JAK2 | NH Bl TORS AND THEI R USE FOR THE TREATMENT OF MYELOPROLI FERATI VE

DI SEASES AND CANCER FI ELD OF THE | NVENTI ON 5100011This invention relates to
novel conpounds that are useful as anti-cancer/ antiproliferative agents.
Thi s i nvenwo1e8ss4r el ates to a nethod of using the cBAPYEHAEI461t he
treatnment of proliferative di seases, such as cancer, and to pharnaceuti cal
conpositions containing the conpounds. 10BACKGROUND OF THE | NVENTI ON
100021Efforts to identify new therapeutic approaches to Ph(-)

nyel oproliferative AKZHSBIBIRAQOBSRNNTHEIR USEFDRHOYVHENREIIENEToNns of

constitutive activati on\&,e&? mﬁny]ﬂ%@h@g%ﬁm cMgD patients. In

particular, a single vall n al aninc nu ion at residue 617
(JAK2- V617F) in JAK2 has been observed in the mgjority of 15 PV (95%, ET

(50-60% and PMF (50-60% pati e%@ﬁ“é[ﬁb{'ﬁ%}\r‘i%ﬂwl cs et al., 2005; Baxter

et al., 2005; Tefferi et al., nutation resides in the
regi on of the JWKE geifidis emonidi reiptds engslegtpkindatse acbownefites whti-enca/s t hought

to function as Al aitbeh LA 90X s ARRL UL RIAEIN ALR. SRl HE BTG nace

activity. Mitaflons in ex 0 result Tn constitutive
JAK2 ki nase actit khptlyﬁtracrﬂem%ﬂlsldm@ib&eir\vem 2Rt danger lapdweharipesyikthcy (<5%in PV

and ET) and are Hald % tg?gﬁolﬂﬁl BrMahdh JAK2VEL17F | esions (Pardanari et
al ., 2007, Scotstnm)e{%S lallb "2007) . P<2n|Bs a nmenber of a non-receptor tyrosine

Ki nase famly that al so |ncI udes JAKE, Tyk2 and JAK3 and function as

medi at ors ofy cytoki ne recept @i cSt@RGUNDDE TAE INGYNGYOSEe Many, 2007). Upon
cytokine binding to its cognate receptor, receptor-bound JAK famly nenbers

25are activat edl‘?@ﬁid phBesHe gty scvathgrriic arproaelisnto Ahr-Amedenrpliferaiver act or |

whi ch upon JAK- el mvechameﬁen%yh@bb@mmﬂ@f&@aﬁmgb h® Atk 08 ) aod
transl ocation to the nucleus to regul ate gene expression. Genetic and

bi ocheni cal st (it @gnahiagRathvey dH0 @ﬁ‘é‘ﬂ‘ (Eﬁ&“t“i‘cﬁli‘t 2SRV HECTONS Bl BRgagenent  of

a JAK famly rrem@fmw.&smua@n mkyww) nCMI[@Niaﬂ@ccﬁ BR8Nt ther@foritnst ance,
eryt hropoi etin F bopoi et | and gr anuﬂgl ocytﬁi | ony
sti nul at i ng'*f adt'd? /(’G@IT@%WO/?@E‘EHY[BFS Wd‘ﬁ@étﬁﬁﬁt(fw T HROVIH B emg?’edom nant

activation of JAgZet @ TR0 RTEFEQMMS DO MKS Vg I mmgmnmmw iwtientgio dth t he

pat ho- physi ol ogy of MPD associ at ed he. J - V61l tation, these

cyt oki nes pr onglice’/‘ﬁ%é"‘ﬁlcf“fo@}“%H“tcll’éct“f“\flj‘ﬂ"aé%‘h) ‘QH }ig ‘O'fﬁm W%‘Cﬁ‘é 193 ypes
underlying PV, aldingbtorP¥maii @Speekd J\Aeadzyymuiﬂ liikee atiner Myereisiicc@at i vati on
events, expres is not sufficient to pronpte transformation
in cell based ﬁoﬂ&pﬁ{zy@l%}%oéﬁﬂh HEHEENe éﬂ%}%n‘fsbd?@&ﬁﬁ r%mf‘ﬁ’éc%b - expressi on
of the typeol cewhakisse ibfeaeEton P\hmglhl'rl)galftiaimgmamyidmmﬁ\tgamth functional

co- dependence AK- ¢ i ne C L| t , 2005).

| nterestingly, 93%%0&;# kﬁﬁ“% ‘éfmdbﬁsi %(R)?h%mllL r%@:z:jp? l(SMﬂfeﬁtmf\[rof/"pt ophan to
| euci ne subst i tzubi-excyadr tyredictkiresSam)ly hMUhxwdcq MﬂtTﬁM@w 1AK3VRD patients

afflicted wth _ JAK2- V617F ne at.ive PNMVE a 9% tively)
resulting in cgns O"tdt]tn?c\(}'é“ t%imc 'cccgttm %1‘1'5 ﬁgve?\nvd%}@unéﬁ&ﬁ‘;OOG) .

10These obser vapboeagokimdigageao thapnaldkecSoatrecspigriaund Hahdug ticahergan be

activated 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), thrombopoictin

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

1.



t hrough nutation in MPD at nultiple points in the pathway in a nutually
excl usi ve manner and suggest the possible presence of additional pathway
mutations in JAK2 - V617F and MPL-Wh15L negative MPD. 100031l nport ant

val i dat i onWof200ARE86k1 gnal i ng as a driver of Ph(-) MD mmrged/d%tr om r odent
nodel s where JAK2-V617F nutant signaling was reconstituted in the

hemat opoi eti ¢ stemcell conpartnent. Several |aboratories denonstrated that
viral transduction of JAK2-V617F into nouse bone marrow and subsequent
re-inplantati omuian'fbnothnamwpkiemthMm@thds di&“cmsttai::bnﬂnedxm&u@fﬁhhc&slp@fpctss human MPD
(Wernig et al t 1 ael eskas et

al ., 2006). Thglgcgqg&‘r %\gt%ﬁlrjagg?&gt °tﬂ§m @ﬁé’%}g Y cm@f ddtw‘%{m chn *en nonegal y
from ext rarredqua%yOIhefdaKéﬁ/@llﬁsrs 8yt sgffiaipul topyhas nsn:aamdatbome:cﬁaaslcmw fibrosis
all which are I I A, e | unl i ke

t he human condlﬁjt ;&%nﬁ&[ﬂhﬁﬁﬁ aggccbgls% t(yl%g& Q%‘;?Jc% cxéc“mdopgh @ﬁ?f%ﬂ%ﬁl ne nodel s
and was sugéestcé@t% 11§é11£é41tlg4lbmamhé'u@fm0@é%mgﬁ§mcgeﬁé‘c T&K-eytelits t hat
contribute to %%&lliﬁ&dﬁ&pﬂn%'t8n2(§0\g¢thcx‘ﬁBﬂ?lactwag%g%ta (AP
reconstitution of the TPO receptor nutat in rodent bone

mar r ow r esul t etfCinter MR EePksnitd ]é‘#%ﬂcmﬂétltﬂtl@é‘taﬁldw ) hﬁ\*ﬁ’mce ideatpied onset

than JAK2- V6 | AlpopidaRed §fﬂtcnatw;mm<§%ﬂl ,@gc%mg P91fr 2Rl tﬂw/ya.{m% of ribosis
i ncl udi ng spl enonegal hepat onegal y, and reticulin brosi s of bone marrow

