdgdJ, 349 89 0¥ mme) andhegzoyl 0. 70 (m
4H) 15 Exanpl . .

o7~ (el oyl osebiberanaia 0,16 mls ELMel n gectone (4 D esge firged s forct b Thy o

20d] pyrr ol of 25@vdxk pys iedionedinyhiamiand Jlichsidiol kb up ar BOH/(6atle {00216 Thi s
compound wes. grepared, 35l 6174 o uXATR A S BFCHIH T rscion v

N, N-di cycl opr egydd t6 rednld pthy L3 -BRinfvy2 -odopi spaete€icd® mk, $55 mmol) vishydydoi m dazo

[4,5-d] pyrrolg [2,3-b] pyridine-7-carbagxamnm de (ex |l e 2B) to 25provide
ethyl 2-(7-( diTé%@ﬁﬁwdw #leaa?f&i&Bﬁwl%hthw@aé%&%%p{ﬁ@-cyd&m}bﬁim m dazo
[4,5-d] pyrro hR NaOB(6PhRYEoG R v [dbdR)thdicaZRh @rivuf aal Rextyd Akeed 18. 5 ny,
17 % yield) as a pale yellow solid. [00215] Ms (ESI) mz 494.0 (MH)

[ 00216] 1H NVRIqr4H0 Th-eactonses deyledstopentn fempgstyre andythy sohgenpemoged ) |~ 8. 14
) o6 (e Gy ST et g b g agB st 0%
3H, J= 7.15 Hzmoved FBvacou8 filtfanon Akgshing wa® wat@. MOACmnd4kin dickderpinetha® |\

to afford 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

d]pyrrolo[2,3-b]pyridine-4-ylamino)thiazole-4-carboxylic acid (325 mg ,79% yield)

as brown solid.

15 [00196] MS (ESI)rt= 1.85 min, m/z 466 (M+H).
[00197] 1H NMR (400 MHz, DMSO-d6) é ppm 8.16 (s, 1 H) 7.94 (s, 1 H) 7.26 (s,
1 H) 4.63 (q, /=6.94 Hz, 2 H) 4.05 (s, 3 H) 3.36 (br. S., 1 H) 2.89 — 2.99 (m, 2 H)

1.40 (t, J=7.03 Hz, 3 H) 0.61 — 0.83 (m, 8 H).

20 12 Preparation of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1.6-

dihydroimidazo[4.,5-d]pyrrolo[2.3-b]pyridin-4-ylamino)-N,N-dimethylthiazole-4-

Py
0) N "N "N N 0
K H

[00198] To 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

carboxamide

25  dihydroimidazo[4,5-d] pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-4-carboxylic acid
(example 12A, 44 mg, 0.095 mmol) in DMF (2 ml) was added HATU (108 mg, 0.284
mmol), DIPEA (0.066 mL, 0.378 mmol), and dimethylamine (0.013 mL, 0.189
mmol). The reaction was stirred at rt for 3h, then the solvent was removed in vacuo.

The residue was purified by preparative HPLC to give 2-(7-
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N--- NS NNNH

N-cycl opropyl-2-(7-(dicycl opropyl carbanoyl) - 6-et hyl - 1-net hyl -1, 6-

di hydr oi mvOaaajn2s$s4d] pyrrol o[ 2, 3-b] pyri di n- 4-yl am no) t hirazalsee1b/0emrboxan de
20A Preparation of 2-(7-(dicyclopropyl carbanoyl)-6-ethyl-1-nmethyl-1, 6-

15di hydr oi m dazol 4, 5-dl pyrrol 012, 3- bl pyri di n-4-yl am no)t hi azol e-5-car boxyl i
c acid \ N--\\0O OH-NN S )i O NNNN H [00217] To a solution of ethyl

2- (7-(dicycl om@&@%pﬁquﬁeﬁltyhyalnelhm%tmhﬂér&m@daw[drsod ﬁ}r&ﬁ@@% , 5- d] pyrr
olo[2,3-b] pyrid am no)t hi azol e- 5- car boxyl ate (exanp ny,
0.030 nmol ) i AlpE tl@lﬁleflz%mnq)-N}V dimsthalditiengletd-par IMé@U@oaé%syeﬁldotasan (296
nL). The react]Qn (gjixture was stirred at rt 3 h and stirred at 50 C 18 h.
After cooling to roomtenperature, ethanol was renoved by concentration in
vacuo. The re$l0ddy m@@S@ﬁHnn&Méa(MWHh 1 N HC1 and the solid product was
col l ected

- (7-(D1 cyd! bR cAPDEMB 90 Mty G OROFQRAYA A pm 045 (br S. 1) 781 (5
di hydr oi m dazo[m,753d},ayry Q900(s 21 B DT Py, 7€t 06 Bz iy, okt hitazol eorSs.car boxyl i ¢

acid
H)3.13 (br. S., 3 H) 2.75 - 2.90 (m, 2 H) 1.54 (t, J=7.15 Hz, 3 H) 0.65 — 0.96 (m, §
H).

10 Examples 13-17 were prepared using the procedure as described for example 12

Example 13

15
N-cyclopropyl-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]|pyrroloe[2,3-b]|pyridin-4-ylamino)thiazole-4-carboxamide

[00201]  MS (ESD) rt = 1.99 min, m/z 505 (M+H).

20 [00202] 1H NMR (400 MHz, MeOD) & ppm 8.07 (s, 1 H) 7.74 (s, 1 H) 7.26 (s, 1
H) 4.73 (q, J=7.03 Hz, 1 H) 4.13 (s, 3 H) 2.94 - 3.04 (m, 2 H) 2.85 - 2.93 (m, 1 H)
1.51 (t, J=7.03 Hz, 2 H) 0.67 - 0.95 (m, 12 H).

Example 14
AN

)

74
NN
2 N
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25was isolated as a pale yellow solid which was used crude in the next
reaction. [00218] Ms (ESI) mz 465.9 (M+H) 20Preparati on of

N- cycl oprwpyedt1228s64 ( di cycl opr opyl car banoyl) - 6- et hyl - 1- PCT/US2010/047621

met hyl- 1, 6- di hydroi m dazol 4,5 -dl pyrrol 012, 3

- bl pyridi n-4-ylam no)thi azol e-5- carboxam de [00219] To a m xture of
2-(7-(di cycl opropyl carbanoyl) - 6- et hyl - 1- net hyl - 1, 6-

di hydr oi mi dazo[ 4 & 1 -0 ' ' s;9ar boxyl i c
acid (exanple 2%%,5 d%%)i}wrygpk%t%% %%’134 P%én&\f/hﬁ%ﬂ%%ﬁ-ﬁ?ﬁ%@fag{g?jed 10
cycl opr opyl anmi nelyming)sl.p-dihydgoigddazetfed-yipyrmin2.3 dMpadling/-cartpzamidep| ), and
H I nig sBase (15.72 p.L, 0.090 mmol ). The reaction nxiture was stirred at
rt 1 h and concentrated in vacuo. The residue was taken up in MeOH and
purified by plegéilat M(BIPLC- 1.87 min, m/z 535 (M+H).

i aazol 4, o5 a 9P of sy B LORERDRAFOR) Bbpel Bcar Bkt e 15(s

mg, 19.82 % yiehd)sowas Hs®élat @M @s 1a)\whii4 @, sallildHz, p0D220](s, 881 ESBI (br.n z

505.0 (M+H) [00221] 1H NWMR (400 Mz O d6). 6 m 8.3 br s, 1H), 8.15
(s 1h 5 oosc g i eet fe ML 74 2B HoBB G2 W) 4 oy 705 06 (o,
3H), 2.89 - 33@fo(7m- 0Md)(m, 8156 (tq, 1H J= 7.25, 3.70 Hz), 1.41 (t, 3H J=
7.03 Hz), 0.74 - 0.81 (m 4H), 0.64 - 200.72 (m 6H), 0.51 - 0.59 (m 2H)
Exanple 21 NO r---\0 N _.../ \ N--\\ExamglelS N -|\INN .----1H

I'V, N-di cyghopropyl-6-ethyl - 1- met hyl - 4- (5- (nor phol i ne- 4- car bonyl ) t hi azol - 2-
25yl am no) - 1, 6- di hydr oi m dazol4, 5- d]\pyrrol 012, 3-b] pyri di ne-7- car boxam de

SV et
L L
o N |N/ g/L\:\IHO \C,ES‘)_O

N,N-dicyclopropyl-4-((4-((1,1-dioxidotetrahydro-3-thiophenyl)carbamoyl)-1,3-
thiazol-2-yl)amino)-6-ethyl-1-methyl-1,6-dihydreimidazo[4,5-d]|pyrrolo[2,3-
b]pyridine-7-carboxamide
15
[00205] MS (ESI) rt = 1.88 min, m/z 583 (M+H).
[00206] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 9.31 (br. s., 1 H) 7.77 (s,
1H)7.69-7.75(m, 1 H)6.91 (s, 1 H) 4.85-4.99 (m, 1 H) 4.64 - 4.81 (m, 2 H) 4.07
(s,3H)3.45-3.61 (m, 2 H) 3.35 (br. s., 1 H) 3.19 (dt, /=13.36, 8.12 Hz, 2 H) 2.75 -
20 291 (m,2H)2.57-2.72 (m, 1 H) 2.42 (ddd, /=14.49, 7.53, 7.34 Hz, 1 H) 1.54 (4,
J=6.90 Hz, 3 H) 0.69 - 0.94 (m, 8 H)

25
Example 16
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[ 00222] This conpound was prepared according to Exanple 20 using norpholine
and 2-(7-(dicyclopropylc arb anoyl)-6-ethyl-1-nethyl-1, 6-di hydroi m dazo

[ 4, 5- d] pyoroi10[28363- b] pyri di n- 4-yl am no) t hi azol e- 5- car bexyltuseoaoiw2({ exanpl e
20A) to provide N, N-dicyclopropyl-6-ethyl-1-nmethyl-4-(5-(norpholine-4-c
arbonyl ) thiazol -2- ylam no)-1, 6-di hydro i mdazo [4,5 -d]pyrrolo [2,3

-b] pyridine-7-c arb oxam de as a white solid. [00223] M5 (ESI) nfz 535.1
(MtH) 5[00224] 1H NWR (400 MHz, OD)\6 ppm 8.08 (s,F 1H, 7.79 - 7.93 (m
1H), 7.26 (s, 1H), 4.74 (g, 2H /JI= 7.28"Nz), 4.1 3H), 3.81 - 3.88 (m
2H), 3.72 -3.80 (m 2H), 2. PN3. 0 ZN-I)S 5t F3H J= 7.15 Hz), 0.83
-0.93 (m 4H), 0.72 - 0.84 (m DS

/' V, N-di cycl opropyl- 6- et hyl - | - €t hyN-4N5-XpyNr ol ©di ne- 1- car bonyl ) t hi azol - 2-
yl am no) - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol of 2, 3- b] pyri di ne- 7- car boxam de 15

[ 00225] This corZ’r\pQund was prepared accor di I’]((ifl to Exanpl e 20 using
pyrrolidine a4 /NV-dicyclopropyl-4-(4-(3,3-difluoropyrrolidine-1-carbonyl)thiazol-2-ylanmino)-
2-(7-(dicycl opropyl anoy P if i bdTi o[ 4, 5-

d] pyrrol o[ 2, 3-b] p)l;rei@lg’inﬁ- 4- y%%%ﬁggy{aﬁ%lgé%ﬁ%g%% E@@%’?ﬂ’g?d&h?gaml e 20A)
to provide carboxamide

N, N-di cycl gpropyl-6- et hyl - 1- met hyl - 4- (5- (pyrrolidi ne-1-carbonyl)thi azol - 2-
20yl am no) - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne- 7- car boxam de

[ 00226] MS ( EBI0R0TH z MBLE@ESI) rf RIS .mip00223F (MHINVR (400 MHz, METHANOL-d4) 6

Cs ooty 3 7 00, Tughitkgd G Suoptb ppitsb {5 Qa6 5 G8
g m 2 gl) ,882. 18}% 3,19%, { gﬂ[) 426-8%)(%8 %—J.@S OH%% ey 4(smé(1t, ZzH)é;(SOJHz?l Hz)tét,34J(t, F=T4@H25Hz,
H, 0.88 - 0, H) 4(0%]@, 3%’3.96 (t,/=13.1% Hz, 1(}'8 3.86H2t, oMz 155 2.87 - 3.02 (m, 2

10 H)2.34-2.59 (m, 2 H) 1.45 (t, J=6.90 Hz, 3 H) 0.72 - 0.95 (m, & H).

Example 17
P
\
[>—N N .
N S N
4 | _ J\\M
O N NN N
— H 0

(4-(azetidine-1-carbonyl)thiazol-2-ylamino)-V, V-dicyclopropyl-6-ethyl-1-methyl-
15 1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide

[00209] MS (ESI) rt= 1.95 min, m/z 505 (M+H).

[00210] 1H NMR (400 MHz, MeOD) 6 ppm 8.03 (s, 1 H) 7.70 (s, 1 H) 7.21 (s, 1

H) 4.78 (t, J=7.53 Hz, 2 H) 4.69 (q, /=7.03 Hz, 2 H) 4.19 (t, /=7.78 Hz, 2 H) 4.08 (s,
20 3 H)2.95(ddd, J=7.22, 3.45,3.14 Hz,2 H) 2.27 - 2.48 (m, 2 H) 1.47 (t, /=7.03 Hz, 3

H) 0.69 - 0.93 (m, 8 H).

25
Example 18
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2-(7-(dicycl opropyl car banoyl) - 6- et hyl- 1- met hyl - 1, 6- di hydr oi m dazo[ 4, 5-
d] pyrrol o[ 2, 3-b] pyri di n-4-yl am no) - N-i sopropyl - N-net hyl t hi azol e- 5-
car boxamwe 2611@828] Thi s conpound was prepared accor diPag/useoioarspl e 20
usi ng Nmet hyl pr opan- 2- am ne and
2-(7-(dicycl opropyl carbanmoyl) - 6- et hyl - 1- net hyl -1, 6-
di hydr oi m dazo[ 4, 5-d] pyrrol o [ 2, 3-b] pyri di n-4-yl am no) t hi azol e- 5- car boxylic
acid (exanmple 20A) to provide
e fy

N\
| - 1- BERhy! - 1, 6-

b]

2- (7-(dicycl opropyl car banpoy1) - 6- _

10di hydr oi m dazo[ 4, 5-d] pyrr ol N 4 | an no) - N-i sopr opyl -

nmet hyl t hi azol e- 5- car boxam de [002 &@1 1 (M:H). [00230] 1H

NVR (400 MHz, METHANCL-d4) 6: 8. (sN N’fké}\l7 (0Bt 1H), 7.32 (s, 1H),

4.74(q,J=70Hz 2H) 424(s 3H),3191(br s.,3H) 299—306(m

2H), 151.53 (t, = 3H), 1.35 (d 6H), 0.89 - 0.96 (m

4H), 0.81 - 0. sﬁtb(yﬂn? (Zrkﬂlcycmpam@rh@nvﬂ) -p- eNllyl ls}thrl @dpyyrgimiglazo[4,5-

202- (7- (di cycl opropyl c @@m - 1 [ m dazo[ 4, 5-
af -yl am n@?ﬁ@xﬁy&?ﬁgt %lbatz leﬁrg‘:rw’%mé

d] pyrrol of 2, 3- b] pyri di n- I azol e- 5- car boxam de

S [00211] This compound was prepared according to example 2 using ethyl
bromopyruvate and N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 2B) to yield
ethyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-4-carboxylate as yellow solid.

10 [00212] MS (ESI) m/z 494.1 (M+H)
[00213] 1H NMR (500 MHz, DMSO-de) 6 ppm 11.42 (br s, 1H), 8.14 (s, 1H), 8.00
(s, 1H), 7.25 (s, 1H), 4.62 (q, 2H), 4.30 (q, 2H, J=7.15 Hz), 4.05 (s, 3H), 2.89 - 2.97
(m, 2H), 1.39 (t,3H, J=7.01 Hz), 1.32 (t, 3H, J=7.15 Hz), 0.74 — 0.80 (m, 4H), 0.64

—0.70 (m, 4H)
15
Example 19
N 0)
J> N’\\N OEt
>Ny B Je
O N N N N
A H
Ethyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
20 d]pyrroloe[2,3-b|pyridin-4-ylamino)thiazole-5-carboxylate

[00214] This compound was prepared according to example 2 using ethyl 2-
chloro-2-formylacetate and N, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo [2,3-b]pyridine-7-carboxamide (example 2B) to

25  provide ethyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
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[ 00231] This conpound was prepared according to Exanple 20 using

N, Ndi et hyl am ne and 2-(7-(di cycl opropyl car banpbyl) - 6- et hyl - 1- net hyl

25di hydr ovoi2dazapsks 5- d] pyrrol o PCT/US2010/047621
[ 2, 3-b] pyridin-4-ylam no)thi azol e-5-carboxylic acid (exanple 20A) to give
2-(7-(dicycl opropyl carbanmoyl) - 6- et hyl - 1- net hyl -1, 6-
di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di n-4-yl am no) - N, N-di net hyl t hi azol e-
5- car boxam dg; 40
VETEANGL: 34) ghyg&%éa%]o [A5d Fé&r%]bgd B psl%nh )ﬁ%ﬂt‘l‘%ﬁh&&%§§hb§1§h%8@

Hz, 1H), A4. 22n(gsl7%H)ledBasmaley3H%s<(t§lr s 6 H, 2.97 - 3 05 (m 2H),

(E>S(<”:m1]5:_|)e, 2% \54@ ﬂ RﬁZFE{%I%4§%%6MQ 8 -N01(9)5 (m 4H), 0.80 - 0.86 (m 4H)

2-(7- (di cycl opoapsl céHBﬁvfﬁ;(&QOMHEIIDMSO d6brébbty|1ws@s dHh RO, it ak bf @, 5-

d] pyrrol of
-N- net hyl

-1,

0
J

6-

VHz,
:70
2.91

Shi ABLPRE B G ATRE = id o w QUL FLADIRACA B RPRET 2V

2.88 —3.00 (m, 2H), 1.44 (t, 3H, J = 7.03 Hz), 1.32 (t, 3H, J = 7.15 Hz), 0.73 — 0.81
(m, 4H), 0.63 —0.70 (m, 4H)

Example 20

H
10 ~
N-cyclopropyl-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]|pyrroloe[2,3-b]pyridin-4-ylamino)thiazole-5-carboxamide

20A  Preparation of 2-(7-(dicyclopropvylcarbamoy])-6-ethyl-1-methyl-1,6-

15  dihydroimidazo [4.5-d]pvyrrolo[2.3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid

\ o)

J> N’\\N OH
[ Nm 0
N"N° N7 N

0)

[00217] To a solution of ethyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylate
(example 19, 14.6 mg, 0.030 mmol) in EtOH (296 uL) was added 1 N NaOH

20 aqueous solution (296 uL). The reaction mixture was stirred at rt 3 h and stirred at 50
°C 18 h. After cooling to room temperature, ethanol was removed by concentration
in vacuo. The residue was acidified with 1 N HCl and the solid product was collected
by filtration. 2-(7-(Dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid

25  was isolated as a pale yellow solid which was used crude in the next reaction.
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15[ 00234] Thi s conpound was prepared according to exanple 20 [00235] MsS
(ESI) mz 597.0 (M+H). [00236] 1H NWR (400 MHz, METHANOL-d4) 6: 8.74 (s,
1H), 7.99W0=p112088647. 37 (s, 1H), 5.34 - 5.45 (m 1H), 4PT3USQ10047626. 9 Hz,
2H), 4.28 (s, 3H), 4.05 (s, 3H), 3.49 - 3.59 (m 1H), 3.22 - 3.33 (m 1H),
3.00 - 3.10 (m 2H), 2.94 (s, 1H), 2.47 -2.66 (m 202H), 1.57 (t, J =6.9
Hz, 3H), 1.34- 1.45 (M 1H), 0.91 - 0.99 (m J = 6.5 Hz, 4H), 0.83 - 0.90
(m 4H) 25 Exgimeh® 2®1S (EST) m/z 465.9 (M+H) _
[V, N-di cycl opropyl-4-(4,5-dinmethylthiazol-2-ylamno)-6-ethyl-1-nmethyl-1, 6-
di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7- car boxam de 5[ 00237] This
conpound was prepajed i ( e 2 MS| - AN o none
(0.034 L. 0.323 W%«f;l)%g LR ge , 18 & HRL4 § At _o%r) Rub AN
di met hyl t hi az aleth@}-Vbalitivda)imblasi[ h- (0 s0(WANSA) idine -l chimw) thiagid2-6- [ 4, 5
-d] pyrrol o [2,3r - ab. ridine-7-carboxam de (59.17 ng, 44.3 %yield) as a
pal e yell oW 38?—13—%1‘—"%&. ;238] M5 (ESI) mz 450.1 (M+H) 10[00239] 1H NWR (400
MHz, DMSO-d6) 6 ppm 8.15 (s, 1H), 7.23 (s, 1H), 4.61 (q, 2H, J= 7.03 Hz),
4.04 (s, 3H), 2.88 -2.98 (m 2H), 2.29 (s, .3H), 2.19 (s, 3H), 1,38 (t, 3H,
J= 7.03 Hz), PB¥1olse nelﬁsuremp;ﬂdd@@cl%wica(woxpo@ethyléxla o7 /> >\
N--s\ S-0 NN Qihmidazo[4,5—d]pyrr010[2,3—b]pyridin—4—ylamin0)thiazole—5—carboxylic acid

(example 20A, 13.97 mg, 0.030 mmol) in DMF (300 pL) was added

10 cyclopropylamine (4.16 puL, 0.060 mmol), HATU (14.83 mg, 0.039 mmol), and

Hiinig'sBase (15.72 uL, 0.090 mmol). The reaction mxiture was stirred at rt 1 h and

concentrated in vacuo. The residue was taken up in MeOH and purified by

preparative HPLC. N-Cyclopropyl-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-

1,6-dihydroi midazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxamide
15 (3 mg, 19.82 % yield) was isolated as a white solid.

[00220] MS (ESI) m/z 505.0 (M+H)

[00221] 1H NMR (400 MHz, DMSO-de) d ppm 8.36 (br s, 1H), 8.15 (s, 1H), 8.02

(s, 1H), 7.25 (s, 1H), 4.63 (q, 2H, J=7.11 Hz), 4.05 (s, 3H), 2.89 — 3.00 (m, 2H),

2.76 (tq, 1H, J=7.25, 3.70 Hz), 1.41 (t, 3H, /= 7.03 Hz), 0.74 — 0.81 (m, 4H), 0.64 —
20 0.72 (m, 6H), 0.51 — 0.59 (m, 2H)

Example 21
\

P 8 N
>—N e -
7Tl SN
O N N N N
A H

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-(morpholine-4-carbonyl)thiazol-2-
25 ylamino)-1,6-dihydroimidazo|[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide

[00222] This compound was prepared according to Example 20 using morpholine
and 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid (example 20A) to
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H 15

'V, N-di cycl opropyl-4-(5, 6-di hydro-4H cycl openta[ d] t hi azol - 2-yl am no) - 6- et hy
1-1- net hwD-201182886hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri @cmasZeloastsexamnm de

[ 00240] Prepared using simlar procedure as that of exanple 2 [00241] Ms
(ESI) rt =1.95 min, nmz 462 (M:H). 20[00242] 1H NMR (500 MHz, MeOD) 6 ppm
8.12 (s, 1 H 7.22 (s, 1 H 4.68 (q, J=7.12 Hz, 2 H 4.10 (s, 3 H 2.86 -
3. 023@0 4 H o del&dzp@gylwethg eyt 5 @m@ghoqm Aatlonfifiedi . I=7. 07
/' V, N-di cycl opb’bpl}'@ﬁ %dlhwdromnqazo[étSk@ﬂpylmlﬁEét3kprrm1@szarb0>samadﬁaﬁ@)“dllte met hyl -1
, 6- di hydroi rr% 920[4 5-d] pyrrol o[ 2, 3- b] pyri di ne- 7- car boxam de 528A

Prepar ation o br onopent an-3-one 0 Br [00243] Prepared according to the
procedure des¢iBHd MBS @vém/zC3Mmn(M20I04, 470-471.

5 [00224] 1H NMR (400 MHz, MeOD) & ppm 8.08 (s, 1H), 7.79 — 7.93 (m, 1H),
7.26 (s, 1H), 4.74 (q, 2H, J = 7.28 Hz), 4.12 (s, 3H), 3.81 — 3.88 (m, 2H), 3.72 — 3.80
(m, 2H), 2.91 —3.02 (m, 2H), 1.52 (t, 3H, J=7.15 Hz), 0.83 — 0.93 (m, 4H), 0.72 —

0.84 (m, 4H)
10 Example 22
\ )
J> N7 N/\j
>—N 2
7] /SL N\
0 NN N

N

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-(pyrrolidine-1-carbonyl)thiazol-2-
ylaminoe)-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide
15
[00225] This compound was prepared according to Example 20 using pyrrolidine
and 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid (example 20A) to
provide N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-(pyrrolidine-1-carbonyl)thiazol-2-
20 ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
[00226] MS (ESI) m/z 519.1 (M+H).
[00227] 'H NMR (400 MHz, METHANOL-d,) & 8.58 (s, 1H), 7.97 (s, 1H), 7.28
(s, 1H), 4.71 (q, ] = 6.7 Hz, 2H), 4.20 (s, 3H), 3.87 (t, J = 6.5 Hz, 2H), 3.67 (t, ] = 6.7
Hz, 2H), 2.97 - 3.05 (m, 2H), 2.10 - 2.19 (m, 2H), 1.98 - 2.07 (m, 2H), 1.51 (t, J =7.2
25  Hz 3H), 0.88 - 0.95 (m, 4H), 0.80 - 0.86 (m, 4H)

Example 23
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1028Preparation of N, N-dicycl opropyl-6-ethyl-4-(4-ethyl-5-nmethylthiazol-2-
yl am no) - 1- net hyl - 1, 6- di hydr oi m dazol4, 5-dl pyaol 012, 3- bl pyri di ne- 7- car boxam
ide [O002%020Rvepsned from exanpl e 26A using simlar precedise@oasisehat of
exanple 2 [00245] Ms (ESI) mz 464 (MtH). [00246] 1H NWVR (400 MHz,
CHLOROFORMd) 6 ppm 8.81 -9.19 (m 1 H 7.69 15(s, 1 H 6.89 (s, 1 H 4.75
(g, J=7.12 Hz, 2 H 4.03 (s, 3 H 2.78 - 2.93 (m 2 H 2.63 (g, J=7.48 Hz,
2 H 2.37 (s, 3 H 1.53 (t, Jz?.%Hz, 3 H 1.6 ¢t, J=7.48 Hz, 3 H 0.73
-0.95 (m 8 H). Preparation qf N N

[V, N-di cycl opropyl-6-ethyl-1 Myl - th -42*
(trifluoronethypthiazol -2-yl am ngjy- l-dj,hyd/L\oi i dazo[ 4, 5-d] pyrrolo 12, 3-
b] pyri di ne- 7- car boxani de [ 00241 Tgis Nomplou™ was prepared according to
exanple 2 using 3-bronol, 1,1 -trifluQrobutan-2 -one to provide

N, N- di cycl opropyl- 6- et hyl - 1- net hyl -4-%5- . o

net hyl - 4- (t ri f | ubkoifevsiopyenyilcay bamaxlyo-sthykdymethd-lof-dihydegimidagold.S-

[4,5-d] pyrrolo [Zﬂﬁ)y‘rrﬁl[@ r-lgg!ylfi&rnlr- 1@h@%s@%ﬂﬁ-ﬂi‘é’ih&lﬁﬁﬂé-i 5 [00248]
M5 (ESI) mz 504.0 (M+H) [00249] 1H NWR (500 , DMBO-d6) 6 ppm 8.14 (s,
1H), 7.25 (s, 1H), 4.62 (q, 2H J= 6ca¥boxamjide 4. 04 (s, 3H), 2.89 - 2.98 (m
2H), 1.40 ¢t, 3H, J=6.87 Hz), 0.73 - 0.80 (m 4H), 0.65 - 0.71 (m 4H)
Preparation of /V,Ndicyclopropyl-6-ethyl-1-nethyl-4-(4-nmethyl-5-

(et hyl sul f onyi0R28ii adbls-cBmpdrandiwas preparéd aléchydingotio ixaiaplo 2 45ibg 81 pyrrol o 12, 3-

By e T T de O RPN AL00. Ry oL -

dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid
(example 20A) to provide 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

10 dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-N-isopropyl-N-
methylthiazole-5-carboxamide
[00229] MS (ESI) m/z 521.1 (M+H).
[00230] 'H NMR (400 MHz, METHANOL-d,) 3: 8.68 (s, 1H), 7.87 (s., 1H), 7.32
(s, 1H), 4.74 (q, ] = 7.0 Hz, 2H), 4.24 (s, 3H), 3.18 (br. 5., 3H), 2.99 - 3.06 (m, 2H),

15 1.53(t,J=7.0Hz, 3H), 1.35 (d, ] = 6.8 Hz, 6H), 0.89 - 0.96 (m, 4H), 0.81 - 0.88 (m,
4H)

Example 24

N

/\
s

20 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrole[2,3-b]pyridin-4-ylamino)-N,N-dimethylthiazole-5-carboxamide

[00231] This compound was prepared according to Example 20 using N, N-
dimethylamine and 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

25  dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid
(example 20A) to give 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

-75 -



Br [00250] To a solution of methanesul phonyl acetone (0.5 g, 3.67 muvol) in
AcOH (7.34 nL) and dichl oronmethane (11.02 nmL.) in a round bottom fl ask was
added 20 woaniwesgsd. 189 nlL, 3.67 mmuvol) dropwi se. The re&CTiusp010ioxteRr € Was
stirred at rt 90 min. Solvent was renoved in vacuo. The residue was taken
up in ether and washed wi th saturated aqueous sodi um bi carbonate (2 x). The
organi cs were concentrated in vacuo. 1-Brono-1-(nethylsulfonyl)propan-2-one

(0.332 g, 42W%ﬂ18§ﬂoﬂﬂid%cﬁ_4 5-%%8%1% ,ﬁﬁ]g?ﬁdiﬁlﬁt lardmb RO AR eMBItkiHde-57 2 215. 0
(MrH) WO 20117 028864PCT/ USP010/ 047621  30Pr eparati on of
N, N- di cycl opr e6phaxagids hyl - 1- net hyl - 4- (4- et hyl - 5-

f met hyl sul f on ia l - di hydroi m dazo[ 4, 5-dl pyrrol o[ 2, 3-bl p
yridine-7- ca db(%éam @#ydé@gfﬁ‘m% ‘onpound was prepared according to
exarmpl e 1 usi f9233]br SADIMR (BOMHAWETHASOEJpd:dhshs2Hone9 | @81, 3315 nyg,
0.151 mmol ) t A |

di oyl opr opy VT HEAY L % mt Ay 40 4226 AU 385 tHOT Sf P ) tHISEb - 2-y1 am
i no)- 1, 6-di hyHy,cigridazy] ¥5b¢.d]=py.0 Hel 31)20.38 b)py (ndiHeo. 8o casboxar)de (12.5
ng, 0.023 mml, 30.6 %yield) as an off-white solid. [00253] M5 (ESI) mlz
514.1 (M+H) 10[00254] 1H NMR (400 MHz, DVSO-d6) 6 ppm 12.00 (br s, 1H),

8.18 (s, 1H), 7.27 (s, 1H), 4.59 (q, Rhmpk2s6. 78 Hz), 4.06 (s, 3H), 3.29
(s, 3H), 2.88 -2.98 (m 2H), 2.53 (s, 3H), 1.41 (t, 3H J= 6.90 Hz), 0.72
-0.81 (m 4H), 0.62 -0.71 (m 4ﬁ)> Exahple 31Q 5/

N

PN Y S D
E NN 0

0) N
H

10
2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo|[4,5-
d]pyrrole[2,3-b]pyridin-4-ylamino)-N-(1,1-Dioxo-tetrahydrothiophen-3-yl) -N-

methylthiazole-5-carboxamide

15 [00234] This compound was prepared according to example 20
[00235] MS (ESI) m/z 597.0 (M+H).
[00236] 'HNMR (400 MHz, METHANOL-dy) &: 8.74 (s, 1H), 7.99 (s, 1H), 7.37
(s, 1H), 5.34 - 5.45 (m, 1H), 4.78 (q, ] = 6.9 Hz, 2H), 4.28 (s, 3H), 4.05 (s, 3H), 3.49 -
3.59 (m, 1H), 3.22 — 3.33 (m, 1H), 3.00 - 3.10 (m, 2H), 2.94 (s, 1H), 2.47 - 2.66 (m,
20  2H), 1.57 (t, ] =6.9 Hz, 3H), 1.34 — 1.45 (M, 1H), 0.91 - 0.99 (m, J = 6.5 Hz, 4H),
0.83 - 0.90 (m, 4H)

25
Example 26
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Preparation of

4- (5-chl oro-4-net hyl t hi azol - 2-yl am no)-/V, N-di cycl opropyl- 6-et hyl -

met hyl - 1, wodnhydsssis mi dazo[ 4, 5-d] pyrrol of 2, 3- b] pyri di ne- Pcrasbaxamicde

20[ 00255] Thi s conmpound was prepared according to exanple 2 using 1, 1-

di chl or opr opan-2-one (14.26 nL, 0.147 mmol) to provide 4-(5-chl oro-4-

nmet hyl t hi azol - 2-yl am no) - N, N-di cycl opropyl- 6-et hyl - 1- net hyl - 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o 2, 3-b] rldlne 7-carboxam de (4.35 ng, 18.9%

yield) as a pale green solid. 25[00 6] NGNtE 1) z 470 1 (M+H) [00257] 1H
NVR (400 MHz, DWVSO-d6) 6 ppn111 }KS S, 7.25 (s, 1H),

4.58 (g, 2H, J= 7.28 Hz), 4.04 n1 ZFD 2.25 (s, 3H),
1.40 (t, 3H, J=6.90 Hz), 0.73 - il (mi ‘NO 83 -0.70 (m 4H) Exanple
32 \0 N- S-0/- N ,i. NN N H aratlon of

[V, N-di cycl opropyl-4- (5, 5-di net hyl-7- oxo 4, 5 - tetrahydrobenzo

[d] t hi azol - 2- yI af¥-Nehicysloprenpi- 414#&%911%h@ltdr%xlammoan6op&lzsd{14msﬂlyl-1 6-

5d] pyrrol o[ 2, 3-b] pyri eWWas prepared
according to exanple gﬂ@grﬁmﬁﬁﬁgﬁ§QHgﬂﬁobﬂﬂﬁﬁﬁk hk%@% 0 exane 1, 3-di one

(34.9 ng, 0.200 nmol) to prOV|de N, N dicy clopr opyl-4-(5 ,5
LELTEL TS S A SO LA 75 Ao
- b] pyri di ne- 7bmalﬂd316)((amétitﬁL 0.323 mmol) to provide N,N-dicyclopropyl-4-(4,5-
dimethylthiazol-2-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (59.17 mg, 44.3 % yield) as a pale yellow solid.
[00238] MS (ESI) m/z 450.1 (M+H)
10 [00239] 1H NMR (400 MHz, DMSO-ds) & ppm 8.15 (s, 1H), 7.23 (s, 1H), 4.61 (q,
2H, J=7.03 Hz), 4.04 (s, 3H), 2.88 — 2.98 (m, 2H), 2.29 (s, 3H), 2.19 (s, 3H), 1.38 (4,
3H, J=7.03 Hz), 0.73 — 0.80 (m, 4H), 0.62 — 0.71 (m, 4H)

Example 27

Y
> oY i
0 N ‘N/ N SN
K H

N,N-dicyclopropyl-4-(5,6-dihydro-4H-cyclopenta|d]thiazol-2-ylamino)-6-ethyl-1-

15

methyl-1,6-dihydroimidazo|4,5-d]|pyrroloe[2,3-b]|pyridine-7-carboxamide
[00240] Prepared using similar procedure as that of example 2
[00241] MS (ESD) rt=1.95 min, m/z 462 (M+H).
20 [00242] 1H NMR (500 MHz, MeOD) 6 ppm 8.12 (s, 1 H) 7.22 (s, 1 H) 4.68 (q,
J=7.12Hz, 2 H)4.10 (s, 3 H) 2.86 - 3.02 (m, 4 H) 2.80 (t, /=7.07 Hz, 2 H) 2.43 - 2.61
(m, 2 H) 1.46 (t, /=7.07 Hz, 3 H) 0.70 - 0.90 (m, & H).

Example 28
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(11.24 ng, 21. 7% yield) as a pale yellow solid. [00259] M5 (ESI) mlz 518.2
(MtH) [00260] 1H NMR (400 MHz, DMSO-d6) 6 ppm 11.93 (s, 1H), 8.19 (s, 1H),
7.28 (s, wO201110288644. 62 (q, 2H), 4.06 (s, 3H), 2.89 -2. #8T(Uspo1diey7622. 80 (s,
2H), 2.40 (s, 2H), 1.41 (t, 153H, J=7.03 Hz), 1.09 (s, 6H), 0.73 -0.80 (m
4H), 0.63 -0.71 (m 4H) Exanple 33 Preparation of

4- (5, 5-di oxo-4,5, 6, 7-tetrahydr o- 5X6-t hi opyranol4, 3-d] t hi azol - 2-

20yl am no) - 6- et hyl - 1- et hyl - 1, 6-dijydr oxl, 3, 5, 6-t etraaza- as-i ndacene-7-carb
oxylic acid dicycl opropyl ami de 33 Pr epaN’\l on of

3- br onodi hydr o- 2H-t hi opyran-4 Jrzggé%l] To a m xture of

t et rahydr ot hi opyran-4-one (0.5 g, ) hl or omet hane (51.2 nl)
and net hanol (20.49 nlL) was adde(@tei Nbugyl éhm)nl umtribrom de (2.283 g,
4.73 mmol). The reaction mixture was™stirret at 5rt 2.5 h. Sol vent was
removed in vacug. The crude sol was triturated with ether (3 Xx

combi ned et her Wé\/"@?cé’c%rr“@yhf'ieﬁ'dl 6\9@'Fthé{h§ﬂ?96@élt%hé'§fwg)u]ﬁf“§fl§’)' 11“6rl ter ed

and concentrated in Vﬁﬁ&&rmﬂihﬁzﬂﬂ@dﬂﬁ&rr\%{% 3-BflyRlaGft-RearBoRahige O @ange Oi l .
Material was used imrediately in the next reaction. 1033B Preparation of

3-brono-1, 1- di oxo-tetrahydro- 16-t hi opyran 4-one O ).Br dsb [00262] To a

cooled (0 © of 3- aR-4( 3H) - one (exanple 33A, 0.791
g, 4.05 mn%l) in mﬁﬁmﬂé B 0 ‘gs added mCPBA (1.749 g, 10.14
mmol) slowy. The reaction m xture was alODowed to warmto room 15
tenperature. The reaction m xture was qu d wth saturated aqgueous

sodi um bi carbonate. The aqueous | ayer s extracted with dichloronethane (2
x). The conbi ned organics were dried ov&f anhydrous magenesi um sul f at e,
filtered and ¢aAgHNt PALE] L&ol tﬁeppr@cfetiﬁ?lreQescrlbed in Chem, Comm. 2004

3-brono-1, 1- d| 0Xx0-t et rahydr o- 16-1 hi opyran-4-one as a white solid which was
used i medi at é747In t he next reactl on. 20

10 28 Preparation of N, N-dicyclopropyl-6-ethyl-4-(4-ethyl-5-methylthiazol-2-

ylamino)-1-methyl-1.6-dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridine-7-carboxamide

[00244] Prepared from example 26A using similar procedure as that of example 2

[00245] MS (ESI) m/z 464 (M+H).

[00246] 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 8.81 —9.19 (m, 1 H) 7.69
15 (s,1H)6.89(s, 1 H)4.75 (q, /=7.12Hz,2 H) 4.03 (s, 3 H) 2.78 = 2.93 (m, 2 H) 2.63

(q, /=7.48 Hz, 2 H) 2.37 (s, 3 H) 1.53 (t, /=7.04 Hz, 3 H) 1.26 (t, /=7.48 Hz, 3 H)

0.73 -0.95 (m, 8 H).

Example 29

MH;QN A%

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-4-

20

(trifluoromethyl)thiazol-2-ylamino)-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-

b]pyridine-7-carboxamide
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33Preparation of 4-(5,5-dioxo-4,5,6,7-tetrahydro-56-thi opyranol4, 3-

di t hi azol - 2-yl am no) - 6-et hyl -1-net hyl -1, 6-di hydro-1, 3,5

, 6-t et r aawe-2as/(288bacene- 7- carboxylic acid di cycl opr oppCanisde0/0476g00263]
Thi s conmpound was prepared according to exanple 1 using 3-brono-1, 1-

25di oxo-tetrahydro-16-t hi opyran-4-one (exanple 33B, 32.5 ng, 0.151 mml) to
provi de

4- (5, 5- di oxo- f00§4’§ 7~rhgtc6ﬁb&%%§g heORXLARA B Rl Phagob-phmd-ami no) - 6-

et hyl - | - net hyl di hydr o- etraaza- as-i ndacene- 7- carboxylic acid
dlcyclopropyléﬁﬂd@ﬂygoégmlipn§gng@ ﬁ%Nd&mQ§kmﬂﬁHléeﬂwh1§@ﬂb@4(900264] NB

(ESI) mz 526 Vit | VR :
PCIEFTON & TR R R R L T e T DS
(7, 2H, J= 6. bRyHiding-73abBxqrhide H whiteso8d.16 Hz), 2.89 -2.97 (m 2H), 1.38
(t, 3H, J=_7 ), -0, 7 44, 0.61 - 0.70 (m 4H) Exanple 34 O
NN N Prgpa?(ﬁ)tz!z% 8%&%1) 2 5846 )

4- (5-acet y1- 4{002ud1y! t1H|mRI(5(X}MHamDM@I}d6)/5 bblmgcmc(b qplr)omsl( OHet gt ¢, -

met hyl - 1, 6- di hydr oi m dazo[ 4 éi % y ne-7- carboxanld

1002561 Thi s Ombo i Hiad (harapeibboe t G h SHliatbre 2SqHeng

3-chl oro-2, 4- 0@5@@nﬁ@n@@50@qlqgﬁ4ﬁ)nL 0.302 mmol ) to provide

4- (5- acet y1- 4- et hyl t hi azol - 2-

yl am no) - N, N-di cycl opr opy1- 6- ethyl 1- net hyl -1, 6-di hydroi m dazo [4,5

-d] pyrrol o[ 2, 3- b] pyridine-7- carboxamhgﬁqﬁgﬁ)ng, 100 % yield) as a pale
yel | ow sol I d.