(Pi knan et al . "seosEY. ‘%‘1%‘6% ‘Uﬁ‘?"F“lk‘é“"FHéKﬁ&F@Q“VB‘}“PF(%H@ICt alyP¥)-expr essi ng

IMPL- V51 5L dUSph‘ﬁ%@Qx&O&dft}m&bcﬁc HANARDRSA VRS binsBREBARS bk Rdiveal i ng a nore
dom nant function of the receﬁtor actlvatl on conpared to JAK2-V617 in the

expansi on of t Hfeh pmaatioydn PRI paints iy Wégﬁl“bﬂb’s}’éf‘ PaplbEclBe g ecti vel y
under score t hembmeeanabudaeid: e Whlsib\WhtddncanichddiMsdt padetay Afutadisndf IAF - Mut at i ons

underlying the D. 10004] A key question to the
genetic basis 85{7%%5??@"@{‘3%‘%8%“&%%@/&| ti onal genetic events that
contribute to meme;asemcnﬁgr%aatmmomy@ncgndmgzs anehcMiLRA(- )Swareaqlerg%dli nes of
TR i L R A ML o N
generate two JWkR«ip6itFstal ¢eﬂlcexspmumdmc&tw,nagalane&@lc,ed&mmmahmrth&elul cl ones
honozygous for evi.ne et a nthis regard it
will be i rrporttargm{‘?lt"':mJn eve%32 I%(@%ﬁ“ Rk oﬁaon%%ﬂ?“\fé?ﬂ?é“?(%é’éﬁc in animals and to
det erm ne t he piémotiypho rcicﬁrn@mmsaeapaemamsdeévctahapéwnmmylgmﬂ@ (Wernys

het er 0zygous INGYRIE) Q47 Il el £ L00Rl Yaalfiersy | Bokviflence for an

i nherited g mine a recedeé and oses patients to acquire
JAK2- V617F ¢ Golsettich wpludad Ch:lvatud @O@@cutu@mimcu@h’ fam cm@m@lal)lmas wel | as | oss of
chr omosomal T Qanatk, LTy VER RAL hERSae AL AR MR SANMEIST on AM. TS
observed clinically at nod er At e fleve s and activating hr onosonal
transl| ocat i onsit@plCxstyses e Itgyestieghk ephils thtéwmd@aﬁﬁﬂéitl@glﬂnembﬁmatpab w#ggest t hat
it is questionaRbgelbddh whla MR bkl fddv9SRelhd tdid ‘Mtﬁ[)utdﬂqo bhi s cont ext
suggesting additional genetic alterations are required for full |eukemc

t ransf or mat i onSCEOPHEYEHRHT rerts ghpt captributo pppjafclet Prsasog & any eital- G1R86).

not Wi t hst angli NGimildARndtliioR bt hOPPAM crcazt&% dlttmnmﬂqJCW‘i@SL)nWoﬁénﬁ e ' S
sufficient to nodul at§ fl sease progression in pre- 20clinical animal nodels
v

suggest i ng t hataAKSs ’i“\?‘é‘ﬁclﬁ?ﬁ‘oi @‘@u‘f‘*f‘?‘*&?“éﬂ?‘ s il wesst B YPD ( Par adani
et al., 2007).véitrrehitdals Be: Wapemihasdn: &f@nhﬁ@ﬂﬁygfoﬁﬁohgﬁﬁuéﬁddl tional genetic
alterations and dem(p@ how tg ﬁﬁﬁnle# c ggﬁes contrl bute to the

di sease progr eRLORAY- sprtopega alin s O B AREOBE T RS VBls 7F and
MPL-Wh15L. |t Miob) ABb amlikb@eiJAROMGATH mbdel, inig@l cRpreRing ML wachessptged dentify if
ot her JAK236)at

dr: amf}{lc thrombocytosis perhaps indicating a more dominant function of the receptor

activation compared to JAK2-VG617 in the expansion of this lineage. Nonetheless,



25conmponents are nmutated in MPD patients not associated with the

acqui sition of JAK2-V6l 7F, JAK2 exonl2 or MPL-Wh15L nutations. [00051The
pat ent publicati on W2006/ 122137 di scl oses counpounds which are useful as
FI CK i nhi bm@rgt/o2B%anpl e No. Al71 di scl oses the conmpourk@Tal2ait@ed7$20r nul a 0
whi ch was found to have weak activity against JAK2 in the assay descri bed
her ei nbel ow. DETAI LED DESCRI PTI ON OF THE | NVENTI ON | 0006) The present

i nvention provides for conpounds of forrmula I, pharnaceutical conpositions
enpl oyi ng suchtmsamﬁumdbnaamuﬁﬂMynmkhoﬂsdmﬁdusﬂmgﬂﬂmcMBdﬁWpduHﬁQ- [ 00071 In

accor dance mnt esent invention Mp3ed conpounds of
fornmul a | f\/(t plﬁr\ uvmlrbt tﬁmns utﬂuéy éﬁ’,th%ﬁno%ewon O’Ehum[dlg NP or

_phar _rraceutl caI I{woapcep.tla:bkl&msmw thie lzerceobas iswh BIPE) inthe role ofd&’chiitsmbm al kyl; X
is GA al kyl . 13R th wuata th Xon?nbutc (Ba;léudha{)?oggggloﬂg'e@hrlld%/er Oa§9NWLt$L @r o or 6

menber ed carboé?nﬁe or eroc 1 om se ected from NW
or S, said fmSédon&mmdaychg @tahemaﬁgmycd@mb@omgnﬁ@Dubﬂ&hbwgSubmt|tuted

N
furanyl, tetrahpd2omiramics il@tcatfg&grq sgllpcny)h for ccil cloncs homozygous for the

mutated kinase (Levine et al., 2005). In this regard it will be important to develop
conditional FAK2-V617F knock-in animals and to determine the phenotypic

10 conscquences of the homozygous versus heterozygous JAK2-V617F burden.
Additionally, there is evidence for an inherited germline allele that precedes and
predisposes patients to acquire JAK2-VGO1TE (Goerttler ¢t 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, JAK2 inhibition
with small molecule inhibitors is suftficient to modulate disease progression in pre-

20 clinical animal models suggesting that JAK? activation is sufficicnt for maintaining
MPD (Paradani et al., 2007). [t 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-W515L. 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-VG17F, JAK2 exonl2 or MPL-WS515L mutations.
[0G0S] The patent publication WO2006/122137 discloses coumpounds which are

useful as IKK inhibitors. Example No. A171 discloses the compound of the formula



fe is absent, 11, C alkyl substituted with 0-3 Re, C(0)O0-C, 4allcyl,

S02- Ci cycl oal kyl substituted with 0-3 Re, or tetrahydropyranyl; R3 is
absent,or C(0)0-C . 4al kyl; W is H C 4 alkyl substituted with
0-3 Re, C3weemobssad kyl substituted with 0-3 5Re, tetrahydnopysany|, or

di oxot et rahydr ot hi ophenyl; RI' is Hor C46 alkyl; Re is FI, halo, CN, OH,
0-Cl :al kyl, 0-GC 4al kyl -0 Chal kyl , N(C14 al ky1) 2" C(0)N(CLi al ky1) 2,