AN
J> TN, 80.Me
>—N Yan
PeS
d WNONONTN
H

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methyl-5-
(methylsulfonyl)thiazol-2-ylamino)-1,6-dihydroimidazo[4,5-d]pyrroloe[2,3-
b]pyridine-7-carboxamide
15

30A Preparation of 1-bromo-1-(methylsulfonyl)propan-2-one

0 Q0
AN

Br

[00250] To a solution of methanesulphonylacetone (0.5 g, 3.67 mmol) in AcOH
(7.34 mL) and dichloromethane (11.02 mL) in a round bottom flask was added

20 bromine (0.189 mL, 3.67 mmol) dropwise. The reaction mixture was stirred at rt 90
min. Solvent was removed in vacuo. The residue was taken up in ether and washed
with saturated aqueous sodium bicarbonate (2 x). The organics were concentrated iz
vacuo. 1-Bromo-1-(methylsulfonyl)propan-2-one (0.332 g, 42% yield) was isolated as
an oil.

25 [00251] MS (CI) m/z 215.0 (M+H)
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[00267] MS (ESI) mz 478.2 (MtH) [00268] 1H NMR (400 MHz, DWVSO-d6) 6 ppm
8.31 (s, 1H), 7.28 (s, 1H), 4.62 (q, 202H, J= 6.94 Hz), 4.08 (s, 3H), 2.89
-2.99 (mwokMpi/es®1 (s, 3H), 1.44 (t, 3H, J= 7.03 Hz), @CTAIS2@08176¢Mm 4H),
0.64 -0.72 (m 4H) Exanple 35 NH O NNNN Preparation of

[V, N-di cycl opropyl- 6-et hyl - 1- net hyl - 4- (4- oxo- 4, 5- di hydrot hi azol o [5, 4-c]
pyridin-2-yl am no) -1, 6- di hydroi m dazo [4,5-d] pyrrolo 12, 3-

b] pyr i di ne-7- car boy@m A3 BT RRAiRLdGHRoR-6 3R QIRRILPAL U dhdiga 2, 4- di one 0
BrNH O To a m xture of pi per 1 di ne-2Z, 4-di one (0.0/2 g, 0. 637 m‘rDI).ln acetic
acid (1.591 plsulfoplotHiarel Ry lmmino b 1 G3thvidroimplagsdd.S wimirolaf; pyveidinefhe
reaction m xt Ua{rﬁoﬁ’éﬁﬁd stirred at rt 70 m n. D chl oronethane was added and

t he cl oudy m m Xture was concentrated in 10vacuo. The residual sol ution was
treated with ¢02$2] efThsrompounidiwas psphred acoaliipad eganmplahdsing ébAo@H et her was

decanted. The [ t.e solid resu t e praduct forward. The
white soli sf‘ﬁ@[“éé}ﬂ Opﬁ‘bﬁr?@ﬂ%r%go%ggg‘?’é?nél) IH%%rlgg BRI I%’iovd%olk%gx posure to
i ght and st aﬂﬂ@/ﬂq;roﬁ.ﬁiﬁﬁdﬂﬁ}&{l&hﬁhylm?l(401f16thyl 5- (methylsulfonyl)thlazol 2-ylamino)-

N, N- di cycl opr opyl 6-eth
di hydr ot hi azol él%hwr% F‘? éMJ@yrgﬂloo{%fﬁ &é@yrlﬂnﬁ 7d?aﬁ%?‘8}%(8%%61£40 %2341 pyrrol 012

, 3= bl pyri di §nof -30a BGXAdNaden O{fgﬁgt@g(],thhl s conpound was prepared according
to exanpl e 2 usi iﬂ 3- bronopi peridi ne-2, 4-di one (exanple 35A) to provide
6

N, N-di cycl opr t9¢3316- MhiESm/z 514.1 (M+H)
10 [00254] 1H NMR (400 MHz, DMSO-dg) 8 ppm 12.00 (br s, 1H), 8.18 (s, 1H), 7.27

(s, 1H), 4.59 (q, 2H, J = 6.78 Hz), 4.06 (s, 3H), 3.29 (s, 3H), 2.88 — 2.98 (m, 2H),
2.53 (s, 3H), 1.41 (t, 3H, J = 6.90 Hz), 0.72 — 0.81 (m, 4H), 0.62 — 0.71 (m, 4H)

Example 31

AN
J> N7 Cl

S Yo

O N N N N
H

15

Preparation of 4-(5-chloro-4-methylthiazol-2-ylamino)-/V, N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydreimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

20 [00255] This compound was prepared according to example 2 using 1,1-
dichloropropan-2-one (14.26 uL, 0.147 mmol) to provide 4-(5-chloro-4-
methylthiazol-2-ylamino)-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4.35 mg, 18.9% yield)
as a pale green solid.

25  [00256] MS (ESI) m/z 470.1 (M+H)

[00257] 1H NMR (400 MHz, DMSO-de) 6 ppm 11.34 (s, 1H), 8.14 (s, 1H), 7.25 (s,
1H), 4.58 (q, 2H, J = 7.28 Hz), 4.04 (s, 3H), 2.88 —2.98 (m, 2H), 2.25 (s, 3H), 1.40 (t,
3H, J=6.90 Hz), 0.73 — 0.81 (m, 4H), 0.63 — 0.70 (m, 4H)
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20met hyl - 4- (4- oxo- 4, 5-di hydr ot hi azol o[ 5, 4-c] pyri di n-2-yl am no) - 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-carboxam de (4.51 ng, 12.3%
yi el d) aswe 2otwa2ss680l i d cont ai ni ng 10% PCT/US2010/047621

N, N- di cycl opropyl-6-et hyl- 1- met hyl - 4- (4- oxo4, 5, 6, 7-t et r ahydr ot hi azol o[ 5, 4-c
] pyridin-2-yl am no) -1, 6-di hydroi m dazo|[ 4, 5-

d] pyrrol o[ 2, 3-b] pyri di ne-7-carboxam de. 25[00270] Ms (ESI) mz 489.1 (M+H)
[00271] 1H NVR (400 MHz, DMSO-d6) 6 paaghpgO3As, 1H), 7.32 - 7.47 (m 1H),
7.29 (s, 1H), 6.62 (d, 1H J= 7.03 Hz), 4.66 (q, 2H, J= 7.19 Hz), 4.07 (s,
3H), 2.88 - 3.06 (m 2H), 144(t H, J\- .03 ¢ 0.72 -0.85 (m 4H),

0.60 -0.72 (m 4H) 30Exanpl e eparatl
2-(7-(dicycl opropyl carbanoy1) - mw& @ di hydr oi m dazo [ 4, 5-d]
pyrrolo 12, 3-b] pyri di n-4-yl am no)O i‘azol o [5,4- c] pyridine-5

(4H) -ca rb oxylate 5 [00272] This c’cﬁou d s prepared according to
exanpl e 2 using 3-brono-4- oxo-piperidine-l-carboxylic acid ethyl ester to
provide ethyl 2-(7- p tion of N, V-glicycl 1-4-(5,5 hyl-7-0x0-4,5,6,7-

(di cycl opropyl car ba refamegto fhc%eoﬂrqpy E(> dﬁm%fr j m dazo’ 4,5

-d] pyrrolo [2, 3etrahydr0benzo[d]thlazol- -ylammo) 6-ethyl— -methyl—l 6 d1hydr01m1dazo[4 5-

b] pyridin yI am no) -6, 7-dih drot r|d| e-5(4H) - car boxyl ate
(5 ny, 101§ 36 %yield) as aé{ e %%'I%:IIHL gli SI) mz 549.2 (MtH)

[00274] 1H NWR (400 MHz, DWVSO-d6) 6 ppm 10 83 ( br s 1H) 8.12 (s, 1H),
7.23 (s, 1H), . - 4,67 ( 2H, J=7.19. 4.04_(s, 3H),
3.72 (t, hé"zg&ZTPE)Wméo‘gh?‘ W%P%ar(:&r? Cgfﬁb‘ng‘?eé%nm%% g frchlofyS.51 38 (t,
3H, J= 7. 03 HaheithiB21ohSlhe-| 3ok 7379 kB, #1200 mBrofilo pOvALANM 4H), 0. 60 -
0.71 (m 4H) Exanp H Preparati

IV, N-di cycl oprdksizsglqpreméﬁr@f dim thrPXQt“ é& TstegahydropgizetIhiarglf-plemingrol o
[5,4-c] pypi dsnurY PP difty Boithi iy S ih 8462 3% 1py HindPY. Er0b@mli ¢ 3-

(11.24 mg, 21.7% yield) as a pale yellow solid.

[00259] MS (ESI) m/z 518.2 (M+H)

[00260] 1H NMR (400 MHz, DMSO-ds) & ppm 11.93 (s, 1H), 8.19 (s, 1H), 7.28 (s,

1H), 4.62 (q, 2H), 4.06 (s, 3H), 2.89 — 2.98 (m, 2H), 2.80 (s, 2H), 2.40 (s, 2H), 1.41 (t,
15  3H,J=7.03 Hz), 1.09 (s, 6H), 0.73 — 0.80 (m, 4H), 0.63 — 0.71 (m, 4H)

Example 33
\\ 0O

Preparation of 4-(5,5-di0x0-4,5,6,7-tetrahydro-S?f—thiopyrano[4,3-d]thiazol—2-
20 ylaminoe)-6-ethyl-1-methyl-1,6-dihydro-1,3,5,6-tetraaza-as-indacene-7-carboxylic
acid dicyclopropylamide

33A  Preparation of 3-bromodihydro-2H-thiopyran-4(34)-one
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b] pyridi ne-7-carboxam de [ 00275] This conpound was prepared according
to exanple 2 using 3- bronopiperidin-4-one, hydrobromde (33.8 ng, 0.130
nmol ) t o Wwoavildesses PCT/US2010/047621

N, N25di cycl opropyl- 6-et hyl - 1-net hyl -4- (4,5, 6, 7-tetrahydr ot hi azol o[ 5, 4- c] pyr
i di n-2-

yl am no) - 1, 6- di hydroi m dazo[ 4, 5-d] pyrrol o] 2, 3-b] pyri di ne-7- car boxam de (30
ng, 60 %yield) as a pale yellow solid. 00276] Ms (ESI) nlz 477.3 (M+H)
[00277] 1H NVR (400 MHz, DMSO-d6) 6 ppmjp. 08 (br s, 2H), 8.25 (s, 1H), 7.27
5(s, 1H), 4.63 (q, 2H, J= 6.78 Hz), 4. r s, ZFD 4.06 (s, 3H), 2.85 -
2.98 (m 4H), 1.38 (t, 3H, J=7.03 Hz) \0/73 -0.81 (m 4H), 0.62 -0.71 (m
4H) 2-N 0)1 Exanple 38 \ N-\\ NNN S 10

4- (5- cyanot hi mkg oAtk éfvetuhfarsmp%ﬁqpaﬁ% <@s§tbyé mrfioffGh hyl - 1, 6-

di hydr oi m dazo[ 4 yrrol o di ne-7-car boxam de
dlchloromethane (51.2 mL) and methanol (20.49 mL) was added tetra-n-

butylammonium tribromide (2.283 g, 4.73 mmol). The reaction mixture was stirred at
5 1t 2.5h. Solvent was removed in vacuo. The crude solid was triturated with ether (3

x). The combined ether layers were dried over anydrous magnesium sulfate, filtered

and concentrated in vacuo. The product was isolated as a pale orange oil. Material

was used immediately in the next reaction.

10 33B  Preparation of 3-bromo-1,1-dioxo-tetrahydro-12°-thiopyran-4-one

0)

fj/Br

7\

[00262] To acooled (0 °C) of 3-bromodihydro-2H-thiopyran-4(3H)-one (example
33A,0.791 g, 4.05 mmol) in dichloromethane (20.27 mL) was added mCPBA (1.749
g, 10.14 mmol) slowly. The reaction mixture was allowed to warm to room

15  temperature. The reaction mixture was quenched with saturated aqueous sodium
bicarbonate. The aqueous layer was extracted with dichloromethane (2 x). The
combined organics were dried over anhydrous magenesium sulfate, filtered and
concentrated in vacuo to afford 3-bromo-1,1-dioxo-tetrahydro-12.°-thiopyran-4-one as
a white solid which was used immediately in the next reaction.

20

33 Preparation of 4-(5.5-diox0-4.5.6.7-tetrahydro-51%-thiopyrano[4.3-

d]thiazol-2-ylamino)-6-ethyl-1-methyl-1,6-dihydro-1.3.5.6-tetraaza-as-indacene-7-

carboxvlic acid dicyclopropylamide

[00263] This compound was prepared according to example 1 using 3-bromo-1,1-
25 dioxo-tetrahydro-1A°-thiopyran-4-one (example 33B, 32.5 mg, 0.151 mmol) to
provide 4-(5,5-dioxo-4,5,6,7-tetrahydro-5°-thiopyrano[4,3-d]thiazol-2-ylamino)-6-
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[00278] To a mi xture of 4-am no-N, N-dicycl opropyl-6-ethyl-1-nethyl-1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 1J, 60
ng, 150. W 2023864 2- chl or ot hi azol e-5-carbonitril e (38. PCEgS2@0866B2mol ),
Pd2(dba)3 (24.4 ng, 0.027 mmol), BINAP (49.7 ng, 0.080 nmol) and sodi um
tert-butoxide (27.3 ng, 0.284 nmmol) was added DVE (1 ml). The m xture was
purged with argon gas for 5 min and heated to 85 C for 3 h. The reaction

m xture shovedmyr r-GRIYEPBURIIHRN 3 BY- t'elPAa% angaRae-fichigk @ sblar ough a plug of
Celite and concentrated The crude product 20 was purified by preparative
HPLC t o af f or dicyclopropylamide (9 mg, 17.56 % yield) as a pale tan solid.

4- (5-cyanot hi i opr opyl- 6-et hyl - 1- et hyl - 1, 6- di hydr oi
m dazo [4,5 ﬂ%%yrro¥h9F§ﬁ§£%Pp§?K%¥ﬁé - carboxam de as a off-white solid.
[ 00279] NS ( ESI0R265H z 1HAMR (¢0¥HHzZ, DMSDG(ﬁk?Bﬁﬂ)mBHmWRH(),SmB VHZ)), CDBQD CDClB)
6: 8.60 (s 1 2 :

71 i, orf, azbopat el st SBuh SN 135 4 g Laety i

0.83 - 0 90’ (8. 153I-ﬂ1z) 08974297 0n SH)( B8 &HH, J-Exa3rakg039-0.79 (m, 4H), 061—

4- (benzo[d]thlazol | am no) -/V, N-di cycl opropyl- 6-et hyl - 1- net hyl - 1, 6-
d|hydr0|n1da28[ ﬂT%yrrolo[Z 3-b] pyridi ne-7-car boxam de 5[ 00281] To a

sol ution of 4- anlno N-dlcyclopropyl 6- et hyl - 1-net hyl - 1, 6-

di hydr oi m dazo|[ 4, 5- d]pyrrolo[2 - b] pyri di ne-7- car boxam de (exanple 1J, 21.2
my, 0.063 mmol) in DVF (626 pL) was addge@mpdoit um hydride (10.02 ng, 0.251
mmol) in one portion. After 20 mn, 2-brogo-1, 3-benzot hi azole (53.6 ny,
0.251 mol ) was added. The reaction;ﬁixturﬁ’mas shirred at roomtenperature
for 16h. The reaction 10 nixtur water and diluted with
et hyl acetate. The aqueous Iaye wa tfac ed}&n et hyl acetate. The
conbi ned organlcs were washed wi t hOl0%a\Ci Nfred over anhydrous sodi um
sul fate, hltered and concentrated |n/$acuo Hhe crude residue was purified

by flash chromat ography using an Isco 4 g colum eluting with 0 - 5%
MeOH CH2C12 t d’ryiwertatiomof(4a€,ﬁaazc@[ydi-]4tm¢thzl@1imﬂ-9+yéaﬁlin9)-NW Hicyclopropyl-6-ethyl-1-

125 bl pyr 1 o ne. 7RG AAFl B ohoota S it Q) OO0 e cRhRARAL T,
solid. [00282] M5 (ESI) mz 472.2 (M+H) [00283] 1H NIVR (500 MHz, DI\/BO d6) 6
ppm 8. 17 (s, H_(pl66]7' %Islis(ccoimpoluﬂfd \il]ag pZe'pa?rgd according to example 2 using 3-chloro-2,4-

15  pentanedione (36.0 puL, 0.302 mmol) to provide 4-(5-acetyl-4-methylthiazol-2-
ylamino)-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (76 mg, 100 % yield) as a pale yellow solid.

[00267] MS (ESI) m/z 478.2 (M+H)
[00268] 1H NMR (400 MHz, DMSO-ds) & ppm 8.31 (s, 1H), 7.28 (s, 1H), 4.62 (q,

20 2H,J=6.94 Hz), 4.08 (s, 3H), 2.89 — 2.99 (m, 2H), 2.61 (s, 3H), 1.44 (t, 3H, J=7.03
Hz), 0.72 - 0.81 (m, 4H), 0.64 — 0.72 (m, 4H)

Example 35

Py, S
NH
N
S Tenay
0 NN NN
J H
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Hz), 7.67 (d, 1H, J= 8.25 Hz), 7.39 (t, 1H, J= 7.97 Hz), 7.27 (s, 1H), 7.22
(t, 1H, J= 208.52 Hz), 4.70 (g, 2H, J= 7.06 Hz), 4.06 (s, 3H), 2.88 - 2.99
(m 2H), woebiydsses, 1H), 1.45 (t, 3H, J= 7.01 Hz), O.72CT/U3284/041621 4H) ,
0.64 - 0.73 (m 4H) Exanple 40 -N O 25Preparation of

[V, N-di cycl opropyl-6-ethyl-4-(5-fluorobenzo[d]thiazol -2-yl am no) - 1-

nmet hyl -1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de - 87 -
40A Preparation of %Jebm&ﬁn%fmhwmﬁowm@ 8[ @Untéi!n 4€ox0l402284] To a

sol ution of 5-fl uoro-2-ner capt obenzot hi azol e 10 mml) 5in THF
(8.10 nlL) cool etihydyothiazolahs4 ah’dydllsbalannnmldﬁ-ﬂdwd(tommwﬁ dipggoloihdi ) .

After stirring 10 mn, iodonet harlﬂpﬂ?dlﬁzg - THoxamade® MMPl) was added and the
reaction m xture was slowy warne 0 roomtenperature over 2 h. The
reaction was diluted with ethyl acetate and quenched with saturated aqueous
sodi um bi car bonat e heP 0 W with brine, dried over
anhydrous 3odi um stAd-atidSPaiy . A alemmeieisterciy ¥t ed i n vacuo.
5-fluoro-2-(nethylthio) benzo[d]thl azoI e (Q)178 g, 110 %yield) was isol ated
as a white solid. Material was used wgr%\%ny further purification.

[00285] MS (ESI) miz 200.0 (MtH)
)

To a mixture of piperidine-2,4-dione (0.072 g, 0.637 mmol) in acetic acid (1.591 mL)
was added bromine (0.033 mL, 0.637 mmol) dropwise. The reaction mixture was stirred
at rt 70 min. Dichloromethane was added and the cloudy mixture was concentrated iz

10 vacuo. The residual solution was treated with ethyl ether. A white solid crashed out and
the AcOH/ether was decanted. The white solid, presumed to be product was carried
forward. The white solid started liquifying and turning red rapidly upon exposure to light

and standing.

15 35 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-0x0-4,5-

dihydrothiazolo[5.4-c]pyridin-2-ylamino)-1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-

blpyridine-7-carboxamide

[00269] This compound was prepared according to example 2 using 3-
bromopiperidine-2,4-dione (example 35A) to provide N, N-dicyclopropyl-6-ethyl-1-
20  methyl-4-(4-0x0-4,5-dihydrothiazolo[5,4-c]pyridin-2-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4.51 mg, 12.3% yield)
as a white solid containing 10% N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-oxo-
4,5,6,7-tetrahydrothiazolo[ 5,4-c]pyridin-2-ylamino)-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridine-7-carboxamide.
25  [00270] MS (ESI) m/z 489.1 (M+H)
[00271] 1H NMR (400 MHz, DMSO-de) 6 ppm 8.20 (s, 1H), 7.32 — 7.47 (m, 1H),
7.29 (s, 1H), 6.62 (d, 1H, J=7.03 Hz), 4.66 (q, 2H, J=7.19 Hz), 4.07 (s, 3H), 2.88 —
3.06 (m, 2H), 1.44 (t, 3H, J=7.03 Hz), 0.72 — 0.85 (m, 4H), 0.60 — 0.72 (m, 4H)

30 Example 36
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[00286] 1H NWR (400 MHz, CHLOROFORMd) 6 ppm 7.68 (dd, 1H, J= 8.81, 155.04
Hz), 7.56 (dd, 1H, J= 9.57, 2.52 Hz), 7.07 (td, 1H, J= 8.81, 2.52 Hz), 2.80
(s, 3H) 298 2Priepsscat i on of 5-fl uoro-2-(nethyl sul finyl)beozTaisdéioamel e

20[ 00287] 5- Fl uoro-2- (et hyl t hi o) benzo[d] t hi azol e (exanpl e 40A, 0.178 g,
0.893 nmol ) was dissolved in CH2C12 (5.96 nL). nCPBA (0.154 g, 0.893 nmol)
was added in one portion and the reaction mxture was stirred at room
tenperature. The reaction was quenched with saturgted aqueous sodi um

bi carbonate and diluted with di chkoronmet hane. The ous | ayer was
extracted with dichloromet hane (2/%). The W5 copbijned organi ¢ were washed
with brine, dried over anhydr[p:usNrra f sg atey filtered, and
concentrated in vacuo. 5-Fl uoro- thyl, u Qbenzo[d] t hi azol e (0. 180
g, 94 %yield) was isolated as aOwhilNe B0l and used without further
purification. [00288] Ms (ESI) nmfz/216.0 (HM+H) [00289] 1H NVR (500 Mz,
CHLOROFORM D) 6 ppm 7.97 (dd, 1H J= 9.07, 4.95 Hz 7.76 (dd, 1H, J= 9.07,
2.47 Hz), 7.27 - Breparatign Oir—t)hyl B(Tr{sliqyslopnanylcgnamey; G-afthr/bhnwhyl- 1,6-

N, N-di cycl opro g}z,@d 140 -

yl am no) - 1- met %ﬂyd?o%hg%&%{/ﬁ gﬁ)r#%jdggghﬂ -dllg;rﬁélﬁggzﬁ&%hﬁ? fhtzll?zr?glsf“car boxa
m de [00290] To a solution of c]Pyrldlne-S(4H)-carb0Xylate

4-am no- N, B di cycl opropyl- 6-et hyl - 1-net hyl - 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7- car boxam de (exanple 1J, 50
ng, 0.148 mmvol00272] DWVRis(cdmporny wea prepaice deconligrmekanaple 2esigd 7-badnawgy, 0. 443

nmol ). 10After uor.o- 2- ul fi.nyl o[d] t hi azol e (exanpl e
40B, 95 ng, 0°%4 §lpﬁtflr(ﬁ'ile)'?'\ﬁ%rgo &8§8d%ﬁ9£)‘?‘%erio‘?rwlg%e&“?%n&r eaction nixture was
stirred at rom}tcmn@yammoylyhemyemﬁdt@m1ma¢hy&r@nﬁmo [dislapeeblaegh et hyl

acetate and quenched wat e The aqueou yer. was extracted with ethyl
acetate (2 x)%p?‘ﬁ@n“ weh%rﬂ@gﬁr%hwg%?é Ci@f@lwéﬁf@ocamwatfé %M& t hi um

chloride sgl uts9nof @ely) as abhiRdoRyer 15anhydrous sodiumsulfate, filtered
and concentrated in vacuo. The crude residue was purified by flash
chr omat ogr aphy00343Ing Min(BSEw/z$49.4 MaHdrm el uting with 0-5% MeOH CH2Cl12 to

5{2\(71' ﬁg) 1- nelt[@?‘hopﬁﬁngzr‘@lt%ﬁ% MF?% g?gy?rsg Ffjs] tlhga&rzj%qsﬁi r%’e- 7- car boxa

m de (13 ny, 123@2%%@%67@@%&@1@ NB A-CT.)9 Hiz 449 0s, 2H)MKH)(LRO0292] 1H

NVR (400 Mz, 8. 02
(m (1H), 7.47 (24339 'lgﬂ?%)%§7 F’ng%lﬁz%ﬁ% %%83(73](@1?5”8 %%6‘9%?’[} Hﬁﬂﬁf%qazzls Hz) |
4.69 (q, 25, &3H,/37.HHz),4.706 (&, (nBHH), 02:0890.71 @u,@B)(m 2H), 1.45 (t, 3H,
J= 7.05 Hz). 0.74 -0.81 (m 4H), 0.63 - 0.71 (m 4H) 25

Example 37

”WA 2%

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4,5,6,7-
20 tetrahydrothiazolo[5,4-c|pyridin-2-ylamino)-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-

b]pyridine-7-carboxamide

[00275] This compound was prepared according to example 2 using 3-
bromopiperidin-4-one, hydrobromide (33.8 mg, 0.130 mmol) to provide N, N-
25  dicyclopropyl-6-ethyl-1-methyl-4-(4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-
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Preparation of

IV, N-di cycl opropyl-4-(1, 3-di net hyl- 1H pyrazol 013, 4-d] t hi azol - 5-

yl am no) -woeaebtwd2884 net hyl - 1, 6- di hydroi mi dazo [ 4, 5-d] pyPcolus2¢18/0876b]i

pyri di ne-7- carboxam de 541A Preparation of

N, N- di cycl opropyl-6-et hyl -4-isothiocy anato-1 -nethyl-1,6- di hydroi m dazo
[4,5-di pyrrolo [2,3 -blpyridine-7-c arb oxamde N-\\ -N [00293] To a

m xture of 4- api ey N, Mt &¥iaheRb pfr@bRYLs by Bl barfo@mide (30 mg,
di hydr oi ni dazs i pyﬂr%F ol o2, BQEY%ggirdi[Eg- iR b de e By, 0. 575
mol ) 10i n di éhPoyieldbastante yegw4oliEL) in a round bottom flask under

it 1aAs ' i-2(1H)- id 133 , 0.575
nitrogen was E@??@ MS{EEEM(&%'Q?MX&QI (1H) - pyri done ( ny

mol ). The re n mxture was stirred at roomtenperature for 16h. The
reacti on m xt (087%Was 18I Bri#e(aYIEd, DMIEOrds) &dpro @d8gbes Uy, &.25NKk, NFHDI ©377

P o S ey d30 o, DRGNS 4o Bk XD A 08 32886 A8dm b at ed as a

yel | ow 15sti ckpysQBiHdl = VBB elz),al 73waBs UGEdHAL.625- 0.n1 ghlbsBgquent reacti ons.
[00294] M5 (ESI) m(z 381.1 (M+H) 41BPreparati on of N, N-di cycl opropyl-4-(3
-(1,3 -dinmethyl-1H pyrazol -5 - yl)thi oureido)-6-ethyl-1

-nmet hyl - 1, 6-di hydr oi m dazol 4, 5-dl  pyrmExanpless3 - bl pyridine-7- 20 carboxam de
[ 00295] To a flask charged with

N, N- di cycl opr opy1l- 6- et hyl-4-i sot hﬂbcyanéﬁg\\l -

D eeE:

| N

NN NL}CN
K H

)

10
4-(5-cyanothiazol-2-ylamino)-V, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo|4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide
[00278] To a mixture of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 60 mg,

15 0.177 mmol), 2-chlorothiazole-5-carbonitrile (38.5 mg, 0.266 mmol), Pd2(dba)3 (24.4
mg, 0.027 mmol), BINAP (49.7 mg, 0.080 mmol) and sodium zerz-butoxide (27.3 mg,
0.284 mmol) was added DME (1 ml). The mixture was purged with argon gas for 5
min and heated to 85 °C for 3 h. The reaction mixture showed ~60% conversion by
HPLC and was filtered through a plug of Celite and concentrated. The crude product

20  was purified by preparative HPLC to afford 4-(5-cyanothiazol-2-ylamino)-N, N-
dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide as a off-white solid.

[00279] MS (ESI) m/z 447.2 (M+H).
[00280] 'H NMR (500 MHz, CD;0D-CDCls) 3: 8.60 (s, 1H), 8.04 (s, 1H), 7.56 (s,

25 4H),7.13 (s, 1H), 4.71 (q, J = 7.1 Hz, 2H), 4.20 (s, 3H), 2.84 - 2.91 (m, 2H), 1.52 (t,J
=7.1 Hz, 3H), 0.83 - 0.90 (m, 5H), 0.74 - 0.80 (m, 4H).

Example 39
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met hyl - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol of 2, 3-b] pyri di ne-7- car boxam de
(exanple 25 41A, 0.0342 g, 0.090 mmol) was added THF (0.449 nL).

5- Anmi no- IwB-20diaregshy| pyrazol e (0.012 g, 0.108 mmol) was Patdsdooltconed by
sodi um hydride (3.60 ng, 0.090 nmol). The reaction m xture was stirred at
roomtenperature for 16 h. The reaction m xture was diluted with ethyl
acetate and quenched with saturated aqueous sodi um bi carbonate. The agueous
| ayer was extracted with ethyl acetate. The conbi ned organics were dried
over anhydrous sodiumsulfate, filtlefed amdNoconcgntrated in vacuo. The
crude material was used w thout>fuith i Ni fs‘. [00296] MS (ESI) mz
492. 2 (MtH) 41Preparati on of -

N, N-di cycl opropyl-4-(1,3-dinmet hyl-QH eraNoI MJS\M-

d] t hi azol - 5-yl ami no) - 6- et hy1- 1- net hyLJl 6- di Rydr oi mi dazo [4,5 -d]pyrrol o
[2,3 -Dblpyridinel0 7-carboxam de 0029621' N, N-Di cycl opropy1-4-(3 -(1,3

- di et hy1- 1H pyr aZb(kenzeldithippl3ofaming)- déﬁYFt‘g?PrqPé’hé'F Hl-megbyik8-dr oi mi dazo
[4,5-d]pyrrolo [2,3-b I ng, 0.083
mol ) was di ssol ved |hﬂ%ﬁ dgélg%ég%%a(g?@aﬁﬂf a{ﬁgﬁcﬁz%of% tﬁf)angﬂl& NS (18.76
ng, 0.083 mvol) was slowWy added and the reaction was 15 warned to room

t enperat ure. eaction eni L at t |, and ether were
added and ?he?—dﬁ.‘?s{]ureoﬁéglu&q?ere %te%cy(s: %YOHYI' e 3(')|er91 aatrﬁole & product
precipitated diiydofmitlie4sdU)pyirolo]2 Sthymhﬁﬂmmhrmemﬂes Qekamlaé ed 2\M2trhg,m3t hanol .

N, NDi cycl opro zol. o azol | am no) - 6-eth
T e oo RV ik SV Trizb ot Vet BOSS St Pute L ARG 3 R Boxan G
was i sol at ed 3@@3;?0rﬁorpaifﬁbr26|rﬂ1ﬂw -56hbd 3 bndothBzol2B%0chglods 1 nfP9&] MS (ESI)
mz 490. 3 (M+I—% 00299] 1H NVMR (400 MHz, DVBO d6) 6 %mll 39 (s, 1H), 8.17

(s, 1H), 7.26% cged Ibﬁ reaqloegnl{dé}re Ay, stiryed a;t ropgn [.qzl)peraglr@ (lgh '@}q)reacgog 5 (s, 3H)
iH)SS b glq_@ ( mlxtgllébwas ﬁt}léﬁh&ﬁwn}ﬁ\gater a"n%‘hﬁut@& with |ElthyiJat:e%teo k) hk'%é[ueo@s lzger 0. 82 (m
2-(7-(dicycl omawyta@fad Wathnethy) acgtagst ﬁmcqmbmwgamcsmm Wydedwith d8%ol 4, 5-
d] pyrrol of 2, SLF&IPélrllre'd%'VQr a%hy(irglm & Lmssuﬁﬁgﬂme}eralaﬂ& %n%erﬂra?e%lrzg 9%(%' akfe
crude residue was purified by flash chromatography using an Isco 4 g column eluting
with 0 - 5% MeOH/CH,Cl; to yield 4-(benzo[d]thiazol-2-ylamino)-N, N-
15  dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (6.8 mg, 21.87 % yield) as an off-white solid.
[00282] MS (ESI) m/z 472.2 (M+H)
[00283] 1H NMR (500 MHz, DMSO-d6) 6 ppm 8.17 (s, 1H), 7.95 (d, 1H, J=7.97
Hz), 7.67 (d, 1H, J=8.25 Hz), 7.39 (t, 1H, J=7.97 Hz), 7.27 (s, 1H), 7.22 (t, IH, J =
20  8.52 Hz),4.70 (q, 2H, J=7.06 Hz), 4.06 (s, 3H), 2.88 — 2.99 (m, 2H), 1.65 (br s, 1H),
1.45 (t, 3H, /= 7.01 Hz), 0.74 — 0.84 (m, 4H), 0.64 — 0.73 (m, 4H)

Example 40

m@

NNNN

25 Preparation of N, NV-dicyclopropyl-6-ethyl-4-(S-fluorobenzo[d]thiazol-2-ylamino)-1-
methyl-1,6-dihydroimidazo|4,5-d]|pyrroloe[2,3-b]|pyridine-7-carboxamide
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[ 00300] Met hyl 3-brono-2-oxobutanoate (320 ng, 1.642 nmol) was added to a
5suspension of N, N- dicy clopr opyl-6-ethyl-1-nethyl-4-thioureido-1,6-

di hydr oi mvOaaajn2s$s4d] pyrrol o[ 2, 3- b] pyri di ne- 7- car boxam #eT(iSz@ophms22B, 435
ng, 1.094 mmol) in EtOH (10 m) and the reaction m xture was heated at 65 C
for 2h. The solvent was renoved in vacuo and the residue purified by silica
gel chromat ography (2-10% MeOH di chl oronet hane) to give nethyl 2-(7-
10(dicyclopropylcarbanoyl) 6- et hyl - 1- et hyl - 1, 6- di hydr oi m dazo [4,5

-d] pyrrolo [2,3- b]pyridin-4-ylam no)- 5 nethylthlazole 4-carboxyl ate (380

mg, 70%yield) as | Ruepsusition of §-Hloa pchylteigibengq[dthigroB7 min, mz 494
(MtH) [ 00302] 1H NVR ( CHLOROFORM: d) 6 9 41_Lpr. s., 1H), 7.78 (s, 1H), 6.89
(s, 151H), 4.73 (q, J = 7.0 Hz, 2H), 4. gH), 3.95 (s, 3H), 2.80 -
2.87 (m 2H), 2.77 (s, 3H), 1.54(t,\J/g & Hz, 3H), 0.83 - 0.90 (m 4H),

0.73 - 0.80 (m 4H). Exanple 43
2-(7-(dicyclopraq Icarbann 1) thyl 1- met hyl 6-di h dr0|n1dazo 4,5-
d] pyrrol of 2, 31 ‘B’F%r. dir-sqlu ?Ia?ﬁ%ﬁyor?%wrgambﬁ?@f Wkﬁpﬁégi% Wemphoxani de

43A Prepar gti anrTIQf Qﬂi%Lﬁ&bﬁMQ&OPCQ&Mb&ﬁHQ&ﬂEM%}m@mQObMi kr@ﬁ&ﬂﬁ&%l 6-
25d|hydr0|n1dazo[4 5-dl yrrolo[2 3- bl pyri di n-4-yl am no) - nethylt i azol e- 4-

carboxyl i ¢ acifdier ftmampH) mmnjodemetbins (NAEH-MLo!- 9EpmmpD) vwas 9dl2d gabihy was added
to a suspensl lowl Th

22 (7~ evor ooy TR s gy vamS] ©foSm Py Rl The tion ey 5.

d] pyrrol of 2, Sdibl}tpcywnhiﬁmylzacythtaratmhQymﬁhmlﬁwatumtalmlueousfwhmbb)oyltban@e-( exanpl e

41, 50.19 g, th’ § %?Mygr wa{g \xgats%;' %h lgr%le n&'r}ed% gr a%ﬂ drgl"ls)%(?l f WRae heated at 60

C for 2h. The reaction’was omtenp erature and acidrfied with 1IN
HCl to pHid. ﬁheedaﬁnmmamnﬁwdmuwmuM@$ﬂ@@ﬂ@&hﬁﬂ@h&ﬂﬁmmﬂ> ﬁmanbibdﬂbg

triturated 5 t hanol The onbi n anol
concentrat ed | Ih YD VR SoURas R g ] Dhgus A rter

ether/dichlorgm@mﬁﬁ@e provi ded 2-(7-(dicycl opropyl carbanoyl) - 6- et hyl -
101- et hyl - dlhydr0|n1dazo pyrrolo [2,3 -b] pyridin-4-ylam no)-5

4.5 -d
- nethyl thi az&ﬂﬂéiﬂ cM%@@%%%@PcﬂMﬁ’gs ng, 57%vyield). [00304] M5 (ESI) rt
= 0.79 mn, M40 (MR (400 MHz, CHLOROFORM-d) & ppm 7.68 (dd, 1H, J = 8.81,

15 5.04 Hz), 7.56 (dd, 1H, .J=9.57, 2.52 Hz), 7.07 (td, 1H, J = 8.81, 2.52 Hz), 2.80 (s,
3H)

40B  Preparation of 5-fluoro-2-(methvlsulfinyl)benzo[d]thiazole

)
SN

20  [00287] 5-Fluoro-2-(methylthio)benzo[d]thiazole (example 40A, 0.178 g, 0.893
mmol) was dissolved in CH,Cl, (5.96 mL). mCPBA (0.154 g, 0.893 mmol) was

~s

added in one portion and the reaction mixture was stirred at room temperature. The
reaction was quenched with saturated aqueous sodium bicarbonate and diluted with
dichloromethane. The aqueous layer was extracted with dichloromethane (2 x). The

25  combined organic were washed with brine, dried over anhydrous magnesium sulfate,
filtered, and concentrated in vacuo. 5-Fluoro-2-(methylsulfinyl)benzo[d]thiazole
(0.180 g, 94 % yield) was isolated as a white solid and used without further

purification.
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43Pr eparation of 2-(7-(dicycl opropyl carbanoyl)-6-ethyl-1-nethyl-1, 6-

15di hydr oi m dazol 4, 5-dl pyrrolol 2 , 3

- bl pyri diwo4eylmesseno) - N, N, 5-tri met hyl t hi azol e-4- car boramiuseo10/0@B305] A

m xture of 2-(7-(dicycl opropyl carbanoyl)-6-ethyl-1-nmethyl-1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di n-4-yl am no) - 5- et hyl t hi azol e- 4-
carboxylic acid (43A, 30 ng, 0.063 mmol ), dinethylam ne, 40% aqueous (0.016

nL, 20 0.125 pgyeky) anes T4 E3%6.6 (00)0. 094 nmmol ) in DMF (1 nl) was stirred
at roomterrperature for 3h. The sol vent was evaporated off and the residue

purified by siQ028H géH NYiR¢MR MyzapROROFOBI-Neopyml7ORI(&t dHel hA®E) . The
material was f r f tive t i f

(7 (i cyer opr s ARy - R PRI 2 5Ga, \A).H N )

met hyl - 1, 6- di hydr oi mdazo[4 5- d] pyrrolo [ 2, 3-b] pyridin-4-ylanino)-N, N, 5-
25tr|rrethy%th| azol 0 6 . ) Wl %SOHd

[ 00306] M5’ (ESI) 5O 03¢ y THEOROPERN) 6

(7 79 g Is—i) 1|?:|) Vﬁn&ﬂ))(lsmetﬁs;ll)l8% 41h7c123r01é1ﬁdaz6[4‘5 31D9rrd)2'15[2 Qﬁbvrl(ﬂn@ﬁcﬁll‘é%%a&('rﬁe 3’» 127 ,
S., , 3. , - 7 t, =

Hz, 3H), O. 5310023097 ersolupign ofgg-gaping- @%ygmmaﬁw ﬁﬁﬂnlp%@yw 49 wer e

Ilgr e{oaerad Ui ' ngm&&}%m%umo £4- dE&Bl@FZOj Ri@,ﬁlr@ﬁ&@fch@%ﬁianﬁ@é (e%&&ﬁﬁl@hf shanExanpl e 44
N- ( 2- cyanoet hws gm(om@l\é@eu %@Ebwlaé@ﬁdtﬁaﬁdﬁylﬂyydedee@wmr&%ﬂmlmm 6-

di-hydr of migaz oty S5 sPY L0 fndirubitish ot 25 RQhin e 08 g5hpY ! t hi azol e-

0.443 mmol) was added in one portion. The reaction mixture was stirred at room

temperature. The reaction mixture was diluted with ethyl acetate and quenched with
water. The aqueous layer was extracted with ethyl acetate (2 x). The combined
organic layers were washed with 10% lithium chloride solution (2 x), dried over

15  anhydrous sodium sulfate, filtered and concentrated in vacuo. The crude residue was
purified by flash chromatography using an Isco 12 g column eluting with 0-5%
MeOH/CH,Cl; to provide N, N-dicyclopropyl-6-ethyl-4-(5-fluorobenzo[d]thiazol-2-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
(13 mg, 17.07 % yield).