S02- C, 4al kyl, or norpholinyl or piperazinyl, either of which are optionally
substituted Wi tvhicDwis Qliddahdoy WeaklQRetyiagaifsl Gatad # ke, as@y dageyet di nyl
azetidinyl, Lro |?|nyl pi peridinyl, norpholinyl, piperazinyl,

cli oxi dot hi onp %H%‘?“ﬁm or tetrahydropyranyl, any of which are substituted
with 0-2 Re; and Re is H, halo, CN, C-4 aIk |, OH O0-G..4alkyl,

S02- Cmal kyl , NHC(0) - Ct no (C, 4al kyl ) 2, or
0- G . 4al kyl - O Cl4al kyl . ?Eqﬁ%@%bﬁﬁ%ﬁlgﬁémﬁwgi e conpounds of
Formula (.1p, i@Glei niheRrekant mvanelRﬁowécsI‘ﬁbi/coWihRﬂs Riormany, phirmatdutdat ar c

|1 b 101
gg}t’rlpg'??rd Syofs quLf"ﬁr{ﬁHg&q L%Mﬁl%g%%su%h rl:%m(&unds it Ihm(PP ods oléus%g mc(f]l CP‘F’I%M{%

[0007] In accordance with the present invention, there are disclosed compounds of
formula [
Y\
Wae
N
Z | oS
<= R
O  NTONTTN
X H

10 80

or a sterevisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein:

Y is Cyrq alkyl;
X iS Ciul 'dlk}’];
15 R is
S U “‘%r}m S 5\@\0 =
i R'I 1 R1 R‘i
$ ~ N-R2 — SeTNN—Rz
\];< s\lf\N—Rz N
R' =N L or RT .

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 catbocycle or heterocycle

being optionally substituted with 0-3 R',

[0008] R'is H, halo, CN, Cy.¢ alkyl substituted with 0-3 R®, CF;, CONR'R",

NRR® COOR®, SO;-Caalkyl, C(O)RY, cycloalkyl substituted with 0-3 R®, furanyl,

tetrahtydropyranyl, or pyridinyl;



[ 001111 n anot her enbodi nent are conpounds of Formula (0, wherein: Ris \
TN-R2 N-R- N-z< RWz"N ,or any of which are optionally substituted
with 0-2 R WD 2011/ 028864PCT/ US2010/ 047621 100131l n anot her enbodi nent
are conpoumdsoofo2fsinmul a (1), wherein Ris Rl is H ReEFYS200M47€1. 6 al kyl
substituted wth 0-3 Re, CF3, CONReRe, COORb, 5S02-C1.4alkyl, C(0)Rd,

cycl oal kyl substituted with 0-3 Re, or pyridinyl; Re is El, CL 6 alkyl
substituted with 0-3 Re, 02.6 cycloal kyl substituted with 0-3

t et rahydr opyranyl oR”ightisexdi &tk ahyldniatitico phe Ml R°, RO)OL kilod, SO4C5 al kyl ;

salkyl, cycloalkyl substituted with 0-3 R®, or tetrahydropyranyl;
R'is absent, H, or C{ONO-Calkyl;
R" is H, C1 alkyl substituted with 0-3 R*, Cj.s cycloaltky! substituted with 0-3
5 R tetrahydropyranyl, or dioxotetrahydrothiophenyl;

R" is H or Cy.g atkyl;

R® is H, halo, CN, OH, O-Cy.salkyl, O-Ci.salkyl-O-C\.qalkyl, NHz, N(Ci4
alkyly, COWN(C .4alkyl)s, SO»-Caalkyl, or morpholinyl or piperazinyl, either of
which are optionally substituted with 0-1 C4alkyl;

10 R is C1 alkyl, or azeridinyl, azetidinyl, pyrrolidinyl, piperidinyl,
morpholinyl, piperazinyl, dioxidothiomorpholinyl or tetrahydropyranyl, any of which
are substituted with 0-2 R®; and

R°is H, halo, CN, Cy4 alkyl, OH, O-C alkyl, SOy-Caalkyl, NHC(O)-Cy.
salkyl, morpholinyl, OC(0)-C,salkyl, C(OIN(Cualkyl),, or O-C\4alkyl-O-C,4alkyl.

5
[0069] In another embodiment are compounds of Formula (1), wherein:
R is
S .
5\“/ R $T R 5 I N $ ~ o g\f\s
1 Rt 1 1
5 _ N-R? g\F ‘N—R2 $TS
\% \5 - N / \
. N-R? ~2
R’ N R =R
S & -
S~ ) s -
7 Vg "SLII/S N\(\N\ R N/ \20
AR e S
1 K 1 1 ©
20 R , R , R , R ,



Re is H halo, OH 0-Cl.4al kyl, S02-Cl4al kyl or norpholinyl; 10Rd is Cl.6
al kyl, or azetidinyl, pyrrolidinyl, norpholinyl, piperazinyl or

di oxi dot hi or nor phol i nyl, any of which are substituted with 0-2 Re; Re
is H, hal owocn1/0@#864 0- C1. 4alkyl, S02- Cl. 4al kyl , NHC( O)rcTlusda@dkyrk2tor

nmor phol i nyl . 15[ 0014] I n anot her enbodi nent are conpounds of Formula (1),
wherein: NR2 Ris Rl is H halo, C1 6 alkyl substituted with 0-3 Re,
CF3, CONlele, COORb, C(0)Rd, cycloal kyl substituted with 0-3 Re or furanyl;
R2 is H, Cl.6 alykylvhishhsbphabledubsitituedyB 0RR'cycl oal kyl 20substituted with
0-3 Re, or tetrahydropyranyl; Ris H, or Cl.6 al kyl substituted with 0-3
Re; Rhis Hor C.5 al kyl; Re is H halo, CN, OH O0-Cr.4al ky',

0- Ck4al kyl - O C008HI kyih pndiid? protiiGindaraddaypdyidls of{odhdNg CL whalcloy 1) 2,
S02- Cl1. 4alkyl, or norpholinyl or piperazinyl, either of 25which are

optionally substituted with 0-1 Cl4al kyl; Rd is Cl1.6 al kyl, or
mor phol i nyl 3 piperéﬁhnymybnmUioxidothionniphoIinyI, any of which are
substituted with 02,Rg,; and Re is Et, C-4 alkyl, CN, O,

NI -1 C(0)-GCi 4al kyl or nn?phollnyl [00151In anot her enbodi ment are conpounds
of Formula (0, wherein: NR2 RisRlL Rl is G _6 alkyl substituted with 0-3
R; and R1is 0@111}6 thélwthc: 319[% H’al pt]ﬁ ds ‘Sffﬁﬁr%‘{'ﬁmvtﬁfcﬁ conpounds of
Formula (1), erein the conpoung I's selected fromthe
exenplified cofpounds.