20 [00291] MS (CI) m/z 490.2 (M+H)
[00292] 1H NMR (400 MHz, DMSO-de) 6 ppm 11.53 (brs, 1H), 8.19 (s, 1H), 7.95
-8.02 (m, 1H), 7.47 (d, 1H, J=9.82 Hz), 7.28 (s, 1H), 7.09 (t, 1H, J=8.18 Hz), 4.69
(q,2H, J=7.13 Hz), 4.06 (s, 3H), 2.89 — 3.02 (m, 2H), 1.45 (t, 3H, J=7.05 Hz), 0.74
—0.81 (m, 4H), 0.63 — 0.71 (m, 4H)

25
Example 41
AN
PN
>N S s(CR
{ | P /L\\ N\
O N N N N
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10 [00308] MsS (ESI) mz 546 (M+H). [00309] 1H NWR (400 MHz, CHLOROFORM-d) 6
ppm 9.34 (br. s., 1 H 7.75 (d, J=5.94 Hz, 1 H 6.90 (s, 1 H 4.74 (q,
J=7.04 HzwO020H)0248606 (s, 3 H) 3.80 (t, J=6.71 Hz, 2 H 3BCITWS2B08276¢m 3 H)
2.95 (t, J=6.71 Hz, 2 H 2.78 - 2.91 (m 2 H 2.58 (d, J=15.85 Hz, 3 H)
1.54 (t, J=7.04 Hz, 3 H 0.70 - 0.94 (m 8 H. 15 Exanple 45

2-(7-(dicycl opropyl carbanoyl) - 6-et hyl-1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-

d o[ 2,3-b ofl v ' 0 s 2
] pyrrol of PR Ao 4%@%@1@% g Yﬁzﬂéi Bk @Jl@ig@%ﬁf 1%@,{.& ﬁfﬁ%ﬁ%\fg) ;

[00310] M5 (ESI) mz 49 1] "TH NWVR ,
ppm 7. 84 (s, 1 Hannap- (thyl-bm@tlyglﬁzdlhﬂdrppmlea 5 ]pyrrolp[28-MpyyidineJ=6. 94

Hz, 2 H 4.08 (s, 3 H 2.99 (d, J=4.9 2.73 -2.91 (m 5 H 2. 14
s, 1 H 1.53 (t, J=7.07 H, 3m06§a%63r§9wm 8 25H).

(7-(dicycl opropyl car barmyl) 6- et hyl 1- met hyl - 1, 6- di hydr oi mdazo[4 5-
Ipyrrol of2, 3-b]pygjdinsa-y , diiNBis
4- 5car box mde [ '

CHL OROFORM d) ﬁy@gmnaazz)&idlovr}eﬁfmbwi’lmdlﬁe W‘Dca@o%n(l@, 1 H 4.74 (q, J=7.21
Hz, 2 H 4.05 (s 3H)372(dd J=13. 73, 458Hz 2 H 10 3.61 - 3.68 (m

(
2-
d

1 H 3.57 (t, J=5.41 Hz, 1 327- 45(m/\\ H 3.17 (d, J=8.32 Hz, 3 H)
2.79 - 2.88 (m 2H)254(d J Xi.54 (t, J=7.07 Hz, 3 H 0.73
- 0.92 (m 8 H. Exanple 47 N o

N N N

[00293] To a mixture of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (194.5 mg, 0.575 mmol)
10 in dichloromethane (2874 pL) in a round bottom flask under nitrogen was added 1,1'-

thiocarbonyldi-2(1H)-pyridone (133 mg, 0.575 mmol). The reaction mixture was

stirred at room temperature for 16h. The reaction mixture was concentrated under

reduced pressure. N,N-Dicyclopropyl-6-ethyl-4-isothiocyanato-1-methyl-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide was isolated as a yellow
15  sticky solid. Material was used as is in subsequent reactions.

[00294]  MS (ESI) m/z 381.1 (M+H)

41B Preparation of N, N-dicyclopropyl-4-(3-(1,3-dimethyl-1H-pyrazol-5-
yD)thioureido)-6-ethyl-1-methyl-1,6-dihydroimidazo[4.5-d]pvrrolo[2.3-b]pyridine-7-

AN
P
2 Zes g
g NONON N N
N

[00295] To a flask charged with N, N-dicyclopropyl-6-ethyl-4-isothiocyanato-1-

20  carboxamide

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
25  41A,0.0342 g, 0.090 mmol) was added THF (0.449 mL). 5-Amino-1,3-
dimethylpyrazole (0.012 g, 0.108 mmol) was added followed by sodium hydride
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~

4- (azeti di ne- 1-carbonyl)-5-net hyl t hi azol - 2-yl am no) -/ V, N-di cycl opr opyl -
WO 2011/028864 PCT/US2010/047621
-1-net hyl - 1, 6-di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di ne-7- car boxam d
0314] M5 (EST) mz 519 (M+H). 20 [00315] 1H NWMR (500 MHz, CHLOROFORM d)
m850 - 9.65(m 1 H 800 (s, 1 H 6.88 (s, 1 H 4.68 (g, J=7.21 Hz,
4 59 (t, (3J6()7mgg() d'%imrgoltg THe r%&‘u@ﬁ mlxlttrr% wal st?rrédzat rc?onl")emﬂm@t%re(i%r 163 H) 2.78
.89 (m 2 H) quin, J=7 .07
3 H o0. 72h- The ggct(ommlgtupq)waszglgw qll@thq{gacetate and quenche w1th saturated

7-(dicyclo Qﬂﬂgx , LA o[ 4, 5-

rrol o 2, 3%‘%%%53%- @“mén%‘%“eg’%w RI%% %‘tgcg{ila?{tghl fz%’rd"g‘g% car boxam
[ 00316] MEh¢ EBhYinad argdhRE wehdddied o[xfﬁﬁlﬁh}?qroub tHodNIVR s(lltﬂﬁél filfeied a@HL O?O:O?M d)
m?7.77.(s S,

5! 68" Chpes iyl Tho Bhadtlidal Yy g Stho s flfeatin 1 %5
2.11 (s [0026§] 1MBYEST) m349204mHe,) 3 H 1.13- 1.35 (m 3 H 0 66 - 0.90
8 H. 10 Exanpl e 49

- (di cycl opropyl car banoyl) - 6- et hyl- 1- net hyl - 1, 6- di hydr oi m dazol[ 4, 5-
pyrrol o[ 2, 3- b] pyr i dirfiRrfiol bANINGEy b REHY-4-(P3 RhEWVIL IIH-BaES) o[ dacar boxam d

d]thiazol-5-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-

e SonNT ' NOOR ' AT
WS T/ NIT T
L5 o< ;-o oi

Q_/-\
|_|\‘

5

('DI—‘I\)’“OOOOCDQ.D.I\)

10 7-carboxamide
[00297] N N-Dicyclopropyl-4-(3-(1,3-dimethyl-1H-pyrazol-5-yl)thioureido)-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
(example 41B, 41 mg, 0.083 mmol) was dissolved in chloroform (2780 uL) and
cooled to 0 °C. NIS (18.76 mg, 0.083 mmol) was slowly added and the reaction was
15  warmed to room temperature. The reaction mixture was concentrated. Methanol and
ether were added and the mixture was filtered. After standing for a week, product
precipitated out of the solution. The product was triturated with methanol. N,N-
Dicyclopropyl-4-(1,3-dimethyl-1H-pyrazolo[3,4-d]thiazol-5-ylamino)-6-cthyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide was isolated
20  as apale yellow solid (8.1 mg, 20% yield).
[00298] MS (ESI) m/z 490.3 (M+H)
[00299] 1H NMR (400 MHz, DMSO-d¢) 6 ppm 11.39 (s, 1H), 8.17 (s, 1H), 7.26 (s,
1H), 4.66 (q, 2H, J=7.03 Hz), 4.05 (s, 3H), 3.85 (s, 3H) 2.88 — 3.00 (m, 2H), 2.33 (s,
3H), 1.43 (t, 3H, J=7.03 Hz), 0.72 — 0.82 (m, 4H), 0.61 — 0.73 (m, 4H)
25

Example 42
AN
P
>—N
/
RN
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[00318] Ms (ESI) mz 508 (M+H). [00319] 1H NWMR (400 MHz, CHLOROFORM-d) 6
ppm7.78 (s, 1 H 6.89 (s, 1 H 4.73 (g, J=7.04 Hz, 2 H 4.42 (q, J=7.12
Hz, 2 H wWoQdi1(wess63 H) 2.78 - 2.91 (m 2 H) 202.75 (s, BCHUS2010547631 1 H)
1.54 (t, J=7.04 Hz, 3 H 1.44 (t, J=7.04 Hz, 3 H 0.68 - 0.92 (m 8 H).
Exampl e 50

2-(7-(dicycl opropyl carbanoyl) - 6-et hyl-1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-

d] pyrrol of 2, 3th,prmt(amﬁcmmgw%amé 1)L64et11§1L1rI§Jemyi Tllﬁl-(ﬁﬁﬁirﬁmﬁd%rkngam d

550APr epar at i on di cyc o pr opyl car am)yl -6-eth

met hy1- 1, 6-di hydr ai]nverahxbz %JP]IB’FHJGM mmlmlno) P-metlgylthiszgler -eﬂrhowlatﬁ ami no) - 4-
nmet hyl t hi azol e-5 - car boxyl ate \' NN-\\ NNSj NNN'"NH 10 [00320] Met hyl
2- br ono- 3- oxobut anoate (213 ng, 1.094 nmol, prepared follow ng the
procedur e des{o3péd Meth@tba bTomd(laamotmtanahte (320 mgtl redh evma)wisetdtiat e a2006, 47,
2751-2754) .was_added Om’ d ensi Qn of

N, N- di cycl 8pr g%syinsbon rﬂwl 4ethyl 1-methyl-4-thioureido-1,6-
t hi our ei do- Gﬂlgldﬂ@yﬁiﬂﬁom,ﬂdﬂa@frélo@-ﬁb}pyficﬂlﬁé 0lc2rb3xdnlipy ek sthple 2B; 43 x anmi de

(exanpl e 1.094 mmol) in EtOH (10 ml) and the reaction mixture was heated at 65 °C for 2h.
The solvent was removed iz vacuo and the residue purified by silica gel
chromatography (2-10% MeOH/dichloromethane) to give methyl 2-(7-

10 (dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridin-4-ylamino)-5-methylthiazole-4-carboxylate (380 mg , 70% yield) as yellow
solid.

[00301] MS (ESI) rt =0.87 min, m/z 494 (M+H)
[00302] 1HNMR (CHLOROFORM-d) 6: 9.41 (br. s., 1H), 7.78 (s, 1H), 6.89 (s,

15 1H),4.73 (q,J =7.0 Hz, 2H), 4.03 (s, 3H), 3.95 (s, 3H), 2.80 - 2.87 (m, 2H), 2.77 (s,
3H), 1.54 (t, J =7.0 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H).

Example 43

AN
P
>N N \
O NTNTNTN B
H
2 \

2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo|2,3-b|pyridin-4-ylamino)-N,V,5-trimethylthiazole-4-carboxamide

43A  Preparation of 2-(7-(dicyclopropylcarbamoy)-6-ethyl-1-methyl-1,6-

25  dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridin-4-ylamino)-5-methylthiazole-4-

carboxylic acid

-9 -



15 2B, 290 ng, 0.730 nmml) in ethanol (5 m) and the reaction m xture was
heated at 65 C for 2h. LC/ M5 shows conpl etion of reaction (reaction

remai ned WO 20u#pesssi on all the tine). The reaction m xt eCe/UsasooeTseENt I at ed
to renmove ethanol, and taken up in dichloronethane. The solution was washed
wi th saturated sodi um bi carbonate and the aqueous | ayer was back extracted
wi th di chl oronet hane. The conbi ned organic 20l ayers were dried over

magnesi um sul fate, filtered, and ncenirat ed in vacuo. The crude was
purified by flash chromat ogra%? ?I ng \lqut ted | SCO system (40 g
columm, eluting with 0-5% net 5! hame) to afford nethyl
2-(7- (d| cycl opropyl car banoyl) - 6- t,h 6- di hydroi m dazo [4,5

-d] pyrrolo [2,3- b]pyridin-4-yl a91 nQ) - 4Nmaghy h|@zol e-5-carboxylate (301
ng, 0.610 mol, 84 % 25yield) as a ite solid. [00321] MS (ESI) mz 494 4

ihy 476 (q. 08T, UR falR 6oy BT S0 hnfialiigd o Bilhidh g% 1

2H) , 2 71 (S nmigty] 2-17- &chttoproibylear‘ﬁarﬁoﬁb% eyl ] -nR1185 1,;6-Ohyddoifnidazef¥p; 0. 75 -

0.82 (m atl .on

3. (7~ (o cyel of REpyPLaTBlinty Sy duaiony --mthysbisg4-catbority frampicdly o

[4, 5- dl pyr 50! 0[12.¢30.B8 PtboTiimethansl @NPInmd4hdmaixhirt wWhi ezl at 60 °C warkoxyl i c

aci d [ 00323] _A m xture of nmethyl

2- (7- (di cycl ng%wcpttggr%mgg togo(g{l mpe{at%ﬁmmdiﬁ@ with 1N HCI to pH 4.

10di hydr oi m d@%é’{eﬁctﬁ)n%&ﬁ(ﬁé @is%gceﬁfrm:cpéﬂd'tgé Rsitud kdlh@@ 3z @1tﬂﬁ¥eﬁﬁh$lh' azol e- 5-
carboxyl ate (exanpl e 50A, rrg 3 mmol) and 1IN NaOH (5.83 ni, 5.830
mmol ) in met h&h@@son(ﬂsnmtyetb@@l Vids @Se\@era@or@@lt@tqdoﬁndﬁhwemmwbd W\ﬂé@d

evapor at ed an idi it h HC1,
solids cr asheg gvtl}%; 221?&1268@{?&%1 ﬁ)gér#ﬂ%fﬁgg %?’gdeggt@ﬁ‘ﬁ%ﬁﬁ%’ﬁ%@%ﬁ?‘%@? ie(j:f)ﬂr\?hto afford
t he desiréd a¢+mbtlnyr1r1|gﬁﬂahbydrolmdaza[|4é dl]ﬁﬁm]@msb pyrxtind-glanaso)then extract ed

wi th dichl oromaﬁhgﬁe The % ni c. ( V\?ﬁ 1 d over magnesi um sul f ate,
filtered and GOmIaREols SaePpmsecid (e SRadelils purified by flash

chr omat ogr aphyo03e4]ng M (Bsif 10 7@t 70dnih SO 489 sMier) (40 g col um, eluting with

0- 8% net hanol / dichloronethane). A total of 260 ng of 2-(7-

(di cycl opropyl car banoyl) - 6- et hyl - | -met hyl - 1, 6- di hydr oi m dazo [4,5
-d]pyrrolo [2,3- 29b] pyiiidinA oy mm)croﬂmmmama@e{her Pngafhexyl i ¢ acid

(93 %vyield)was obtalned as ayellowsolld h?si] (ESI) mz 480.2
( MtH) . (1603 diydroimipR(4. & un el 2. Bipgri¢iayt- \dammo Mirtrlme&hvlthramle 47. 06 (s,

1H), 440(q, 1= gI&Hz 3.86 (s, 3H), 2.96 (s, 1H), 2.69 - 2.76 (m
oH). 2.36 (s, 3, 1.20 ( t, J—2569Hz 3H), 0.56 (d, J = 5.5 Hz, 4H),
0.45 - 0. 50 (|[ﬂ03ﬂ$-]) N—j@i&ﬂe@aﬁ}g(ﬁ ((gln:yglbpropylcarbamoyl) 6-ethyl-1-methyl-1,6-

2-(7-(dicycl 081 1m1 azof'lpp&]]pg/rrgloﬁzt .J)q w yrldqugl—ngmmoj ? methylthiazole-4-
carboxylic acid (43A, 30 mg, 0.063 mmol), dimethylamine, 40% aqueous (0.016 mL,
20 0.125 mmol) and HATU (35.7 mg, 0.094 mmol) in DMF (1 mL) was stirred at room

temperature for 3h. The solvent was evaporated off and the residue purified by silica
gel chromatography (2-10% MeOH/dichloromethane). The material was further
purified by preparative HPLC to give of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)-N, N, 5-

25  trimethylthiazole-4-carboxamide (20 mg , 62.5% yield) as off-white solid.
[00306] MS (ESI) m/z 507 (M+H)
[00307] 1H NMR (400 MHz, CHLOROFORM-d) &: 7.79 (s, 1H), 6.90 (s, 1H),
4.73 (q, J =7.0 Hz, 2H), 4.05 (s, 3H), 3.12 (s., 3H), 3.11 (s, 3H), 2.80 - 2.87 (m, 2H),
2.53(s,3H), 1.53 (t, ] = 7.2 Hz, 3H), 0.83 - 0.91 (m, 4H), 0.74 - 0.80 (m, 4H)
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di hydroi m dazo 14,5 -d-1 pyrro 10[2,3 -bi

pyridin-4-ylamno)-N, N, 4-trinethylthiazo le-5 - carboxam de [00326] A

m xt ure oWOo2e(1728sbiscycl opr opyl car banoyl) - 6- et hyl - 1- met hpCTA[SB10/047621

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di n-4-yl am no) - 4- et hyl t hi azol e- 5-
carboxylic acid (exanple 50B, Si ng, 0.106 nmol), dinethylamne (40%in

wat er, 50.027 nL, 0.213 nmmol), HATU (52.6 ng, 0.138 mmol) and 2, 6-1 uti di ne
(0.025 m., 0.213 muol) in DMF (1 nL) was stirred at roomtenperature for
2h. Sol vent was evaporated and the residue was purified flash

chr omat ogr aph¥xamples 44-4%aweye proparies QSI@mthaamhapr@wcols;@@ewa%fm exmplp 2ol um,
eluting with 2-8% net hanol / dichl oronethane). The product was further
purified by preparative HPLC. 2-(7- 10

(Dicycl opropyl carbanpy1l) - 6- et hyl - 1- mdixhyiple}446- di hydr oi ni dazo [4, 5-d] pyrrol o
[2,3 - b]pyridin-4-ylam no)-N, N 4-trimethylthiazole-5 -carboxan de (17 ny,
0.032 mol, 30.0 %yield vvas&gklal neN’@s a off-white solid. [00327] M5
(ESI) mz 507. 1 (MtH) . _NETNANOL-d4) 6: 8.75 (s,
1H), 7.27 (s, 1H), 4.66 15 d, 21 (s, 3H), 3.19 (s, 6H),
2.95 - 3.02 (m 2H), 2.39 (s, I(IfLJ—72Hz 3H), 0.86 - 0.93
(m 4H), 0578 - 0.84 (m 4H) Ex Ies 51H55 vvere synt hesi zed using the sane
met hod as used fo

N- ( 2- cyanoet hyl ) - ?fy?ndw {)7‘3%1 10 r lcar Oé’l)'l\gtyﬁwh?w' By 16'1 6-

di hydr oi m daz ailklycﬁmdimgaro[m-dlﬁrﬁﬂmpwpﬁhdinm-yahmmomm),s-mmethiylmﬁowmh| azol e-
5- carboxam de 25[00329] Ms (ESI) niz [‘5)46 1 éM+H) [ 00330] 1H NWMR (CDC13) 6:
7.77 (s, 1H), 6.89 (s, 1H), 4.71 (q,ayboxagnde y "o

10 [00308] MS (ESI) m/z 546 (M+H).
[00309] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 9.34 (br. s., 1 H) 7.75 (d,
J=5.94 Hz, 1 H) 6.90 (s, 1 H) 4.74 (q, J=7.04 Hz, 2 H) 4.06 (s, 3 H) 3.80 (t, J=6.71
Hz, 2 H) 3.11 - 3.32 (m, 3 H) 2.95 (t, J=6.71 Hz, 2 H) 2.78 - 2.91 (m, 2 H) 2.58 (d,
J=15.85 Hz, 3 H) 1.54 (t, J=7.04 Hz, 3 H) 0.70 - 0.94 (m, & H).

15
Example 45
P
D—N)_(/ﬁN S’g\\gNH
o NN E/L\N 0
2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-V,S-dimethylthiazole-4-carboxamide
20
[00310] MS (ESI) m/z 493 (M+H).
[00311] 1H NMR (500 MHz, CHLOROFORM-d) & ppm 7.84 (s, 1 H) 7.40 (d,
J=4.99 Hz, 1 H) 6.90 (s, 1 H) 4.73 (q, J=6.94 Hz, 2 H) 4.08 (s, 3 H) 2.99 (d, J=4.99
Hz,3H)2.73-2.91 (m, 5 H) 2.14 (s, 1 H) 1.53 (t, /=7.07 Hz, 3 H) 0.66 - 0.97 (m, &
25 H).
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4.05 (s, 3H), 3.81 (t, J 6.6 Hz, 2H), 3.31 (s, 3H), 2.78 -2.86 (m 4H),
2.44 (s, 3H), 1.53 (t, J 7.0 Hz, 3H), 0.83 - 0.90 (m 4H), 0.73 - 0.79
(m 4H). WO 2011/028864 PCT/US2010/047621
2-(7-(dicycl opropyl car banoyl) - 6- et hyl- 1- et hyl - 1, 6- di hydr oi m dazo[ 4, 5-

d] pyrrol o[ 2, 3- b] pyri di n-4-yl am no) - N- et hyl - N, 4-di net hyl t hi azol e- 5- car boxam
de 5 [00331] M5 (ESI) mz 521.1 (M#H). [00332] 1H NMR (400 MHz, CDC13) 6:
7.74 (s, 1H), 6.88 (s, 1H), 4.72 (q, glampleds Hz, 2H), 4.04 (s, 3H), 3.57
(g, J 7.2 Hz, 2H), 3.11 (s, 3H), 2.79 - 286(m 2H), 2.40 (s, 3H), 1.51
(t, J = 7.0 Hz, 3H), 1.25 (t, 2\, 3H), 082-90(m4H) 0.73 -
100.79 (m 4H). Exanple 530 NN
2-(7-(dicycl opropyl car banoyl) - ‘6/\| hydr oi m dazol[ 4, 5-

15d] pyrrol o[ 2, 3-b] pyri di n- 4-yl §i|+ h yet hyl ) - 4- met hyl t hi azol e- 5-
car boxam de [00333] M5 (ESI) n12/537 . [@0334] 1H NMR (400 MHz,
CDC13) 6: 7.74 (s, 1H), 6.89 (s, 13 (t = 4.7 20 Hz, 1H), 474(q
J = 7.0 H, 2H),24- %cy@@prwcar@a%wlkérethyl 1—H@t11y11-126 dippgiroimidzgoldsS; J = 4.8
Hz,2H),342 ; 24 ] ,__J-?O
Hz, 3H). 0. 83 dg]ﬁ;brra;lg?l 3- g]pigdm yﬁaﬁnﬂ(ﬂlN gﬂneth?m&?éh{'ﬁN §h9metl:]-ysl§§az()le 4
2-(7-(dicyel opropyl car bam)yl) 6- et hy¢arb0m1ﬂgll - 1 6- di hydr0| m dazol 4, 5-

[00312] MS (ESD) m/z 551 (M+H).
[00313] 1H NMR (500 MHz, CHLOROFORM-d) & ppm 7.73 (d, J=3.05 Hz, 1 H)
6.90 (s, 1 H) 4.74 (q, J=7.21 Hz, 2 H) 4.05 (s, 3 H) 3.72 (dd, /=13.73, 4.58 Hz, 2 H)
10 3.61-3.68 (m, 1 H)3.57 (t, J=5.41 Hz, 1 H) 3.27 - 3.45 (m, 3 H) 3.17 (d, /=8.32 Hz,
3 H) 2.79 - 2.88 (m, 2 H) 2.54 (d, J=5.83 Hz, 3 H) 1.54 (t, J=7.07 Hz, 3 H) 0.73 - 0.92

(m, 8 H).
Example 47

poox
I\
N

5% e¥s Y
O NTONTNTN
15 A H 0

4-(4-(azetidine-1-carbonyl)-5-methylthiazol-2-ylamino)-V, V-dicyclopropyl-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide

[00314] MS (ESD) m/z 519 (M+H).

20 [00315] 1HNMR (500 MHz, CHLOROFORM-d)  ppm 8.50 - 9.65 (m, 1 H) 8.00
(s, 1 H) 6.88 (s, 1 H) 4.68 (q, J=7.21 Hz, 2 H) 4.59 (t, /=7.63 Hz, 2 H) 4.18 (t, J=7.77
Hz, 2 H) 4.09 (s, 3 H) 2.78 - 2.89 (m, 2 H) 2.72 (s, 3 H) 2.30 (quin, J=7.70 Hz, 2 H)
1.49 (, J=7.07 Hz, 3 H) 0.72 - 0.92 (m, & H).

25 Example 48
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d] pyrrol o[ 2, 3- b] pyri di n-4-yl am no) - N, 4-di net hyl t hi azol e-5- car boxam de

5[ 00335] M5 (ESI) miz 493.1 (MH).

(s,
Hz,

(s,

4H) .
4-(5- (azetldl ne-| -carbonyl) - 4- mejﬁylthtazol
N7\

1H), w0261 (ms86dH), 5.87 - 5.94 (m J = 4.6 Hz, 1H), PETAB2Q19/04Th2E 7.1

2H), 4.04 (s, 3H), 3.04 (d, J = 4.6 Hz, 3H), 2.79 - 2.87 (m 2H),

3H), 1.51 (t, J = 7.0 Hz, 3H), 0.83 - 0.90 (m 4H), 0.73 - 0.80

(m

[00336] 1H NVR (400 MHz, CDCL3) 6: 7.77
2. 62

2-yl am no)-/V, N-di cycl opropyl-6

et hyl - 1- met hyl - 1, 6- di hydr oi nidaXo[ o[ 2, N3-D] pyri di ne- 7- car boxani d
e 15 [00337] Ms (ESI) mz 519.1 | L 033@] NVR (400 MHz, CDCl3) 6:
7.73 (s, 1H), 6.90 (s, 1H), 4.78 (q¥ JNE NO Mz, @H), 4.33 (br. s., 4H),
4.05 (s, 3H), 2.80 - 2.87 (m 2H2.66 (4! 3H)., 2.33 -2.43 (m 2H), 1.55
(t,

[ 00339] Exanpl es

Ex.

J =7.2 He, -(dl%'cﬂr%ropﬁagﬂalﬁ@l) -Gebhiy1-9-nf3ny1-106-8My FGim ke[ 4;5- 101 -

No. R Nan@lmxeradei2i3gHpyriia- *Xlﬁmﬁ)o)-poget{lggl\’ -dimgthyfhiagolesd-carboxamide

10

15

20

[00316] MS (ESI) m/z 521 (M+H).

[00317] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.77 (s, 1 H) 6.89 (s, 1 H)
4.74 (q, J=7.04 Hz, 2 H) 4.04 (s, 3 H) 3.36 — 3.66 (m, 2 H) 3.07 (d, J=14.09 Hz, 3 H)
2.72-2.90 (m, 2 H) 2.51 (s, 3 H) 2.11 (s, 1 H) 1.54 (t, /=7.04 Hz, 3 H) 1.13 — 1.35
(m, 3 H) 0.66 —0.90 (m, 8 H).

Example 49
\
Y
@aeegatng
0O NTNNN
- H O

2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b|pyridine-4-ylamino)-/N-ethyl-5-methylthiazole-4-carboxamide

[00318]  MS (ESI) m/z 508 (M+H).

[00319] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.78 (s, 1 H) 6.89 (s, 1 H)
4.73 (q, J=7.04 Hz, 2 H) 4.42 (q, J=7.12 Hz, 2 H) 4.04 (s, 3 H) 2.78 — 2.91 (m, 2 H)
2.75 (s, 3 H) 2.15 (s, 1 H) 1.54 (t, J=7.04 Hz, 3 H) 1.44 (t, /=7.04 Hz, 3 H) 0.68 —
0.91 (m, & H).

Example 50

-96 -

Wer e nt hesi zed usi ng sane procedure as used for
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C-NN- N, N-dicy clopr opyl-6- ethyl-I-nethyl-4-((4- nmethyl-544-nethyl 1-

pi per azi nyl ) car bonyl)

d] pyrrol oV0,28t1/da3¢syr i di ne-7- car boxam de 1.43 562. 31 PCTAR2010/047621
N, N-dicy clopr opyl-6- ethyl-I-nmethyl-4-((4- nmethyl-5-(4-

mor phol i nyl car bonyl )

d] pyrrol o[ 2,3- Db]pyridine-7- carboxam de 1.70 549. 25 58

10

15

20

25

N o, ./
J> N7 N
> N \
L 8
7 1
0O NTONNN
\ H
2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

d]pyrrolo[2,3-b]pyridin-4-ylamino)-, V,4-trimethylthiazole-5-carboxamid

50A  Preparation of methyl 2-(7-(dicyclopropylcarbamoy])-6-ethyl-1-

methyl-1,6-dihydroimidazo[4.5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-4-

methylthiazole-5-carboxylate

N O
P %
P 1Y
O N }f IQ)QN

K H

[00320] Methyl 2-bromo-3-oxobutanoate (213 mg, 1.094 mmol, prepared
following the procedure described by Abu T. Khan et al. in Tetrahedron Letters 2006,
47,2751-2754) was added to a suspension of N, N-dicyclopropyl-6-ethyl-1-methyl-4-
thioureido-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide (example
2B, 290 mg, 0.730 mmol) in ethanol (5 ml) and the reaction mixture was heated at 65
°C for 2h. LC/MS shows completion of reaction (reaction remained as suspension all
the time). The reaction mixture was concentrated to remove ethanol, and taken up in
dichloromethane. The solution was washed with saturated sodium bicarbonate and
the aqueous layer was back extracted with dichloromethane. The combined organic
layers were dried over magnesium sulfate, filtered, and concentrated in vacuo. The
crude was purified by flash chromatography using an automated ISCO system (40 g
column, eluting with 0-5% methanol / dichloromethane) to afford methyl 2-(7-
(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridin-4-ylamino)-4-methylthiazole-5-carboxylate (301 mg, 0.610 mmol, 84 %
yield) as a white solid.

[00321] MS (ESI) m/z 494.4 (M+H).

-97 -

-1,3-thiazol-2- yl)am no)-1, 6- di hydroi m dazo[ 4, 5-
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-1,3-thiazol -2- yl)am no)-1, 6- dihydroi mdazo[ 4, 5-



0 (1) c,/-1 -NHN" N Ndicy clopr opyl-6- ethyl-I-methyl-4-((4-
nmor phol i nyl ) et hyl ) car banoyl) -1, 3-thi azol 2-yl)am no) -1, 6-
di hydr oi mvOaaajn2s$s4 d] pyrrol o[ 2, 3- b] pyridi ne-7- car boxaeTas2d1040676202. 3
Ex. No. R Nane Retention tinme ((mn) M5 (ESI) mlz 59 p 4-((5-((2-
acet am doet hyl ) carba noyl)-4-nmethyl-1, 3-
[00322] 'H NMR (400 MHz, CHLOROFORM-d) &: 7.75 (s, 1H), 6.92 (s, 1H),
476 (q, J = 7.0 Hz, 2H), 4.08 (s, 3H), 3.92 (s, 3H), 2.82 - 2.89 (m, 2H), 2.71 (s, 3H),

1.59 (t, J = 7.0 Hz, 3H), 0.85 - 0.93 (m, 4H), 0.75 - 0.82 (m, 4H)

5 50B Preparation of 2-(7-(dicyclopropylcarbamoy])-6-ethyl-1-methyl-1,6-

dihvdroimidazo [4.5-d]pyrrolo[2.3-b]pyridin-4-ylamino)-4-methylthiazole-5-

J> \N’\\ R OH
8 Soedsl
0O N N/L\ N

K H

[00323] A mixture of methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

carboxylic acid

10 dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-4-methylthiazole-5-
carboxylate (example 50A, 288 mg, 0.583 mmol) and IN NaOH (5.83 mL, 5.830
mmol) in methanol (5 mL) was heated at 65 °C for 18h. Methanol was evaporated
and the aqueous solution was acidified to pH 4 with 1N HCI, solids crashed out of
solution and were retained after filtration to afford the desired acid in pure form. The

15  aqueous mixture was then extracted with dichloromethane, The organic layer was
dried over magnesium sulfate, filtered and concentrated in vacuo. The crude was
purified by flash chromatography using an automated ISCO system (40 g column,
cluting with 0-8% methanol / dichloromethane). A total of 260 mg of 2-(7-
(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

20  b]pyridin-4-ylamino)-4-methylthiazole-5-carboxylic acid (93 % yield)was obtained as
a yellow solid.

[00324] MS (ESI) m/z 480.2 (M+H).
[00325] 'H NMR (500 MHz, DMSO-de) 3: 8.03 (br. s., 1H), 7.06 (s, 1H), 4.40 (q, J
=7.0 Hz, 2H), 3.86 (s, 3H), 2.96 (s, 1H), 2.69 - 2.76 (m, 2H), 2.36 (s, 3H), 1.20 (t, J =

25 6.9 Hz 3H),0.56 (d,J =5.5 Hz, 4H), 0.45 - 0.50 (m, 4H).

50 Preparation of 2-(7-(dicyclopropylcarbamoyl)-6-¢thyl-1-methyl-1,6-

dihydroimidazo [4.5-d]pyrrolo[2.3-b]pyridin-4-ylamino)-N, N, 4-trimethylthiazole-5-

carboxamide
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t hi azol - 2-yl )am no) -, N-di cycl opropy1-6- N ethyl-I-nethyl-1, 6-

di hydroi m dazo [4,5 - d]pyrrolo[2,3 - b]pyridine-7- carboxam de 1.51 564. 27
NH , - N0 208002884 - N\ 4-((5- ((cyanonethyl) (meth yl pcarisanopiie2u-

met hyl -1, 3 -thiazol-2- yl)am no)-N, Ndi cycl opropyl-6- ethyl-1-nethyl-1,6-

di hydroi mdazo [4,5 - d]pyrrolo[2,3 - b]pyridine-7- carboxam de 1.78 532.25
61 N

[00326] A mixture of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-4-methylthiazole-5-
carboxylic acid (example 50B, 51 mg, 0.106 mmol), dimethylamine (40% in water,
S 0.027 mL, 0.213 mmol), HATU (52.6 mg, 0.138 mmol) and 2,6-lutidine (0.025 mL,
0.213 mmol) in DMF (1 mL) was stirred at room temperature for 2h. Solvent was
evaporated and the residue was purified by flash chromatography on silica gel using
an automated ISCO system (24 g column, eluting with 2-8% methanol /
dichloromethane). The product was further purified by preparative HPLC. 2-(7-
10  (Dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo [4,5-d]pyrrolo[2,3-
b]pyridin-4-ylamino)-V,N,4-trimethylthiazole-5-carboxamide (17 mg, 0.032 mmol,
30.0 % yield) was obtained as a off-white solid.
[00327] MS (ESI) m/z 507.1 (M+H).
[00328] 'H NMR (400 MHz, METHANOL-d,) &: 8.75 (s, 1H), 7.27 (s, 1H), 4.66
15  (q,J=7.0Hz, 2H), 4.21 (s, 3H), 3.19 (s, 6H), 2.95 - 3.02 (m, 2H), 2.39 (s, 3H), 1.47
(t,J=7.2Hz, 3H), 0.86 - 0.93 (m, 4H), 0.78 - 0.84 (m, 4H)

Examples 51-55 were synthesized using the same method as used for 50.

20 Example 51
AN
P> N NN
>N
SS9 NN
0 E N NN
H

N-(2-cyanoethyl)-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroeimidazo[4,5-d]|pyrrolo[2,3-b]|pyridin-4-ylamino)-/V,4-dimethylthiazole-5-
carboxamide
25  [00329] MS (ESI) m/z 546.1 (M+H).
[00330] 'H NMR (CDCls) 3: 7.77 (s, 1H), 6.89 (s, 1H), 4.71 (q, ] = 6.9 Hz, 2H),
4.05 (s, 3H), 3.81 (t, ] = 6.6 Hz, 2H), 3.31 (s, 3H), 2.78 - 2.86 (m, 4H), 2.44 (s, 3H),
1.53 (t,J =7.0 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.79 (m, 4H).
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\ - NH)noyl)-4-nethyl-1,3- 4-((5- ((cyanonethyl)carba thiazol-2-yl)am no)-
N, N-di cycl opropyl-6- ethyl-I-nethyl-1,6- dihydroimdazo [4,5 -

d] pyr r ol oy0,2811/02k4epyr i di ne- 7- car boxam de 1.72 518. 24 6PCO/uUR2410847dRit N, N
-dicy clopr opyl-4- ((5-((1,1- dioxidotetrahydro-3- thiophenyl)carbanoyl
)-4-methyl-1,3 - thiazol-2-yl)am no)- 6-ethyl-I-nmethyl-1,6- dihydroimdazo
[4,5 - d]pyrrolo[2,3 - Db]pyridine-7- carboxam de 1.68 597.24 Ex. No. R

Example 52

N
P A
> N N
4 | J L
O N NN N
Q H
2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

d]pyrrole|2,3-b]pyridin-4-ylamino)-NV-ethyl-V,4-dimethylthiazole-5-carboxamide

[00331] MS (ESD) m/z 521.1 (M+H).

[00332] 'H NMR (400 MHz, CDCly) &: 7.74 (s, 1H), 6.88 (s, 1H), 4.72 (q, J = 7.0

Hz, 2H), 4.04 (s, 3H), 3.57 (q, ] = 7.2 Hz, 2H), 3.11 (s, 3H), 2.79 - 2.86 (m, 2H), 2.40

(s, 3H), 1.51 (t, T = 7.0 Hz, 3H), 1.25 (t, = 7.2 Hz, 3H), 0.82 - 0.90 (m, 4H), 0.73 -
10 0.79 (m, 4H).

Example 53
0O
J> N7 NH
>N Y
7 /SL o—
O NN NN
H

2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
15 d]pyrrolo[2,3-b]pyridin-4-ylamino)-/V-(2-methoxyethyl)-4-methylthiazole-5-

carboxamide

[00333]  MS (ESD) m/z 537.1 (M+H).
[00334] '"H NMR (400 MHz, CDCls) &: 7.74 (s, 1H), 6.89 (s, 1H), 6.13 (t, T = 4.7

20 Hz, 1H), 4.74 (q, T = 7.0 Hz, 2H), 4.05 (s, 3H), 3.65 (q, = 5.1 Hz, 2H), 3.58 (t, J =
4.8 Hz, 2H), 3.42 (s, 3H), 2.79 - 2.87 (m, 2H), 2.65 (s, 3H), 1.58 (t, ] = 7.0 Hz, 3H),
0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H).

Example 54
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Nane Retention time ((mn) M5 (ESI) mz 63 f4H Li - NH

N, N-di cycl opropyl-6- ethyl-4-((5-((trans-4- hydroxycycl ohexyl)c

ar banoyl)wo-2nstirgsed, 3-t hi azol - 2- yl)am no) - 1- net hyl 1, 6- pdirhusdetoiomicdnzo [ 4, 5

- d] pyrrol o[2,3 - b]pyridine-7- carboxam de 1.60 577.3 64 c/------ N -\
.., "OH N, Ndicyclopropyl-6- ethyl-4-((5-(((3 S)-3-

hydroxy | pyrrolidinyl)carbonyl )-4-methyl- 1,3 - thiazol-2-yl)am no)-

1-net hyl -1, 6- di hydroi m dazo [ 4, 5J> d] py{]rol o[@, 3 - b]pyridine-7-

car boxam de I\ NH
> N \
Nm 2
1 PS
0 N N/ N SN

2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-V,4-dimethylthiazole-5-carboxamide

5 [00335] MS (ESI) m/z 493.1 (M+H).
[00336] "H NMR (400 MHz, CDCly) &: 7.77 (s, 1H), 6.86 (s, 1H), 5.87 - 5.94 (m, J
= 4.6 Hz, 1H), 4.66 (q, ] = 7.1 Hz, 2H), 4.04 (s, 3H), 3.04 (d, ] = 4.6 Hz, 3H), 2.79 -
2.87 (m, 2H), 2.62 (s, 3H), 1.51 (t, I = 7.0 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80

(m, 4H).
10
Example 55
N 0)
P
S Y O
7 1L
O N NN N
K H
4-(5-(azetidine-1-carbonyl)-4-methylthiazol-2-ylamino)-V, V-dicyclopropyl-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrole[2,3-b]|pyridine-7-carboxamide
15

[00337]  MS (ESD) m/z 519.1 (M+H).
[00338] "H NMR (400 MHz, CDCly) &: 7.73 (s, 1H), 6.90 (s, 1H), 4.73 (q, J = 7.0
Hz, 2H), 4.33 (br. s., 4H), 4.05 (s, 3H), 2.80 - 2.87 (m, 2H), 2.66 (s, 3H), 2.33 —2.43
(m, 2H), 1.55 (t, J = 7.2 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H).
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1.51 549.28 65 0,

nmet hyl - 5- (net hyl ( 2-
t hi azol - 2WQ12) E288s) -
b] pyri di ne-7- carboxam de 1.59 599.26 -

[00339]

[ SO , N, N-dicyclopropyl-6- ethyl-I-methyl-444-
(met hyl sul fonyl ) et hyl )carbanoyl)-1,3 -
1, 6- di hydroi mdazo [4,5 - d]pyrrolPof2jS3010/047621
N\ 66 - NO

Examples 56-70 were synthesized using same procedure as used for 50

P

\ O
N7\ R
e s
A Ay
H

Z7

0o N

o~

Ex.
No.

Name

Retention
time

((min)

MS (ESI)
m/z

56

)

3-N

[

N, N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-((4-methyl-
1-
piperazinyl)carbonyl)
-1,3-thiazol-2-
yl)amino)-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.43

562.31

57

)

N, N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-(4-
morpholinylcarbonyl)
-1,3-thiazol-2-
yl)amino)-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.70

549.25

58

N, N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-((2-(4-
morpholinyl)ethyl)car
bamoyl)-1,3-thiazol-
2-yl)amino)-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.46

592.3
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> [/ N, N-dicycl opropyl-6- ethyl-4-((5-((3- nmethoxy-1- azetidinyl)carbonyl)-

4-methyl -1, 3 -thiazol 2-yl)am no)-1- nethyl-1, 6- di hydroi mdazo [4,5 -

d] pyrrol oV0,2811/0284epyr i di ne- 7- car boxam de 1.80 549.28 PEX/UShiao/oRekiame

Retention tinme ((mn) M5 (ESI) mlz 67 F __:F - NH N, N-dicy clopr opyl-4-

043, 3- difluorocycl obutyl)ca rbanoyl)-4-methyl- 1, 3-thiazol -2-

yl ) am no) - 6- et hy1l- 1-

Ex. R Name Retention | MS (ESI)

No. time m/z

((min)

59 0 4-((5-((2- 1.51 564.27

—4 acetamidoethyl)carba
NH moyl)-4-methyl-1,3-

thiazol-2-yl)amino)-
g N, N-dicyclopropyl-6-
ethyl-1-methyl-1,6-

dihydroimidazo[4,5-

d]pyrrolo[2,3-

b]pyridine-7-

carboxamide

60 N 4-((5- 1.78 532.25

\\ ((cyanomethyl)(meth

yl)carbamoyl)-4-
methyl-1,3-thiazol-2-
é_ N yl)amino)-N, N-

\ dicyclopropyl-6-
ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide
61 N 4-((5- 1.72 518.24
AN ((cyanomethyl)carba

\ moyl)-4-methyl-1,3-
_ thiazol-2-yl)amino)-
é’ NH N, N-dicyclopropyl-6-
ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide
62 0 0 N,N-dicyclopropyl-4- | 1.68 597.24
((5-((1,1-
dioxidotetrahydro-3-
Sj thiophenyl)carbamoyl
2—NH )-4-methyl-1,3-
thiazol-2-yl)amino)-
6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide
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met hyl -1, 6- di hydroi m dazo [4,5 - d]pyrrolo[2,3 -

s/( ¢ - NHF

t hi azol - 2-yl

69

cl opr opyl-6-

b] pyri di ne-7- car boxam de
2.06 569.27 68 F N,N-dicy clopr opyl-4- ((542,2- difluoroethyl)carbam
oy1l) - 4- mewbyebt11028864t hi azol - 2- yl ) am no) -
di hydroi m dazo [4,5 - d]pyrrolo[2,3 -
j-dicy ¢ Q)
ethyl -1-nethyl-44(4-((4 nethyl-5-(tetrahydro2H pyran-4- ylcarbanoyl)-1, 3-

6- et hyl - | - met hy P€CT/U52010/047621
b] pyri di ne-7- carboxam de 1.88 543. 23

@gp no
No.

r 1,0-

Name

Retention
time

((min)

MS (ESI)
m/z

63

OH

8!

~N

2—NH

N, N-dicyclopropyl-6-
ethyl-4-((5-((trans-4-
hydroxycyclohexyl)c
arbamoyl)-4-methyl-
1,3-thiazol-2-
yl)amino)-1-methyl-
1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.60

577.3

64

&-N_]J

“OH

N, N-dicyclopropyl-6-
ethyl-4-((5-(((35)-3-
hydroxy-1-
pyrrolidinyl)carbonyl
)-4-methyl-1,3-
thiazol-2-yl)amino)-
1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.51

549.28

65

N, N-dicyclopropyl-6-
ethyl-1-methyl-4-((4-
methyl-5-(methyl(2-
(methylsulfonyl)ethyl
)carbamoyl)-1,3-
thiazol-2-yl)amino)-
1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.59

599.26

66

N, N-dicyclopropyl-6-
ethyl-4-((5-((3-
methoxy-1-
azetidinyl)carbonyl)-
4-methyl-1,3-thiazol-
2-yl)amino)-1-
methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

1.80

549.28
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di hydroi m dazo [4,5 - d]pyrrolo[2,3 - b]pyridine-7- carboxam de 1.87 563. 26
- NH 70 [--\ -NSQ2 N, N-dicy clopr opyl- 4- ((541, 1-di oxi do- 4-

t hi onor phwDi2nyloesssrb onyl) - 4- et hyl - 1, 3- t hi azol - 2-yl ) aRCma)S2010/047621

6-ethyl -1-nmethyl-1, 6- di hydroimdazo [4,5 - d]pyrrolo[2,3 - b]pyridine-7-
car boxam de 1.66 597. 26 Anal ysi s Condi dti ons- Col um- Mac- Mod Hal o
4.6 x 50 M 2 7 um Gadient-4 mn from0% to 10098, Flowrate- 4 nL/m n;

Sol vent- A =[py 95[RCetonitrile - VA{&Khs B - 90 : O] ReEkRA | Md &s1) Vat er;
Modi fier = 10\yM NIH40AC time m/z

((min)
67 F N,N-dicyclopropyl-4- | 2.06 569.27

F (53,3
difluorocyclobutyl)ca
rbamoyl)-4-methyl-

3—NH 1,3-thiazol-2-
yl)amino)-6-ethyl-1-
methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide
68 F N,N-dicyclopropyl-4- | 1.88 543.23
— 51(21_((2’2_ hyl)carb
- 1tluoroethyl)carbam
NH - F oyl)-4-methyl-1,3-
thiazol-2-yl)amino)-
6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

69 O N,N-dicyclopropyl-6- | 1.87 563.26
{ > ethyl-1-methyl-4-((4-

methyl-5-(tetrahydro-
2H-pyran-4-
ylcarbamoyl)-1,3-
thiazol-2-yl)amino)-
1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

/\ N,N-dicyclopropyl-4- | 1.66 597.26
é_ N SO, ((5-((1,1-dioxido-4-

7/ thiomorpholinyl)carb
onyl)-4-methyl-1,3-
thiazol-2-yl)amino)-
6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide

—NH

70
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Exanple 71 NS ---NNN \ H

'V, N-di cycl opropyl-6-ethyl-4-(4-ethyl-5-(1, 1-di oxot hi onor phol i ne- 4-

car bonyl )wbi2amal28€4y| am no) - 1- net hyl - 1, 6- di hydr oi m dazo[p¢TArsajppsteel of 2, 3-
b] pyri di ne- 7- car boxam de 71A Preparation of nethyl

2-(7-(dicycl opropyl carbanoyl) - 6- et hyl - 1- net hyl - 1, 6- di hydr oi m dazol 4, 5-dl pyr
rol 012, 3- bl pyri di n-4-yl am no) - 4- et hyl t hi azol e- 5- carboxyl ate [00340] To a
stirred sus pe?\%hl?ﬂs EbndNne EHuich %5@]@6&?@1094 @X%O %MWM Ghadient-4 min

t hi our ei do-1, 6-di hydroi m dazol[ 4, 5-d] pyrrol o] 2, 3- di ne- 7- car boxani de
(103 ny, O. 25@0mﬂ%1$ tq 10k ﬁlqusraﬁarﬂ m&d@nra@dleqntf Aes§19§ Asetepisiile o Wetarh 1=
2-brono-3- 20, at room tenperature. The
slurry was theﬁ&g%%%ﬁﬁ@ﬁapﬁég(%&gﬁﬁr %ﬁﬁe reactlon m xture was then
cooled to roomtenperature and concentrated in vacuo to afford a yell ow
solid. The_.solid was then taken up |n$§F p¥ ne chloride and washed with
saturat ed gqueous sodi um bi carbonat e The organic phase was dri ed
over anhydrous magnesi um sul f at e and Qoncenttpte #—Ano vacuo. The crude
residue was then purified b siﬁ?ﬁa ge ’ﬁlash ography using an Isco

40 g colum eluting from O- et h ride to afford nethyl
2-(7-(dicycl opropyl car banoyl) - 6 yl- 1-net , 6- dlhydr0|n1dazo[4 5-
bhzo e-5-carboxylate (37.5 ng,

d] pyrrol o[ 2, 3- b] pyri di n- 4- ylanﬁho)bh-eﬁ yN
28.5 % 5yield) as a white solid. [80341] NS (ESI) mz 508.4 (MH) [00342]1H
NVR (CDC13) 6 ppm 9.38 (br s, 1 H, 7.75 (s, 1 H), 6.92 (s, 1 H), 4.76 (q,
2 H J= 6.94 Hz), MNodicydoprgpyl-6-8hgM-(dseth@H-(1,3dipyothipmarpholine-47. 68 Hz),
2.85 (M 2H) ., L.p9(hnitld-2dTanfindt -ty Sfind drointidazol 75 m fytr 662,30 78- 0. 91

(m 8H 10

b]pyridine-7-carboxamide

10
71A  Preparation of methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-
methyl-1.6-dihydroimidazo[4.,5-d]pyrrolo[2.3-b]pyridin-4-ylamino)-4-ethylthiazole-
S-carboxylate
15

>N

0]

[00340] To a stirred suspension of N, N-dicyclopropyl-6-ethyl-1-methyl-4-
thioureido-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (103 mg,
0.259 mmol) in EtOH (5 ml) was added freshly prepared methyl 2-bromo-3-

20  oxopentanoate' (81 mg, 0.389 mmol) at room temperature. The shurry was then
stirred at 65 °C for 2h. The reaction mixture was then cooled to room temperature
and concentrated in vacuo to afford a yellow solid. The solid was then taken up in
methylene chloride and washed with saturated aqueous sodium bicarbonate solution.

The organic phase was dried over anhydrous magnesium sulfate and concentrated iz
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71B Preparation of 2-(7-(dicyclopropylcarbanoyl)-6-ethyl-I-methyl-1,6-

di hydroi m dazol4,5 -di pyrro lo[2,3 -bi pyridin-4-ylam no)-4-ethylthiazol
e-5 -car bwgyebiigw2sssid 15[ 00343] To a stirred sol ution of PEEUSP10/047621
2-(7-(dicycl opropyl car banoyl) - 6- et hyl-1- nethyl-1, 6-di hydroi m dazo [4,5
-d] pyrrolo [2,3 -b] pyridin-4-yl am no)-4-ethylthiazol e- 5-carboxylate
(exanple 71A, 103 ng, 0.203 nmol) in MeOH (2nm) was added NaCOH (1.420 ni,

1. 420 nmol) . Th8&,Sehdth@reVias &QQHensﬁu'n&iE@E'y alic lﬁasfh%r&&t@'};ﬁ)h IE]E reaction
m xture was then cooled to roomtenperature and concentrated in vacuo 20 to

afford yel | owas]sge #§g cqtan mu%tlg:frem\ﬁafv miggnnelimaidenchiondevgtaiord metdylght to

pH 4 with 1N T G t fdltration. The
filtrate was '? ﬁﬁd@i&?o ra (tcbsl eog{b\?\nﬁl!to f% %ﬁ%‘%ﬁ%ﬂﬁg lt;%fdla%drg%ﬁ&h%?ﬁ 5Ivvas dried over
anhydr ous nmag dh}srrukm[%bb}patléndﬂxiammn):élethlyhlnlezcbla ﬁca/rhwwdate (Bﬁé g, 2de %esi due
was then p ”f{fﬂs a/ EI|IO§}§ gel flash chromat ography using an Isco 40 g
colum el u mée & g OH CH2C12. 25Desired fractions were conbi ned
with the col | ¢osed pﬂ\&X:QE}SII):rﬁ/tzSO&nQM&HI)CGntrat ed to afford

2-(7-(dicycl opr | car hanoy 1 6- di hydr dazo [4, 5-
]y v o of 2, ST AR BT HG A BRJT N Hboh @5 Ik bORJ 1 &hac o' ( 126
my, 126 %y| ehd%@@ 1Y =06 ange) Yok lowHs alaxds, 3 033 b@J(:E‘ﬁB%H&?éS@% 2
(MtH) - 107 - 2011/ 028864PCT/ US2010/ 04762 1H NVR (CDC13) 6 ppm
8.23 (s, 1 H) (m2Egls&(t 3 =a9%6Hzy 4348, ﬂw-m o) i 0.9 @y 8 @, 3H), 3.04
(d, 2H, J5437.49 Hz), 3.00 (m 2H), 1.42 (t, 3H, J= 7.07 Hz), 1.23 (t, 3H,
J=7.63 Hz), 0.67-0.79 (m 8H) 571Preparation of

N, N- di cycl opr opy1- j@t fRIbDatla-tlbnOéZ ¥ [ digyclopropylcarbamoyl)-6-¢thyl-1-methyl-1,6-

di oxot hi onor pt(]l §n
di hydr oi m dazoiz,*
stirred sol ut a@m of

2- (7-(dicycl opropyl carbanoyl) - 6- et hy1 1 et hyI , 6- d| hydr oi m dazol[ 4, 5-d] pyrr

ol o[ 2, 3-b] pyri di n-4-yl am no) - 4- et th| aN e arboxyllc acid (exanple
69B, 33 ng, 0.067 mmuol), HATU 2,6-lutidine (0.020
m., 0.174 mol), andDIVF(l éd edth hollne11d|OX|de(271
ng, 0.201 mmol). The sol ution vva@thel Nat O Cfor 1.5 hrs. The

reaction was then cooled to roomte eraturH and diluted wth nethyl ene
chl oride. The solution was then washe wi th saturated aqueous sodi um
bi carbonatie, 100383 LITCh stitedHdutioandmseiy1a- @t@kibyalqpnepymrsmﬁbyum bihgiar-bonat e
again. The or e was dri d ove drous, magnesi u J f te and
concentr at ed gﬁq\ygégﬁyﬁ%mhdﬂﬁﬁ EPégaé’)s(pyf‘ﬂ@n“%]ﬁ o) &t itﬂ f?'fca- gel
fl ash chr omat gghapRYatk &dxaBpRI1AS 6B OQBOQ%MI)ImQMé@H Ly 00 d &6
MeOH CH2C12 to g VJSMN ﬁ?—dl géé:lopropﬁg 1 -ethyl-4-(4 (Y

€ Solu

ethyl -5-(1, 1- MNa¥ddi H?Q)ﬁ?’é’r IbH Ewl) tion was then st1rred at 65 °C for 18 hrs.
- 4-car bonyl ) t b, azQlioA k&M PRk c%gfeﬁ}(c;]fogwm%mperature and concentrated iz vacuo

20  to afford yellow slurry. The mixture was then diluted with water, brought to pH 4

with 1N HCI, and the precipitate collected by vacuum filtration. The filtrate was then
extracted with CH,Cly; the organic layer was dried over anhydrous magnesium sulfate
and concentrated in vacuo. The crude residue was then purified by silica-gel flash
chromatography using an Isco 40 g column eluting from 0-8% MeOH/CH,Cl,.

25  Desired fractions were combined with the collected precipitate and concentrated to
afford 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo[2,3-b]pyridin-4-ylamino)-4-ethylthiazole-5-carboxylic acid (126 mg, 126 %
yield) as an orange/yellow solid.

[00344] MS (ESI) m/z 494.2 (M+H)
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20di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di ne-7-carboxam de (21.7 ng, 52.6
%yield) as a pale yellow solid. [00347] M5 (ESI) mz 611.3 (M+H) [00348] 1H
NVR ( CDCIP 2611p128864. 68 (s, 1 H), 6.83 (s, 1 H), 4.65 (qpC2/Ud2019/047621

7.04), 4.13 (m 4H), 3.99 (s, 3H), 3.05 (m 4H), 2.76 (m 2H), 2.68 (q, 2H,
J= 7.56 25Hz), 1.46 (t, 3H J= 7.04 Hz), 1.25 (t, 3H, J= 7.59 Hz),
0.68-0.80 (m 8H) Exanple 72 NN N N - 108- N, N-di cy cl opr

opy1l- 6-ethyl- g ghth‘}\TMﬁ(@Bt I5i ﬁmé@ks :13 1299 QOVH)L482 (q, 2 H, T = _

di hydroi m dazo[4 7yrrol o] Zﬁ di ne - car boxam de q72A Pr egar ation
of 4, 4-bi s(rreﬁﬁf}lﬂzhl“d) Het3EB. 20d @ :6739512) 3.00 (m, 2H), 1.42 (t, 3H, /=7.0

Hz), 1.23 (t, 3H, J = 7.63 Hz), 0.67-0.79 (m, 8H)

5 71 Preparation of N,N-dicyclopropyl-6-ethyl-4-(4-ethyl-5-(1,1-

dioxothiomorpholine-4-carbonyl)thiazol-2-ylamino)-1-methyl-1.6-

dihydroimidazo[4.5-d]pvrrolo[2.3-b]pyridine-7-carboxamide

[00346] To a stirred solution of 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-4-ethylthiazole-5-

10 carboxylic acid (example 69B, 33 mg, 0.067 mmol), HATU (50.8 mg, 0.134 mmol),
2,6-lutidine (0.020 mL, 0.174 mmol), and DMF (1 mL) was added thiomorpholine
1,1-dioxide (27.1 mg, 0.201 mmol). The solution was then stirred at 50 °C for 1.5
hrs. The reaction was then cooled to room temperature and diluted with methylene
chloride. The solution was then washed with saturated aqueous sodium bicarbonate,

15  10% LiCl in H,0O, and saturated aqueous sodium bicarbonate again. The organic
phase was dried over anhydrous magnesium sulfate and concentrated in vacuo. The
crude residue was then purified by silica-gel flash chromatography using an Isco 40 g
column eluting from 0-6% MeOH/CH,Cl, to give N,N-dicyclopropyl-6-ethyl-4-(4-
ethyl-5-(1,1-dioxothiomorpholine -4-carbonyl)thiazol-2-ylamino)-1-methyl-1,6-

20  dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (21.7 mg, 52.6 % yield)
as a pale yellow solid.

[00347] MS (ESI) m/z 611.3 (M+H)

[00348] 1HNMR (CDCI3) 6 ppm 7.68 (s, 1 H), 6.83 (s, 1 H),4.65(q,2 H,J=

7.04), 4.13 (m, 4H), 3.99 (s, 3H), 3.05 (m, 4H), 2.76 (m, 2H), 2.68 (q, 2H, J=7.56
25 Hz), 1.46 (t,3H, J=7.04 Hz), 1.25 (t, 3H, J=7.59 Hz), 0.68-0.80 (m, 8H)

Example 72

N\
S
N -0

-
o) g H
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[ 00349] A solution of acetone (2.205 nL, 30.0 nmol) in carbon disulfide
(1.81 nm, 30.0 mmol) was added to a suspension of sodiumtert-butoxide
(5.76 g, w0.201wnzed6d i n benzene (30 nL) while keepi ng theCrasceioon’e21
tenperature not exceeding 10 C. The reaction m xture was stirred at room
tenperature for 3h and i odonmethane 10(3.75 nL, 60.0 nmol) was added at 10
C. The resulting reaction mxture was stirred at roomtenperature

overni ght. The reﬁm@wwreﬁmeﬁm% Iﬁlétﬂﬂme@ lmtﬁﬁls@;zaaaals -AsRIAS-¢ sand washed
twice with water. The organic |ayer was dried over magnesi um sul fate,
filtered and concent r dthe¢rointdazatdfodlprelo: Lblley peinetiretrboanigair i fi ed by fl ash
chromat ography on silica gel using an automated | SCO system (80 g col um,
eluting 15with 10-35% et hyl acetate / hexanes) to give

4, 4- bi s(net hyl t hi oJBut -Bemrmrtidn ohe4-bB(M&b6yIthio)Fit:Berl@-piel d) as a yel | ow
solid. [00350] 1H NWR (400 MHz, CDC13) 6: 6.04 (s, 1H), 2.47 (s, 3H, 2.45
(s, 3H), 2.20 (s, 3H). 2072B Preparat@Qon »f
(2)- N, N-di cycl opropyl- 6-et hyl - 1- net hylke 4-L1-_-
f met hyl t hi 8) - 3- oxobut - 1- enyl ami no) - 1, 6-di hy%lroi m dazo[ 4, 5-d1pyrrol o[ 2, 3-
bl pyri di ne-7- ‘f(ﬂ)‘@@ﬂxaw s@ﬁmon onc'é{OQQ@ﬂds IﬁQ%’O%BXﬁiﬁﬂ &?oogl%mﬁfhdg’(l gLl mol)

was added to a solution of 4-amn
N- di cycl opr opyil- 80. @trrhlyol}wasr@ﬂma_‘sp@enhmwfrsodmmdazb{lMX@eCﬁﬂfyg 6600[ 2, 3-

b] pyri di ne- 7- (0)'¢ 60 ni)
ane”the - 100 I BT (SRR e Kol Rl SR abi bl 19°h,
4, 4- bi s(met hyP€hTm rteatttroﬁn&nu%-warmerrécmtaasmlh emZ)@vAturéfo??h gnd idGorbetinamo| ) | n DVF

(10, ) a5, SO0 AL 18 SRS [R5, SRS5ei 13, SR, oot

wat er was addeplroomerﬁﬁefmwglot/@nifgmecnhxalréaaﬁ@l afareees dntedwith @pfil.eqited by
filtration to give product. The filtrate was transferred to a

separatory f uﬁ%wshwévwea\y@} gfﬁ% rde Segsaicdpyel Wahdriadia e asiem FulAs:  was
extracted W t ieleg O ARREBRAS, 3% O dhudepRRIEQIRIRHPHORALC | ayers were

washed wi th saturated sodi um bi carbonate and dried over ragnesi um sul fate,
filtered and ewameieiepheen siicaggbudng MatomrateddSEP spitee ({Regscopuml. fludte by f1 ash

chr omat °9r1§‘ph¥v1t¥10 %’50? ktjhkfagetg{%l/ h%&h td?%v% %%is%%&hﬁ%ﬂi&)%%-&-ﬁ%hém“’ el uting

with 2-8% msthano dic r omet
(2) - N, N-di cycloproapyLo8e gichly hs dyatetvtyglid.4- ( 1- (met hyl t hi 0) -

car boxam de. (BU85Y 61 B0 BKRHEGROE R TR B B Y [Godsay

M5 (ESI) mz 458(330MH).

20 72B  Preparation of (2)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-

(methylthio)-3-oxobut-1-enylamino)-1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-

blpyridine-7-carboxamide

[>_N / | AN N S/ 0
H

25  [00351] Sodium hydride (2.84 g, 71.1 mmol) was added to a solution of 4-amino-
N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (example 1J, 8.02 g, 23.70 mmol) in DMF (60 mL) and the
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15[ 00353] 1H NWR (400 MHz, DWVMSO-d6) 6: 14.42 (s, 1H), 8.16 (s, 1H), 7.24
(s, 1H, 5.54 (s, 1H, 4.52 (q, J = 7.0 Hz, 2H), 4.05 (s, 3H, 2.89 - 2.97
(m 2H), wo4811(e8863H), 2.14 (s, 3H), 1.34 (t, J = 7.0 HeCTAIdR)10047621 - 0. 80
(m 4H), 0.63 - 0.70 (m 4H). 72Preparation of

N, N- di cycl opr opy1l- 6- et hyl - 1- et hyl - 4- ( 5-

20net hyl i soxazol - 3-yl am no) - 1, 6-di hydr oi m dazo[ 4, 5-di pyrrol o[ 2, 3-bl pyri di ne
-7- car boxamréd@tlon[rgg%édtlrr%dm P&Bﬁﬁrt@ml%frature for 1h.4,4- bls(methylthlo)but 3-en-2-

(2)-N, N-di cycl opropyl-6 -1- net 4-(1-(methylthio)-

3- oxobut - 1- enyh&(ekaanle 101‘6 5d%/7rg/é5élmﬁldhwd?MFSIle}lby‘raﬁéﬂdﬁfizn@stﬁ]lm/r| di ne- 7-

car boxam de (géﬁﬁgedﬁ 842 L1k C/wan%%x %%goqneéﬁ%@ q-g s,50! ution,

3.13 25uL, O in e was heat fnor 3h and
LC/ M5 showed umxtpﬂee*tasddutecﬂ witk athyl awntate Bhé waawhs aldedn Ai uffevhm&radlphtalteed with

net hanol apd r e [ HPLC

NN cyc Bpr SPet BRE R e PR Ao S e g BB The S5t 3 noy - 1, 6- i hy

dr oi m;Aﬁezo[ 4 l&i«_algk}‘@%egrt@h edpasa®rpfupyéli ;thney&s gxgwlslepataed delth&aq%igous%fgg;?mw i:_ld)

as a white solid.

NVR (400 Mz, HEDIA it gl gisind £ s aptf e coich orgpic Teisavek e aep

4.63 (g, J = &aaleh"@mth%ﬁhratéd sedluﬁl%lcaadd}late 3nc9d‘r1e‘d &eﬁﬁaén@%mrﬁ"ﬂl{at@ fidrelis, 3H),
m

1.47 (t, J =7 3H), 0.85 - 0.9 r‘g , 0.77 - I-?‘
5Exanpl e 73 and concentrated in vacuo. The crude product was purified by flash chromatograp

'V, N-di cyghoppRRYids & Gidin aﬂS@@d}Xt%m%bﬁ@Q’&ﬁ&rﬁn Ritihk ATNR; Gielbil/- 1- met hyl -1
, 6- di hydroi mdazo[%l 5-d] pyrrol o] pyri dine-7-carboxam de 10 [00357] A

m xture of (Z)hCNOMn@hﬂw@)l togive P16~ @CWPIQPYhé@ﬂWI 1-#netiiyl ¢t nythyltio) -
S aohut L eT APl ICh, Pdgssl eyt Py e 7
carboxamide (6.6 g, 61.5% yield) along with 2.2 g of recovered 1J.
[00352] MS (ESI) m/z 453.3 (M+H).
15 [00353] 'HNMR (400 MHz, DMSO-d¢) 3: 14.42 (s, 1H), 8.16 (s, 1H), 7.24 (s,
1H), 5.54 (s, 1H), 4.52 (q, ] = 7.0 Hz, 2H), 4.05 (s, 3H), 2.89 - 2.97 (m, 2H), 2.43 (s,
3H), 2.14 (s, 3H), 1.34 (t,J = 7.0 Hz, 3H), 0.71 - 0.80 (m, 4H), 0.63 - 0.70 (m, 4H).

72 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-

20  methylisoxazol-3-ylamino)-1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-

carboxamide
[00354] A mixture of (Z)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-(methylthio)-
3-oxobut-1-enylamino)-1,6-dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-
carboxamide (22 mg, 0.049 mmol) and hydroxylamine (50% aqueous solution, 3.13
25  uL, 0.051 mmol) in ethanol (1 mL) was heated at reflux for 3h and LC/MS showed
completion of reaction. The reaction mixture was diluted with methanol and purified
by preparative HPLC to furnish N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-
methylisoxazol-3-ylamino)-1,6-dihy droimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (9 mg, 43.3 % yield) as a white solid.
30 [00355] MS (ESD) m/z420.1 (M+H).
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met hyl hydr azi necar boxyl ate (0.046 nL, 0.309 nmmol) in acetic acid (1 nL) wan
15stirred at 35 Cfor 4 h (nonitored by LCMS until no starting materi al
left). Fowoi2011z08%4(0.5 nL) was added and stirred at 60PCTfuse016/0l7626501 vent
was evaporated and the crude product was purified by flash chronmat ography
on silica gel using an automated | SCO system (12 g columm, eluting with
2-10% met hanol / dichl oronethane). The inpure product was further purified
by preparati veyosksC mmﬁ@dtmhhglmfﬂ{mmpmhs 845 (s, 1H). 7.26 (5, 1H). 6.5

204- (1, 5-di met hyl- 1H pyrazol - 3-yl 'am no) - 6- et hyl - 1- met hyl - 1, 6- di hydr oi mi dazo
[4,5- d] pyrro(&aﬂﬁ)é%](@;lﬁaﬂﬂ@r kAl BoxAm, d84(- 49211, 2163293% yHalldh7 as an

of f-white soI (BS)) [00359] 1H NWVR (500 MHz,
CDC13) 6: 8.1 Bgﬁgh)i%gg ﬁz(ﬂn—%‘ﬁ) @%34%(8(4%"%1) .85 (s, 1H), 4.65
(g, J=70Hz 2H) 3.99 (s, 3H, 3.71 (s, 3H, 2.79 - 285(m 2H) ,
25233(5 1.49 (t, J:72Hz§5?n10782-0.87(m 4H), 0.72 - 0.78
(m 4H) APter native synthesis of ex (i;’ é 73A Preparation of
4-iodo- N, N-di cycl opropyl- 6-et hyl - bPEt hyt- 1, 6-

di hydr oi m dazol14, 5-dl pyrrol 012 pyri dllﬂe\N7 cay boxam de 5[ 00360] To a
stirred suspension of 4-am no- Wdl opNI:I\B et hyl- 1- net hyl -

1, 6-di hydr oi m dazo[ 4, 5-d] pyrrol of IQ rAdi ar boxam de (34.4 ny,
0.102 mmol) in diiodonethane (102 pL) at 0& was sl ow y added i soanyl
nitrite (27.4 [IL, 0.203 mvol ). The rw®action mxture was stirred at 60 C 5
h. After cooling to rt, the reaction mxture was diluted wth

di chl oronet hane. Saturated aqueous sodi um 10 bi carbonate was added and the
aqueous | ayer Nasdieyeldpaépyed- (mdstdinﬂﬂfyhhﬂr@momaryealﬁﬁx)ﬁ-emyﬁmmbﬁnea

organi cs were dried ogver anhydrous sodiumsulfate, filtered and
concentrated in vacu%‘hyﬂ?é‘n—“q\‘ga‘dé’srcﬂwﬂﬁl@[%E]prr‘ét"éﬂ -gwbexaifeinp for 16 h to
remove anyoadditional diiodomethane. LCMS was deemed pure enough to be
carried forward crude. The product was used imediately in the next

reaction. 15[ (W37 KenEES: ?f@ N, Mg gydlogrpsHio- ei@ﬁrlelp%thfdr“t‘ilo(ﬁle&b’ltmow di cy
cl opr opyl-6-et
pyr gzol p% vl a%olil '%" % %9%9%103?06?%111 azﬁkgmgdéam% (%r32b ByTigin p{/r_i di ne- 7- car box

am de [ 00362tarthgraaide (a*anqmn’f%B AD g, 0155 simwbtany ferdbtyyie azol - 3- am ne (13. 60
ng, 0.122 20mm Pd2 3 (4. t ant pho 5.90 nyg,
10,20 oty Ty PG b Bhomad m DRt R g
N, N-di cycligpr @tﬁlyéﬂ-aﬁ?aﬁt(hy&%(irmﬂﬂerhdrﬁj‘z bg M3 pfitilaho Riwetmi ittt Rt , Borahjpyr r ol of 2
, 3-b] pyridine boxam d 458 ng, 0.10 |) in DVE (1020 The

reaction m xt G‘Flg%%?%ﬁ’é%‘g‘ﬁ i Wrrgg @‘o‘% #otr20r gglr)ris?‘?,lve%‘ﬁas\ﬁvéﬁ f“bé]beped, and
the reaction gyt ploBuit@ss Padt@bytastPéhrémakodtaphlA silica gel using an automated

ISCO system (12 g column, eluting with 2-10% methanol / dichloromethane). The

impure product was further purified by preparative HPLC to give N, N-dicyclopropyl-
20 4-(1,5-dimethyl-1H-pyrazol-3-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

d]pyrrolo[2,3-b]pyridine-7-carboxamide (45 mg, 63.9 % yield) as an off-white solid.

[00358] MS (ESI) m/z 433.2 (M+H).

[00359] 'H NMR (500 MHz, CDCls) &: 8.19 (s, 1H), 7.63 (s, 1H), 6.94 (s, 1H),

6.85 (s, 1H), 4.65 (q, ] = 7.0 Hz, 2H), 3.99 (s, 3H), 3.71 (s, 3H), 2.79 - 2.85 (m, 2H),
25 233 (s,3H), 1.49 (t,J = 7.2 Hz, 3H), 0.82 - 0.87 (m, 4H), 0.72 - 0.78 (m, 4H)
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25reaction m xture was diluted with dichloronethane and vacuumfiltered
through Celite. The filtrate was concentrated in vacuo. The crude residue
was puri fweadouieasgshash col urm chr omat ogr aphy usi ng an | 8COUB2019/0¢w2 UM
eluting with 1 - 10% MeOH CH2C12). N, N -Dicy clopr opyl-4 -(1

, 5-di met hyl- 1H pyrazol - 3-yl am no) - 6-

et hyl -1 -net hyl -1, 6-di hydroi m dazo[ 4, 5-d] pyrrol o] 2, 3-b] pyri di ne-7- car boxam d
e (14 nmg, 31. 4jf gglydﬁe,ggl})nt“\@,csdfggg gg3as an off-white solid. [00363] M
(ESI') mz 433.2 (M+tH)." [ 00364] 1H NVR (500 MHz, CDC13) 6: 8.19 (s, 1H), 7.63
(s, 1H), 6.94 (s, M Pxeba%wnef 4-1qdp:N. N—chwckonrowl Geettylpl -piethyb Hp- 3. 99 (s,

SH. 371 (s, it ), 1.49 (t, J = 7.2 H,
}%53
nd

3H), 0.82 - O: ' mpfe 74\ Nr- I\I-N

10/ V, N-di cycl opropyl 6- et hyI 4- (1 et hy | - 1K pyrazol - 3-yl am no) - 1- ne
thyl - 1, 6-di hydroi m dazo[ 4, 5-d] pyr b] PyK di ne- 7- car boxani de 74A
Preparation of tert-butyl 1, 3-di ox ~yl (et hyl)carbamate 0 . Boc
NN\ -

S [00360] To a stirred suspension of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (34.4 mg, 0.102
mmol) in diiodomethane (102 pL) at 60 °C was slowly added isoamy] nitrite (27.4
uL, 0.203 mmol). The reaction mixture was stirred at 60 °C 5 h. After cooling to rt,
the reaction mixture was diluted with dichloromethane. Saturated aqueous sodium

10 bicarbonate was added and the aqueous layer was extracted with dichloromethane
(3x). The combined organics were dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The crude residue was placed on the pump for 16 h to remove
any additional diiodomethane. LCMS was deemed pure enough to be carried forward
crude. The product was used immediately in the next reaction.

15 [00361] MS (ESI) m/z 450.1 (M+H)

73 Preparartion of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1,5-dimethyl-1H-

razol-3-ylamino)-1,6-dihydroimidazo[4.5-d]pvyrrolo[2.3-b]pyridine-7-carboxamide

[00362] To avial containing 1,5-dimethyl-1H-pyrazol-3-amine (13.60 mg, 0.122

20  mmol), Pdy(dba); (4.67 mg, 5.10 umol), Xantphos (5.90 mg, 10.20 umol), and cesium
carbonate (100 mg, 0.306 mmol) was added N, N-dicyclopropyl-6-ethyl-4-iodo-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (45.8 mg,
0.102 mmol) in DME (1020 puL). The reaction mixture was sparged with argon for 5
min, the vial was capped, and the reaction mixture was heated at 90 °C 1 h. The

25  reaction mixture was diluted with dichloromethane and vacuum filtered through
Celite. The filtrate was concentrated iz vacuo. The crude residue was purified via
flash column chromatography using an ISCO 12 g column eluting with 1 - 10%
MeOH/CH,Cl,). N,N-Dicyclopropyl-4-(1,5-dimethyl-1H-pyrazol-3-ylamino)-6-
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0 15[00365] Diisopropyl azodicarboxylate (2.92 nL, 15.00 mmol) was added in
one portion to a solution of tert-butyl 1, 3-di oxoi soindolin-2-ylcarbamate
(2.62 g, WO 2mmwi2886pr epared fol |l owi ng the procedure descrchasiyg/okicenl as
Brosse et al. in Eur. J. Og. Chem 4757-4764, 2003), triphenyl phosphi ne
(3.93 g, 15.00 mol ) and ethanol (0.691 g, 15.00 nmmol) in THF (20 nL) at O
C and the reaction solution was stirred at 20 roomtenperature for |h

(moni tored by et-ﬁ!y‘lcl HB’EHyl 1%Qﬁ[{3Jd%u'nQi@%o 4§Ql|]155@1%io @Yﬁﬁl@ﬁ%@&x@fﬁﬂe*{ﬂe resi due
was purified by flash chronmat ography on'silica gel” using an autonated | SCO
system (80 g &8 dhnye dpldt Wetgselitehassnagbbitqnplidacet ate / hexanes) to provide
tert-butyl X0 hyl)carbamate (2.6 g, 90 %yield) as
a white soli dﬁjv(\ﬁh@h V\ﬁ\//gésjﬂégﬁgja} gg;?%( in"the next step 25 74B Preparation of
tert-butyl 1- 108941y O 2R €aNSBx IR le) &: 8135, 1H), 7.63 (s, 1H)Bo¥4 GSIZNH)N [ 00366]

Met hyl hydr 5 t en- but yl
1, 3-di ox0| ﬁﬁg%ﬁ Aﬁ% 45/{1%1-(81 YB%M?@%( gggﬁgne(s 7?%‘/& fédjzi gg]( 1 mol)
in THF (40 m_)z 3ai(s, OHE; 1a49dt, The7. 2 HaGH)om3M KB, 4M3S0.31 1 0,783, 811H)r00m
tenperature 5overnight. A white precipitate formed and was filtered off
through a pad of Celite, The filtrate was concentrated in vacuo. The

resi due was dissolved in ethyl acetatgg.fnaf 74 ) and extracted with 1N HC1
(3x30 m), the acid | ayer was washed with ethyl acetate (50 nl) and
basified to pH 10 by addition of 2 NadN’{I'he basi ¢ sol ution was then
extracted with ethyl acetate (Sx5Q m e cbnbined organic |ayers were
10 washed with brine, dried over ﬁ‘nsuﬁi@ze\, filtered and
concentrated in vacuo to give terg ydrazi necar boxyl ate (2.5
g, 87 %yield) as colorless oil. [003&7] IHEINVR (400 MHz, CDC13) 6: 3.90
(br. s., 2H), 3.35 (q, J = 7.0 Hz, 1.42 (s, 9H), 107(tJ:70Hz
3H) 1574Pr16paWMcﬁ&c%r%yﬂﬁ%&MﬂL@M Jm@t'hﬁf-fﬁi)yf]az()ﬂé Sldnvihoyr-ARIFY.! -

pyrazol - 3-yl am no) -'1- e 6-di h 0| m dazol di pyrrol 012, 3- bl pyrl d| ne
-7- carboxam de [b@-g@g}irqz\mma,@[ﬂ lpyrrolo[2,3- b]pyr1d1ne-7-carb0xam1de

(Z)-N, N-di cycl opropyl-6-ethyl-1-nmethyl-4-(1-(nmethylthio)-

3- oxobut - 1- enyl am no) - 1, 6- di hydr oi m dazo[4 5-d] pyrrol o[ 2, 3- b] pyridine-7- 20
car boxam de (exanpl4\ 74Bcpard Q- 5u6A 1 bRoismdotie P ty(bil %

et hyl hydr azi necar boxyl ate (49. 6 ng, 0.309 mmol) in acetic acid (1 nm) wan
stirred at 35 Cfor 4 h (nonitored by LG |\/B$Jntl| no starting materi al
left). Formc acid (1 nL) was adde 2d action mixture stirred at 60
C for 6 h. The solvent was evapora and ' t'he crude product was purified by
flash chronmat ography on silica gel using an automated | SCO system (12 g
colum, el uti ng with 2-10% net hanol / di@hloromethane). The material was

e 2 SGA. B R0 LRSS L B\ s S 1. oy
1- 1, 6- di hydr pomnpni araofolytion df {eytrhu@tld[32c11@>4dgs]0|uyiphmi2fy®a?oamtelié)6&gl de (38 ny,
5244_ %yield) nfitol %@ep%];ed fo olwtllr?g glplro%eduré) Elesc 30 %]byl}@co(l %r%ssgletz al.4if11 uz;)’ J( MeH) . -
Org. Chem. 4757-4764, 2003), triphenylphosphine (3.93 g, 15.00 mmol) and ethanol
(0.691 g, 15.00 mmol) in THF (20 mL) at 0 °C and the reaction solution was stirred at

20 room temperature for 1h (monitored by TLC until completion). Solvent was
evaporated and the residue was purified by flash chromatography on silica gel using
an automated ISCO system (80 g column, eluting with 5-35% ethyl acetate / hexanes)
to provide tert-butyl 1,3-dioxoisoindolin-2-yl(ethyl)carbamate (2.6 g, 90 % yield) as a
white solid which was used as it in the next step

25

74B  Preparation of fert-butyl 1-ethylhvdrazinecarboxylate
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WO 2011/ 028864PCT/ US2010/ 047621 [ 00370] 1H NVR (500 MHz, CDC13) 6: 8.08 (s,
1H), 7.61 (s, 1H), 6.93 (s, 1H), 6.84 (s, 1H, 4.66 (g, J = 7.1 Hz, 2H),
4.02 (q, Wo=0i/@288d42, 2H), 3.98 (s, 3H), 2.79 - 2.85 (m PREHUS2008476¢5, 3H),
1.49 (t, J =7.1 Hz, 3H, 1.41 (t, J =7.2 Hz, 3H, 0.82 - 0.87 (m 4H),
0.72 - 0.78 (m 4H). 5 Exanple 75 N// \ N--- /INNN\ HN,Q--- NN
4-(1-(2-cyanoet hyl ) -5-net hyl - 1H pyrazol -3-yl am no)-/V, N-di cycl opropyl-6-eth
yl - 1-net hyl -1, 6-di hydroi m dazo[ 4, 5- d] pyrr [2 3-b] pyri di ne-7- car boxam de
10 [00371] The title conpound was sing a method anal ogous to
that used to prepare exanple 74. [SQEEZESI) mz 472.2 (M+H). [00373]
1H NWVR (400 MHz, CDC13) 6: 8.05 (s 6.99 (s, 1H), 15
6.85 (s, 1H), [04)36& (Methbll@d?az&elﬁkﬂﬁl'ﬂl 26/ ﬂﬁlo()twasdddédﬁo 85d‘HZti0n2iﬂ)ert—4 01 (s,
3H), 2.92 (t 1.49 (t,

302000, s pT o SR gndih o T Ry caimae [ SgmBls a5 3y TP 0 3mbD & 76

THF (40 mL) at 0 °C and the reaction mixture was stirred at room temperature
5  overnight. A white precipitate formed and was filtered off through a pad of Celite,

The filtrate was concentrated in vacuo. The residue was dissolved in ethyl acetate (50
ml) and extracted with 1N HCI (3x30 ml), the acid layer was washed with ethyl
acetate (50 ml) and basified to pH 10 by addition of 20% NaOH. The basic solution
was then extracted with ethyl acetate (3x50 ml) and the combined organic layers were

10  washed with brine, dried over magnesium sulfate, filtered and concentrated in vacuo
to give tert-butyl 1-ethylhydrazinecarboxylate (2.5 g, 87 % yield) as colorless oil.
[00367] 'H NMR (400 MHz, CDCls) &: 3.90 (br. 5., 2H), 3.35 (q, J = 7.0 Hz, 2H),
1.42 (s, 9H), 1.07 (t, ] = 7.0 Hz, 3H)

15 74 Preparation of N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-methyl-1H-

pyrazol-3-ylamino)-1-methyl-1.6-dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridine-7-

carboxamide
[00368] A mixture of (Z)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-(methylthio)-
3-oxobut-1-enylamino)-1,6-dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-

20  carboxamide (example 74B, 70 mg, 0.155 mmol) and zert-butyl 1-
ethylhydrazinecarboxylate (49.6 mg, 0.309 mmol) in acetic acid (1 mL) wan stirred at
35 °C for 4 h (monitored by LC/MS until no starting material left). Formic acid (1
mL) was added and the reaction mixture stirred at 60 °C for 6 h. The solvent was
evaporated and the crude product was purified by flash chromatography on silica gel

25  using an automated ISCO system (12 g column, eluting with 2-10% methanol /
dichloromethane). The material was further purified by preparative HPLC to afford
N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-methyl-1H-pyrazol-3-ylamino)- 1 -methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (38 mg, 53.4 % yield)
as an off-white solid.