10
S TS s S
e Pl s Pt TN Jo
N N N\"( 2,
R1 , R1 X R1 i R1 )
-§\Fg\s-\$ "NN—Re-\$ ‘“5 “M-r?
NQ( = = 2 N=
.. N-R
R RT N ot R
[0612] In another embodiment are compounds of Formula (), wherein:
15 Ris

any of which are optionally substituted with 0-2 R

-6-



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 of the conpounds of the present invention or a

st er eoi son#Q 20t eae8sAer, pharmaceutically accept abl e salPCT/USWIV/&T&] or
prodrug thereof. [0018]In anot her enbodi nent, the present invention

provi des a pharmaceutical 15conposition conprising a conpound of fornula I
or pharmaceutically acceptable salt thereof and a pharnaceutically
acceptable carrier. [00191In anot her enbodi nent, the present i nvention

provides a pha::[{;ﬂ? and‘ anotthﬁ n;h))o(%al tl!lt%tl:(]:c erlr? s(%IFBgnuzfla @bu hucﬁleu“ cal ly

accept abl e car erapeu £ cal ectlve a nt "of one or nore of
t he conpounds of the prese i nvention or a 20st er eoi sonmer, tautoner,

phar maceut i cal | y accept abjje 1t, sol vate or prodrug thereof. [0020]1n

anot her enbodi nent, the pV invention provides a method for treating

proliferative dlsorg rs and Or cancer conprising admnistering to a patient
in need of such treatnment a therapeutlcall% effecti ve amount of qne or nore
)i

of the conpounds of RtihE, e EBRE - b ibborebrity0-3 Ro(Foi SONBR ' GRR oner
phar maceut | Gal |, 26 GAB1 AR’ KBl SVl ea 230031 q;#wgmylner eof, in

conbi nation with one or nore Ot er anti-cancer agen or a stereaoi soner,

taut oner, phar maceullicHl Fys sfgbupitiaprevigyl-¢ R §b§%ﬁpémﬂ#“%PWHPﬁ&hpﬁereof

[0021] I n anot hex @mBeAbITRALL or URRuBFASERhiopRMANt i On provi des a method for
treating proliferative disorders and/or cancer conprising adninistering to

a patient in need o?‘sﬁéﬁ Crediatiment a t herapeutically effective anmount of

one or nore of the mmomqg)mb@hﬁkylmoaszﬁ@mkylelv;ads}bmmylor a stereoi soner,
t aut orer, pharnaceuthE | cqﬁ% %Pge sa sol vat.e rod{ug t her eof

[0022] I n andt her enbod SR W@éﬁ?’ﬁ’“%r TEEY ¥ net hod of
treating a patidgeRidothibnidadlint, apy & vifidradduvginsidsamder Rand/ or cancer

treatmment, conprising Hadm njsteri re i nvention or
a stereoi somer, tau@gﬁéﬁ?ﬂ%ﬁgréﬁﬁ%@gfggﬁgggg’ gﬁ?&%ﬁgsggrfﬁqsblvate or
prodrug form t hemgofindl.n an anount effective to treat the proliferative

di sorder and/or cancer. [0023]1n another enbodi nent, the present invention
provi des a nmethod of treating nyeloproliferative di seases, such as

pol ycyt hem ia vgod4] essembihalenbbdinabecybopentcofdndnulOpy whaeiy: nyel of i br osi s,
solid tunors of the pancgreas, prostate, lung, head and neck,

~Se N
\E;{N—Rz
Ris R" .
R'is H, halo, C1.¢ alky! substituted with 0-3 R, CF3, CONR'R®, COOR”,
C(O)RY, eycloalkyl substituted with 0-3 R® or furanyl;
R? is H, C\ alkyl substituted with 0-3 R¢, SO,-C,_salkyl, cycloalky!
20 substituted with 0-3 R®, or tetrahydropyranyl;
R™is H, or C .4 alkyl substituted with 0-3 R%;
R is Hor Crg allyl;
R®is H, halo, CN, OH, O-Caalkyl, O-C\.alkyl-O-Cqalkyl, NHz, N(Ciq4
alkyl)z, C{OMN(Cy4alkyl), $O»-Ciaalkyl, or morpholinyl or piperazinyl, either of
25  which arc optionally substituted with 0-1 C_salkyl;
R is C1.¢ alkyl, or morpholinyl, piperazinyt or dioxidothiomorpholinyl, any of

which are substituted with 0-2 R%; and



breast, colon, ovary, gastric cancer as well as other tunor types including
mul tiple nyel oma, nel anona, neurobl astoma, glioblastom, systemc

mast ocyt osi s, and hemat ol ogi cal nal i gnanci es such as acute nyel ogenous

| eukem a (wochudesses refractory acute nyel oi d | eukem a)ecangs2aouim2d ynphoi d

| eukem a. 151002411 n anot her enbodi nent, the present invention provides a
novel nethod, conprising adm nistering a conpound of the present invention
or a stereoisoner, tautonmer, pharmaceutically acceptable salt, solvate, or
prodrug form ther ed¥ isith CanaleIMIOIENEELD)-¥ eall@t ok k@BLolyprol i ferati ve

di sorder and/or cancer. [0025j1In another enbodi nent, the present invention
provides a nethod for treating 20proliferative disorders and/or cancer
conpri si ng admogist erlnngticocabgqatdient cdmponeledf fmsludh whteat mrent a

t herapeutically effectl e anount of a conpound of formula (1) or a

st er eoi soner, tautoner* HJnaceutlcaIIy acceptabl e salt, solvate or
prodrug thereof, in conbln‘ﬂl6n with one or nore other anti-cancer agent or
antlprollferatlve agent an /or anot her agent, or a stereoisoner, tautomner,
pharmaceutical ly aé%@ptabl salt sol vate or 25prodrug thereof. [0026]1n
anot her enbedi nent p'the . Q&?ﬁg@%uhﬂwﬁﬁbkpm=QﬁOVIdeS a method for treating
proliferative disorders and/or cancer conprising adm nistering to a patient
in need of such tr&atyfentlky t herapeutical ly effective amount of one or nore
of the conmpounds of the present invention or a stereoisoner, tautoner,
pharmaceutical |y acceptable salt, solvate 30or prodrug thereof in

conbi nati on mﬁ(ﬁ 1§ne BAGSF empdiient ameampeuie ok Fosgenfl). "dereis et er eoi somer
taut omer, phar smgeuld o &lrhyl: a5 GeRtRRI RSBt dxemp@icMabp@hdsPr ochug thereof. WO
2011/ 02886 FCT 2010/047621 10027] | n anot her enbodj nent, the present

i nventi on 3 é a B BMISHHEP GNP HES HPERERe i RhPERdOhP IERacHEEl n 1 her apy.

[ 0028] En anot hﬁﬁnpﬁmﬁkﬂ\d:loﬂi?ﬂiuw cilmel lrp&@a@my dctcB;Mﬁﬂki dafidr PHat Beforaccepound of

t he present |nvent|on ;P Eé .or treatln% rollberatlve

di sorder and/ of*"PHERP! %Tﬁﬁ%@TFW“&ﬁbf FORAASE HURINE: PPYTRECeHidi%nt i nventi on
al so provides mhqmm&adatmam@onpﬁmngma&oﬂornula | of the present i nvention
for the manufa nent .for the tr.eat nent o gyol'ferative

di sor der and/o&bﬂgncg?dmﬂﬁbgﬁ ]w“t1@§%ﬁ§tWHW8Wf?8ﬂdﬁﬁy“H@d H8di ed in
ot her specilfi cedppsisonwiompiinity acbepasunil nffofaidan driplarapicntichl Woéccasbenti al

attributes theﬂgg&““J?@%ﬂmﬁﬁﬁﬁhhgﬂ¥ﬁﬁ& qﬁasses all 10conbi nati ons of

preferred aspects and i nvention noted herein. It is
under st ood t halt0khy dnenceilcl cremidognntnpesof intdvgopregént phannenrticen may be

taken in conj ul)f b@?hn"‘éo%@m%f‘yd @Elngz{c%tﬁl%ﬁ/dil &E&Blr9[:11$qp(ggfhmd€pu§md§ 19 descri be

addi tional nore etred enbo bod t hat
each i ndi vi duatfteefiusrmnpnt of onelrempi of dr patboerb ofifherpitest ingenfidnsorewn | ndependent

preferred esmbodl e, BURLIIEFRESuRRAYy acceptable salt, solvate or prodrug thereof.