30 [00369] MS (ESI) m/z 447.3 (M+H).
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20

[V, N-di cycl opropyl- 6-ethyl -4-(1-(2-nethoxyethyl)-5-nethyl-1H pyrazol - 3-
yl am no) - 1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyridine-7-

car boxamwe 20111028864 [ 00374] The title conpound was preparTas2usion2a net hod
anal ogous to that used to prepare exanple 74. [00375] MS (ESI) mz 477.2

-0.80 (m

(M+H) . 5[ 00376] 1H NMR (500 MHz, CDC13) 6: 8.09 (s, 1H), 7.61 (s, 1H), 6.94
(s, 1H), 6.84 (s, 1H), 4.66 (q, J = 6.8 Hz, 2H), 4.12 (t, J = 5.5 Hz, 2H),
3.98 (s, 3H), [@}376911 (5 NME (0BHE,.C )6:%.0@%&(1?19,7361)(& 13{27@93%,21}@)65 (m 2H),
2.36 (s, 3H), 1.49 (t, J =7.1 HZ, 3H), 0.81°-0.89 (m 4H, 0.71
4H) . 10Exanpl €8#7s, NED\AGG (a\) 27 NKiz1RE), #.02 (¢, J =07 NNzNH, 3.98 (s, 3H), 2.79 -

IV, N-di I - - -A0%; T S t 5 hygl- | - 3-
1 2 no) 1+ B Ry O Ry ar Bl i AL O 4. 5T oyt o) B2, 5 B py bt G B, 7- car boxa

m de

0.87 (m, 4H), 0.72 - 0.78 (m, 4H).
5
Example 75

4-(1-(2-cyanoethyl)-5-methyl-1H-pyrazol-3-ylamino)-V, N-dicyclopropyl-6-ethyl-
1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

10
[00371] The title compound was prepared using a method analogous to that used to
prepare example 74.
[00372] MS (ESI) m/z 472.2 (M+H).
[00373] 'HNMR (400 MHz, CDCl;) 8: 8.05 (s, 1H), 7.64 (s, 1H), 6.99 (s, 1H),

15 6.85(s, 1H), 4.65(q, J =7.0 Hz, 2H), 4.25 (t, J = 6.8 Hz, 2H), 4.01 (s, 3H), 2.92 (t,J
=6.7 Hz, 2H), 2.79 - 2.86 (m, 2H), 2.41 (s, 3H), 1.49 (t, ] = 7.2 Hz, 3H), 0.82 - 0.88
(m, 4H), 0.72 - 0.80 (m, 4H).

Example 76
20

\ O0—
J> N f,/
D_NmN N-N
P /
O N™™N N/K/)\
K H
N,N-dicyclopropyl-6-ethyl-4-(1-(2-methoxyethyl)-5-methyl-1 H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

carboxamide
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15 77A Preparation of 2-isopropoxyethyl nethanesul fonate 0---( rj MO
[00377] A round bottom fl ask was charged with 2-isopropoxyethanol (0.5 niL,
4. 34 mmolwoand/wdssshl or onet hane (21.68 nmL) and was cool e@CrasR01@047621
Triethylamne 20 (1.208 nL, 8.67 mml) was added along with a tip of DVAP.
Met hanesul fonyl chloride (0.338 nL, 4.34 mvol) was added dropwi se. The
reaction mxture was slowy warned to rt over 2 h. The reaction m xture was
guenched with saturated aqueous ammoni um chl oride and transferred to a
separatory funnel The aqueous |ayer was extracted wi th dichl oronethane (2
X). The conbi H374r gdh¢ tde eaanoupm s herferRB usigarnaikod aplogehs o Biet uspdhipdr ous
sodi um sul f at i nd concentrated in vacuo. 2-1sopropoxyethyl

met hanesul f on {egg%fgagépq%ﬁ isolated as a clear oil and was i medi ately used
in the next r&¥375lonM{ 0338k 4TH2NMRH)400 MHz, CHLOROFORM d) 6 ppm 4. 34 -

G oot 250 gt~ % Gl Poofily bt 3B s M. il o dod Raf? e 118

1, 3- di oxoi soi B@ald, nH2-46k((d;J + 68 pr-oP@XYat iy I »cariamay,e.98 (s, JHOB7A(t, JA round
bottom fl ask charged with 2-isopropoxyethyl nethanesulfonate 10(exanple
77A, 0. 701 g, 454 FH1 33 5. HDet oht €71 (16 Be> Folnt el (sl FIrldde dlder an
at nosphere of O‘rgiltmgggﬁ; 4 e0 71 Beigylm14rPy; di oxoi soi ndol i n-2-yl carbamate (1.138
g, 4.34 mol) was added al ong with potassium carbonate (2.399 g, 17.36

mrol ) and benzyl tri et hyl ammoni um chl oride (0.198 g, 0.868 mMmuol). The
reaction ppxture was heated at 50 C Zﬁqﬁn@g@{fool ed to rt over the weekend.
The reaction m xture was 15diluted with ethyl acetate and water. The
aqueous | ayer was extracted with ethyl acetate. The ¢onbi ned organi cs were
washed with brine, dried over anh ous™ gQi um sul Pat\e, vacuum filtered

t hrough a plug of silica gel and goncent atﬁd [ acuo. The crude oil was
used wi thout additional purif g,N88% yield). [00380] Ms (ESI)
mz 249.2 (M CAHOCOR) [/

NTNTN
A H

N,N-dicyclopropyl-6-ethyl-4-(1-(2-isopropoxyethyl)-5-methyl-1H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
15

77A  Preparation of 2-isopropoxyethyl methanesulfonate

e

MsO

[00377] A round bottom flask was charged with 2-isopropoxyethanol (0.5 mL,
4.34 mmol) and dichloromethane (21.68 mL) and was cooled to 0 °C. Triethylamine
20 (1.208 mL, 8.67 mmol) was added along with a tip of DMAP. Methanesulfonyl
chloride (0.338 mL, 4.34 mmol) was added dropwise. The reaction mixture was
slowly warmed to rt over 2 h. The reaction mixture was quenched with saturated
aqueous ammonium chloride and transferred to a separatory funnel. The aqueous
layer was extracted with dichloromethane (2 x). The combined organics were washed

25  with brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo.
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20 [00381] 1H NWR (400 MHz, CHLOROFORMd) as a m xture of rotoners 6 ppm 1H
NVR (400 MHz, CHLOROFORMd) d ppm7.86 - 7.94 (m 2 H), 7.73 - 7.82 (m 2
H, 3.79 wo0028se4 2 H), 3.58 - 3.66 (m 2 H), 3.41 -3P6F/uSegrod41dpy 1.31 -
1.56 (m 9 H, 0.87 - 1.05 (m 6 H) 2577C Preparation of tert-butyl

1- (2-1sopropoxyet hyl ) hydrazi necar boxyl ate H2ZN-N Boc - 117 - WO

2011/ 028864PCT/ US2010/ 047621 [00382] To a solution of tert-butyl

1, 3- di oxoi soi ad@pkdpoyarbi %etua§&9rf&ﬁ@w%§ i bs&a{re@ag@a@ar(o%mge 77B, 1.262
g, 3.62 mmol) in'tetrahydrofuran ( at 0 C was slow y added

met hyl hydr a2| ramediatolg gisqd| in the negt reRabioy.. The reaction mxture was stirred at
0 Cfor eagfl 27 Y it

pr eci pi tate al@gzﬂ ?I Iwgﬁdﬁmlggﬁc%\%ggﬁpr%g?%g 38]3/6‘613%‘) L%h gws?’o id was
triturated w t8.78t(hyPHpdé0at3eo7((@n, X)), 3T (5,381 I.1& (dr @t/ w&8 Hzoncentrated in
vacuo. Thig process was repeated to ultimately provide tert-butyl 1-(2-

i sopr opoxyéet hyl ) hydr azi necar boxyl ate (0.665 g, 84%yield) as a yellow oil.
[00383] 1H NWVR ( 4007BVHZrefal#tioROFRNMuE) 18-dipwisdidddlin-3-vE3- (m 5 H), 1.48
10(s, 9 H, 1.15 (d, , J= 6.27 Hz) 77Preparation of

N, N- di cycl opr&@?lf—g@‘—‘l@l—m (2-i sopropoxyet hyl ) - 5-

nmet hyl - 1H pyrazol - 3-yl am no) - 1- net hyl- 1, 6- di hydroi m dazol4, 5-di pyrrol 012, 3-
bl pyri di ne-7-carboxanm de 15[ 00384] Thi corrpg d was prepared according to
exanple 73 using tert-butyl 1- (2-isoprg pow—e/th ) hydr azi necar boxyl at e
(exanple 77C, 29.8 ng, 0.137 mol) prowide

N, N- di cycl opr opyl-6-et hyl -4-(1-(2- br@poxpet hyl ) - 5- net hyl - 1H pyrazol - 3-
yl am no) - 1- met hy1- 1, 6- di hydr oi m dazo[ 4, % d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxa
mde (16.72 ng, 48.7%yield) as a white solid. 20 [00385] M5 (ESI) mz

505. 4 (M+H) [ (m3349] AHon%c(tt@@ﬁlMargacﬂh@RG:ﬁR%mxyah]dmmtﬂanBﬁﬂﬂ(osa,te 1 H)

6. 99 , J=
5. 27 |(4§) 3[9 oéexe@m%:«? (7%) 0. J,g{) %ﬂé‘%(‘tmmélﬂim %?"JO%‘”%% (%%z'ﬁ% mg@ IH?‘? “‘ﬂ@r a“J = 12. 11,
6.12 Hz), 2. 7%mospheBSof(oifrogén. Her-Butdll A &10x®3£’(9md011n5@71&a1rban&td’dl 1387498 Hz),

1.09 (d, 6H, J= 6.27 Hz), 082-091(m4 250.71 - 0.81 (m 4 H)
Exanpl e 78 - gpl) was addéd along with potassium carbonate (2.399 g, 17.36 mmol) and

benzyltriethylammonium chloride (0.198 g, 0.868 mmol). The reaction mixture was
heated at 50 °C 24 h and cooled to rt over the weekend. The reaction mixture was

15  diluted with ethyl acetate and water. The aqueous layer was extracted with ethyl
acetate. The combined organics were washed with brine, dried over anhydrous
sodium sulfate, vacuum filtered through a plug of silica gel and concentrated in
vacuo. The crude oil was used without additional purification (1.26 g, 83% yield).
[00380] MS (ESI) m/z 249.2 (M-C4HoCO»)

20  [00381] IH NMR (400 MHz, CHLOROFORM-d) as a mixture of rotomers 6 ppm
IH NMR (400 MHz, CHLOROFORM-d) d ppm 7.86 - 7.94 (m, 2 H), 7.73 - 7.82 (m,
2H),3.79-3.90 (m, 2 H), 3.58 - 3.66 (m, 2 H), 3.41 - 3.55 (m, 1 H), 1.31 - 1.56 (m, 9
H), 0.87 - 1.05 (m, 6 H)

25 77C  Preparation of tert-butyl 1-(2-isopropoxvethyDhydrazinecarboxylate

e

H,N-N,

Boc
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.. J-OMe
/'V, N-di cycl o

propyl-6-ethyl-4-(1-(2-(2-nmethoxyet hoxy)ethyl)-5-nethyl

-1H pyra
zol -3- WO 2011/028864 PCT/US2010/047621

yl am no) - 1- net hy1- 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di ne- 7- car boxa

m de 578A Pr

nmet hoxyet hoxy) et hyl ) car bamat e rome O--1 rj NN Boc 0 [00387] The

conmpound was
(2- met hoxyet

eparation of ten-butyl 1, 3-dioxoisoindolin-2-y1(2-(2-

0BRHr e‘io%@l%&ﬁ &gertt (But?( ﬁmhc%o%gﬁdélﬁﬂ Ag)d.- br ono- 2-
hoxy) et hane (0. to provide tert-butyl

1, 3-

10di oxoi soi nd@pprﬁp@tyyf.bwca(f@nm(ﬁmQ 71733631)2@2 Igyff %mmé)nateéral(wr@a@ng 84 %

VR CRBEMEY o o Pu Rl 0 80 s FR o 7 s
- 7 94 ( m g_§3w§gi0h fi3ture WasBiredmt @ GHjoy 3 8. 88e rea&ic&&ni@tmre @asl—i)lteréil t67 - 3.74

yield) as a
[00389] 1H N

H),129-1

1- ( 2- ( 2- et hox yahibaxiyyS tihiyitaydaydichoctinn acadtd @xy)laad ejtritufiewas concentrated in

10

15

20

25

vacuo. This process was repeated to ultimately provide tert-butyl 1-(2-
isopropoxyethyl)hydrazinecarboxylate (0.665 g, 84% yield) as a yellow oil.

[00383] 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 3.52 - 3.65 (m, 5 H), 1.48
(s,9H), 1.15(d, 6 H, J=6.27 Hz)

71 Preparation of N,N-dicyclopropyl-6-ethyl-4-(1-(2-isopropoxyethyl)-5-

methyl-1H-pyrazol-3-ylamino)-1-methyl-1.6-dihydroimidazo[4.5-d]pyrrolo[2,3-

blpyridine-7-carboxamide

[00384] This compound was prepared according to example 73 using fert-butyl 1-
(2-isopropoxyethyl)hydrazinecarboxylate (example 77C, 29.8 mg, 0.137 mmol) to
provide N, N-dicyclopropyl-6-ethyl-4-(1-(2-isopropoxyethyl)-5-methyl-1H-pyrazol-3-
ylamino)- 1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide
(16.72 mg, 48.7% yield) as a white solid.

[00385] MS (ESI) m/z 505.4 (M+H)

[00386] 1H NMR (400 MHz, CHLOROFORM-d) é ppm 7.89 (s, 1 H), 6.99 (s, 1
H), 6.88 (s, 1H), 4.65 (q, 2 H, J="7.03 Hz), 4.22 (t, 2H, J=5.27 Hz), 4.06 (s, 3 H),
3.78 (t, 2H, J=5.27 Hz), 3.52 (dt, 1H, J=12.11, 6.12 Hz), 2.79 - 2.88 (m, 2 H), 2.41
(s,3H), 1.50 (t, 3 H, J=7.03 Hz), 1.09 (d, 6H, /= 6.27 Hz), 0.82 - 0.91 (m, 4 H),
0.71 - 0.81 (m, 4 H)

Example 78
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H2N- N. Boc [ 00390] The conpound was prepared according to exanple 77C
using tert-butyl

201, 3- di owoieni/mssslti n- 2- y1( 2- ( 2- met hoxyet hoxy) et hyl ) car paFaiSe0100438 g,
1.600 mol) to provide tert-butyl

1- (2- (2- met hoxyet hoxy) et hyl ) hydr azi necar boxyl ate (0.4 g, 107%yield) as a
yellow oil. [00391] 1H NMR (400 MHz, CHLOROFORMd) 6 ppm 3.51 -3.70 (m 8
H, 3.39 (s, 3 H), 1.48 (s, 9 H) 5 78Preparation of

N, N- di cycl opr opyl- 6-et hyl -4-(1- (2 (2-

met hoxyet hoxy) et hyl ) - 5- et hyl - yra?gL\S yl ani o) - 1- met hy1- 1, 6-

di hydr oi m dazol4, 5-di pyrr ol 2 blpyr dnme 7/carboxam de [00392] This
conmpound was prepared accoréin Xangyl e 4§u3|ng tert-butyl 1- 10

(2- (2- et hoxyet hoxy) et hyl ) hydr afi ne 87 M exanple 78B, 43.2 ny, 0.184
mmol ) to provide

N, N- di cycl opr opyl-6-et hyl -4-(1- (2/{2 nethoxyethoxy)ethyl) 5-

t hyl - 1H . ¢ ethé
o 8 e e ‘3"%‘2’?@%”3&%‘%’““*2‘;@“ IS DL ARl PR PIALD ©

[ 00393] |v5 (Esla)mlm)zl-smhylrlémlby rpanig ijd]mmrﬂm% Dorifiae-7-@rbORAOEGRM d)
6 ppm7.85 (br s, 1 H, 6.91 (s, 1 H, 6.87 (s, 1H, 4.65 (g, 2 H J= 7.03
Hz), 4.20 (t, 2H, J= 5.27 Hz), 4.05 (s, 3 FD 3.87 (t, 2H J= 5.65 Hz),

3.53 - 3 59 (m 2HI8A 3.Hépafafidd of 2K bufyt 13 QIR ), 2.77 - 2.87

(m 2 , 2.38 {s 3P0 &} 3 H J=7 03 Ft) 0. 82 - 0.9 (m 4 H,
0.71 0 79 ( Preparati on of

IV, N-di cycl opropyl- 6- et hyl - 1- et hyl - 4- ( 5- met hylL-ghpr opyl- 1H25pyr azol - 3-yl am
i no) - 1, 6-di hydroi m dazol4, 5-d] pyrrol 012, 3-b ridine-7- carboxam de 79A
Preparation of tert-butyl 1-propyl hyd azbggcarboxylate - 120 -

NN,
Boc

0]
[00387] The compound was prepared according to Example 77B using 1-bromo-2-
(2-methoxyethoxy)ethane (0.259 mL, 1.906 mmol) to provide fert-butyl 1,3-
10 dioxoisoindolin-2-yl(2-(2-methoxyethoxy)ethyl)carbamate (0.583 g, 84 % yield) as a
pale yellow oil.
[00388] MS (ESI) m/z 265.2 (M-C4HoCO»)
[00389] 1H NMR (400 MHz, CHLOROFORM-d) as a mixture of rotomers 6 ppm
7.85-7.94 (m, 2 H), 7.73 - 7.82 (m, 2 H), 3.83 - 3.93 (m, 2 H), 3.67 - 3.74 (m, 2 H),
15 3.48-3.59 (m,2H),3.30-3.43 (m, 2 H), 3.16 - 3.28 (m, 3 H), 1.29 - 1.55 (m, 9 H)

78B  Preparation of fert-butyl 1-(2-(2-ethoxyethoxy)ethyhhydrazinecarboxylate

5 IOMe
/,/

H,N-N
2 Boc

[00390] The compound was prepared according to example 77C using terz-butyl
20 1,3-dioxoisoindolin-2-yl(2-(2-methoxyethoxy)ethyl)carbamate (0.583 g, 1.600 mmol)
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11 H2N-N. Boc [00395] To a solution of propyl hydrazine, oxalic acid salt
(0.5 g, 3.05 nmol) in ethanol (3 nL) in a round bottom flask under nitrogen
was addeawornatdgdéanm ne (0.425 ni, 3.05 mml ). The reacPCOUSAINOWTERT WaS
cooled to 0 C and BOC20 (0.707 5 nL, 3.05 mmol) dissolved in ethanol (1 nl)
was added dropw se over 10 min. The reaction mxture was allowed to warmto
roomtenperature for 16h. Ethanol was rempved by concentration in vacuo.

The residue Wasprgah@z}rmt}m (wq@ SletiRy Tﬂetﬁ‘axls}yelthm%@ilﬁecafﬁbﬁylﬁe%@@%Smbﬂyer was
extracted with ethyl acetate (3x) e conbi'ned organics were dried over
anhydr ous sodW@hD@ﬂ??@bé”ﬂklltered and concentrated in 10vacuo. The crude

product was u Hﬁgl ngE

CHL OROFORM d) pgm kqééd@?%ﬁlzbﬁ)% 8)§g&§g§]l %H‘(}k{?ﬁ% %%0379 33’ Hz),
1.48 (s, 9 H)(s,0H881.4& (s, BHH, J=7.40 Hz) 79Preparation of
N,N—dicyclgpropyl-6-ethy1-1-nethy|-4-(5-nethy|-1-propy|-

151H pyrazdl - 3-yl am no) - 1, 6-di hydr oi m dazo[ 4, 5-d1lpyrrol o[ 2, 3-bl pyridi ne-7-c
ar boxami de [ 0039718 Thipcmenipnuns, Madisydseaal-ediacagrdiry to example 74

[ - | h | 79A, 1 7
using tertbulyl, L aBLopl v agl nparbo gie (erample 7oA 19-87 o,

N, Ndi cycl opr oBikda @il S kbl > 9o 5l ibenbediigpy! - 1H pyr azol - 3yl ani no
)-1, 6- dlhydr0|n1dazT£4 5-d]pyrrolof[2,3 b]egéé(n ne-7- car boxam de (15.6 ng,

59% yi el d) as [093%2] i& cempourd a9 0308 MSOY tyemnzpl%‘!tu&mgmth}uy[l 0399] 1H

NVR (400 %@Wo@)etﬁ Waél §4a lscgcgfla% I_?)e);langgl %ﬁ% 92 2(n§gHO]1§!1_|) 6.86 (s,

1H),466(q 7.15 Hz),
2.78 - 2.87 ( mmdd) thprovRle3uN{dsgyc®ptdpyl- @.e@?’l f( dg(2-3- rhd;tho)@etmdxyé}@hylﬁ 30 Hz),

ii) ,500( '[72 E)’ g 1}1‘%}@@?]71 L{)y%zl_léxg-glam no?é dnéthy‘?f 1% d1ﬁydr01m1&)az|01§1)51 yrro o2, 0. 89 (m 4

'V, N-di cycl opbipyidind-7{chrbpoRaride { 171 3dang) 8 64tyhidld )5 methity kolddt pyr azol - 3-yl am no) -
6- [00393] MS (ESI) m/z 521.4 (M+H)
15  [00394] 1HNMR (400 MHz, CHLOROFORM-d) & ppm 7.85 (br's, 1 H), 6.91 (s,
1 H), 6.87 (s, 1H), 4.65 (q, 2 H, J=7.03 Hz), 4.20 (t, 2H, J = 5.27 Hz), 4.05 (s, 3 H),
3.87 (t, 2H, J = 5.65 Hz), 3.53 — 3.59 (m, 2H), 3.50 (ddd, 2H, J = 5.40, 2.89, 2.76
Hz), 2.77 - 2.87 (m, 2 H), 2.38 (s, 3H), 1.50 (t, 3 H, /= 7.03 Hz), 0.82 - 0.91 (m, 4
H), 0.71 - 0.79 (m, 4 H)

20
Example 79

0 NONN
H

Preparation of N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1-propyl-1H-
25 pyrazol-3-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

carboxamide

79A  Preparation of tert-butyl 1-propylhydrazinecarboxylate
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et hyl - 1- net hyl -1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7- car boxam d
e 580A Preparation of tert-butyl 2,2-difluoroethyl (1, 3-di oxoi soindolin-2-

yl ) car barmi0e01128864 Boc NF-N F O [ 00400] The titl e conporad/usaslopsmpar ed
using a nethod anal ogous to that used to prepare exanple 77A 10 80B
Preparation of tert-butyl 1-(2,2-difluoroethyl)hydrazinecarboxylate ,Boc
H2N-N F [ 00401] The title conpound was prepared using a nmethod anal ogous to
that used to prepare exanple 77B. 15 [00402] 1H NVR (400 MHz, CHLOROFORM d)
6: 5.94 (tt, J 56.3, 4.4 Hz, 1H), 374( J =13.8, 4.4 Hz, 2H), 1.48
(s, 9H) 80Preparat|on of N,

N-di cycl opropyl-4-(1-(2, 2-difl uoroet hyIZ) 5Bmet hyl - 1H pyrazol -3

-ylam no)-6-ethyl-1-nmethyl-1, 6-di hydroi m dazgl rolol -- 20

bi pyri di ne-7- &%ﬁ%ﬂxa%&éoul%m?p%ér¥}w4%ah%%€ﬁﬁdg )8 using a
nmet hod anal ogesnd 3 Itnhfi:n AS@eh Bdﬁoﬂrfﬁ@laﬁlﬁie%@f@énewa%?adde{dQQéthﬂlimM@ (ESI) mz
483.3 (MrH). - 122 - 00405] 1H NWR 500 MHz, ( CHLOROFORM 8.17 (br.

s., 1H), 7.66(Q4&5 miy)3.05moel( The rmpgtion griggrevgas coplyd tog) ‘tﬂsarw(dtli Cz@ @788.0, 4.4
'{Z: é::i)i) : ‘2"5 ggme %Oé mnzcﬁ (ﬁ%s d %J_@é%an?} (?IQnI%vgds aﬂdeg d%oqbv&gse oilfegl(ﬂﬁm ZHF%H) 3. 8.981
- 0.88 (m 4|—|)qactﬁ))n7lﬁlxtur@wml](owpd #Hyarmgo room temperature for 16h. Ethanol was
removed by concentration iz vacuo. The residue was taken up in water and ethyl
acetate. The aqueous layer was extracted with ethyl acetate (3x). The combined
organics were dried over anhydrous sodium sulfate, filtered and concentrated in
10 vacuo. The crude product was used as such in the next reaction.

[00396] 1H NMR (400 MHz, CHLOROFORM-d) § ppm 3.30 - 3.36 (m, 2 H), 1.59
(dq, 3 H, J=14.40, 7.33 Hz), 1.48 (s, 9 H), 0.88 (t, 3 H, J=7.40 Hz)

79 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1-propyl-

15 1 H-pyrazol-3-ylamino)-1.,6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-carboxamide

[00397] This compound was prepared according to example 74 using fert-butyl 1-

propylhydrazinecarboxylate (example 79A, 19.87 mg, 0.114 mmol) to provide N, N-

dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1-propyl-1H-pyrazol-3-ylamino)-1,6-

dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (15.6 mg, 59% yield) as
20 awhite solid.

[00398] MS (ESI) m/z 461.4 (M+H)

[00399] 1H NMR (400 MHz, CHLOROFORM-d) é ppm 7.74 (br s, 1 H), 6.92 (s,

1 H), 6.86 (s, 1 H),4.66 (q,2 H, J=7.11 Hz), 4.03 (s, 3 H), 3.95 (t, 2 H, /=7.15 Hz),

2.78 -2.87 (m, 2 H),2.34 (s, 3 H), 1.87 (dq, 3 H, /= 14.49, 7.30 Hz), 1.50 (t, 3 H, /=
25  7.15Hz),0.96 (t,3 H, /= 7.40 Hz), 0.83 - 0.89 (m, 4 H), 0.72 - 0.79 (m, 4 H)

Example 80
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Exanpl e 81

4- (1-cycl obutyl-5-net hyl - 1H pyrazol - 3-yl am no) -/ V, N-di cycl opropyl-6-ethyl -1
- 10met hywo2ot/udsseydr oi m dazo[ 4, 5- d] pyrrol o[ 2, 3-b] pyri dipagAR2@anB2aM de
81APreparation of tert-butyl 1-cyclobutyl hydrazi necarboxylate | 3oc

ClirN NH2 [ 00406] The title conpound was prepared follow ng the
procedure described by So 15Ck Park et al. in J. Conb. Chem 11, 315-326,
2009. 81lPreparation of 4-(1- cycl ohut y1- &-nmet hyl- 1Hepyrazol - 3-yl am no) - N, N-
di cycl opropyl - 6- et hyl - 1- net hyI d| hdeU\\m dazoX4, 5-di pyrrol 012, 3-bl pyrid
i ne-7- carboxam de 20[00407 d was prepared using a

nmet hod anal ogous to that used to 3. [00408] Ms (ESI) mz
473. 4(M+H). [00409] 1H NWMR (500 NHz, Rt d) 6: 8.05 (s, 1H), 6.91
(s, 1H), 6.79 (s, 1H, 4.68 (quin, J\= 8. 4HI2 1H, 4.61 (q, J = 7.1 Hz,
2H), 4.07 (s, 3H), 2.80 - 252.87 (m 2H), 2.69 - 2.79 (m 2H), 2.37 - 2.47
(m 2H), 2.32 (NgY-dBiklopropyB4-(1-12,B8if(woyoePiyl)-S-inediyl-(1#-py}azol-3-ylahimo)-8H) , 0. 82

- 0.91 (m 4H)e’thyq 17n21eth91-f39-dghr§)dr§imdazb[4:,152-(’1}’]p-yrroﬁfiig}y]pGyrﬁﬁneJ-carboxamide

5 80A  Preparation of tert-butyl 2,2-difluoroethyl(1,3-dioxoisoindolin-2-
ylhcarbamate
0
Boc
©::N-N F
0] \_<F
[00400] The title compound was prepared using a method analogous to that used to
prepare example 77A
10
80B  Preparation of tert-butyl 1-(2,2-difluoroethyl)hydrazinecarboxylate
Boc
H,N-N  F
F

[00401] The title compound was prepared using a method analogous to that used to
prepare example 77B.

15  [00402] 'H NMR (400 MHz, CHLOROFORM-d) &: 5.94 (tt, ] = 56.3, 4.4 Hz, 1H),
3.74 (td, J = 13.8, 4.4 Hz, 2H), 1.48 (s, 9H)

80 Preparation of N, N-dicyclopropyl-4-(1-(2.2-difluoroethyl)-5-methyl-

1 H-pyrazol-3-ylamino)-6-ethyl-1-methyl-1.6-dihydroimidazo[4,5-d]pyrrolo[2.3-

20  blpyridine-7-carboxamide

[00403] The title compound was prepared using a method analogous to that used to
prepare example 73.

[00404] MS (ESI) m/z 483.3 (M+H).
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[V, N-di cycl op

3- ylam no)-1-

ropyl- 6-ethyl-4-(1-(1-nmethoxypropan-2-yl)-5-nethyl-1H pyrazol -

nmet hy1- 1, 6- di hydroi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-

car boxamwe 2p0028ss Prepared as described in exanpl e 77PCraB4divjo47B1 ( ESI)

mz 491 (MH).

H 7.63 (s, 1

4.29 -4.48 (m J=13.31, 6.82, 6.82, 6.71 Hz, 1 H 4.00 (s, 3 H 3.55 -

2 1 3=7.
3 H L 46[1%0305] H)H\%/HZ%OO Nﬁ{ﬁ@cﬁmR@FWd)%@ 83 (b135 Ay 76@(%) b2~

(m 2 H 3.29

1\1-1\1 O NN
20/ V, N-di cycl

yl) -

1H pyr azol - 3- yFant dg )34, 068 Idi h§dmo i4kl),deZ2o{ M7Bad ppy.r r ol of 2, 3- b] pyri di ne- 7-

[00412] 1H NMR (400 MHz, CHLOROFORMd) 6 ppm 8.18 (br.

S.

01 H 6.93 (s, 1 H 6.85 (s, 1 H 4.66 (q, J=7.04 Hz, 2 H)

ROL K, lH) 685(s 1H), 605(tt = 560 44Hz lH) 465(q,J 6.9 Hz, 2H),

1

3.79

04

N

QRO QMY = 83 84 drz 1 iTed By k; faf 8708 b R¥im okt 856 ANYAS 48kt Pyran- 4-

car boxam dg [00413] Prepared using simlar procedure as for exanple 77.
1

124 - [00314

10

15

20

25

] M5 (ESI) mz 503 (MtH).
Example 81

4-(1-cyclobutyl-5-methyl-1H-pyrazol-3-ylamino)-N,N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroeimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

81A  Preparation of fert-butyl 1-cyclobutylhydrazinecarboxylate
Boc

D/ N‘NH2

[00406] The title compound was prepared following the procedure described by So

Ok Park et al. in J. Comb. Chem. 11, 315-326, 2009.

81 Preparation of 4-(1-cyclobutyl-5-methyl-1H-pyrazol-3-ylamino)-N, N-

dicyclopropyl-6-ethyl-1-methyl-1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-

carboxamide

[00407] The title compound was prepared using a method analogous to that used to
prepare example 73.

[00408] MS (ESI) m/z 473.4(M+H).

[00409] 'H NMR (500 MHz, CHLOROFORM-d) &: 8.05 (s, 1H), 6.91 (s, 1H),
6.79 (s, 1H), 4.68 (quin, ] =8.4 Hz, 1H), 4.61 (q, J = 7.1 Hz, 2H), 4.07 (s, 3H), 2.80 -
2.87 (m, 2H), 2.69 - 2.79 (m, 2H), 2.37 - 2.47 (m, 2H), 2.32 (s, 3H), 1.78 - 1.98 (m,
2H), 1.47 (t,J =7.1 Hz, 3H), 0.82 - 0.91 (m, 4H), 0.72 - 0.80 (m, 4H).
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m8.12 (s, 1 H 7.64 (s, 1 H
Hz, 2
H)
2

[00415] 1H NMR (500 MHz, CHLOROFORM d) 6
7 H 4.09 - 4.23 (m 3 H

3

2

6.95 (s, 1 H 6.86 (s, 1 H 4.66 (q, J=
4.01 (s, BOHp11328%4(td, J=12.00, 1.80 Hz, 2.7
(s, 3H 2.25 - 2.36 (m 2 5H) 1.84 (dd, J=12.76,
J=7.07 Hz, 3 H 0.71 - 0.92 (m 8 H). Exanple 84
'V, N-di cycl opropyl-4-(1-(2-(di net hyl am no) et hyl ) -5-net hyl - 1H pyrazol - 3-
10yl am no) - 6- et hyl - 1- et hyl - 1, 6- di hy@rxghlgled@zom 5-d]

pyrrol o[ 2, 3-b] pyri di ne-7- carboxam de [00416] Prepared using simlar

- 2PBI/USy10D4HdR1 2. 37
.22 Hz, 2 H 1.50 (t,

procedure as for exanple 77. [00 VB ESI) z Q90 (MrH). 15 [00418] 1H
NVR (500 MHz, CHLOROFORM d) 8 08 211 '64 (s 1 H 6.96 (s, 1 H
6.86 (s, 1 H 4.65 (q, J=7.2 GN s., 2 H 4.01 (s, 3 H)
3.01 - 3.22 (m 2 H 2.70 - 2.89 w s., 6 H 2.37 (s, 3 H
1.49 (t, J=7.07 Hz, 3 H 0.71 -® 91N OExanple 85 - 125 -

'V, N-di cycl opropyl-6-ethyl-4-(1-(2- ﬁydroxy hyl ) - 5- net hyl - 1H pyr azol - 3-
yl am no) - 1- met hy1- 1, 6d|h)i16r0|mdazo[45d] pyrromr%Z 3- b] yridi ne-7-
car boxam de 5PB0Atigiclapremyhoehyld-d1gnsthomprenasce énﬁbylf -pEsazeint-e 77.

[00420] M5 (ESI) il d5g il §AQIALh i IANRUL 30014 £l YERR B Bom 7. 92

J=5.55 Hz, 52 H) 4. 05 (S 3 H) 3 88 (¢arbgxami8®d Hz, 2 H) 2.88 - 3.00 (m 2 H)
2.37 (s, 3 H 1.43 (t, J=7.07 Hz, 3 H 0.62 - 0.98 (m 8 H. 10 Exanple 86

[00410] Prepared as described in example 77.

[00411] MS (ESI) m/z 491 (M+H).

[00412] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.18 (br. s., 1 H) 7.63 (s,

10 1H)6.93 (s, 1 H)6.85 (s, 1 H) 4.66 (q, /=7.04 Hz, 2 H) 4.29 - 4.48 (m, J=13.31,

6.82, 6.82,6.71 Hz, 1 H) 4.00 (s, 3 H) 3.55-3.79 (m, 2 H) 3.29 (s, 3 H) 2.72 - 2.92

(m, 2 H) 2.36 (s, 3 H) 1.49 (t, /=7.04 Hz, 3 H) 1.46 (d, J/=6.82 Hz, 2 H) 0.68 - 0.93

(m, 8 H).

15

Example 83

0
N Q
NN

S

20 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1-(tetrahydro-2 H-pyran-4-yl)-
1H-pyrazol-3-ylamino)-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-
carboxamide

[00413] Prepared using similar procedure as for example 77.
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[V, N-di cycl opropyl-4-(1-(2-(di met hyl am no) - 2- oxoet hyl ) - 5- net hyl - 1H pyr azol -
3-

yl am no) -woeabtwyasgb4net hyl- 1, 6- di hydr oi m dazo[ 4, 5- d] pyr r eCo[uB2@0b}wer i di ne-7
- 15car boxam de [00422] Prepared using simlar procedure as for exanple 77.
[00423] MS (ESI) niz 504 (M+H) . [00424] 1H NWR (500 MHz, MeOD) 6 ppm 7.93
(s, 1 H 7.16 (s, 1 6.99 (s, 1 20H) 4.97 (s, 2 H 4.61 (q, J=6.94 Hz, 2
M 4.05 (s, 31ddiid 1@4&(@53)%)2')50?9&8}1 , 3 H) 2.79 -'2.97 (m 2 H 2.29 (s,
3 H 1.44 (t, J=7.07 W; 0.91 8 H. Exanple 87 25 - 126 -
-(1- (cyanoneﬂﬂvlﬁ SJH@ﬁM§K5 b@r@ﬂb@R@FQBéﬁﬂh@mmnWIRKﬂdéQdKHﬂSddin 6- et hy
- 1- et hyl r I ol oxam de
00425] Prepareégu5| (ﬂgﬂ%ﬂﬁggléj@%gﬁﬂﬁliggqbgvﬁgggﬁ% ég;g%(éﬁ%§ 6] M5
ESI) m z 4583(Med)./~1R004RF] Hi 13 BNVR7 Y 4D8P (w2, H)CHORCHDRAR ) 2.3mpen 8. 17 (s,
0

H 7.67 (s, 0 5 (q,
=7. 04 Hz, § ﬁ;’ ?46{‘1%’ 12(?? %«%2 7%'{??5632‘]]7@1? 39%?@3 0291%5% “1.50 (t,
=7.04 Hz, 3 0.68 - 0.93 (m 8 H). 10Exanple 88

IV, N—dlcyclopropyl 6- et hyl -4-(1-(3- nethox propyl) 5- et hyl - 1H pyrazol - 3-
ylanino)-l-nethyl-1,6-dihydr0|n1dazoF§ 4pyrrolo[2 3-b] pyridine-7-
car boxam de \
N/
N\
Py )
/
0 E N’ NA/)_‘
H

N,N-dicyclopropyl-4-(1-(2-(dimethylamino)ethyl)-5-methyl-1 H-pyrazol-3-
10 ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-

carboxamide

[00416] Prepared using similar procedure as for example 77.
[00417] MS (ESI) m/z 490 (M+H).

15 [00418] 1H NMR (500 MHz, CHLOROFORM-d) § ppm 8.08 (s, 1 H) 7.64 (s, 1 H)
6.96 (s, 1 H) 6.86 (s, 1 H) 4.65 (q, /=7.21 Hz, 2 H) 4.24 (br. s., 2 H) 4.01 (s, 3 H) 3.01
-3.22(m, 2 H)2.70 - 2.89 (m, 2 H) 2.50 (br. s., 6 H) 2.37 (s, 3 H) 1.49 (t, /=7.07 Hz,
3H)0.71 - 0.91 (m, 8 H).

20 Example 85
OH
\
> ;> Nk%ﬂ S
N -N
7 N

2 Iy

4 P AL
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0428] Prepared using simlar procedure as for exanple 77. [00429] MS
mz 491 (MrH). [00430] 1H NWMR (400 MHz, CHLOROFORM-d) TM ppm 8. 11 (s,
7. 62W0201110288646. 92 (s, 1 H) 6.78 - 6.89 (m 1 H) 4r6d/usqeiod+%204 Hz, 2
.06 (t, J=6.60 Hz, 2 H 203.98 (s, 3 H 3.29 - 3.39 (m 4 H 2.75 -

(m 2H 2.34 (s, 3 H 2.08 (dg, J=6.38, 6.16 Hz, 2 H 1.50 (t, J=7.04
dic

I

1

:Z

H 0.70 - 0.94 (m 8 H). Exanple 89 - 127 -
ycl opr opy v ﬁlc%mlyl%ﬁﬂré ém!yls fm,lcrrﬁxﬁai,lwé -mkbhyRY Hegythzed-3y! am no) - 1-

[
-1, 6-di hydroi m dazo ridine- 7 car boxam de

] Pr epar ed Ylahing)- é1nmtll3éf1 dldwéldmnelaa@[%oi]pmahﬂ Ebipyridgleeha32] M5
mz 461 (MrH). [00433] 1H NWR éa‘}?&al}q‘ﬁ CHLOROFORM d) 6 ppm 8. 15 (s,
2 (s, 1 H 6.91 (s, 1 H 6.8 ?—I)4.66(q, J=7.19 Hz, 2 H
.48 (m 1 H 3.99 (s, 3 H 2.66 - 290(mJ .13, 7.13, 3.85, 3.47
2

34 60%19] IISerareg using s1m51ar IgrggedureH% for example 97 91 (m 8 H. 10

ycI oprewaRd]- 6:ves @81)14/2(4&3 (MeHylt yl - 5 nmet hyl - 1H pyrazol - 3-yl am no) - 1-
1
, 6-di h(}ilglglo]l mlglal\%l\(/)[ (SOO M Z; MeOD) !‘) ppm 7. 9]3 (8, r1 P%I 7nle6 (Z lcﬁ)rggé(?sm de 15
H) 4.60 (q, /=7.21 Hz, 2 H) 4.09 (t, J=5.55 Hz, 2 H) 4.05 (s, 3 H) 3.88 (t, /=5.55 Hz,

2 H)2.88 - 3.00 (m, 2 H) 2.37 (s, 3 H) 1.43 (t, /=7.07 Hz, 3 H) 0.62 - 0.98 (m, & H).

<
ro Jnm

10

Example 86

\
N—

N\
P n
N

[>_N J X N—N

N, N-dicyclopropyl-4-(1-(2-(dimethylamino)-2-oxoethyl)-5-methyl-1H-pyrazol-3-
ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-

15 carboxamide

[00422] Prepared using similar procedure as for example 77.

[00423] MS (ESI) m/z 504 (M+H).

[00424] 1H NMR (500 MHz, MeOD) 6 ppm 7.93 (s, 1 H) 7.16 (s, 1 H) 6.99 (s, 1
20 H)4.97(s,2H)4.61(q,/=6.94Hz,2 H)4.05 (s, 3 H) 3.15 (s, 3 H) 2.98 (s, 3 H) 2.79

-2.97 (m, 2 H) 2.29 (s, 3 H) 1.44 (t, /=7.07 Hz, 3 H) 0.72 - 0.91 (m, 8 H).