[0020] [n another ecmbodiment, 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 thereof, in combination with one or more other anti-cancer agent, or a
stereotsomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof.
j0021] [n 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



15el enent of an enbodinment is nmeant to be conbined with any and all other
el ements from any enbodi nent to describe an additional enbodi nent.
DEFI NI TIONS [0031] The following are definitions of terns that nmay be used
in the predanwip@gsseci fication. The initial definitionPprdsiodees’¢2or a group
or termherein applies to that group or termthroughout the present
specification individually or as part of another group, unless otherw se

i ndi cated. 100321Conpounds of this invention may have one or nore
asymetri ¢ centpessu indnities sr otrdi@isyinge tantodchicC pliadgceatichllychtapable (@n auitatconmer i ¢
and diastereong&i&&r@ggmggcenic 25forns of conmpounds of the present

i nvention are ingluded iR t he present invention. Many geonetric isoners of
ol efins, C=N dgi3Re boéndstheranmdbodiment] thkgeearinahsm foeifor esethtd ¢frrchthng a
corpounds: and gkl UG o AR SOURLS o SROLATRLAL okl he pr esent

i nvention. G sP’and trans geonetric |soners of the cofrpounds” of the present
i nvention are dédswicheg: eamtponmelofbe presoilt atvedicas: estarosburetappmpsoner s or  as
separated i somepl 6. fOfJE, acl'tgr‘ab% s%ﬁ,%{;h%ate,%ﬂ) o JJEEHM%M&%‘{M GmbHPLALEE 1N
optically active or racem c forme. Tt i's Well known in the art how to
prepare opti caltd yeahide prpbicfagvhdsordnn el asangyr. r esol uti on of racemie forns or
by synthesis frg@sopt i CalY: HobdiEt ShANEd M TREG hBhRs o Abthofdifelng
(enantioneric an di astereoneric) and racemc forns and all geonetric

i someric forns Wwrloprolferatieg digeasearuchi s pelrerdgmiamsraegsenfif dhrglaney ppagia and
stereochem gt I y,iQhyin3RIBEofOLMd BmSPEEhE hedbdsypibRdl tRL oM 4QQ33R1The term
"substituted,"” as used herein, means that any one or nore hydrogens on the
desi gnat ed at oY, GOlB] WERALANIE Frngerse MalE 5 BT fumehiyP gl ESERYEY gr oup,
provi ded 5t hat ptbRmdesd o0k 8dudbaNid. BRILIBLLY ALEHRGY mhfod@tis gxceeded, and
that the substitution results in a stable conpound. Wen a substituent is

keto (i.e., =Oyem¥plagca mjererssRechonaquranRiagmiodt kulca (eldine rdipgory
substituents angud@jcliil RERMia)AR ARRMBLIGIARIGHes. R ng doubl e bonds, as
used herein, are double bonds that are formed between two adjacent ring
atons (e.g.'5c=MP028k  NENpOtha ORI WRNPIERY PSRRI e govel ‘Féljo"occurs nor e
than one tine icBngRihga@imtstctientonoudatimelpacséi®inventie bowshisomtis definition
at each occurrence is independent of its definition at every. other
occurrence. Thif&™omehPhERATHIENL feeribli sl yc-oh “%%“Béhcé"ﬁ e PRl with
0-2 R3, then saffebtigs RuRatABYol Bphtive Rbikiy b&oisaahst.i tuted with up to two R3
groups and R3 ach occurrence is sel ected independent | om t.he

Qerini tion of PSR SBGBHSTRA B TE0F s LSS B bP TS0l es are
per m ssi bl eponlpylifdatistgiborg@sdndnatinonsom@sibytadihinisstiaploa patopausdst
100351\Wen a bond to a substituent .s.shown to cross .a.bond gqgnecting t wo
atoms in a ring  tRERCEFFREEET TSR ARV HE BOREREICHCIRY? 4t Sk on t he
ring. Wien a subsbistmentutdser] phstmadewicd lpackptibidsattatolvag ot predrag dinevfi @ whi ch
such substituent i

combir%ati%!? \nvgﬁgncto(l)' more other anti-cancer agent or antiproliferative agent and/or
another agent, or a stercoisomer, tautomer, pharmaceutically acceptable salt, solvate or
25  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 stercoisomer, tautomer, pharmaceuticatly acceptable salt, solvate
30 orprodrug thereof, in combination with one or more other anti-cancer agent, or 4

stereoisomer, tautomer, pharmaceutically acceptable salt, solvate or prodrug thereof.
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20t he rest of the conpound of a given fornula, then such substituent may be
bonded via any atomin such substituent. Conbinations of substituents

and/ or variables are perm ssible only if such conbinations result in stable
conpounds. wpQ0a8pssnt cases wherein there are nitrogen atames2§ie0gs2i am nes)
on conpounds of the present invention, these can be converted to N oxides
by treatnment with an oxidi zi ng 25agent (e.g., MCPBA and/or hydrogen

peroxi des) to afford other conpounds of this invention. Thus, all shown and
cl ai med nitrog#e2at onk asstieer eahsinger, €d ptedent Bivaltiobpbhidésheospawmofthd r ogen and
|ts N- oxi de (N- 0371As used herein, the term"al kyl" or

"al kyl ene" is Pﬁf%wﬁwﬂlwﬁéiﬁﬁﬁﬁégmgoth branched and strai ght-chain
saturated ali pHatsic HmdmﬁmmnmmﬂnngUp$mhavmmgmmh@o&msawﬁm@ﬂmdaﬂhmunber of

F | kvl . ded t
Icﬁ(r: ngeatcfms c7 pl(c):%g :ﬁw on%gl usa.)n tpcdﬁ’yl%%‘;él cat&@fa pgo#ﬁx%i%? gll fki( 311(!/%1 cg:g: Ie 0
Addi tional |y, f0929jexanpheler ti@hodBEnakicyldicnd @notiesalal peylidd dwivngpfd t 0 6 carbon

atons. Al kyl Wﬁmﬁ%@mpﬁlalﬂGfthé%flcEtl’lﬁ\%gtuﬁlrfm tl?(: rﬁ%ntuhE Hi(ceoq %’l%dl%ﬂ'(%}l’(}t one or

nore of its hydrogens are re npl e al kyl
gr oups |ncIudemcbﬁﬁmaﬁefmmbh&mwwmmﬁﬂkmmmkmnﬂww (Me), ethyl (Et) propyl

(e.g. n-pr Opyt%@(ﬂd I?QB[C@Q}YL}LGM:PH%X); be L%’[bgdlfﬁs fl oglgé%kt}‘l_lf'é f%t%E»uuF M}l}l’lt t-butyl),

pollty( (e.g., npenty I sopenty neopenty
510038] " Al keny Hepagipg ﬁwlvdénylklbtn@wau@i ityibantiaeredfo Thingvendien tnpoopresee Bbn chai ns

of el ther Sbr akalkaf A0RhEFROLL N AbLAReANG RN ANERLADTe_doubl e

car bon-carbon bonds that nmay occur in any stab ol nt along the chain. For
exanpl e, " C2L6BaPenspd that gy apd Kbampogimeyts 0%0Wrtcetnm»@nruwlawhewm@nc7 C3, C4,

5, and Co al k%}“nctﬂﬁ%ﬂ%ny ﬁﬁ@”ﬂb&@m&i o:aclrrlﬁg‘mﬁ'mtl: @Ql'usléqgo 'ldgﬁ'it)na@l:n@mn()t limted
to, ethenyl, 1-propeny Dpr openy but eny but enyl pent enyl ,

3, pentenyl, 4Wﬁ@H?€ﬁ¢de?“%e§éﬁ§P“”@‘ﬁ@&%ﬁyﬂm“%mhéﬁgﬁvwekﬁ”ﬁ%ﬁéﬁyl

2 et hyl - 2- pr openytbd crftolRichy ks vRE SR cnt RV rddR@bbdiken. RGOS orAbiley nyl or
alkynylene is intended to include hydrocarbon chains of ejther straight

or branched’ coPlf gl PEISBROBHE KaUPHdC BHE bRk v PpHEtarEBR ¥ Bon bonds
15 that may ocsdyfenibBdiamyt tsdeddibeapQidnibnakbongickhde chai n. For exanple, "C2-6
al kynyl"™ (or al kynylene), is intended to include G, C3, ¢4, CS, and C6

al kynyl groups; such as ethynyl, propynyl, butynyl, pentynyl, hexynyl and
the |ike. (0040)"Hal o" or "hal ogen" brEiNedEsNg | uor, chloro, brono, and

: ﬁgfudl( (3843%12&03@ T&p)ﬁﬁ’og’%}glﬁé dc‘mqltelgn% ro?tcxms t 9(%'(& ¢ uscéil in th: pl(g(r:lgl'ms

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 otherwisc indicated.

[0032] Compounds of this invention may have one or more asymmectric centers.
Unless otherwise indicated, all chiral (enantiomeric and diastercomeric) 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 opticalty active or racemic forms. It is well known in the
art how to prepare optically active forms, such as by resohution of racemic forms or by

synthesis from optically active starting materials, AH chiral, {(enantiomeric and

-10 -



20pol y-cyclic ring systens. C3_10 cycloalkyl is intended to include C3, C4,
C5, C6, and C7 cycl oal kyl groups. Exanpl e cycl oal kyl groups include, but
are not limted to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
nor bor nyl , wanmd1t/0283¢ki ke. As used herein, "carbocycle" @CT/USZMBGCs2E! | C
residue” is intended to nmean any stable 3, 4, 5, 6, or 7-nmenbered
nonocyclic or bicyclic or?, 8, 9, 10, 11, 12, or 13-nenbered bicyclic or
25tricyclic ring, any of which nay be saturated, partially unsaturated,
unsat ur at ed orcmmmﬁamh&)meaﬂ@MHBmahn$uc@mmambaomahﬁbmhmﬁhudeumhmi are not
limted to, cyclo C obu | obut en C
cycl opent enyl , "¢ HF@H% wth@vgpshéﬁ@gﬁéﬁyoxh oﬁ%p mmg8® o %S%% nyl ,
adamant yl , cycHﬂBthIThcwnﬁmo@h&nylasmy¢hﬂannmﬂnemyhﬁy@ﬁoBm&}by@y&hooctane,
ggf I?)ugg_g:’];?/c' gRgﬂlclcle\m{'cttcﬁfl%)m]1?1'0%1¥%|dchlj RG3L (():FIIORL g‘?l% ﬂ?(,J]iptll(idKH Ulouﬁyﬁﬂ thed
t et r ahydr ongphtiy the (itsainriad dtorp's nm$w$hﬁmmwaboMmqm¢MId@@dtmpngﬂﬂane also
included in th ni.ti,0 f I y 2. A Thi y f.ape) .
Preferred carbg%qg"llhdmﬁi ﬁg@guﬁ?ﬁgﬂ&‘§Q§g&g%9g¢gé%z Cﬁen%§g 3§¥§bgﬁ
cycl obutyl, cyctlheo:pmmxyltplactylc IK@twexlgbltltucrphenWt preaend on mdlaﬁyslmmmqberﬁlﬂme term
carbocycl e | $io5ethnal by dsdy ARHERASHLHOBCHHAR Bl hcowed RE bGEH Ti N
occurs when one or noreé carbon atons two non-adj acent carbon atons.
Preferred br|dg@saﬁmeﬂnné*@?CtMﬂﬂé&Wbon atons, It is noted that a bridge
al ways convgyt §y@q)m ”%X;?Ldy%ﬂclbﬂﬁc'o”kﬁ 0@0115»1&619}{1%41 bife tfnlcrlgany\%ﬁsﬂm@m LkNg is
bridged, the sttbstituents recited “for the ring may al so be present on the
bri dge. [0042] ﬂvrémtaéwm coggpyund, ipsdpliiidontapcaglh prsererct & iskepdsilen efiifs defiittiat i ¢
hydrocar bon gr QP&%W%M &QU@LHE@ Thds, Q@reb'ﬂxﬂ}l@ttgr@()ubm 4319»611 fo'b@gulﬂ@[itul th such as
phenyl, naphthyl, y d di phenyl ‘groups, each of
substituted. mfmmsmfé ar@ﬁﬁrﬁlwab«g“@ibt RrrsEbptifag withpig e 6‘0&5’:" %‘Hél algr oup

substituted by,cacfh%m@%m «@lect@d‘ﬁdép@ncfc@t&ffuﬁﬂr‘hﬁ@ﬁéﬂnﬂﬁ)ﬂf{)ﬁ{’s yaky, asnblakils,
substituted al k yl, substituted al kenyl, al kynyl substltuted

al kynyl , aryl, gﬂﬁ%‘t‘?‘i‘lhtaé%’ldﬁdy‘l‘b‘%&’reﬂ“é‘l“%jﬂlc Onﬂval geh WW‘P“UB'M%F Ho¥
trlfluoronethybem@mq&pxy al koxy, alkanoyl alkanoyloxy aryl oxy,
aryl al kyl oxy, am_no yl am no, Iatnlno yl al ky] am no, dlalkylanino,

al kanoyl ani no, 9%l | “@F%?P%ﬁﬁ%ﬂ“@%ﬁ%@?&ﬁ@wnﬁ???Bdbe BRECER BB LTS

car boxyal kyl , G@ag b@gmb; sugh lmxm@f henyd bon@ld kyidyhitoan@, thalingl Wiepno,
arylsulfonylam i al kysttlfan am do, | oxy and

e, sulfonic ,.sulfan

the like. The SUBLYRTidREd H‘&@J%éldfcatf“s%ﬁ‘ Ao, B8 #an@h\@wwak&w” fral o,
aI kyl, al kcm)y, ! rke@ 0%the coalplsyiayfa g g,ﬁ!bxyfor:ﬂlﬂa &fcyLu’:bhKl)ﬁﬁtitu&ﬁ)&éﬂ])&iftﬁddd&rﬁd’n