Example 87
)
m Y
/

25 \
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[ 00434] Prepared using simlar procedure as for exanple 77. [00435] MS
(ESI) mz 475 (MrH). [00436] 1H NWVR (400 MHz, CHLOROFORMd) 6 ppm 8.11 (s,
1 H 7.62W0201110288646. 93 (s, 1 H) 6.85 (s, 1 H) 4.66 (q, PCEUSCeH0I02T622 H)
3.99 (s, 3 H 3.74 (d, J=7.48 Hz, 2 20H) 2.74 - 2.89 (m 2 H 2.33 (s, 3 H
2.18 - 2.29 (m 1 H 1.50 (t, J704Hz 3 H 0.94 (d, J=6.60 Hz, 6 H 0.72
0.88 (m 8 H). Exanple 91 25Preparat|on of
/'V, N-di cycl opry O‘Ey( dyaf}mﬁ{emyl) émm;ymylﬂyrﬁz‘iﬂfs?tlmdnoi.meai@agJ}m%yl ~6-ethyl-

[

yl am no) -1, 6-d oi m dazo[ 4, 5-d r'r ol di ne- 7- car boxam de -
128 - [00437] Prl@p@ybuﬁﬁlshmgmmIMmHES-QMI@MZ 3d)slmfr®hn@i-&nﬁ10éammef rom
hydrazine. [00438] M5 (ESI) mz 419.3 (MtH) [00439] 1H NVR (400 MHz,
CHLOROFORMd) 6 ppm 8.70 (br s, 1 H), 7.91 (br 5s, 1 H, 6.87 (s, 1 H),
6.09 (br s, 1[M425]4. Bfephgd udngkimilar pfo@8urelay for4xO®pl¢37. 3 H), 2.74 - 2.95 (m

2 H), 2.41(s (1 7.15 Hz), 0.81 - 0.95 (m 4 H), 0.70
- 0.81 (m> ﬁ}“ﬁeﬂ)n&#&éﬁ) 26§%( +€% CUINT 10H

[00427]  1H NMR (400 MHz, CHLOROFORM—aO ™ ppm 8.17 (s, 1 H) 7.67 (s, 1

H) 7.10 (s, 1 H) 6.87 (s, 1 H) 4.93 (s, 2 H) 4.65 (q, J=7.04 Hz, 2 H) 4.01 (s, 3 H) 2.76

£2.92 (m, 2 H) 2.43 (s, 3 H) 1.50 (t, J=7.04 Hz, 3 H) 0.68 - 0.93 (m, 8 H).

10 Example 88
/
\ 0
PoA /,f

N
O N | N/ NM\
K H
N,N-dicyclopropyl-6-ethyl-4-(1-(3-methoxypropyl)-5-methyl-1H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide
15
[00428] Prepared using similar procedure as for example 77.
[00429] MS (ESI) m/z 491 (M+H).
[00430] 1H NMR (400 MHz, CHLOROFORM-d) ™ ppm &.11 (s, 1 H) 7.62 (s, 1
H)6.92 (s, 1 H) 6.78 - 6.89 (m, 1 H) 4.66 (q, /=7.04 Hz, 2 H) 4.06 (t, /=6.60 Hz, 2 H)
20 3.98(s,3H)3.29-3.39(m,4H)2.75-2.91 (m, 2 H) 2.34 (s, 3 H) 2.08 (dq, J=6.38,
6.16 Hz, 2 H) 1.50 (t, /=7.04 Hz, 3 H) 0.70 - 0.94 (m, & H).

Example 89
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/'V, N-di cycl opr opyl- 6- et hyl - 1- met hyl - 4- 45- et hyl - 1- ( 2- (et hyl sul f onypet hyl ) -
1H pyrazol - 3-yl)am no) -1, 6-di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-
car boxamweo 206)088640] Prepared using the sane procedur epPa3/uss@d/oiwel exanpl e
77. [00441] Ms (ESI) nmlz 525.3 (MtH) [00442] 1H NWVR (CDC13) 6 ppm 8. 25 (br
s, 1H), 7.75 (s, 1H), 6.86 (s, 1H), 6.77 (s, 1H), 4.54 (q, 2H, J = 8 Hz),
4.36 (t, 2H, J = 8 Hz), 3.97 (s, 3H), 3.58 (t, 2H J =8 Hz)
2.71-2.77 (M Ad\.di - . Hz) ,

o 15 2 TL SOy ey l_% 2ycﬁfbr67(§y1 63e|fhy1 4&1&&&5@%&@1 ﬂ[kp@}azoﬁkiylainmoﬁ

N, N-di cycl opr opy!l!leGIYétlWydlhyllh@!m(iéltﬁ‘l,iﬂmdrdﬂvc%b]mmhémyﬁmsbmﬂh% 1H pyrazo
| -3- yl)am no)-1-nethyl -1, 6-di hydroi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-
car boxam de 5[ 00443] Prepared using the same procedure as used for exanple
77 [00444] I\/B)OGEBI ) Prﬂpzre&ﬂngﬂsi(nﬂbﬂ-j)roc[eﬂ@ﬂ%f@ldxm {TDC13) 6 ppm 8.14 (br

s, 6 H) (s, 1H), 4.59 (q, 2H, J = 8 Hz),
4. 01 4 02 ? é'] %%Egiél’%ﬁf}%ﬁg 3.93 (m 1H), 2.73-2.77 (m 2H), 2.28
(s, 3H, 2. 25161)4331 (fIHI\H‘l?ﬂR(4dOIQEIz,1C1QﬁOR(DFORM d) dp@P 815 7(3 1HM7.62Q4H)H) 1. 42
(t, 3K 9 =8 ) 1% %% B de A7 B 8520 2L M) ARS8 />

2.66-2.90 (m, J=7.13, 7.13, 3.85, 3.47 Hz, 2 H) 2.34 (s, 3 H) 1.38 - 1.58 (m, 9 H)

0.68 - 0.91 (m, 8 H).

10
Example 90
N\
P X
ey
_ |
O NN N/k/)\

K H
N,N-dicyclopropyl-6-ethyl-4-(1-isobutyl-5-methyl-1 H-pyrazol-3-ylamino)-1-
methyl-1,6-dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide

15

[00434] Prepared using similar procedure as for example 77.

[00435] MS (ESI) m/z 475 (M+H).

[00436] 1H NMR (400 MHz, CHLOROFORM-d) é ppm 8.11 (s, 1 H) 7.62 (s, 1 H)

6.93 (s, 1 H) 6.85 (s, 1 H) 4.66 (q, J=7.04 Hz, 2 H) 3.99 (s, 3 H) 3.74 (d, /=7.48 Hz, 2
20 H)2.74-2.89 (m,2 H)2.33 (s, 3 H)2.18 - 2.29 (m, 1 H) 1.50 (t, /=7.04 Hz, 3 H)

0.94 (d, /=6.60 Hz, 6 H) 0.72 - 0.88 (m, 8 H).

Example 91
PO
7] N
z |y
O N N E/k)_

25 Preparation of N,NV-dicyclopropyl-6-ethyl-1-methyl-4-(S-methyl-1H-pyrazol-3-
ylamino)-1,6-dihydroimidazo|[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide
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N- MO NI\

15/ V, N-di cycl opr opyl- 6- et hyl - | - net hyl
WO 2011/028864

azol -

N1NN\H
-4-45- et hyl - 1- (et hyl sul f onyl) - 1H pyr

PCT/US2010/047621

yl )am no) - 1, 6-di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7- car boxam de

[ 00446] Prepared using the sane procedure as used for exanple 77. [00447]
M5 (ESI) mlz 497.3 (M+H) 20[ 00448] 1H NVR (CDC13) 6 ppm 8.46 (br s, 1H),
7.75 (s, 1H, 7.16 (s, 1H, 6.78 (s, 1H, 4.54 (q, 2H, J= 8 Hz), 3.97 (s,
3H), 3.19 (s, 3H), 2.72-2.76 (m 2H), 2.51 (s, 3H), 1.41 (t, 3H, J—8HZ),
0.72-0.78 (m [WH§7] 0PeBand 89ng similayrotoey arpir exgeplo? fromgydragine. N/ NI\ [ - N 0
)() - [00438] MS (EST) m/z 419.3 (M+H)
[00439] 1H NMR (400 MHz, CHLOROFORM-d)  ppm 8.70 (br s, 1 H), 7.91 (br
5 s, 1H),6.87(s, 1H),6.09 (brs, 1 H),4.64(q,2H, J=7.03 Hz), 4.08 (s, 3 H), 2.74 -
2.95 (m, 2 H), 2.41 (s, 3 H), 1.51 (t,3 H, J=7.15 Hz), 0.81 - 0.95 (m, 4 H), 0.70 -
0.81 (m, 4 H)
Example 92
0]
<
J>> \N1 ffbs——
>—N a N N-N
0 N\ NU\
10 N
N, N-dicyclopropyl-6-ethyl-1-methyl-4-((5-methyl-1-(2-(methylsulfonyl)ethyl)-1H-
pyrazol-3-yl)amino)-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-
carboxamide
15 [00440] Prepared using the same procedure as used for example 77.
[00441] MS (ESI) m/z 525.3 (M+H)
[00442] 1HNMR (CDCI3) 8 ppm 8.25 (brs, 1H), 7.75 (s, 1H), 6.86 (s, 1H), 6.77
(s, 1H), 4.54 (q, 2H, J =8 Hz), 4.36 (t, 2H, ] =8 Hz), 3.97 (s, 3H), 3.58 (t,2H,J =8
Hz), 2.71-2.77 (m, 2H), 2.44 (s, 3H), 2.34 (s, 3H), 1.41 (t, 3H, J = 8 Hz), 0.75-0.78
20  (m, 4H), 0.67-0.71 (m, 4H).

Example 93
OH
AN
>— J> N/\\N
N -N
7 N
P /
S z N NJ\/)\
H



1 NN\H
'V, N-di cycl opropyl-6-ethyl-4-(5-isopropyl-1-nethyl-1H pyrazol -3-yl am no) - 1-
met hyl - 1, wodnhydsssis m dazo[ 4, 5-d] pyrrol of 2, 3- b] pyri di ne- Pcraisbaxamicde 595A
Preparation of 4-methyl-1, 1-bi s(nmethylthio)pent-1-en-3-one 0 S S [00449]
The title conmpound was prepared using a nethod anal ogous to that used to
prepare Exanpl e 70A. [ 00450] 1H NWR (400 MHz, CDC13) 6: 6.08 (s, 1H),
2.47 (s, 3H), R, M@ic{zﬁopI%b?l~6-étﬂ%l-éﬂ-€(l((§1s-4311§1)ir0xjy'c§lc201{e§yl) 3 ethPABRpERAGRE-1 on of
(Z) N, N—dlcyclopropyl- -ethyl-1-net hyl -4-(4-

1- (met hyl t hi 0) - 3- gXaparm Jimethyl-bﬁidﬂnyirmnédw%ﬂmynﬁM&éMP)HJ(HNP pyrrol 012, 3
- Dbl pyridi ne-7-carboxam de [ 00450, dh6nik t | € conpound was prepared
usi ng a nmet hod anal ogous to that used to prepare exanple 70B. [00452] VS
(ESI) mz 481.4 (N%FD 2095Preparat|on of N, N—dlcyclopropyl 6- et hyl -4-(5

-is opropyl- am no 6- di hydro
i davora 5. (WY, PehiERSURE s o BB W PERR T {053l The
title conpoungoodas pm&p@ﬁmﬂnusumgom+m3thod anal ogous to that used to
prepare exanmple 73. - 131 -
[00445] 1HNMR (CDCI3) & ppm 8.14 (br's, 1H), 7.56 (s, 1H), 6.83 (s, 1H), 6.76
(s, 1H), 4.59 (q, 2H, J = 8 Hz), 4.01-4.02 (m, 1H), 3.93 (s, 3H), 3.88-3.93 (m, 1H),
2.73-2.77 (m, 2H), 2.28 (s, 3H), 2.25-2.33 (m, 2H), 1.93-1.96 (m, 2H), 1.59-1.73 (m,

10 4H), 1.42 (t, 3H, J = 8 Hz), 0.73-0.78 (m, 4H), 0.66-0.70 (m, 4H).

Example 94
AN 0O
J> N’\\ OQ\\ .
I>_N X N N- '

4 | /ij}*‘
O N N/N
K H

15 N,N-dicyclopropyl-6-ethyl-1-methyl-4-((5-methyl-1-(methylsulfonyl)-1 H-pyrazol-3-
yDamino)-1,6-dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide

[00446] Prepared using the same procedure as used for example 77.
[00447] MS (ESI) m/z 497.3 (M+H)

20 [00448] 1H NMR (CDCI3) d ppm 8.46 (br s, 1H), 7.75 (s, 1H), 7.16 (s, 1H), 6.78
(s, 1H), 4.54 (q, 2H, J=8 Hz), 3.97 (s, 3H), 3.19 (s, 3H), 2.72-2.76 (m, 2H), 2.51 (s,
3H), 1.41 (t, 3H, J=8 Hz), 0.72-0.78 (m, 4H), 0.66-0.69 (m, 4H).

Example 95
25
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[00454] M5 (ESI) mz 461.4 (M+H). [00455]1H NMR (500 MHz, CDC13) 6: 7.80
(s, 1H, 7.07 (s, 1H, 6.86 (s, 1H, 4.60 (g, J = 6.9 Hz, 2H), 4.02 (s,
3H), 3. 79W02011388642.93 - 3.01 (m 1H), 2.79 - 2.86 (m P2HUS2008276¢t, J =
7.1 Hz, 3H), 1.35 (d, J =6.9 Hz, 6H), 0.82 - 0.89 (m 4H), 0.72 - 50.78
(m 4H). Exanple 96

10/ V, N-di cycl opropyl-4-(5-cycl opropyl- 1-ethyl-1H pyrazol - 3-yl am no) - 6- et hyl
-1 - nmethyl -1, 6-di hydroi m dazo[ 4, 5531 pyr nol o[ 2, 3-b] pyri di ne- 7- car boxam de
96A Preparation of 1-cyclopro 3-bis ﬁ%ﬁhylyhlo)prop 2-en-1-one 0 15

[ 00456] The title conpound wa ¥ngyaN met hod anal ogous to that

used to prepare exanple 72A 457] . 1H 00 MHz, CDC13) 6: 6.23
(s, 1H), 2.50 (s, 3H), 2.48 (s, §¥D NOINBEN. T, 94 (m 1FD, 1.09 (quin, J =
3.7 Hz, 2H), 0.82 - 0.88 (m 2H). 96B Preparation of

(2)-N, N—dlcyclopro y1l-4-(3-cycl opropyl- 1-
(met hyl t hi 0) - 3 %Ndﬁ%meOWremlﬁo()S-lmmmﬂ etk Hytpyrazgl-diviymirek b dazo14, 5

- dl pyrrol 012, 3- flpuii 4L Jlﬁyiroﬁﬁﬁ?ﬁf@gldqjﬁyrrolo[:h%zb]pyrld{nggéféﬁ)ox-ghﬁdé itlhe

conmpound was prepared using a neth andl ogous to"that used to prepare
exanpl e 72B. [00459] Ms (ESI) m z 479 3 (MtH). 5[ 00460] 1H NVMR (400 MHz,

CDC13) 6: }4 .81 ( S9513;" l_DPrepzclraZi%n %? 4-m]eﬁpvi-1 q lb§s§ mgtﬁvlt}gigpoent— 1-en-3-one

A

[00449] The title compound was prepared using a method analogous to that used to

prepare Example 70A.
[00450] 'H NMR (400 MHz, CDCls) &: 6.08 (s, 1H), 2.47 (s, 3H), 2.46 (s, 3H),
10 1.14 (s, 3H), 1.12 (s, 3H).

95B  Preparation of (Z)-N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methyl-

1-(methylthio)-3-oxopent-1-enylamino)-1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-

blpyridine-7-carboxamide

is \

[00451] The title compound was prepared using a method analogous to that used to
prepare example 70B.
[00452] MS (ESI) m/z 481.4 (M+H).

20 95 Preparation of N, N-dicyclopropyl-6-ethyl-4-(5-isopropyl-1-methyl-

1 H-pyrazol-3-ylamino)-1-methyl-1.6-dihydroimidazo[4.,5-d]pyrrolo[2.3-b]pyridine-7-

carboxamide
[00453] The title compound was prepared using a method analogous to that used to

prepare example 73.
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5.58 (s, 1H), 4.62 (g, J = 7.0 Hz, 2H), 4.00 (s, 3H), 2.75 - 2.8 (m 2H),
2.45 (s, 3H, 1.76 - 1.86 (m 1H, 1.46 (t, J =7.0 Hz, 3H, 1.17 - 1.28

(m 2H), W0a011/0288¢91 (m 10H). 1096Preparation of PCT/US2010/047621

N, N- di cycl opropyl-4-(5-cycl opropyl- 1-ethyl -

pyrazol - 3-yl am no) - 6- et hyl- 1- net hyl - 1, 6- di hydr oi m dazol4, 5-di pyrrol 012, 3-
bl pyri di ne-7- carboxam de [00461] The title conpound was prepared using a

met hod anal og@ypas410 @@@Esy)sfg(;%m pare exanple 73. 15[00462] M5 (ESI) mz
473.3 (M+H) gfﬁ] % IN-ITN O)/NNN..... )

'V, N-di cycl opn[Q%?ﬁ] 6 %M@R(@OMHZ};@D%)@%%@KSWPD T 7dsridi of- 8(8(Sy1fé)m no) -1, 6-
20di hydroi m dﬁ%gk%ﬂi &4 ﬁ¥Nj}§i 9522 3319} @W? (sd'3ﬁ? 2793Ci‘§@nlg{ﬁﬁwez .- 2.86 97A

Preparati on of r ono-
di hydr oi ni dazem24)54.62 pyk+ @Il(ﬁlz23]3} bl3|53(d|Jd=| e HZ- @a): anmsalem AH)1BB2 -\

N----\\ 0 N NoBe ook,

Example 96

10 N,N-dicyclopropyl-4-(5-cyclopropyl-1-ethyl-1H-pyrazol-3-ylamino)-6-ethyl-1-
methyl-1,6-dihydroeimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

96A  Preparation of 1-cyclopropyl-3.3-bis(methylthio)prop-2-en-1-one

15

[00456] The title compound was prepared using a method analogous to that used to

prepare example 72A.
[00457] 'H NMR (400 MHz, CDCls) &: 6.23 (s, 1H), 2.50 (s, 3H), 2.48 (s, 3H),
20 1.86-1.94 (m, 1H), 1.09 (quin, J = 3.7 Hz, 2H), 0.82 - 0.88 (m, 2H).

96B  Preparation of (2)-N,.N-dicyclopropyl-4-(3-cyclopropyl-1-

(methylthio)-3-oxoprop-1-enylamino)-6-ethyl-1-methyl-1.6-dihydroimidazo[4,5-

d]pyrrolo[2.3-b]pyridine-7-carboxamide
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[ 00463] A round bottom flask charged with

4-am no- N, N-di cycl opropyl-6-ethyl-1-

met hyl - 1, wodnhydsssis m dazo[ 4, 5-d] pyrrol of 2, 3- b] pyri di ne- Pcrarshaxawicde (134. 4
ng, 0.397 mmol) under an at nosphere of nitrogen was treated with

di brononmet hane (397 5 [IL). Isoanyl nitrate (107 [IL, 0.794 mml) was
added and the reaction m xture was heated at 60 C 3.5 h and cooled to rt.
The reaction mxture was diluted wth ethyl acetate and washed wth

sat urated aqueous sodi um bic rbon&e. THS ganics were dired over
anhydrous sodium sulfate, fil Bd @t’rq\jed i n vacuo.

4- BronoN, N-di cycl opropyl- 6-et hyl-ZA=Ret ayl_ <di ydroi m dazo [4,5

-d] pyrrolo [2,3 - 10b] pyri di ne- 7Ocaron&¢n dé g, 0.388 nmmol, 98%
yield) was isolated as a brown gl assyk soli o The oduct was used

i mredi ately in the next reaction, [00464] MS (ESI) m z 404.2 I\/H—l()’_ﬁ

97Pr epar at . on (W58, NTH? e%mm%m/wasa&r@%arﬁﬂw@gm%d an2logoysdq iy usg
15pyrazo| Epe r@@){a 16788 hvdr oi m dazol4, 5-dl pyrrol or2, 3-bl pyri di ne-7-carb
oxam de TO a vi al containing 1-nethyl-1H pyr azol - 3-am ne (11. 89
my, O. 122 ml[()045?3}d24\/éﬂ3@)33)1(1/446?3tﬁ*g[fr% 10 ianol), Xantphos (5.90 ng, 10.20

hagﬂ)?m an :ﬁyzo'yg Oprogﬁf{ﬁg (1\&13%,_&;@@13)06:%%1 [P, 7%R%s, 389SXs (s, 10),

met hyl - 1, 6- di Bysa il i), da2af4, 57.d Hey 2D HOD 2s, 3Hb)]2p35r ionSr(m ZHE ardsax ami)de

(example 20 9 . 102 muol ) i ) reaction

m xt ure was sé?bgi#%%%?éé%%%%%% 1\1/% %\}aé 0c6§p3?29c} (Mand t he
reacti on m xtue®). was heated at 60 C for 4 h and 80 C for 16h. The reaction
m xture was concentrated in vacuo. The crude residue was purified by flash
col utm chr omat ogr aphy using an Isco 40 g colum eluting with 0 - 5% MeOH
CH2C12 foljhowved by9éidd' Pﬂeﬁﬂétllonmfrl\flfl 'dfc‘}Elbl%DWif (3-ZeRbRBAL ALhyie AAPLC.

N, N-Di cycl opr opyl-6- et y-l met h y- I-net y-1H-pyrazo|-3-

yl ami no) - 1, 6- dytasadBdailemineroedysl-¢ y ) iliyes ar boxami de (13
ng, 0.030 mmo} % Yl qwas i sol at ed as a V\:hl te sol id. [00466] VS
(ESI) mz 419‘?’%‘%&%—%%[00467] 1H NWVR (400 MHz, CHLOROFORM ) 6 ppm
8.17 (s, 1 H)Joodeg4 (Fhe title Wnpoﬁncﬁﬁzas(pjﬁpaidd,usﬂlg aZneZlﬁodl-dn)tlnghsl@thémsed.toH J=
2.26 Hz), 686% e 65 (9, 2 H J =7.03 Hz), 4.01 (s, 3 H, 3.85
(s, 3H), 2781’“”“%?X ? 1.49 (t, 3 H J=7.15 Hz), 0.81 -0.89 (m 4
H, 0.71 16. 8¢00462) 4M$(@Iﬁmmpia.e (PI8H).

/' V, N-di cycl opropyl- 6-et hyl-1-nethyl-4-(1-methyl -1H pyrazol - 4-yl am no) -1, 6-
10di hydr oi mi dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne- 7- car boxam de [00468]
Prepared using simlar procedure as uggdnfydroexanpl e 97. [00469] 1H NWR
(500 MHz, CHLOROFORMd) 6: 8.15 (s, 1H), 'P?Z (s, 1H) 7.67 (s, 1H), 7.66

(br. s., 1H), 6.85 (s, 1H), 4.65 (q,J}— 7\Ig,{—|z 4.01 (s, 3H), 3.95
>N X N—N

L.
ONNEU

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-1H-pyrazol-3-ylamino)-1,6-
20 dihydroeimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide

97A  Preparation of 4-bromo-N,N-dicyclopropyl-6-ethyl-1-methyl-1.6-

dihydroimidazo [4.5-d]pyrrolo[2.3-b]pyridine-7-carboxamide
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15(s, 3H), 2.79 -2.86 (m 2H), 1.50 (t, J =7.1 Hz, 3H, 0.81 - 0.89 (m
4H), 0.73 - 0.79 (m 4H)

20/ V, N- diwochopregsy 1- 6- et hyl- 4- 45- (2-furyl) - 1- met hyl - 1HPpyrs2@b/0876y¢1 ) ami no)
-1- nethyl -1, 6-di hydroi m dazo[ 4, 5-d] pyrrol o] 2, 3-b] pyri di ne-7-car boxam de
[00470] Prepared in a simlar nethod used for exanple 73. [00471] Ms (ESI)
mz 485.4 (M:H) - 135 - WD 2011/ 028864PCT/ US2010/ 047621 [ 00472] 1H NMR
(CDC13) 6 ppm 8.03 (br s, 1H), 7.58 (s 1H) \7.48 (m 1H), 7.35 (s, 1H),
6.79 (s, 1 H, 6.54 (d, 1H, J= 3.3 Hz) 47}{ 4.58 (q, 2 H J= 7.04
Hz), 3.94 (s, 3H), 3.93 (s, 3H), q>;4N(n1 44 (t, 3H), 0.69-0.79 (m
8H) 5Exanple 100 N-\\ NNNF NN

IV, N—dlcyclopropyl 6- et hyl- 1- et hyl - 4@41 Nethyl{ﬁ (trifluoronethyl)-1H
pyrazol - 3-yl )am no) - 1, 6- di hydr oi m dazo [4.5-d] pyrrolo [2, 3-b]pyridine-7-

car boxam de 10 . . .
[00463] A round bottom flask charged with 4-amino-N, N-dicyclopropyl-6-ethyl-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (134.4 mg,
0.397 mmol) under an atmosphere of nitrogen was treated with dibromomethane (397
5 uL). Isoamyl nitrate (107 uL, 0.794 mmol) was added and the reaction mixture was

heated at 60 °C 3.5 h and cooled to rt. The reaction mixture was diluted with ethyl
acctate and washed with saturated aqueous sodium bicarbonate. The organics were
dired over anhydrous sodium sulfate, filtered and concentrated in vacuo. 4-Bromo-
N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

10 b]pyridine-7-carboxamide (0.156 g, 0.388 mmol, 98% yield) was isolated as a brown
glassy solid. The product was used immediately in the next reaction.

[00464] MS (ESI) m/z 404.2 (M+H)

97 Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-1H-

15 razol-3-ylamino)-1,6-dihydroimidazo[4.5-d]pvyrrolo[2.3-b]pyridine-7-carboxamide

[00465] To avial containing 1-methyl-1H-pyrazol-3-amine (11.89 mg, 0.122
mmol), Pdy(dba); (4.67 mg, 5.10 umol), Xantphos (5.90 mg, 10.20 umol), and cesium

carbonate (100 mg, 0.306 mmol) was added 4-bromo-N, N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
20  97A, 41.0 mg, 0.102 mmol) in DME (1020 uL). The reaction mixture was sparged
with argon for 5 min, the vial was capped, and the reaction mixture was heated at 60
°C for 4 h and 80 °C for 16h. The reaction mixture was concentrated in vacuo. The
crude residue was purified by flash column chromatography using an Isco 40 g
column eluting with 0 — 5% MeOH/ CH,Cl, followed by additional purification with
25  preparative HPLC. N,N-Dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-1H-pyrazol-3-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (13 mg,
0.030 mmol, 29.5% yield) was isolated as a white solid.
[00466] MS (ESI) m/z 419.3 (M+H)
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[00473] Prepared in a simlar nethod used for exanple 73. [00474] Ms (ESI)
mz 487.3 (MtH) [00475] 1H NWVR (CDC13) 6 ppm 7.41 (s, 1 H), 7.12 (s, 1H

6. 78 (s, WOHp11/028462 (g, 2H, J=7.04 Hz), 4.11 (s, 3BHQUS018M471631 3H),
2.74 (m 2H), 1.42 (t, 3H, J=7.15 15Hz), 0.67-0.80 (m 8H) Exanple 101 N O
0 OH

3-(7-(dicycl opropyl carbanoyl)-6-ethyl-1-nethyl-1, 6-di hydroi m dazo

14, 520d] pyr r okqlgy3- @hwm%@mem&l @HL@RbFaaRM hyal ﬁahisnyr(m@bev b1 ggr boxylic
acid 101APreparat|on of di cycl opr 4-di et hox -

(et hyl t hi o) - 8)-XdlutH. IJve«)ﬁ% Hi, ﬁdﬁ(@ -1 16 HEL 6;86(5116%4% oH.J

i mdazol4,5 - r 2 R0 d [ 00476]
St Lo pe 4 (f%z’) P&P@ g) 305 (g’lé\M;S add% ﬁ(tn?zq{) X391 9¢u, 7 =538 1),
4- ani no- N, Ndi 6y¢I613p opy4 HB-0et1mP1801amdty| - 1, 6- di hydr oi mi dazo [4, 5

-d] pyrrolo.[2, 3-b] pyridine-7- 5 carboxam de (exanple 1J, 400 ng, 1.182
nmol ) in DR/F (7 mL) at roomtenperature and the m xture stirred for 30 mn,
1, 1- di net hoxy- 4, 4- bi s(net hyl t hi 0) butEx3mgr-98- one (394 ng, 1.773 mmol) was
added and stirring continued overnight. The reaction m xture was dil uted
with ethyl acetate and washed with water, 10%lithium chloride and water.
The organic | ayer was dried over 10 gne5| um sulfate, filtered and
concentrated in vacuo. The cruge pr, duct purl/fl ed by flash

chromat ography on silica gel u Tt\Ie NSCO system (80 g col um,
eluting with 2-5% net hanol / dichl apge) . ’ -N, N-Di cycl opropy1l-4-

(4, 4-di net hoxy- 1- (net hyl t hi o) - 3- 0>Q) *| -BnyNami o) - 6-et hyl -1 -net hyl -1, 6-
di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyr\di ne- 7- car boxani de (484 ng, 0.944
mmol , 1580 % yvyi el d). was obtai ned as a id. 101BPreparation of
(Z)-tert-but yl BNdieycronrgpyfetBpr bRy er'ﬂémlp)l-lf’apmaﬁglr4-ylaw&%h 6|

, 6-di hydr ggi m dazo[ 4dﬁy@xlonﬂfd&%[@k%]§yrr%[~‘2¥§ bﬁﬂyﬁuﬂlew @d”fb&&}m&e 4-

di met hoxy- 3- oxobut -1 - eny1) - yl hydr azi necar boxyl at e

[00468] Prepared using similar procedure as used for example 97.

[00469] 'H NMR (500 MHz, CHLOROFORM-d) &: 8.15 (s, 1H), 7.72 (s, 1H),

7.67 (s, 1H), 7.66 (br. s., 1H), 6.85 (s, 1H), 4.65 (q, J = 7.2 Hz, 2H), 4.01 (s, 3H), 3.95
15 (s,3H), 2.79 - 2.86 (m, 2H), 1.50 (t, J = 7.1 Hz, 3H), 0.81 - 0.89 (m, 4H), 0.73 - 0.79

(m, 4H).
Example 99
N\
P
Beees
e aY
z Y
O N NN
K H
20 N,N-dicyclopropyl-6-ethyl-4-((5-(2-furyl)-1-methyl-1 H-pyrazol-3-yl)amino)-1-

methyl-1,6-dihydroimidazo|4,5-d]|pyrroloe[2,3-b]|pyridine-7-carboxamide

[00470] Prepared in a similar method used for example 73.
[00471] MS (ESI) m/z 485.4 (M+H)
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[00477] A m xture of (Z)-N,N-dicycl opropyl-4-(4

, 4- di met hoxy- 1- (et hyl t hi o) - 3-

oxobut - | -wORham288s) - 6- et hy1- 1- met hyl - 1, 6- di hydr oi m dazoPC#/Us201djopxset ol o
[2,3 - b]pyridine-7-carboxam de (exanple 101A, 160 ngy, 0.312 mmol) and
tert-butyl 1- ethyl hydrazi necarboxylate (125 ng, 0.780 mml) in acetic acid
(2 mL) wan stirred at 2535 C overnight. Sol vent was evaporated and the
crude prOdUCCb()ﬁ%]pUﬁHfNI@ﬂ (@bcflj)%%nﬁbb@'(@tsoﬁﬁ)aphi(sO'T'H§'7|4'8f€ﬁ‘1 Qﬁj 748i ng an
automated | S stem g colum, eluting -

met hanol / di chiset heﬁ’l‘PaGﬂey H), 621 (¢eH, JBUt %/HZ)zﬁ(ﬂ(l@?lH)g élﬁ&iﬂb 2IPb|dro7pQA C
b 1)-6- d 4 I 2,3 -
g]r psm))(;i 31 4- ;Fﬂ no) : gﬁj%%et:ﬁ{gké %eﬁ (?)H;‘giu %Ojﬁr?y%?q nggﬁyﬁf@yd?a[zi nec

arboxylate (195 ng, 0.312 mol, 100 % vyield) was obtained as a yell ow
solid. 5[0%478] M5 (ESI) mlz 625 5 (%/H—%pﬁﬁ(}@reparatl on of

N, N- di cycl opr opyl- 6- et hyl - 441- et hyI

1H pyrazol - 3-yl am no) - 1- rret hyI di h 0| m dazol4, 5-di pyrrol 012, 3-bl pyrid
i ne-7- carboxam de 10 A m xt of (Z)-tert-butyl
2-(1-(7-(dicycl opropyl car ba )N6- male]F-l 6- di hydroi m dazo [4,5

-d]pyrrolo [2,3 -b]pyridin-4-yla 4dlw
oxobut - | - enyl) - 1- et hyl hydr azi ne(Qarb thTte 187 ng, 0.299 mmol) and TFA

(25%in dichloroethane, 1.0 m, 2.9 mml) s heated at 60 C for 0.5h and

LC/ M5 15showed conpl etion of reaction. Solvent was evaporated and the
resi due was par tV{\-dinedonyepylet¢thxlat-methydd-(Cloare thyl-§i(@huosemetbylm 4-

di chl th I t t ed
S A L b L e

over magnesium sul fate, filtered andcarbocanitle ated i n vacuo. The crude

pr oduct \A@ﬁ purified by flash chromat ography on 20 silica gel using an

aut omat ed 'I'SCO system (24 g colum, eluting with 1-5% nethanol /

di chl or onet haqe®p73] Prepared in a similar method used for example 73.

N, N-di cycl opropyl-6-ethyl-4-(1-e | - 5-fornyl-1Hpyrazol - 3-yl ami no) - 1- met hyl
-1, 6-di hydr oi Hﬁéa‘ﬂo E\ﬁs,és-sé)]‘ﬁé?r“ §D3 - b] pyri di ne-7-

[00475] 1H NMR (CDCI3) § ppm 7.41 (s, 1 H), 7.12 (s, 1H), 6.78 (s, 1 H), 4.52
(q, 2H, J = 7.04 Hz), 4.11 (s, 3H), 3.86 (s, 3H), 2.74 (m, 2H), 1.42 (t, 3H, J=7.15
15 Hz), 0.67-0.80 (m, 8H)

Example 101

3-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo|[4,5-
20 d]pyrrolo[2,3-b]pyridin-4-ylamino)-1-ethyl-1H-pyrazole-5-carboxylic acid

101A Preparation of (Z)-N,N-dicyclopropyl-4-(4.4-dimethoxy-1-
(methylthio)-3-oxobut-1-enylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

d]pyrrolo[2.3-b]pyridine-7-carboxamide
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carboxam de (80 ng, 0.174 mmol, 58.0 % vyield) was obtained as a yell ow
solid. [00480] Ms (ESI) mz 461.4 (M+H). 25[00481] 1H NVR (500 MHz, CDC13)
6: 9.88 (WO2aH)yo288425 (s, 1H), 7.76 (s, 1H), 7.67 (s, 1PCT/WB280/0§521 1H),
4.67 (d, J = 7.2 Hz, 2H), 4.52 (q, J = 7.1 Hz, 2H), 4.02 (s, 3H), 2.80 -
2.86 (m 2H), 1.52 (t, J = 7.1 Hz, 3H), 1.44 (t, J = 7.2 Hz, 3H), 0.83 -
0.89 (m 4H), 0.73 - 0.79 (m 4H) - 138 - WD 2011/ 028864PCT/ US2010/ 047621
101Preparation of 3-(7-(dicycl oprepyl carbanoyl)-6-et hyl - 1-net hyl -1, 6-

di hydroi mi dazo [4,5-d-1pyrrolo [27,3 NM

- bl pyridi n-4-yl am no) - 1- et hy py <%-"c@rboxylic acid [00482] A

m xture of N, N-dicycl opropyl-6-e - (A ety H5- fornyl- 1H pyrazol -

53-yl ami no) - 1- met hy1- 1, 6- di hydr 8 m zdﬂ[4N5- rolo [2,3 -b]pyridine-7-
car boxam de (exanple 101C, 27 ngy, O. nn%l) andLQXONE (79 ng, 0.129 nmol)

in DM was stirred at roonttenperature for 20 hrs. Water was added and the
m xt ure was extracted with dichloronethane 3 tinmes. The organic | ayer was

dried over %]umsgmhltl ?@mdef('lhi ﬁ%eﬂsﬁﬂﬂloﬁ%%ﬁﬁeﬁ% 29mifd-¥acuo. The crude
product was 1 urlfle Wi reparative HPLC to give

3-(7-(di cycl oémm@y@r@mﬂtﬁaﬁmJl)m@hseltlr@riﬂlxdromsﬂmm&d]@ymlhm -dipwiidae s [ 4, 5

-d]pyrrolo o} arboxylic acid
(20 ng, 98%y! eFd%l’?%ecflﬁ’gdé‘Wﬁ\fsy(‘@gﬂ? 1?7}8]2’% M%%Wﬁ)&%ﬁ %ﬁgﬁ 1H NVR (500
MHz, METHANCOL tatdpprafire andx6e ﬁmtur&bl)r,red?ﬂoﬂ&) i, 11H)imethoxy84,45(s, 1H), 4.70 (q, J
145 (1,3 = bRy e Y deos SEL1 gl il shsdhiie 02 (m ahy
?V7KI- ;i 0. 8|2 ( %ntﬂhEBdGovermghlt Zhe( r]efactlorﬁ mllxtgre(was diluted with ﬁthlyl ac;:_tl'illte and Was}ied3 |

i cycl opr opy et - et - r ox net - razo amn
0)- 1-nethyl - *ngqﬁfyl&/bf/tmuaa@&rmesnwﬁs% rﬁted’[rg_ﬂ%§ E»]%Wt érleﬁlg%?r car box)altm de

[Zggjggll tsgdl UMagﬁsﬁﬁmﬁﬁkdﬁt&é&nﬂ%oﬁc@ﬂtrﬁéd&WvB&w ¥Be dAhdOProdfbt @39 Mol ) was

N, N- di cycl opr spyfieddyeiaplyshramytographyyan sice gelHpme ppappmated IS0 gystom 8- 1-
met hyl -1, 6- di hygrpl JARZaHD- 57 qu'd?c{h Fnlh ng%?t“ﬁv?) fo
(exanpl e 101C, ?%’hg, g%§§§} q%?ﬁﬁn net ano% %%5 ﬁénpﬁéﬁ$erature
and t he react (hdimethoxy-1-(methylthio)-3-oxobut-1-enylamino)-6-cthyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (484 mg, 0.944 mmol,
15 80 % yield) was obtained as a yellow solid.

101B Preparation of (Z)-tert-butyl 2-(1-(7-(dicyclopropylcarbamoyl)-
6-ethyl-1-methyl-1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridin-4-ylamino)-4.4-

dimethoxvy-3-oxobut-1-enyl)-1-ethylhydrazinecarboxvylate
N (¢

/Boc
m by

20 SN
[00477] A mixture of (Z)-N,N-dicyclopropyl-4-(4,4-dimethoxy-1-(methylthio)-3-

oxobut-1-enylamino)-6-¢thyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

b]pyridine-7-carboxamide (example 101A, 160 mg, 0.312 mmol) and fert-butyl 1-

ethylhydrazinecarboxylate (125 mg, 0.780 mmol) in acetic acid (2 mL) wan stirred at
25 35 °C overnight. Solvent was evaporated and the crude product was purified by flash

chromatography on silica gel using an automated ISCO system (40 g column, eluting

- 137 -



m xture stirred for 0.5h. The solid alumna was filtered off and the
filtrate was concentrated in vacuo. The crude product was purified by flash
chr omat ogwapbhy/msse4 139 - silica gel using an aut omat ed PCBT2&6YaBA1 (4 ¢
colum, eluting with 2-10% net hanol / dichl oronmethane). N, N-dicy

cl opropyl-6-ethyl-4-(1-ethyl-5-(hydroxynethyl)-1Hpyrazol -3-yl am no) - 1- et hy
| -1, 6-di hydroi m dazo [4,5-d]pyrrolo [2,3 -b]pyridine-7- carboxam de (14 ny,
86 % yi el d) \A@@thquhﬁﬁﬁn&}ﬁmwmaﬁan%pl(Izylterﬁw 1428@1 VB (EST) mz 563. 4
(MtH) . [00487] 1H NWVR (500 MHz, 13) 59 (s, 1H), 7.08
(s, 1H), 6. 81(CKIQ’CIOPF4)p>’ICﬂIb?1201(IH6 eﬂlyklﬂne’?hw 6- cizm)drmmlcbzo (‘é-d pyrsolgf23- Hz 2H),

;1 %Sng Sib %]pi Mﬁ4 %lj_&lno)?“%?dﬂ(z“&h?i&;j'o’b‘%g‘? @en%?—é—gﬁl ﬁl%rﬁﬁgcabb%z}ﬁlgte 0 7 6 (m

4H) 10 Exanpl €950, 0.312 mmol, 100 % yield) was obtained as a yellow solid.
/V,N—dicycgopnﬁﬂ¥é-4}&§&&9LHE%9X%?§ﬁESnDy1)-1-ethyI-1FprrazoI-3-yIanino)-6
et hyl -1-net hyl -1, 6- dlhydr0|n1dazo[4 5- d]pyrrolo[2 3-b] pyri di ne-7- car boxam d
e 15 [00488] A nlxiure of ) )
3-(7-(dicycl opropy: anoy 16

-d] pyrrol o [ 2,58 pvRlBY3- wmmmoé}-mh&mmca dlim%iﬂmaazmpwb%&b@ ﬁb]n?ﬁd@@w'dl c

acid (exanmple 101, 28 ng, 0.059 nmol), HATU (26.8 ng, 0.0 nmol )
di met hyl ami necétbasamiderHE. 59 [IL, 0.118 mmwl) in DVF (1 ml) was stirred at

20 room tenperature for 2h. Vater s added and the reaction m xture was
extracted with ethyl acetate 3 tip@il T ’tonbl ed organic layers were

washed twice with 10% it hi un{)—hNori q\rqwer Omagne3| um sul f at e,
filtered and concentrated in vac

: udg%s{purl fied by preparative
HPLC (Phenonenex Luna 5u C18 col @m, N2TNx 280 cal um, retention tine
15.317 m Rg 30-100% gr adi ent aqueousk25 nethanol over 20 ni nutes contai ni ng
10 mM amoni um acetate, flowrate 20 m/mn and nonitoring at 254 nm.