heteroatyl refers to an leon subs mat i roup 20f or
exanpl e, whi ch 46y g éﬂ%H%W8&y6WH%Sm$ ‘ﬁifmhéﬁg &fed bicyclic,
or 10 to 15 newbeﬁedkhmuoyﬁkmamengmsy&hEhmmmhmcmmm&& at | east one

het er oat om and east one, carhon ata <pontaL ,
byt i me. ot r ADBFL gD Sr &Rt REPGE Bl B S o cp@foy TR
“heterocycle”, pmhmtmwmmvmhm$cqmbhemmmaﬂynmm@u3M3Uemhcmnwmhemedemgcl|c

ggglugyci ISCI%: ef}g&g(g [\qulgﬂ\ Tndism ? ogua%uomdcs)rtﬂ dfforrrber e(rgﬁ-tgou «ﬁqulcl ic or
het erocycl i c rirvgntighi Ehusi &l shown and claimed nitrogen atoms are considered to cover both the
shown nitrogen and its N-oxide (N—QO) derivative.
[0037] As used herein, the term “atkyE” 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, “C)_g alky!” (or alkylene), is intended to include
C|, Ca, C3, Cy, Cs, Cg, C7, Cg, Cy, und Cg alkyl groups. Additionally, for example, “Cy-

Cg alkyl” denotes alkyl having 1 to 6 carbon atoms. Alkyl groups can be unsubstituted or
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saturated, partially unsaturated or fully unsaturated, and which consists
of carbon atons and 1, 2, 3 or 4 heteroatons independently selected fromN,
0 and S; and including any bicyclic group in which any of the above-defined
het er ocycl wo 2ringssed s fused to a benzene ring. The ni trageno@ngiesiul T ur

het eroatons may optionally be oxidized (i.e., N-->0 and 30S(0)p). The
nitrogen atom may be substituted or unsubstituted (i.e., N or NR wherein R
is El or another substituent, if defined). The heterocyclic ring may be
attached to it subfitcd ﬁ)ﬁhatgﬂidliﬂlﬁaoé&of&myydh%h&rd&aﬁlﬁlﬁﬁc@by SRMbodRcAlcBdupat

results in a stabl tructure e heterocyclic r s d r|be herei n may
be substitut ed%’é"ﬁ iaﬁi oROYF “E?Hldé iy %‘%jﬁﬂ"t%‘kl%ﬁﬁﬂfyl bﬁ‘g “rﬂ@’gaffci P‘f‘f@y conpound i s
stable. A nit rag,e,m -firopyt e mettoﬁyipoyngll (egn&yu@phhlﬁxmltlbytybfpeqtga(t gmzed. It is
preferred that w Er'r}sotﬂ tn%t & gﬁ?‘ﬁlc ;ﬁ)cf and O atons in the heterocycle
exceeds 1, t heR"PHhede® hyet Ao e ot adj acent to one another. It is
5preferred ﬁhatoe}ﬁthe t@t]@ny[hmma&mymﬁlc’SxaML!@taimlﬂfﬂc liuyrd:dcdn’eomanesrmymire i s not
more than I. . C dode Used nd 0 include
heteroaryl. [0 V%lzf h&?(l%u%]el{u corp'%%lg 1(%r%glmcvlmé,soml, odtdceiouE% C%lb(éﬂr %1%”0,[%01?[!:& mted to,
acriclinyl, azél@immocmbmhmaldaz@mwong e nirad. Lﬁ’OananCbenZOt hi of ur anyl ,
benzoxazol yl, henz e} W) n; n 0 Nzt et r azol yl,
benzi soxazol yI ﬁe%?%]okdﬁflgggfcpﬁ lzglgﬂgﬁgg)éc géz)(e; 7 43603%{ % aq‘?“@%",

4aH car bazol yl ﬂtomarlb‘mmphybf alf@hwlmhxydb Jouiche mrbmigdd, to, cxhanwj Ii- [my]bc,uyl 2-

decahydr oqypno . a

di hydr of ur OF !‘)ilogﬁf %2 I;%gt%vg:j'obgnﬁ,rﬁggﬁf gnlflﬁcrﬂg ?lpu}/#n’y! 4i)cutm1yl 2: hcmﬂngOl i di nyI

i m dazol i nyl, phischdzbhogknyl, ﬁi-ﬁkmmla%mcwl 2 plnnhawieﬁwc;hyl hookdnplydnd thendol i zi nyl
i ndol yl , 3Hi ng@l yl, isatinoyl" isobenzofuranyl, isochromanyl,

|50|ndazolyl I soi ndol i nyl . i soi ndol yl, |squ|noI|nyI 15|soth|azolyl

i sot hi azol opyr 19§3Hy!I , ﬁl@axléziowﬂwwfqﬂsolxamﬁ@byrIlChIlrlwdeOCﬁ‘é@Wheh@fdmbxyphenyl
mor phol i nyl, ~ naphishythekny k@nng&mhqua mqu)ué a%drm{.&,yc C%@I{i&m%&h

1, 2, 3- oxadlazolyl 1, 2, 4- oxadi azol yl 7, 5- oxadi azol %

1, 3, 4- oxacl azHS‘P‘yTPay O FGIY eﬁ'ﬂwomtdi@a%lwlpam &% %a@nlvl“ {DWYHDH demyl

phenant hr i di nyly, BREOADIRAAL Bk 0y

phenoxat hi nyl, pyﬁlgno%}amnn;}? t ﬁ‘ 1h t10&'72| ny 4n(¥!p?’i)(§r16ag§h gﬂﬁl | plg:;l i nyl ,

pi peri donyl, 2€kampi|, p@pym{bhwnyi mmpmy@)rhy#y,nyimhéﬂmdkmyl purl nyl, pyr anyl :
pyrazinyl, pyr ﬁ]ﬁ@d]' cl "E@M”’m R a'io%ép'lulx k. ﬂLR)YJ ﬁaj yl!mm(pﬁﬂ(l 1811%@ ny

pyri dooxazol e, pyridoi mdazo pyri hi"azo pyri , yr| m di nyl ,
pyrrolidinyl, W‘l“rlol |W9IIC“TIZCYG§OF1M)H r(tfft!bhyt/qllZledﬂqiglpymr m*tlydm“ oyor, di-yok

qui nazol i nyj, hid g A NBLLANN inceftdl RAKAIC . B i nyl,

t et rahydr of ur an &Qtlet r&a\ﬁyﬁl ggorc]fg’l no )f nsylpt,C tet r%&ﬁl dr q(l}l gb C?ﬂag;ficd
tetrazolyl, 6Htloaks gadwacﬁxamplnwclodi‘w&l@ms 245 dle autlaaezn@t yrhited to,

1,2, 4- t hi adi az . , ) i,ant hr enyl ,

t hi azol yl, thi éevﬁb()}mpg1 ci%glﬁﬁo%% (g 'FC% B’ %%Oféﬁgdéggg%ﬁ%ﬁﬁ%h%né\f Hrﬁ dazol yl,

t hi ophenyl t rlilf-‘:sxczli1 r’igﬂlﬂboq‘aclcz OB-C@IImehﬂ lyssducihzntrmdcthoam@n yly stalile 2, 65514, bazol yl,
1,3, 4-tri aZO| v mcﬁ@&e&‘:ﬁ&k&%ﬂy& bid%lﬁ:cbn hr}bcbul(é)egl M G f#ﬁ&ﬁbJéd%@:y@iE&%rSp' ro
conpounds contai ning, for ‘exanpl &, the above het'erocyc