N, N-di cycl opr d}¥¢1214- @Smmf%ﬁ(@Feé"al?%ﬂri’n@fL(Y—(ilCECﬂ(PW@Ilylcarbamoyl) 6-ethyl-1-

1H pyr azol - 3- ) 5 ). pyrrolo
[2,3- b]pyri dl}qﬁ ﬁ]gadﬁlgrg%%)ﬁ O]E g% t]%lldoé%%b fégaﬁl%zé%bélgﬁeﬁlggj gs an
off Whl te sol pxdobu[ (1)@4389]1 ewBH(yE@IzmequﬂpX;él@w (587(%Hb299-mmdllﬁ)and TRAO25% in

2011/ 028864P / 010/ 04}762% 5 4900498]W HN I\/Iﬁag 56%QCI\IZIO-IrZO Sh%]L%/l\/g 8.38 (br.

S, 1H), 7.75 anc 1)

15 showed completion of reaction. Solvent was evaporated and the residue was
partitioned between saturated sodium bicarbonate and dichloromethane. The layers
were separated and aqueous layer was extracted with dichloromethane two more
times. The combined organic layer was dried over magnesium sulfate, filtered and
concentrated in vacuo. The crude product was purified by flash chromatography on

20  silica gel using an automated ISCO system (24 g column, eluting with 1-5%
methanol / dichloromethane). N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-formyl-1H-
pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
carboxamide (80 mg, 0.174 mmol, 58.0 % yicld) was obtained as a yellow solid.
[00480] MS (ESI) m/z 461.4 (M+H).

25 [00481] 'H NMR (500 MHz, CDCl:) &: 9.88 (s, 1H), 8.25 (s, 1H), 7.76 (s, 1H),
7.67 (s, 1H), 6.87 (s, 1H), 4.67 (d, J = 7.2 Hz, 2H), 4.52 (q, ] = 7.1 Hz, 2H), 4.02 (s,
3H), 2.80 - 2.86 (m, 2H), 1.52 (t, J = 7.1 Hz, 3H), 1.44 (t, ] = 7.2 Hz, 3H), 0.83 - 0.89
(m, 4H), 0.73 - 0.79 (m, 4H)
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6.86 (s,
3H),
3H),
Exanpl e 104

[V, N-di cycl opropyl-6-ethyl-4-(1-ethyl

1H),

3.27 (s,
1. 46W0t2011028864. 14 Hz, 3H), 0.83 - 0.89 (m 4H), 0. PBTAISR18B47621

4.61 (q, J = 7.2 Hz, 2H), 4.27 (q, J = 7.0 Hz, 5H), 4.
3H), 3.17 (s, 3H), 2.79 -2.86 (m 2H), 1.47 (t, J = 7.

03 (s,
14 Hz,
4H)

- 5- (nor phol i ne- 4- car bony1l) - 1H pyr azol -

3- ylam no)-1-nethyl-1, 6-di hydroi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di ne-7-

10car boxamni de [ 004f] THghatdiibh 6 SPNMREURBNBSICRHERG BEL th$i-NehethyiBlshod

anal ogous to that TUSed To prepare exanpl e 103. T00492] M5 (EST) nTz

546. 5

(M+H) . 15[ 00491y V3T e AT BN plo[ 2 btpgnidig-4 mo)-tethybyH-pyrazdefs, 1H), 6.87
(s, 1H), 4.60. {9, #3 9Ft 2H), 4.28 (q, J = 7. ZFE 5H), 4.07 (s, 3m
3.82 (br. s., (br. s., 3H), 2.74 - 2.93 (m 4FD 1.48 (t, J =
7.14 Hz, 3H), [01)4&271 (lA,mﬂ(tu;:e f )L A-dizycl Prpyl-6-cB1-4-( Det@P-{-formg ) H-pPrazel- - 0. 78
(m 4H). 2 Ex

'V, N-di cyctop
- 4-carbonyl) - &hromanadahxa%nmé BT Q) mk; oreshyihol) afd SN @0 gl 8209 dnfl)

d] pyrrol 012, 3-
was prepared

(s,

1H),

10

15

20

25

5’& ‘%13? PRV - Lo drompdal L IR HBIORHEPIREES 1 gi oxi de

H§$ ridine-7-carboxam de - 141 - 00494 he title conpound

%’w&%&r PO rentalcaeEITe Brehats Jeid a%ﬁﬁéﬁa Hedxits e 103.

[ 00495] |V$ (1 5%%& eﬂ?flé_})eé%h%c@lw&%tha{n@@% Lirh NYBadiSR0erMAR dribdP6k3) 6:
S

magnesium sulfate, filtered and concentrated in vacuo. The crude product was
purified with preparative HPLC to give 3-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)-1-ethyl-1H-
pyrazole-5-carboxylic acid (20 mg, 98% yield)

[00483] MS (ESI) m/z 477.4 (M+H).

[00484] 'H NMR (500 MHz, METHANOL-dy) 8: 7.96 (s, 1H), 7.48 (s, 1H), 7.18
(s, 1H), 4.70 (q, ] = 6.9 Hz, 2H), 4.60 (q, J = 7.2 Hz, 2H), 4.09 (s, 3H), 2.94 — 3.00
(m, 2H), 1.45 (t, ] = 6.94 Hz, 3H), 1.44 (t,J = 7.21 Hz, 3H), 0.85 - 0.92 (m, 4H), 0.77
-0.82 (m, 4H)

Example 102

o )

m '
'/

N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(hydroxymethyl)-1H-pyrazol-3-ylamino)-
1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide

[00485] Sodium boronhydride (10 wt% on alumina, 13.14 mg, 0.035 mmol) was
added to N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-formyl-1H-pyrazol-3-ylamino)-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
101C, 16 mg, 0.035 mmol) in methanol (1 mL) at room temperature and the reaction
mixture stirred for 0.5h. The solid alumina was filtered off and the filtrate was

concentrated in vacuo. The crude product was purified by flash chromatography on
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54.55 (q, J =7.03 Hz, 2H), 4.20 - 4.34 (m 6H), 4.06 (s, 3H), 3.13 (br.
s., 4H), 2.77 - 2.89 (m 2H), 1.46 (t, J =7.21 Hz, 3H), 1.43 (t, J =7.21
Hz, 3H), wo2R11/0288688 (m 4H), 0.72 - 0.77(m 4H). ExanplPeTAB801p/0k#621\\ NN
N', -LNO ii ON NFIN H\T/ Tho 10

[V, N-di cycl opropyl- 6-et hyl -4-(1-ethyl-5-(2-norpholinoethyl carbanoyl) - 1H
pyrazol - 3-yl am no) - 1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne

- 7-carboxam dgclal 944 Zr] auldRardd fSkc® s%r@t@ﬂ%%‘éowﬁl% &{1 iath- e, ek n bt hod
anal ogous to that use prepare exa M5 (ESI) mlz 589.6

(M+H) . [ 00499] ilphlmme(@@@ Wdlcmrgpylfﬁhetwlﬂe(l(%hyl ﬁl-@)lydrvxmﬂ(@ 1HH) 7. 45
Sf.SbSM(_DS, gH)87pgr§$Q} 33( lamﬁ%ﬁfl n{eﬂlar'_&l 6- dél@féiﬁmﬁﬁdaz&k%ld éi_ﬁf'o %gé%p&rfdglgéw ( m 2H)
2.67 (br. s., cabhxande5T4 (gr 86 B.yicl®Hy3s obtaittbd @pba whie s0li8H) , 1.53 (t, J = 7.1
Hz, 3H), 1 46[60486] Mg(ﬁgI)Hr%Mz S%EQI’(MQFﬁll -0.90 (m 4H), 0.74 - 0.79 (m 4H).

[00487] 'H NMR (500 MHz, CDCls) &: 8.09 (s, 1H), 7.59 (s, 1H), 7.08 (s, 1H),

6.81 (s, 1H), 4.72 (d, J =4.7 Hz, 2H), 4.57 (q, ] = 7.2 Hz, 2H), 4.15 (q, ] = 7.3 Hz,

2H), 3.97 (s, 3H), 2.76 — 2.84 (m, 3H), 1.46 (t,J =7.2 Hz, 3H), 1.41 (t,J =7.1 Hz,

3H), 0.81 - 0.87 (m, 4H), 0.71 - 0.76 (m, 4H)

10
Example 103

P
N |N/ NU\/%\
K H /

N,N-dicyclopropyl-4-(5-(dimethylcarbamoyl)-1-ethyl-1 H-pyrazol-3-ylamino)-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo][2,3-b]pyridine-7-carboxamide
15
[00488] A mixture of 3-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-1-ethyl-1H-pyrazole-5-
carboxylic acid (example 101, 28 mg, 0.059 mmol), HATU (26.8 mg, 0.071 mmol)
and dimethylamine (2M in THF, 59 uL, 0.118 mmol) in DMF (1 mL) was stirred at
20  room temperature for 2h. Water was added and the reaction mixture was extracted
with ethyl acetate 3 times. The combined organic layers were washed twice with
10% lithium chloride, dried over magnesium sulfate, filtered and concentrated in
vacuo. The crude was purified by preparative HPLC (Phenomenex Luna 5u C18
column, 21.2x250 mm column, retention time 15.317 min, 30-100% gradient aqueous
25  methanol over 20 minutes containing 10 mM ammonium acetate, flow rate 20 ml/min
and monitoring at 254 nm). N,N-dicyclopropyl-4-(5-(dimethylcarbamoyl)-1-ethyl-
1 H-pyrazol-3-ylamino)-6-ethyl-1-methyl-1,6-dihydro imidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (20 mg, 66.9 % yield) was obtained as an off-white solid.
[00489] MS (ESI) m/z 504.5 (M+H).
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Exanmpl e 107 25 - 142 -

'V, N-di cycl opropyl-6-ethyl-4-(1-ethyl-5-(4-nethyl pi perazi ne-1-carbonyl)-1H
pyr azol - 3wQl2ani/a28864 1- met hyl - 1, 6- di hydr oi mi dazo[ 4, 5-d] pycraiSe¢1d/0876p]

pyri di ne- 7-carboxam de 5 [00500] The title conpound was prepared using a
met hod anal ogous to that used to prepare exanple 103. [00501] M5 (ESI) mz
559.5 (M+H). [00502] 1H NWMR (500 MHz, CDC13) 6: 8.19 (s, 1H), 7.66 (s, 1H)
7.26 (s, 1H), [M@O]871}(I§¢Mﬂg§OOMH§3CI§@l)61838?9198"14{) 28 ¢s, f‘HZ)Zﬁzégs 1Hh),= 7.

Hz, 2H), 4.02 (s i 54" (br. s.,
4H), 2.40 (br68§(s 18} 61](q,418=Zt2HZJ2EE) .21 (Wd = Bz, 51{)4 01(8 3I:D 227 (s1 Hz 3H),

0.82 - 0.90 (8yy) 45 811> 7P 78 () 47 (@ﬁa:“?? £u2080) P46 (1, 1 =7.14 Hz,

3H), 0.83 - 0.89 (m, 4H), 0.73 - 0.78 (m, 4H)

5
Example 104
P )
>—nN a 2 NN 0
O N N/ NW
CoE O
)
N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(morpholine-4-carbonyl)-1H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-
10 carboxamide

[00491] The title compound was prepared using a method analogous to that used to
prepare example 103.
[00492] MS (ESI) m/z 546.5 (M+H).

15 [00493] 'H NMR (500 MHz, CDCl3) 3: 7.95 (s, 1H), 7.19 (s, 1H), 6.87 (s, 1H),
4.60 (q,J =6.9 Hz, 2H), 4.28 (q, ] = 7.2 Hz, SH), 4.07 (s, 3H), 3.82 (br. s., SH), 3.76
(br. s., 3H), 2.74 - 2.93 (m, 4H), 1.48 (t, ] = 7.14 Hz, 3H), 1.47 (t, ] = 7.14 Hz, 3H),
0.84 - 0.90 (m, 4H), 0.74 - 0.78 (m, 4H).

20 Example 105

%% o8
J N 0
0 N |N/ NU\/%
NI
S<0
O

N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(thiomorpholine 1,1-dioxide
-4-carbonyl)-1H-pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo|[4,5-
d]pyrroloe[2,3-b|pyridine-7-carboxamide
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4- (5- ((cyanonet hyl ) (et hyl ) car banoyl) - 1- et hyl - 1H pyrazol - 3-yl am no) -/ V, N
di cycl opropyl- 6-et hyl - 1- et hyl - 1, 6-di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-

b] pyri di rwo2etiamkssHam de 20[ 00503] The title conmpound waETArSe@alew2usi ng a
met hod anal ogous to that used to prepare exanple 103. [00504] M5 (ESI) mz
529.3 (M+H). [00505] 1H NMR (500 MHz, CDC13) 6: 8.37 (br. s., 1H), 7.77 (s,
1H), 7.39 (s, 1H), 6.86 (s, 1H, 4.62 (q, J = 7.2 Hz, 2H), 4.54 (br. s.,
2H), 4.27 - 4{@)&947]”1 ThEHitle brfibuhBwas prdghied usind DmetRodbhalbBus (Sthat Bkl 10 2. 79 -
2.86 (m 2H), '1.47 (t, J = 7.2 Fz, 6H, 0.83°-0.89 (m-4H), 0.73 - 0.78
(m 4H). Exanpteparg@Qmplpd03.\\ NN N-1\TO ON NFi NO cH N 5H

4- 05- ((2-acet ?dﬁ49§1€t hyd éE%?fM@X%)(er}ﬁt hyl - 1H pyr azol - 3- yDam no) -/ V, N-
[00496] '"H NMR (500 MHz, CDCL) &: 7.95 (s, 1H), 7.19 (s, 1H), 6.83 (s, 1H),
5 4.55(q, J=7.03 Hz, 2H), 4.20 - 4.34 (m, 6H), 4.06 (s, 3H), 3.13 (br. s., 4H), 2.77 -
2.89 (m, 2H), 1.46 (t, ] =7.21 Hz, 3H), 1.43 (t, ] = 7.21 Hz, 3H), 0.82 - 0.88 (m, 4H),
0.72 - 0.77(m, 4H).

Example 106

10 L0
N,N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(2-morpholinoethylcarbamoyl)-1 H-
pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo|2,3-b]pyridine-

7-carboxamide

15 [00497] The title compound was prepared using a method analogous to that used to
prepare example 103.
[00498] MS (ESI) m/z 589.6 (M+H).
[00499] 'H NMR (500 MHz, CDCls) &: 8.18 (s, 1H), 7.68 (s, 1H), 7.45 (s, 1H),
6.87 (s, 1H), 4.64 (q, ] =6.9 Hz, 2H), 4.54 (q, ] = 7.2 Hz, 2H), 4.03 (s, 3H), 3.77 (br.
20 s, 4H), 3.61 (br. s., 2H), 2.80 - 2.87 (m, 2H), 2.67 (br. s., 2H), 2.57 (br. s., 3H), 1.71
(br.s., 3H), 1.53 (t, ] =7.1 Hz, 3H), 1.46 (t, ] = 7.1 Hz, 3H), 0.84 - 0.90 (m, 4H), 0.74
-0.79 (m, 4H).

Example 107
25

142 -



di cycl opropy1l- 6-et hyl - 1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-
b] pyri di ne- 7- car boxam de [ 00506] The title conmpound was prepared using
a met hod woabogoss4t o t hat used to 10 prepare exanpl e 108T/UJse@b0¥j62V5 ( EST)
mz 561.5 (M+H). [00508] 1H NWMR (500 MHz, CDC13) 6: 7.77 (br. s., 2H), 7.40
(s, 1H, 6.72 (s, 1H, 4.48 - 4.56 (m 4H), 3.99 (s, 3H), 3.61 - 3.66
(m 2H), 3.52 - 3.58 (m 2H), 2.81 (m 2H), 2.02 (s, 3H), 1.44 (t, J =7.1
Hz, 3H), 1.34 (t, J = 6.9 Hz, 3H)p 1.26 (s 1), 0.82 15-0.90 (m 4H), 0.70
- 077(m 4H) Exarrple 110 J>
[V, N-di cycl opropyl-4-05-(di e{)ry ar | JNN hyly 1H- pyrazol - 3-yl )am no) -6
[/
20et hyl - 1- met hyl - 1, 6- di hydr oi m Shzogff B\Id] yrrolo 3-b] pyri di ne- 7- car boxam
i de [00509] The title conpound was epar usin t hod anal ogous to
that used to prepare exanple 103. [00510] Ms (ESI erz 532.4 (MtH). - 144 -
WO 2011/ 028864PCT/ US2010/ 047621 [00511] 1H NMR (500 Mz, CDC13) 6: 8.29 (br.

gHj 1'2) 207( Z]O Sﬁ' J_V—é-l@()l?ﬁogﬁ (4—&hyl:l-ét%l’-etﬁylsé3 4—1%eth%¢EQper§m§@l-QQrboﬁ -1@1597$Z:
2.85 (m 2H), Wrapk3-ylaminoj-hymehyl-1,6-dtydygimidpze{4;- c!]pyrzrolo&@-bmyr@@e'- 0.88 (m
4H), 0.72 - 0.77 (m 4H 5 Exanple 311 4doxNmide
5
[00500] The title compound was prepared using a method analogous to that used to
prepare example 103.
[00501] MS (ESI) m/z 559.5 (M+H).
[00502] 'H NMR (500 MHz, CDCls) &: 8.19 (s, 1H), 7.66 (s, 1H), 7.26 (s, 1H),
10 6.87 (s, 1H), 4.63 (q, ] =6.9 Hz, 2H), 4.26 (q, ] = 7.2 Hz, 2H), 4.02 (s, 3H), 3.88(br.
s., 4H), 2.80 - 2.86 (m, 2H), 2.54 (br. s., 4H), 2.40 (br. s., 3H), 1.48 (t, ] = 7.1 Hz,

3H), 1.47 (t, ] = 7.1 Hz, 3H), 0.82 - 0.90 (m, 4H), 0.73 - 0.79 (m, 4H).

Example 108
\
P )
D eeSvY,
P !
O NN N/k/)\(N
K H / \\
W
N

4-(5-((cyanomethyl)(methyl)carbamoyl)-1-ethyl-1 H-pyrazol-3-ylamino)-N, V-

15

dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-

b]pyridine-7-carboxamide

20  [00503] The title compound was prepared using a method analogous to that used to
prepare example 103.
[00504] MS (ESI) m/z 529.3 (M+H).
[00505] 'H NMR (500 MHz, CDCls) &: 8.37 (br. 5., 1H), 7.77 (s, 1H), 7.39 (s, 1H),
6.86 (s, 1H), 4.62 (q, ] = 7.2 Hz, 2H), 4.54 (br. s., 2H), 4.27 - 4.34 (m, 1H), 4.04 (s,
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NNNO --..---, NNHN-)....... 5-0

'V, N-di cycl opropyl-4-45-0( 2R, 6S) -2, 6-di net hyl

et hyl- 1HWw9rawmal2884y1) am no) - 6- et hyl - 1- met hyl - 1, 6- di hydPoirfisd@ano47621

14, 510d] pyrrol o[ 2, 3-b] pyri di ne- 7- car boxam de
was prepared using a method anal ogous to that used to prepare exanple 103.

[00513] MS (ESI) miz 574.4 (MrH). 15[00514] 1H NMR (500 Mz, CDC13) 6: 8.30

"3 61

(br. s, 1H) 3171) §?41((§p slﬁ)[|_6 2392é8(5%m 5*59 1. 4‘?7(t8f3 G2 Hzlb“i{) 048362) S(9Ct =
. 28 ( 0 (m 1 (s,

Hz, 2H), 4.21 -4
s, 2H), 2.91 6H907§ 01%8)(m2H)79 - 2 85 (m 2H), 2 60 (br S. 1H) 1.47 (t,

7.2 Hz, 3H),

1.45 (t, J = 7.2 Hz, 3H), 1.07 - 1.36 (m 6H), 0.81 -

(m 4H), 0.72 - 0.78 (m 4H) 20 Exanple 112 - 145 -
[V, N-di cycl opropyl- 4-(5-(di et hyl car Beampig 109 - net hyl - 1H pyr azol - 3-yl am no) -
6- et hyl - 1- met hyl - 1, 6- di hydr oi J>azo[<1 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-

car boxam de

10

15

20

N7
/
O N

N N HN 0
NI \gk

4-((5-((2-acetamidoethyl)carbamoyl)-1-ethyl-1H-pyrazol-3-yl)amino)-/V, V-

~

dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-
b]pyridine-7-carboxamide

[00506] The title compound was prepared using a method analogous to that used to
prepare example 103.
[00507] MS (ESI) m/z 561.5 (M+H).
[00508] 'H NMR (500 MHz, CDCly) &: 7.77 (br. 5., 2H), 7.40 (s, 1H), 6.72 (s, 1H),
4.48 - 4.56 (m, 4H), 3.99 (s, 3H), 3.61 - 3.66 (m, 2H), 3.52 - 3.58 (m, 2H), 2.81 (m,
2H), 2.02 (s, 3H), 1.44 (t, ] = 7.1 Hz, 3H), 1.34 (t, ] = 6.9 Hz, 3H), 1.26 (s, 1H), 0.82
—0.90 (m, 4H), 0.70 - 0.77 (m, 4H)

Example 110

E>_N AN -N
a P
O NN %\/

N,N-dicyclopropyl-4-((5-(diethylcarbamoyl)-1-ethyl-1 H-pyrazol-3-yl)amino)-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide

[00509] The title compound was prepared using a method analogous to that used to
prepare example 103.

[00510] MS (ESI) m/z 532.4 (M+H).

~ 144 -

- 4-nor phol i nyl ) carbonyl) - 1-
[ 00512] The title conpound

6.9
(br.
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5112APreparation of (Z)-tert-butyl 2-(1-(7-(dicycl opropyl carbanoyl)-
6-ethyl -1 -nmethyl -1, 6-di hydroi m dazo [4, 5-d] pyrrolo

[ 2, 3- b] pywOdD11/028864 ami no) - 4, 4- PCT/US2010/047621

di met hoxy- 3- oxobut -1 - eny1) - 1- met hyl hydr azi necar boxyl at e [ 00515] The
title conpound was prepared using a nmethod anal ogous to that used to 10
prepare exanple 101B. [00516] MS (ESI) mz 611.7 (M+H). 112BPreparati on of
N, N-di cycl opr 1116- ef I s 8 s, | I -3

-yl am no) - 1- neg{bﬁyll- 1, 6%%%0?05\?%196%%’%{?? é-zgll(%ry? ?gllid(;%m?—ﬁm( 7%%’

15bl pyri di ne- THg &r33d%di).ak02 (qf 08P Hz THe 420t(h.d ToApaudd). hae (pPEpdrdd usi ng

a_method anal Qg.%%mi_@{_f ﬁgcgr%’ tﬂ{)pf&(ﬁ’@;% Examm! £2AALG 72014 B3pd&H VB

(ESI) mz 447. eparation o

3-(7- (di cycl oppspyhcHbbaidydy7 6metthyl -1 - met hyl- 1, 6-di hydro

i m dazol4, ? di pyrrol 012, 3- bl pyri di n-4-yl am no) - 1- met hyl - 1Hpyr azol e- 5- car box
ylic acid - 146 - \' N---\\ NV NNNO NNCHH

Example 111

N, N-dicyclopropyl-4-((5-(((2R,65)-2,6-dimethyl-4-morpholinyl)carbonyl)-1-
ethyl-1H-pyrazol-3-yl)amino)-6-ethyl-1-methyl-1,6-dihydroimidazo|[4,5-
10 d]pyrrolo[2,3-b]|pyridine-7-carboxamide

[00512] The title compound was prepared using a method analogous to that used to
prepare example 103.
[00513] MS (ESI) m/z 574.4 (M+H).

15 [00514] 'HNMR (500 MHz, CDCly) &: 8.30 (br. S., 1H), 7.72 (s, 1H), 7.21 (s,
1H), 6.86 (s, 1H), 4.62 (q, J = 6.9 Hz, 2H), 4.21 — 4.28 (m, 2H), 4.07 - 4.20 (m, 2H),
4.01 (s, 3H), 3.61 (br. s, 2H), 2.91 (br. s, 1H), 2.79 - 2.85 (m, 2H), 2.60 (br. S. 1H),
1.47 (t,J=7.2 Hz, 3H), 1.45 (t, ] = 7.2 Hz, 3H), 1.07 - 1.36 (m, 6H), 0.81 - 0.88 (m,
4H), 0.72 - 0.78 (m, 4H)

20

Example 112

> J> \N’\\N /
74 N o)
O N |N/ NW\
k H
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[ 00519] The title conpound was prepared using a nethod anal ogous to that
used to prepare exanple 101. 5[00520] Ms (ESI) mz 463.3 (M+H)

112Pr eparwivi2on/w28s6M, N- di cycl opr opyl- 4- (5- (di met hyl car bacoyubpre10447621
met hyl - 1H pyr azol - 3-yl am no) - 6- et hyl- 1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-
di pyrrol or 2, 3- bl pyri di ne-7-car boxam de 10[ 00521] A m xture of
3-(7-(dicycl opropyl carbanoyl)-6-ethyl-1-nethyl -1, 6- di hydroi mdazo
[4,5-d] pyrrol o Bvel L4 i ] T - THNG)-

car boxylic aciNh?%lg?’%mnlgi,moégg%iﬁnrﬁ%@%MH)R?%JD{IEI&QIP%&%QW%%Z%@J%%DH%IO)and

di met hyl ami ne, 2MbiethyHiFm¢thyloB6-diydrgmidazo idsfpdpyineldidA-bipyridide-was stirred
at roomtenperature for 2h. Water wag, g g@nd the reaction mxture was
extracted 15 with ethyl acetate 3 tines. e conbi ned organic |ayers were
washed twice with 10% Ilithiumchloride, dried over magnesi um sul fate,

[y er od and conceyat ed | ags oD% 88 R PHEIAdifch RYREERRT 2¢ 1 ve
(di net hyl car bansyl) -ndetigt Bydihldrbipydaagals- Bpytt@asi 3a)pdided-bylanlinsyet hy| - 1, 6-
dihydroinidazol4, - d] DY igine-7-carboxanide (23 ng, 54.1 %
yi el d) 20as aH OX¥s -y I-medysthy drggnocpiboxviale ; 490, 2 (MtH) . [00523] 1H
NVR (400 MHz, CDC13) 6: 8.28 (s, , X.67 (s, 1H), 7.34 (s, 1H), 6. 86
(s, 1H, 4.61 (gq, J = 7.0 Hz ZFQE;Z'OlN(%%ﬁf%%Bo3'95 (s, 3H), 3.29 (s,
3H), 3.16 (s, 3H), 2.79 - 2. 8B~ NARNES = 7.0 Hz, 3H), 0.82 -
0.89 (m 4H), 0.72 - 0.79 (m 25 Igg%;mj;ol47 -
/V,N-dicyclopropyl-6-ethy|-4-(1£%et | - (Nhi onorphol i ne 1, 1-di oxi de
-4-car bonyl ) - 1H pyrazol - 3-yl am no) - X net hyl’- 1, 6- dhydr oi m dazo 14, 5- d]

pyrrolo[2,3-b%(PYridine17-carb oxani de .
00515] The title compound was prepared using a method analogous to that used to

10 prepare example 101B.
[00516] MS (ESI) m/z 611.7 (M+H).

112B Preparation of N, N-dicyclopropyl-6-ethyl-4-(5-formyl-1-

methyl-1H-pyrazol-3-ylamino)-1-methyl-1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-

15  blpyridine-7-carboxamide

[00517] The title compound was prepared using a method analogous to that used to
prepare Example 101C.
20  [00518] MS (ESI) m/z 447.3 (M+H).

112C Preparation of 3-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-

methyl-1.6-dihydro imidazo[4,5-d]pyrrolo[2.3-b]pyridin-4-ylamino)-1-methyl-1H-

pyrazole-5-carboxylic acid
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5 [00524] The title conpound was prepared using a nethod anal ogous to that
used to prepare exanple 112. [00525] M5 (ESI) nfz 580.3 (MtH). [00526] 1H
NVR (400 Wbizp110D€x%63) 6: 8.29 (s., 1H), 7.69 (s, 1H), 7. BOT(ts201046)7621.06. 83
(s, 1H, 4.57 (q, J = 6.8 Hz, 2H), 4.31 (br. s., 4H), 4.00 (s, 3H), 3.93
(s, 3H, 3.15 (br. s., 4H), 2.77 - 2.88 (m 2H), 1.45 (t, J = 7.0 Hz, 3H),
0.80 - 0.92 (m 4H), 0.69 - 0.80 (m 4H). Exanple 114 15

/'V, N-di cycl opropyl-4-(1-(2,2-difl pgroethiyl)-5-(di net hyl car banoyl) - 1H pyrazo
| -3- ylanmi no)-6-ethyl-1-methyl-1,8-di hygroym dazo[ 4, 5-d]

pyrrol o[ 2, 3-b] pyri di ne-7- car m 5Z#N Thg title conpound was
prepared using a nethod anal ogou thaL usgd / prepare Exanple 112;
except utilizing exanple 80A [(0052 MS (BSI)” m 01540. 4(M-H) . [ 00529] 1H
NMR (400 MHz, CHLOROFORMid) 6: 8.41 Xbr. sH 1H), 7.73 (s, 1H), 7.43 (s,
1H), 6.86 (s, 1H), 6.17 (tt, J =55.9, 4.2 Hz, 1H), 4.57 - 4.72 (m 4H),
4.01 (s, - 148 - 3H), 3.30 (s, 3H), 3.16 (s, 3H), 2.78 -2.86 (m 2H), 1.47

(t, 3 =70 HfOOS’ﬁ'P » THe 8 c’on%ogl?d & pr@ﬂd)red &iné% rﬁetﬁdeagalggaus%'Qhat Rgappl e 115

prepare example 101.

5 [00520] MS (ESI) m/z 463.3 (M+H).

112 Preparation of N, N-dicyclopropyl-4-(5-(dimethylcarbamoyl)-1-

methyl-1H-pyrazol-3-ylamino)-6-ethyl-1-methyl-1.6-dihydroimidazo[4.5-

d]pyrrolo[2.3-b]pyridine-7-carboxamide

10 [00521] A mixture of 3-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-1-methyl-1H-pyrazole-5-
carboxylic acid (39.8 mg, 0.086 mmol), HATU (49.0 mg, 0.129 mmol) and
dimethylamine, 2M in THF (0.086 mL, 0.172 mmol) in DMF (2 mL) was stirred at
room temperature for 2h. Water was added and the reaction mixture was extracted

15  with ethyl acetate 3 times. The combined organic layers were washed twice with
10% lithium chloride, dried over magnesium sulfate, filtered and concentrated in
vacuo. The crude was purified by preparative HPLC to give N,N-dicyclopropyl-4-(5-
(dimethylcarbamoyl)-1-methyl-1 H-pyrazol-3-ylamino)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (23 mg, 54.1 % yield)

20 as an off-white solid.

[00522] MS (ESI) m/z 490.2 (M+H).

[00523] 'H NMR (400 MHz, CDCls) &: 8.28 (s, 1H), 7.67 (s, 1H), 7.34 (s, 1H),

6.86 (s, 1H), 4.61 (q, J = 7.0 Hz, 2H), 4.01 (s, 3H), 3.95 (s, 3H), 3.29 (s, 3H), 3.16 (s,

3H), 2.79 - 2.86 (m, 2H), 1.47 (t, J = 7.0 Hz, 3H), 0.82 - 0.89 (m, 4H), 0.72 - 0.79 (m,
25  4H).

Example 113
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N, N- di cycl opropyl-6-et hyl-4-(5-(hydroxynet hyl)-1-nethyl-1H pyrazol - 3-

yl am no) -weorretinessel, 6- di hydr oi m dazo [ 4, 5-d] pyrrol o [ 2p8ThiS2@piounizne- 7-
car boxam de 10 [00530] Title compound was prepared by a nethod simlar to

t hat used for exanple 102. [00531] MS (ESI) mz 449.3 (M+H) [00532] 1H NWMR
(CcbC13) 6 ppm8.11 (br s, 1H), 7.67 (s, 1 H, 7.16 (s, 1 H, 6.88 15(s, 1
H, 4.75 (d, 2 H J=5.94 Hz), 4pg7 (q 2H, J= 7.26 Hz), 4.03 (s, 3H), 3.89

(s, 3H) 2.84 (m 2H), 1.68 (t, BH J=NN6 Hz), 1.50 (t, 3H J= 7.15 Hz),
0.75-0.89 (m 8H) 20Exanpl e [PH6N\ y '\h\rN/ \d N-11 N--1 NN
[y
O E N

8
<\,,S<o

N,N-dicyclopropyl-6-ethyl-4-(1-methyl-5-(thiomorpholine 1,1-dioxide
-4-carbonyl)-1H-pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo|[4,5-
d]pyrroloe[2,3-b|pyridine-7-carboxamide

[00524] The title compound was prepared using a method analogous to that used to
prepare example 112.
[00525] MS (ESI) m/z 580.3 (M+H).
[00526] 'H NMR (400 MHz, CDCls) &: 8.29 (s., IH), 7.69 (s, 1H), 7.30 (s, 1H),

10 6.83 (s, 1H), 4.57 (q, ] = 6.8 Hz, 2H), 4.31 (br. s., 4H), 4.00 (s, 3H), 3.93 (s, 3H), 3.15
(br. s., 4H), 2.77 - 2.88 (m, 2H), 1.45 (t, ] = 7.0 Hz, 3H), 0.80 - 0.91 (m, 4H), 0.69 -
0.80 (m, 4H).

Example 114

N
s K H /

N,N-dicyclopropyl-4-(1-(2,2-difluoroethyl)-5-(dimethylcarbamoyl)-1 H-pyrazol-3-
ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-

carboxamide

20  [00527] The title compound was prepared using a method analogous to that used to
prepare Example 112; except utilizing example 80A.
[00528] MS (ESI) m/z 540.4(M+H).
[00529] 'H NMR (400 MHz, CHLOROFORM-d) &: 8.41 (br. s., 1H), 7.73 (s, 1H),
7.43 (s, 1H), 6.86 (s, 1H), 6.17 (tt, ] =55.9, 4.2 Hz, 1H), 4.57 - 4.72 (m, 4H), 4.01 (s,
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/'V, N-di cycl opropyl-6-ethyl-1-nethyl-4-(1-nmethyl-5-(norpholinonethyl)-1Hpyra
zol - 3-yl awDreod72g®4di hydr oi m dazol[ 4, 5-d] pyrrol o[ 2, 3- b] ppCiradiSae0/n47621

25car boxam de - 149 - [00533] To a stirred solution of

N, N- di cycl opropyl- 6-et hyl-4-(5-fornyl-1-nethyl 1H pyrazol - 3-yl am no) - 1- net hy
1-1, 6-di hydroi m dazo [4,5-d] pyrrolo [2,3 -b]pyridine-7- carboxam de

(exanpl e 112BBH?% 3@5!1@, 3@1)03496 2@81012@@ rﬁCZH),af.4’>5§i' ves044, 830 o%g). in MeOH
(2 m) was added hol'i ne 17 i, After the sol ution 5was
stirred at ro@ﬁ?(@» A7 4r .89 6. 4. hr s, sodlun1borohydr|de (7.46 ny, 0.197
nmol ) was then added and stirred for 3 hrs. The sol ution was brought to pH
= 4 with 1IN HCl, neutralized with saturated aqueous sodi um bi carbonate, and
then extracted with CH2C12. The orgaExamplay&¥ was dried over anhydrous
magnesi um sul fate and concentratig>in vacuo. The residue was purified by

silica-gel flash chromatography 19 usin -an Isgp 40 g colum eluting from
0- 10% MeOH CH2C12 to yield D—N N
N, Ndi cycl opropyl-6-ethyl-1- nethyl +ne hxﬁié}LgDrphollnonethyl) 1H pyraz

\

3-

ol -
yl am no) - 1,_6-di hydroi m dazol[ 4, 5- d]p%(rolo[213 b]py#?dlne 7- car boxam de
(14. 3 ny, 0. 027 nmol, 54.9 %yield) as a white solid. [00534] M5 (ESI) niz
518. 3 (M+H) 15[00535]1H NMR (CDC13) 6 ppm 7.99 (br s, 1 H), 7.57 (s, 1 H),
6.99 (s, 1 , 6 S, 1 4. 56 2 HJ=7 04 Hz 3 (s, ,3H, 3.77
(s 3ty 3. 64" (mNptYeprh Getged b gl tompelini-mblya i g2 %
3H J= 7.02 Hz), Gu£:bin0)-80netny1-18-Nihz&romxitapé[@,51d|gyrrblold,3-bipyyidime=N N 1?1/ N N

N N cH .
25/ V, N- di cycl opr opy1- 6- et hyl - 1- met hy$arRe¥eiflet hy| - 5- ((4- net hyl pi per azi n- 1-
yl) met hyl y91H pyrazol - 3-yl am no) - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-

[00530] Title compound was prepared by a method similar to that used for example

102.

[00531] MS (ESI) m/z 449.3 (M+H)

[00532] 1HNMR (CDCI3) é ppm &.11 (brs, 1H), 7.67 (s, 1 H), 7.16 (s, 1 H), 6.88
15 (s,1H),475(d,2 H,J=5.94Hz),4.67 (q, 2H, J=7.26 Hz), 4.03 (s, 3H), 3.89 (s,

3H), 2.84 (m, 2H), 1.68 (t, 3H, J=6.16 Hz), 1.50 (t, 3H, J=7.15 Hz), 0.75-0.89 (m,

8H)

20 Example 116

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-5-(morpholinomethyl)-1H-
pyrazol-3-ylamino)-1,6-dihydroeimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

25 carboxamide

- 149 -



b] pyri di ne-7-carboxam de - 150 - [00536] Synthesized using a nethod

anal ogous to that used to prepare exanple 116. [00537] M5 (ESI) nmz 531.4

(MtH) [ 00562puH2886R (CDC13) 6 ppm 8.05 (br s, 1 H), 7.6@ctais2diolyre2¥. 01 (s,
1H), 6.78 5(s, 1 H, 4.56 (g, 2 HJ=6.75 Hz), 3.95 (s, 3H, 3.72 (s, 3H,

3.61 (s, 2H), 2.96 (m 4H), 2.76 (m 4H), 2.74 (m 2H), 2.71 (s, 3H), 1.42
(t, 3H J=7.04 Hz), 0.67-0.80 (m 8H) Exanple 118 10

'V, N-di cycl opjguyd- 4162kl srm&tf@)ﬁlo@ml\ﬂ@&ﬁ%ﬂ?bﬁ%)l 6Jeﬂ{§¢t4lwlfor%13h PyFARe - 3-
yl am no) - 6-eth 6-di h

-1-net hé droim azot[\w
o] 2 3 bl by i posar e b5 poGBa L. Sy e AddpidingT-a met hod

aral o0ots 10 LIBKHRRIGLingE FRRL S YR Subd el AORAQL: SR Eot ALz 4704
H, 4.52 20( q;n PEDHI2 mil) Ovhs ktideqd mbrig®lifies(0. (EFI)nL 9.198 H(nml) 34r1;e; 13 SOMtifs 3H)

éxggpl( Z 11 \ )was st1rre(1m[ roo@témperature(ftof 12311|;|S sod_lum borohligr}de (9 4(()5 mg, O ?37 (m 8H

mmol) was then added and stirred for 3 hrs. The solution was brought to pH = 4 with
IN HCI, neutralized with saturated aqueous sodium bicarbonate, and then extracted
with CH,Cl,. The organic layer was dried over anhydrous magnesium sulfate and
concentrated in vacuo. The residue was purified by silica-gel flash chromatography
10 using an Isco 40 g column eluting from 0-10% MeOH/CH,Cl; to yield N, N-
dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-5-(morpholinomethyl)-1 H-pyrazol-3-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (14.3 mg,
0.027 mmol, 54.9 % yield) as a white solid.
[00534] MS (ESI) m/z 518.3 (M+H)
15 [00535] 1H NMR (CDCI3) é ppm 7.99 (brs, 1 H), 7.57 (s, 1 H), 6.99 (s, 1 H),
6.78 (s, 1H), 4.56 (q, 2 HJ=7.04 Hz), 3.93 (s, 3H), 3.77 (s, 3H), 3.64 (m, 4H), 3.48
(s, 2H), 2.75 (m, 2H), 2.45 (m, 4H), 1.42 (t, 3H J =7.02 Hz), 0.66-0.80 (m, 8H)

20
Example 117
J> A N
N7
S N
208 P>
d NONONY
K H
25 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-5-((4-methylpiperazin-1-

yDmethyl)-1H-pyrazol-3-ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

b]pyridine-7-carboxamide
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'V, N-di cycl opropyl-6-ethyl-4-(1-ethyl-5-((4-nmethyl pi perazin-1-yl)nmethyl)-1H
WO 2011/028864 PCT/US2010/047621

pyr azol - 3-yl am no) - 1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di ne

- 7-carboxam de 5[ 00542] Prepared using interenediate 101B and procedure as

used for exanple 116. [00543] M5 (ESI) mz 545.4 (MtH) [00544] 1H NMR

(CDC13) 6 ppm[(ﬁ)sfi)@ (%yntﬂesﬂ)@d quéZ mfhod lna!l'agous7 toQQatﬁl%d tabDe a@eZﬁnslﬁ§ 1H,

4.55 (q, 2 ), q. 2H =5 94 3.60 (s,

2H), 102. 93 (Bi6.s, 3H) 263284(br m 10H) 142 (t 3H J—704 Hz) ,

1.35 (t. 8H) Exanple 120
15/ V, N-di cycl prodyll\}gg%ﬁtsfll) TE%?’?TEKI% ﬁﬂh (2- et hyl t hi azol - 4-yl am no) -1, 6-
di hydr oi m daz (j0538- d]IHWMBI(Gme{Sh)})pyB Dbl(re; THe arddax,driilJ@.01 (s, 1H), 6.78

120APreparation, of f(2- S Pro3aSBLATH 3bh N 4 Vi oPEPRY i P28k ! -

4H), 2.76 (m, 4H), 2.74 (m, 2H), 2.71 (s, 3H), 1.42 (t, 3H, J = 7.04 Hz), 0.67-0.80 (m,

8H)
Example 118
10
N\
SN S R
UL XN
O N NN
K H
N,N-dicyclopropyl-4-(5-((dimethylamino)methyl)-1-methyl-1 H-pyrazol-3-
ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-
carboxamidg
15

[00539] Synthesized using a method analogous to that used to prepare example

116.

[00540] MS (ESI) m/z 476.4 (M+H)

[00541] 1HNMR (CDCI3) é ppm 7.45 (s, 1 H), 7.33 (s, 1H), 6.84 (s, 1 H), 4.52
20  (q,2H,J=7.04 Hz), 4.25 (s, 2H), 3.98 (s, 3H), 3.90 (s, 3H), 2.80 (s, 6H), 2.77 (m,

2H), 1.37 (t, 3H, J = 6.82 Hz), 0.64-0.87 (m, 8H)

Example 119
P Y 8
N7
Sy %
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1-met hyl-1, 6-di hydroi m dazo [4,5 -dipyrrolo [2,3-bl pyridi ne-7-carboxam de
/ .. _ ¢, \N--- N2-N< -1 --/ i0 6>( ??2J-ClL H 20 [00545] To a round bottom
fl ask chawgedllvu288644 am no- N, N-di cycl opropy1- 6-ethyl-  PCT/US2010/047621

1- net hyl - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di ne-7- car boxam de
(exanpl e 1J, 47.2 nmg, 0.139 mmol) was added di chl oronet hane (697 [EL) and
triethylamne (35.0 [EL, 0.251 mmol). Chloroacetyl chloride (12.20 [EL,

0. 153 mmol ) wasy. . I at rt
T A S e A Y i LT G
added. The reamrﬂmi%rﬁl%nmoklmhﬂ'rll,ﬁﬂl@ddwmiﬂazo[ﬂézdlpyrrdlotm-blnymwane The
organi cs were washed with water, dried wnShi@nhydrous sodi um sul fate,
filtered and concentrated in vacuo

4- (2- Chl oroacet am do) - N, Ndi cycl opropyl 6-et hyl - 1-met hyl - 1, 6- di hydr oi nmi dazo

4,5 -d | 3 -b d 01 %yield

ol at ou’ a8l Fn o EREEED b ki SR P DRt ne Bt e ot § bne
with no furthere.purification. [00546] M5 (ESI) mlz 415.0 (M+H) [00547] 1H
NVR (400 MHz,  CHLOROF 04 (br s, 1H), 6.90 (s, 1H), 5.31 (s,
2H), 4.62 (q, l%‘ﬁ“?’h Mrs(fflfrﬁﬁ/)z 454@{[ 2.77 -2.88 (m 2H), 1.47 (t,
3H, J= 7. 03 Hfgos4 83H}@\/[R%Cb@13)%®ﬁm @0? 1@{)8@57( 114[&07.01)% L120Rs.ep@ration

I azol - 4-

of NN—dlcycIopro et hyl -

o) am oy 16 AR iR g b T4 g 407 o? wgﬂﬁr@ﬁ.%.(ﬁémﬁc@r@mm de

[00548] Tqpa 59kt 08k Ph 642 GHLOTRACEL AT 49)-N M i oY Sh APEgRYL7 65 et hyl - 1-
Hz), 0.69-0.79 (m, 8H)

Example 120
AN
N’\\N
A IS
O N N N
H

15 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(2-methylthiazol-4-ylamino)-1,6-
dihydroeimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide

120A Preparation of 4-(2-chloroacetamido)-N, N-dicyclopropyl-6-ethyl-

1-methyl-1,6-dihydroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-carboxamide

P
NS
d NN NJ\/Cl
J H

20
[00545] To a round bottom flask charged with 4-amino-N, N-dicyclopropyl-6-ethyl-

1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide (example

1J,47.2 mg, 0.139 mmol) was added dichloromethane (697 pL) and triethylamine

(35.0 uL, 0.251 mmol). Chloroacetyl chloride (12.20 uL, 0.153 mmol) was added
25  dropwise. The reaction mixture was stirred at rt for 16h. Additional chloroacetyl

chloride (12.20 pL, 0.153 mmol) was added. The reaction mixture was diluted with
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met hyl - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (58.5
nmg, 15 0.141 mmol) in DMF (176 uL) was added thioacetam de (12.71 ng, 0.169
mrol ) . Thwowoalo2sss capped and the reaction m xture wasPhgasedoas7680 C 3 h.
The reaction m xture was concentrated in vacuo. The crude residue was taken
up in MeOH and purified by prep-HPLC.

N, N- Di cycl opr opyl-6-et hyl - 1- net hyl - 4- ( 2- net hyl t hi azol - 4-

yl am no) - 1, 6- dichweinitiind aze] gearidlR¥eE & 2hed %uﬁwﬁiem&i’hb@bvrb@ afydfufoxam de
(4.05 ny, 206.6%vyield) was isolated as an off-white solid. [00549] VS

(ESI) m z 436s@liyvsufat] Gbgsdpndiqanpgorated Govaz , 4-GvBdows ew@mé@nﬁf 8-78 (s, 1H),

808 (= 11 ol ety in GRSy Aok g paHyp R ndghiely ¢ 03
-0.81 (m 4H) parﬁoﬁﬁndeQSSQ n(gnl014‘}4])y1@6) visasopdtal 421 ordngd\baste\ Mit@iaNwhb N H
/'V, N-di cyclopro |l.oxazol - 2-yl am no) - 1, 6-

di hydr oi m azBT X%Sug’}q%i??%g%%?g%%ylﬁﬁ fl"“(térl%mgéan boxani de WO
2011/ 028864PCT(10@$@01MS)@FB6)21&/21425.AI@V[&H§r ation of 1-azidopropan-2-one 0
[00547] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 8.04 (br s, 1H), 6.90 (s,
1H), 5.31 (s, 2H), 4.62 (q, 2H, J=7.11 Hz), 4.24 (s, 3H), 2.77 — 2.88 (m, 2H), 1.47
(t, 3H, J=7.03 Hz), 0.83 — 0.92 (m, 4H), 0.71 — 0.80 (m, 4H)
10

120  Preparation of N, N-dicyclopropyl-6-ethyl-1-methyl-4-(2-methylthiazol-4-

ylamino)-1.6-dihvdroimidazo[4.5-d]pyrrolo[2.3-b]pyridine-7-carboxamide

[00548] To a solution of 4-(2-chloroacetamido)-N, N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (58.5 mg,
15  0.141 mmol) in DMF (176 uL) was added thioacetamide (12.71 mg, 0.169 mmol).
The vial was capped and the reaction mixture was heated at 80 °C 3 h. The reaction
mixture was concentrated in vacuo. The crude residue was taken up in MeOH and
purified by prep-HPLC. N,N-Dicyclopropyl-6-ethyl-1-methyl-4-(2-methylthiazol-4-
ylamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4.05 mg,
20  6.6% yield) was isolated as an off-white solid.
[00549] MS (ESI) m/z 436.0 (M+H)
[00550] 1H NMR (400 MHz, DMSO-ds) & ppm 8.78 (s, 1H), 8.08 (s, 1H), 7.74 (s,
1H), 7.20 (s, 1H), 4.55 (q, 2H, J=7.19 Hz), 4.03 (s, 3H), 2.87 — 2.98 (m, 2H), 2.65
(s,3H), 1.34 (t, 3H, /= "7.03 Hz), 0.73 — 0.81 (m, 4H), 0.62 — 0.69 (m, 4H)
25
Example 121

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyloxazol-2-ylamino)-1,6-
dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide
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). N3 [00551] To a solution of chloroacetone (0.680 nL, 8.53 mmol) in
acetone (10 nL) 5and water (5.00 nL) was added sodium azide (0.555 g, 8.53
nmol ). Thworena2sssa m xture was stirred at rt 3.5 h. Thecraseeioonéai xt ure
was concentrated under reduced pressure. The remai ni ng agueous sol uti on was
extracted with dichloronethane (2 x). The conbi ned organi cs were washed
with brine, dried over anhydrous sodium sulfate, filtered and concentrated
in vacuo to yield 1-azidopropan-2-one (0.641 g, 6.47 nmol, 1076 %yield) as

a brown oil. This material was used wi thout any purifi cati on. [ 00552] 1H
NMR (400 MHz, CHLGEMAORM d) Pecppiativiofdlgazidopropef)-2-ope 21 (s, 3H)

121BPr epar atl on of N, N-di cycl opropyl- 6- % hyl - 4-i sot hi ocy anat o- 1-
nmet hyl- 1, 6-di hydroi m dazo [4,5 -di pyn-% , 3 -b-Ipyridine-7-carboxam de
15 />\ N-\\ -NNe-C-S ---i [00553] ¥0 xture of

4- am no- N, N- di OpLARY,

i hycr o i das SESLC BT BRAPRRATY IR0 T 55 oneh Heer B 1,
194.5 ng, 6. 5%&d wired (5.00mIdivek hadedediianeid¢ ABY% d, BISP ninblp Theuadtibowot t om f | ask
under nitrogen . 20was added 1,1'-thjocarbonyl di-2(1H)-pyrido

0.575 nmol ). FIREUC LS S5 ATt Ube TRAEACH RISy Ay Gongegfratggu W%r Sﬁjfllécefieactl on

m xture was Cgfé@sﬁl?é e @6hainide ﬁqde@ﬁ’s%‘éﬁfﬂioﬂméé@ufa@ted WithhildheYorkdtRRE (2 x).
opyl-6-ethyl-4-is othiocyanato-1 -neth

di hydr oi m dazdpaconbingsharganics mresw}%wﬂabrﬂ& iSRS IR0 sWfaten 494
yield) was i S‘Hlt@%@gnc?&n@en}(l@ﬂeh%a%&é Wel&?lakﬁoprg%—ﬂ@ﬁee(b%@ H%wlﬁél%%g as is

i n subsequent 25reactions. nmz 381
10 76 %yield) as a brown 011 ThlS materlal was used without any purlﬁcation.

[00552] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 3.96 (s, 2H), 2.21 (s, 3H)

121B Preparation of N, N-dicyclopropyl-6-ethyl-4-isothiocyanato-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

15

Jd NONN
M

[00553] To a mixture of 4-amino-N,N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 194.5 mg,
0.575 mmol) in dichloromethane (2874 uL) in a round bottom flask under nitrogen

20  was added 1,1'-thiocarbonyldi-2(1H)-pyridone (133 mg, 0.575 mmol). The reaction
mixture was stirred at rt for 16 h. The reaction mixture was concentrated under
reduced pressure. N,N-Dicyclopropyl-6-ethyl-4-isothiocyanato-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (180 mg, 94% yield)
was isolated as a yellow sticky solid. The material was used as is in subsequent

25  reactions.

[00554] MS (ESD) m/z 381.1 (M+H)
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WO 2011/ 028864PCT/ US2010/ 047621 121Preparati on of

N, N- di cycl opr opyl- 6- et hyl - 1- net hyl - 4- ( 5- net hyl oxazol - 2-

vl am no) -wo@editrgsbroi m dazo[ 4, 5-dl pyrrol 012, 3- bl pyri di necTASaslboxm21 de

[ 00555] To a solution of

N, N- di cycl opr opyl- 6-et hyl-4-i sot hi ocyanat o- 1- net hyl 1, 6- di hydr oi m dazol[ 4, 5-d
] pyrrol o[ 2, 3-b] pyridi ne-7-carboxam de (exanple 121B, 545.7 ng, 0.120 nmol)

in dioxane (343 [|{h vWagcAdMRH ol vAZHERRRARM 21RNE-rlehih 148 s Mbthyoxhdd-o1mol )
and tri phenyl phosphine (37.8 ng, 0.144 mml). The contgnts of the flask

wer e i mrer sed ylaptnw )4 .6dibyieimadazeld|S-dayole(3 gpiided t o room

t enperat ure. es t d hed with
sat ur at ed aqulousglso ld%o\{@g%gfb %%g' %gygé E%lgluzg%?{h?o an%%sl geh:%?i?gct ed with
et hyl acet at el 61(ﬁhy'ﬂ|r(ﬁmmandi{4ﬁeﬂp}0my®{@Bdﬂpyneltrﬁ Mmﬂftadm!ﬂet(éxablplerié,‘lerl ed over

anhydr ous i su | tered oncen ted i N vaguo. crude
es) due was pib i P B THTehh RS P RERg O i dobER ES 4G 0 B el ut i ng
with 1 - 0% MeOoN CHAGDLD. ana_h@)hﬂé}illﬂloy[ﬂﬂlﬂeq&ﬂ salg o Ivasniohk ae bgnténts d¢eOH and
further purified by preparative HPLC

N, N- Di cycl opr Hﬁﬁlfs%wérteh‘?merfe%f%?rdﬁateg OPrPIcaRBIand oAl Be™ 1, 6- di hydr o

15i m dazo[ 4, StGRMire! Plcdeddl] waklditicd itk Q}Z[ &Q%ﬁ%ﬂn@%u%ﬁed wl s%hﬁﬂe& 10 ny,
25% vyield) as a white solid. [00556] Ms (ESI) nmz 420.0 (M+H) [00557] 1H

NVR (400 Mz, 29SO a@élymmml?ﬁngtes @h¢ aqueqyy)layeg wasextigeted pjth cthyh@efete. 1H) . 6. 66
d, 1H, Js,1. 98

(2 o(m 2H. 10 5 g %e k%ﬂbzlrée% (O?Téa cg We%alzsl;ed \zrtl‘?'gnﬂéz émed‘lov%gan&gglr,og‘sg?os}&lﬁr_ s%?f%ts, (m

4H), 0.60 - Ofiftered and ablnpen&xadpd wicd® 2T he crude residue was purified by flash

25/ V, N-di cycl h azgl-5-ylamn
o) 1.5 iyt BN YRR PR Ao 1 Il B REhTER | codsty A
m xture of N, phldiyellost @pidepy tker gi iyMeEH hsbdfurhagyafiat by drepaedtivg [HPL,(6-

N, N-Dicyclopropyl-6-ethyl-1-methyl-4-(5-methyloxazol-2-ylamino)-1,6-dihydro

15  imidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide was isolated (10 mg, 25% yield)
as a white solid.
[00556] MS (ESI) m/z 420.0 (M+H)
[00557] 1H NMR (400 MHz, DMSO-ds) & ppm 9.86 (s, 1H), 8.05 (s, 1H), 7.18 (s,
1H), 6.66 (d, 1H, J=1.51 Hz), 4.41(q, 2H, J=7.28 Hz), 4.02 (s, 3H), 2.85 - 2.98

20  (m,2H),2.21-2.29 (m, 3H), 1.27 (t, 3H, J=7.15 Hz), 0.71 — 0.80 (m, 4H), 0.60 —
0.70 (m, 4H)

Example 122

N\
P
S Ter g
7 >
O N° N N N
M H

25 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(3-methyl-1,2,4-thiadiazol-5-ylamino)-1,6-
dihydroimidazo[4,5-d]|pyrrolo[2,3-b]|pyridine-7-carboxamide

[00558] A mixture of N,N-dicyclopropyl-6-ethyl-4-isothiocyanato-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 121B, 0.042
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di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 121B,
0.042 - 155 - g, 0.111 mmol), acetam di ne hydrochloride (10.49 ng, 0.111
nmol ), armloHbiwi2ggésBase (0.058 ni, 0.333 mol) in DVF (@CEAB20MN4T625
stirred at rt ON. Diethyl azodicarboxylate (0.088 ni, 0.222 nmobl) was added
and stirring continued at roomtenperature for 16 h. The reaction m xture
was concentrated. The residue 5 was taken up in MeOH and purified by

preparative HEL(S:I 1 ll\llmlﬂ‘ol@)' a%é’t%%e%ﬁ%cﬁonde (10.49 mg, 0.111 mmol), and
ethyl-1-neth -1, 2, thladlazoI-S-% am no) - 1, 6-di h dr0|n1dazo

[4,5- d] pyrroﬁ@[llgsgaﬂ?](?)ﬂ) 8@Ln@33ﬁ1@@pb@xBMFd§6 nézwwgstlrg%a it&N) was

iS55 PR ROV RS g Lo
7.19 Hz), 4. 13‘[ 10em t@npd)a,ture f<936 -h. Tho teattign Bixkiyg was GBcdnsrated Hhg reild&ﬂ (t, 3 H
J= 7.03 Hz), ]was %ken up in %V[e(dp[ nd p@ri’ﬁeg b}z gref)argﬁv%%—ﬂ(ﬂa Zf} Zdj%ic%oa'pn‘gll)y?b;ze’

Preparatio
IV, N—dlcyclopém@ylnﬁ&@tm{lnéﬂ$81anph@mmﬂﬁ%ﬂﬂnﬁﬂjhBaMQGﬂmmnﬁto45-

T e T O T

20isobutyrinlgaﬁhﬂgmbydrochlorlde (15.08 ngy, 0.123 mml) and dlsopropyl

azodi car boxyl at e é 246 mmol
N, N- Di cycl opr 8}¥93%l6- é@%@ﬁﬂﬂm@EBVéé%W‘ yl 1,2, 4-t hi adi azol - 5-yl ani no) - 1- met hy

| 1.6, di hygr oz 0  [rdairdlapl ik f1dod %pgmgoydgdi AEgEpgerinpam e (21 m.

34. 9 % yield) was isolated as an of sol | n z
465. 3 (I\/H—I) 251[ @esm]Hzmm:(Hmwmmw@smpqom 12324 3@ J=1H), 8. 18

1 4.06 (s, 3H, 3.10 (ddd,

(1$H 3 93, 7(%)%55}@68373’%(?”?)@6 ‘58’36’%152 1.4(28(t,Hg%H, 320,408

Hz), 1.32 (s. 3H), 1.31 (s, 3H. 0.72 -0. 8 (m 4H), 0.63 -0.71 (m 4H)
Example 123

>—N e N
{ | = /L\ \>_<
O N N N N
H
15
Preparation of N,N-dicyclopropyl-6-ethyl-4-(3-isopropyl-1,2,4-thiadiazol-5-

ylamine)-1-methyl-1,6-dihydroimidazo[4,5-d]|pyrrolo[2,3-b]pyridine-7-carboxamide

[00561] This compound was prepared according to example 122 using

20  isobutyrimidamide hydrochloride (15.08 mg, 0.123 mmol) and disopropyl
azodicarboxylate (47.8 uL, 0.246 mmol). N,N-Dicyclopropyl-6-ethyl-4-(3-isopropyl-
1,2,4-thiadiazol-5-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (21 mg, 34.9 % yield) was isolated as an off-white solid.
[00562] MS (ESI) m/z 465.3 (M+H)

25 [00563] 1H NMR (400 MHz, DMSO-ds) 6 ppm 12.24 (s, 1H), 8.18 (s, 1H), 7.28 (s,
1H), 4.64 (q, 2H, J=6.94 Hz), 4.06 (s, 3H), 3.10 (ddd, 1H, J=13.93, 6.90, 6.78 Hz),
2.86 -3.00 (m, 2H), 1.42 (t, 3H, J=7.03 Hz), 1.32 (s, 3H), 1.31 (s, 3H), 0.72 - 0.81
(m, 4H), 0.63 —0.71 (m, 4H)
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Exampl e 124

4-(1, 2, 4-thi adi azol -5-yl am no) - N, N-di cycl opropyl-6-ethyl-1-nethyl -1, 6-

5di hydr oiwDaarid24868- d] pyrrol o[ 2, 3- b] pyri di ne- 7- car boxampde/Useabe4i62A

m xture of N, N-di cycl opropyl-6-ethyl-1-nmethyl-4-thioureido-1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 2B, 30
nmg, 0.075 mmol) and 1, 1-di nmet hoxy- N, N-di net hyl met hanam ne (1 g, 8.39 nmol)
was 10 heated at 50 C for 2h. Excessglagpidiipt hoxy- N, N-di net hyl met hanani ne
was evaporated in vacuo and the crude exarrpl e was dissolved in

di chl oronet hane (1 nL) and O-(nmesityl sul fonyl)hydroxylam ne (24.4 ng, O0.113
nmmol ) was added. The reaction m xtu was\ stirred at roomtenperature for
3h. Water was added and the | ayers re sépaxated. The organic | ayer was
dri ed over magnesium sul fate, f]i)l»—ﬂsred I\E agentrat ed in vacuo. The
crude residue was purified by prep o\>g| ve

4- (1, 2, 4-t hi adi azol - 5-yl anmi no) - N, NOdi chI d}prg) N6 et hyl - 1-net hyl - 1, 6-

di hydr0| m dazo[ 4, 5-d] pyrrol of 2, 3- b] pyr di ne- # carboxam de (7 ng, 19.20 %
yield) as a yellow solid. [00565] MS (ESI) mz 423.0 (M+H). 20[00566] 1H
NVR (500 MHz, CDB‘B@)Z,‘Gthi&iiml-ésylamﬁ)))-NSV dicy¢lgpropidy6- eﬂl)'BB-H(ftﬂhylj,& 4.4 Hz,

o) 153 {1, 3 7 thigtohughaots Sdotyogebo e Fpriilamige 53 3‘&) o
Exanpl e 125
iyl - 1. b ai YRR acgtas ST By rebrsps P Sy bl AR e B e e
125APr epar at i @myaxfonﬂdéz%fzaxa}pyhblb[pybpl_yﬂax)le PclNbek Syigd @RAMPK 2BE30 mg,
get hyl -1 - met h%l g_ mErSnocli)I aﬁ%quoclhnn;etc}ilg)%ﬁ}\fdlfv dir dlthrgl}lnl;gt}?a{n?ar]ﬁlzne%l ol é?%br rlngllon%vaz car boxar
e \ N
10 heated at 50 °C for 2h. Excess 1,1-dimethoxy-N, N-dimethylmethanamine was
evaporated in vacuo and the crude example was dissolved in dichloromethane (1 mL)
and O-(mesitylsulfonyl)hydroxylamine (24.4 mg, 0.113 mmol) was added. The
reaction mixture was stirred at room temperature for 3h. Water was added and the
layers were separated. The organic layer was dried over magnesium sulfate, filtered
15  and concentrated in vacuo. The crude residue was purified by preparative HPLC to
give 4-(1,2,4-thiadiazol-5-ylamino)-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (7 mg, 19.20 % yield)
as a yellow solid.
[00565] MS (ESI) m/z 423.0 (M+H).
20 [00566] 'H NMR (500 MHz, CD;OD) &: 8.32 (s, 1H), 8.27 (s, 1H), 7.38 (d, ] = 4.4
Hz, 1H), 7.28 (s, 1H), 4.74 (q, ] = 7.0 Hz, 2H), 4.15 (s, 3H), 2.94 - 3.00 (m, 2H), 1.53
(t,J=7.0 Hz, 3H), 0.82 - 0.89 (m, 4H), 0.75 - 0.82 (m, 4H)

Example 125

25
AN
J> N
|
0 E N’ N/L N
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>-Ne---L/ SO elAO0 111--NN N\H H [00567] To a solution of

4-am no- N, N-di cycl opr opyl-6-et hyl -1-net hyl -1, 6-

di hydr oi mvOaaajn2s$s4d] pyrrol o[ 2, 3-b] pyri di ne- 7- car boxam #eT(iSz@ophm21], 60
ng, 100.177 mmol) in acetone (1.182 nlL) was added acetyl isothiocyanate
(0.020 m., 0.230 mmol ). The reaction m xture was stirred at room
tenperature for 6h. LC/MS showed still half of the starting material left.
Another 0.5 equivyilyeRdpr l-afiﬁBéﬁhmbtﬁ?ﬁ-ﬂlﬁcﬂaﬁﬂ%{z%l-y\@ﬁlnﬁ(i'&&e@emslﬂl Slenyieact i on
m xture was heated at 35 C over ni [vent was evaporated and the crude
product was purifi e1d6-ﬂ311YflrG@M%hHMPW@%&N}B@NI@- carhoxnidgsi ng an
automated |1 SCO system (24 g colum, eluting with 2-8% net hanol /

di chl oronet hane) . 4-( 3- Acetylthloureldo) N, N—dlcyclopropyl 6- ethyl 1-

net hyl - 1, 6- di hydr ol2fiAdaz o[ 4 PEepeliat CERe@ithbwerdodVie digydenrbm

ng, 43.6 %yield

440. 1 (Mt )
dinethyl-lH—1,2,4-

triazol - 3-yl am no) - 6- et hyl - 1- met hyl - 1, 6- di hydr oi m dazol 4, 5-dl pyrrol 012, 3-
bl pyri di ne-7- car boxam de [00569] m xt uge of

4-(3-acetyl thioureido)-N NdicyelQpropyl- -eihyl 1- met hyl -

251, 6-di hydr oi m dazo[ 4, 5-d] pyrT ol 0}-2¢3- ]p ri 7- car boxam de (exanpl e
125A, 17 ng, 0.039 mmol) and net hgl hyeraz” [IL, 0.046 mvl) in
acetic acid (0.5 nL) was heated at 8 C for Hth,HLC/ M5 showed starting
material still remaining Additional nethyl hydrazine (2.486 [IL, 0.046 mmol)
was added and[(vsgl]i NgoaABlktioHETH- irﬁﬂho&nlﬁﬁdhgéloﬁlhpylli@aﬁﬂilllolﬁletﬁsblﬂpbete Sol vent
was evaporated and. the crude - purified by preparatlve HPLC to

furni sh N, N diitydioppiezelHs dlpmohs[?ﬁ H@tfﬂ%@ 11qarboxamid¢ exsrpple 2J, 60 mg,

-yl ami no) 16- ethtnﬁmﬂﬁhﬁ&%né(ﬁiglﬁig&ﬂiﬂh@ﬁ&ﬁaﬂﬁo&ﬂﬂbﬁﬁkﬁgbg)ﬁi 3-
b] pyri di ne-7-car boxam de (5.2 ng, 30.7 %yi el as an off-white solid.
0.230 mmol). The reaction mixture was stirred at room temperature for 6h. LC/MS

showed still half of the starting material left. Another 0.5 equivalent of acetyl
isothiocyanate was added and the reaction mixture was heated at 35 °C overnight.
Solvent was evaporated and the crude product was purified by flash chromatography
15  onsilica gel using an automated ISCO system (24 g column, eluting with 2-8%
methanol / dichloromethane). 4-(3-Acetylthioureido)-N, N-dicyclopropyl-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (34 mg, 43.6
% yield) was obtained as a yellow solid.
[00568] MS (ESI) m/z 440.1 (M+H).
20

125 Preparation of N, N-dicyclopropyl-4-(1,5-dimethyl-14-1,2,4-
triazol-3-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

blpyridine-7-carboxamide

[00569] A mixture of 4-(3-acetylthioureido)-N, N-dicyclopropyl-6-ethyl-1-methyl-

25  1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example 125A, 17
mg, 0.039 mmol) and methylhydrazine (2.486 uL, 0.046 mmol) in acetic acid (0.5
mL) was heated at 80 °C for 4h, LC/MS showed starting material still remaining.
Additional methylhydrazine (2.486 uL, 0.046 mmol) was added and heating

continued for another 2h, reaction complete. Solvent was evaporated and the crude

- 158 -



[ 00570] M5 (ESI) mz 434.3 (M+H). 5[00571] 1H NMR (CDC13) 6: 7.96 (s, 1H),
7.65 (s, 1H), 6.83 (s, 1H, 4.67 (q, J =7.1 Hz, 2H), 4.01 (s, 3H), 3.82
(s, 3H, woomiv@2s®4 (m 2H), 2.43 (s, 3H), 1.48 (t, J =PTTAISkimo/0BHp1 O0.79 -
0.86 (m 4H), 0.71 - 0.77 (m 4H). - 159 - VWHAT |S CLAIMED |IS: 1. A
conpound of the formula () or a stereoisoner, tautomer, or

phar maceutically acceptable salt thereof, wherein 10Xis G _4 alkyl; Y is

G _4 alkyl; Rya$pdiiclby prepafive HPLC to fufnishlI*’,Md%}fcropro\oylll(w—a}lwyljlf—l—
1,2,4-triazol-3-ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
b]pyridine-7-carboxamide (5.2 mg, 30.7 % yield) as an off-white solid.
[00570] MS (ESI) m/z 434.3 (M+H).
5 [00571] 'HNMR (CDCl) &: 7.96 (s, 1H), 7.65 (s, 1H), 6.83 (s, 1H), 4.67 (q, ] =
7.1 Hz, 2H), 4.01 (s, 3H), 3.82 (s, 3H), 2.77 - 2.84 (m, 2H), 2.43 (s, 3H), 1.48 (t, ] =
7.2 Hz, 3H), 0.79 - 0.86 (m, 4H), 0.71 - 0.77 (m, 4H).
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e (NS -e ....,r-NNR2 ----1-- \NR2 =------- (NNRRN R1,--1\1', orRl
any of which are optionally fused with a 5 or 6 nenbered carbocycl e or

het er ocycWe,20s1i2886het er ocycl e hayi ng one het er oat om sel ecras26100m6NR3 or S,
sai d fused 20carbocycle or heterocycle being optionally substituted with

0-3 RI. Rl is H halo, CN, G _6 alkyl substituted with 0-3 Re, CF3,
CONRaRa, NRaRa, COORb, S02-Cl-4allCyl, C(0)Rd, cycloal kyl substituted with
0-3 Re, furanyl, tetrahydropyranyl or pyridinyl; - 160 - R2 is H,

Cl 6 al kyl substituted with 0-3 Re, C(0)0-0C 4al kyl, S02-C 4al kyl

cycl oal kyl suBSHATUSLL-AWMBDAS3 Re, tetrahydropyranyl or R2 is absent; R3
is H C(0)0-C 4dallcyl, or R3 is absent; Ra is H Cl1 6 alkyl
substituted with 0-3 Re, C3-6 cycloal kyl substituted with 0-3 5Re,

t etrahydropyranyl br didxetsundbilie trmubphenyl; Ro is H or G _6 al kyl;

Re is H halo, CN, OH 0-GC _4al kyl, 0-G 4al kyl -O Ci 4al kyl, NH2, N(Cl-4

al kyl) 2, O)N(C _4al kyl)2, S02-C _4allcyl, or norpholinyl or piperazinyl
either of which are optionally substitwuted wWith 0-1 G _4alkyl; 10Rd is Cl1_6
al kyl, or azeridinyl, azetidinyl, pyr;J%l i di nYI\ pi peridinyl, norpholinyl,
pi perazinyl, dioxidothi onorphol i r&b—r t Nopyranyl, any of which are
substituted with 0-2 Re; and Re | hal o, CN, G _4 alkyl, OH,
0-Gi4allcyl, S02-Gi _4dalkyl, NHC(0)-CO- 4aFkyk? “wofpholinyl,

OC(0)-C _4dallcyl, C(O)NC _4al kyl)2, or X- G _4dabkyl -O-Ci _4a| kyl. 15 2. The
compound according to claim1 a

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein

10 X is Cy4 alkyl;
Y is Cy 4 alkyl;
Ris
15
5\“/\2*@ g\“/\kw \g\H/S\N SSLE(‘O $\|/\S
L
R' R" R R
~ N
\E<N—R2 \53 _ g\,\lr\ N—R2
\E\N—Rz
R’ =N or R' .

any of which are optionally fused with a 5 or 6 membered carbocycle or heterocycle,
said heterocycle having one heteroatom selected from NR® or S, said fused
20  carbocycle or heterocycle being optionally substituted with 0-3 R'.
R' is H, halo, CN, Cy.¢ alkyl substituted with 0-3 R, CF;, CONR’R?, NR*R®,
COORP, S0,-C,4alkyl, C(O)RY, cycloalkyl substituted with 0-3 R, furanyl,
tetrahydropyranyl or pyridinyl;
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wherein X is ethyl; 20Y is methyl; and Ris TR10,1\1,\ N /NN Rl ,R1R1

______ NsN -
--L, - - (NAvBDRoetr/02886W RIR1L - 161 - any of which are opti omairius2elestezt ut ed

with 0-3 R1;
salt thereof

R ---.......: I -- SN-R2"Tr...,...".<N-R2N

or a stereoisoner, tautoner, or pharnaceutically acceptable
3. The conpound according to claim2 wherein Ris

N-R2sSN-R2 N-R2 , RIN, orRl 4. The conpound according to claim2 15

wher ei n

10

15

20

R” is H, Cy.¢ alkyl substituted with 0-3 R®, C(0)O-C;salkyl, SO»-Cy_alkyl,
cycloalkyl substituted with 0-3 R, tetrahydropyranyl or R? is absent;

R*is H, C(0)O-C,.4alkyl, or R* is absent;

R is H, Cy alkyl substituted with 0-3 R®, Cs.6 cycloalkyl substituted with 0-3
R, tetrahydropyranyl or dioxotetrahydrothiophenyl;

R"is H or Ci6 alkyl;

R®is H, halo, CN, OH, O-Cy_salkyl, O-C;.salkyl-O-C;_salkyl, NH,, N(Cy4
alkyl),, C(O)N(Cy.salkyl),, SO,-Cj4alkyl, or morpholinyl or piperazinyl either of
which are optionally substituted with 0-1 C, 4alkyl;

R%is Cig alkyl, or azeridinyl, azetidinyl, pyrrolidinyl, piperidinyl,
morpholinyl, piperazinyl, dioxidothiomorpholinyl or tetrahydropyranyl, any of which
are substituted with 0-2 R®; and

Rfis H, halo, CN, C;4 alkyl, OH, O-Cy_salkyl, SO,-C;_salkyl, NHC(O)-C;.
salkyl, morpholinyl, OC(O)-C;_salkyl, C(O)N(C;_4alkyl),, or O-C.4alkyl-O-C;_salkyl.

2. The compound according to claim 1
wherein
X is ethyl;

Y is methyl; and
Ris

Goa bre e how i
\Wal \N'r/ R \h','//N P \N@S
SO A Y
~Spen §\|4N\ \5\rs

N-R2 — N—R?2
s R Y
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Ris - 162 - any of which are optionally substituted with 0-2 RL 5 5.
The conpound according to claim2 wherein Ris RLis H halo, CN, C1 6

al kyl subsOi2zbutessewi th 0-3 Re, CF3, CONRaRa, COORb, 10SegTdisd@lokyie21 C(0) Rd,
cycl oal kyl substituted with 0-3 Re, or pyridinyl; Rais H Cl_6 alkyl
substituted with 0-3 Re, C3_6 cycloal kyl substituted with 0-3 Re,

t et rahydr opyranyl, or di oxotetrahydrothi ophenyl; Rb is H or G _6 alkyl; Re
is H halo, OH s0-C 4al kyl, S02-C _4al kyl _or m)rphol i ny 15Rd is G _6

al kyl, or azetTgh rroI i di nyl, nor eyl , piper vl or

di oxi dot hi onor ph \gﬁ\l‘l)a/el chare suﬂb ted wt 0/ ep and
NO‘-@ 4al 2-Ci 4a

Re is H halo, CN, NNHE( 0) - G Mal Ryl or
nor pholinyl; or a st ¥ eoi sorrer mer, or ar maceut i cal ept abl e
salt thereof 20 R'6. The corrp R'accordi ng'to claim 2 V\Her ein - 163 -

e ( NR2

\57/ .,
\SS’T\S/{} \2\( ) R1/‘}¢%N R

any of which are optionally substituted with 0-3 R';

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof.

5
3. The compound according to claim 2
wherein
R is
10
gT\/g—w SS»T\/%W 5\“/ N gt(‘o
N N N\/< =
R! R! R! R!

\(\S \N_RZ \5 \|/ \N—Rz
NQ( = =
R1

=~

4. The compound according to claim 2
15  wherein

Ris
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R isRl Rl is H halo, G _6 alkyl substituted with 0-3 Re, CF3,

CONRaRa, COORb, C(0)Rd, cycloal kyl substituted with 0-3 Re, or furanyl;
R2 is H vb2611a2k86k substituted with 0-3 Re, S02- G 4al | egirjuseyologmbky|
5substituted with 0-3 Re, or tetrahydropyranyl; Ra is H, or Ci,6 alkyl

substituted with 0-3 Re; Rois Hor G _6 al kyl; Re is H halo, CN,
OH, 0-C _4dallcyl, 0-G _4al kyl-O G 4al kyl, NH2, N(Cl-4 al kyl) 2,

C(O)N(C _4dallcyl)2, S02-C 4allcyl, or norpholinyl or piperazinyl, either

of 10which are optional Ly S $tuted with 0-1 Ciy 4al kyl ; Rdis C_6
al kyl , or nor phgNK , /Pi per agi or i oxi dot th

hol i nyl, any of which
are substituted 2 Re; Relis r11-1,\/(C14 al kyl , @1’ N NHC(0)-C _4al kyl

or norpholinyl; Nt eoi somer, tawottq_g)a|k>?}r phar gac ically acceptable
salt thereof 15 7. The compound according to claim®6 erein RL is Cl1,6

al kyl substituted with 0-3 Re; and R2sis G _6 alkyl. 20 8. A pharmaceuti cal
conposition cmﬂgﬁl/ssi ng a gaced i c #'Tysaccept abjge carrier and one or
mor e conpounds of!l apy—~of Cl ai np—%-7 or caut i My cceptabl e salts,
tautoners or sterj\%rs S 259. A o und of N f clains 1-7 or

phar maceutical |y acteptabl e sa-+4, .tautoners o stereoi soners thereof, for
use in therapy.g
~ S —_
\“// 5 /N‘ 2
N \\N
R® or Z ;

any of which are optionally substituted with 0-2 R'

5
5. The compound according to claim 2
wherein
- Ss”\“/ S,
N/
R is R' .

R' is H, halo, CN, Cy.¢ alkyl substituted with 0-3 R, CFs, CONR"R?, COOR",
10 SO,-Cysalkyl, C(O)R?, cycloalkyl substituted with 0-3 R, or pyridinyl;
R is H, Cy alkyl substituted with 0-3 R®, Cs.6 cycloalkyl substituted with 0-3
R, tetrahydropyranyl, or dioxotetrahydrothiophenyl,
R’ is H or Cy.6 alkyl;
R® is H, halo, OH, O-C;alkyl, SO,-C;.salkyl or morpholinyl;
15 R%is Cyg alkyl, or azetidinyl, pyrrolidinyl, morpholinyl, piperazinyl or
dioxidothiomorpholinyl, any of which are substituted with 0-2 R®; and
Rfis H, halo, CN, OH, O-Cy_salkyl, SO,-C;4alkyl, NHC(O)-C;_4alkyl or
morpholinyl;
or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof.
20
6. The compound according to claim 2

wherein
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10. Use of a conpound of any of clains 1-7 or pharmaceutically

acceptabl e salts, tautoners or stereoisoners thereof, for the manufacture
of a 30mewipDcanmmsssfior the treatment of nyel oproliferati PeTdiSs@asem20r
cancer. - 164 - WD 2011/ 028864PCT/ US2010/ 047621 11. Use of a
conpound according to Caim 10, wherein the cancer is selected fromsolid
tunors of the pancreas, prostate, lung, head and neck, breast, colon,

ovary, gastric cancer, | tiple nyel oma, nel anona, neurobl ast ong,

5gl i obl ast oma, systeni §¢ocytosis,and hemat ol ogi cal mal i gnanci es such as
acut e nyel ogenous Ieuke;izgvrﬁcluding refractory acute nyeloid | eukem a)
and acute |ynphoid | eukem a, 12. Use of a conpound according to Claim
10, wherein the 10&?%Ioproﬁ?ferative di sease i s polycythem a vera,

essenti al thrO”bocﬁtﬁﬁﬁﬂhﬁﬁ%Qﬁﬁ%ﬁHﬁﬁﬁmﬁM%hmﬁi?Ro%%ﬁ- ONRﬂF,CééRPC“e or nore

conpound(s) according to clai as an active agen or treating
nyel oprol i f er (ORE, dicbelislsbuitutehnwitled-3iRT, a franytal 15 14. One or nore

conmpound(s) as an acti agent for treating.cgncer accor di to claim13,
wherein the cancerﬁiclél%gll‘églgg u?sgl(t)urtﬁc{s ﬁ?%@?{ur%%s b"‘?ﬁP’ﬁgycpoefln leas, prostate,
| ung, head5andunemicd Witheas R, o€ @lreliydrapyaanyl;, gastri c cancer, nultiple

nyel oma, nel anoma, neurobl astone, gliaqbl.ast 1, Ssystem c mastocytosis, and
20 henat ol ogi cal n%l?gﬁah %@%b@ﬁ@ﬁgggﬁé%ﬁvé?ggelogenous | eukeni a (i ncl uding

refractory acute nyekeig d,gukgnm a) and acute | ypnphoid | eukem a
15. One or nore conpound(s) as an active agent for treatin

nyel oprol i f erati veRdp Sebde @A dP ol lPRimlnd-O-khetkel, ﬁ\”%hg(cl-ét
/o BTl 1 02 R, SR LB Tt 801 ra
10 which are optionally substituted with 0-1 C,4alkyl;
R%is Cyg alkyl, or morpholinyl, piperazinyl or dioxidothiomorpholinyl, any of
which are substituted with 0-2 R®;
R®is H, Cy4 alkyl, CN, OH, NHC(O)-C;_salkyl or morpholinyl;
or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof.
15
7. The compound according to claim 6
wherein
R' is Cy.¢ alkyl substituted with 0-3 R%; and
R’ is Cy.6 alkyl.
20
8. A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and one or more compounds of any of claims 1-7 or

pharmaceutically acceptable salts, tautomers or stereoisomers thereof.

25 9. A compound of any of claims 1-7 or pharmaceutically acceptable salts,

tautomers or stereoisomers thereof, for use in therapy.

10.  Use of'a compound of any of claims 1-7 or pharmaceutically
acceptable salts, tautomers or stereoisomers thercof, for the manufacture of a

30  medicament for the treatment of myeloproliferative diseases or cancer.

~ 164 -



WO 2011/028864 PCT/US2010/047621

10

15

20

25

11.  Use of a compound according to Claim 10, wherein the cancer is
selected from solid tumors of the pancreas, prostate, lung, head and neck, breast,
colon, ovary, gastric cancer, multiple myeloma, melanoma, neuroblastoma,
glioblastoma, systemic mastocytosis,and hematological malignancies such as acute
myelogenous leukemia (including refractory acute myeloid leukemia) and acute

lymphoid leukemia

12.  Use of a compound according to Claim 10, wherein the
myeloproliferative disease is polycythemia vera, essential thrombocytopenia or

primary myelofibrosis.

13. One or more compound(s) according to claim 1 as an active agent for

treating myeloproliferative diseases or cancer in a mammal.

14. One or more compound(s) as an active agent for treating cancer
according to claim 13, wherein the cancer is selected from solid tumors of the
pancreas, prostate, lung, head and neck, breast, colon, ovary, gastric cancer, multiple
myeloma, melanoma, neuroblastoma, glioblastoma, systemic mastocytosis,and
hematological malignancies such as acute myelogenous leukemia (including

refractory acute myeloid leukemia) and acute lypmphoid leukemia
15. One or more compound(s) as an active agent for treating

myeloproliferative disease according to claim 13, wherein the myeloproliferative

disease is polycythemia vera, essential thrombocytopenia or primary myelofibrosis.
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