30[ 00471Pr éf er VigYplis 1ing, gnyi whishiyey é%isaﬁéftt@'r @%!V‘éhye@“dﬂ%q%@iéd““bml oBre not

limted to, atomatic. Examples of such carbocycles include, but are not limited to, cyclopropyl,
cyclobutyl, cyclobutenyl, cyclopentyl, cyclopentenyl, cyclohexyl, cycloheptenyl,
cycloheptyl, cycloheptenyl, adamantyl, cyclooctyl, cyclooctenyl, eyclooctadienyl,
[3.3.0]bicyclooctane, [4.3.0]bicyclononane, [4.4.0]bicyclodecane, [2.2.2]bicyclovctane,
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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pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl,
pi peridinyl, imdazolyl, imdazolidinyl, indolyl, tetrazolyl, isoxazolyl,
nmor phol i nyl , oxazolyl, oxadiazolyl, oxazolidinyl, tetrahydrofuranyl,

t hi adi azi nwo 20ttm2ssshi azol yl, thiazolyl, triazinyl, tri&zoUgiole/047621
benzi m cl azolyl, 1Hincl azolyl, benzofuranyl, benzothi ofuranyl,
benztetrazolyl, benzotriazolyl, benzisoxazolyl, benzoxazolyl, oxindolyl,
benzoxazol i nyl, benzthiazolyl, benzisothiazolyl, isatinoyl, isoquinolinyl,
octahydr0|soquum@bﬂ@yﬁwiEyﬂﬁﬁ@mygammhﬁoqﬂmmabﬂnm&wlhmhnmhydwﬂﬂmﬂmol|nyI

i soxazol opyri din azol ny ol |n « . SOt azc
t hi azol opyri cl Itcﬁél ba:ig)lsg ]bbvil 1tdI w@:ulc t?ﬁna d dHJE I’Af% L(} rnp or%(&us wl¥en
pyrazolopyrldlmyém:@ﬁ@dﬁﬁ?meﬁemMedmﬁoUQm&mmﬂnmemadmhehe%maumMgsammmiude,

but are not I|m J|n thien rr yrazolyl,
pyrazi nyl , plpgr Cﬁ?Pﬁﬂgx “8?%@fﬁhﬁb %w%%FonXsamQ% ?Iym%n@ i ndol ylI ,
tetrazol yl, 5 soxazie i, Vﬁmnphm;mhy%mdoMamu#whmsﬁxaMﬁazbiw1rmwmazb¢|dinyl,
tetrahydrofura inyl, thiadiazolyl" thiazolyl, triazinyl, and
triazolyl. §XNMthd9%'é§e fused ring and spiro conpounds cont ai ni ng, for

exanpl e, the alhepaal heTmﬂamy@hégcm&O®4©mmmdanomm@hcanmddﬂnéwmumhauwnbcycles

i ncl ude, but ar 0 ), r Y,

i soqui nol i nyl, h?ﬂ%%;m“bgkgﬁa?%fi?ﬁx hgglﬂ pyrroc$ﬂ aPmlaghﬁgﬁhMM

i m dazol yl , pyﬂa@mm?@vmbhmdvﬂﬂwxbmvwbCp#$mn¢@|nyI pyrlda2|nyl oxazol yl,
i sot hi azol yl,, A 220k < AABARON 1 BRES B2 whmp RULADED by, cmﬁ{pﬁcol y!

[ 0050] Al so |nc ed are smal rocycl es, epoxi des and
aziridines. [0@5¥Pﬂ§“ﬂ§é@“%@r@¢ﬁ“d%ﬁb“ﬁéﬁﬁ$@@kﬁnﬁﬁmﬁ‘ﬁéﬁ@W@@ﬂ@Fﬂc group” or

“heteroaryl " i %11@811 th%ﬂ%eq :Jk?nﬁed sﬁbs%h@,lalaﬂzi WQ%MQJ&IOCMD&O!RQLMWC' ic

aromati c hydrocarbons that i1nhc | east” one heteroatom ring nmenber such
as sul fur, oxygéhorogiethy], flﬂb@@nalk%{ﬂél%%w yilkaggyipcylongt giatky gt raie:

limtation, yukglmmnopayj;;almngIarwzhkylwﬁ@élark[y,lamngymmﬁmﬁm& ,th.{aramﬂhmyl furyl,
qui nol ylI , |squ|nonI thienyl’, i'm dazol hi azol yl, i ndol yl pyrroyl

oxazol yl ., bénzdfeidoyiitro, Béfodtdfﬁo@hfj‘f‘bo’%é[h}th%fb&ﬁ‘éll sikoxypasepesb gkyihionpyr azol yi |
triazolyl, tetragzmbyd ,drﬁmmmh&( Lulfoﬂncaetgr dlk@t@ﬂh}amlmdmmosmlmﬁmlth)él

purinyl, carbazolyl benzi m , nyl, benzodi oxol a

benzodi oxane, éﬁﬁ'Vﬁém%F%%““F%P%@BQ?9W”@?GﬁB%h%%ﬁyﬁﬁk%ﬂbgt¥¥ﬁ¥éﬁw@4
unsubsti t ut ed. dmﬁggahnbaggmkﬂton1nay be substituted or unsubstituted (i.e.
N or NR wherein or_anot her substituen i ned The nitrogen

and sul fur heté%%ﬁtongmﬁﬁyl&b??%ﬁhﬂ?@“BEMHWFHPB%BmFFm » AORALERy S(0) p).
It is to beonotadxdupad, whichala Mumbembotd &Glﬁ)c?&ﬂld Doatl enBbired li]&}eh@bp mat i c
heterocycle is Qo%gnpr tq?n I Brld Qg re al ﬁPt'nF %gﬁ% in the
definition of H Pbrd%?@?@(‘ﬁyﬁFfﬁgéﬁ H@m BEES WS EITECE B e at ons
(i.e., C 0,_Nkmgnméﬁmﬁdnm&ntMﬂmmﬂgﬂagﬁanﬁmhmaqwbmm;omdn%xhMQem.atons.
Preferred bri d?(ﬁﬁs; As used herein, the term "heterocycle”, “heterocyclyl”, “heterocycelic system”
or “heterocyclic group” is intended to mean a stable 5, 6, or 7- membered monocyclic or
25  bicyclicor 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 3; and including any
bicyclic group in which any of the above-defined heterocycelic rings is fused to & benzene
ring. The nitrogen and sulfur heteroatoms may optionally be oxidized (i.c., N-O and
30 S(0)p). The nitrogen atom may be substituted or unsubstituted (i.c., 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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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 bridge always converts a nonocyclic ring into a tricyclic ring. Wen
a ring is wWoixigpedsset he substituents recited for the rimg/raywaise be
present on the bridge. 5100521The term "carbocyclic ring" or "carbocycle"
refers to stable, saturated, partially saturated or unsaturated, nono or

bi cyclic hydrocarbon rings that contain 3-12 atons. Particularly, this

i ncl udes a nonaaycdyiclic dighgesCiball Rérth ﬂ@y&Qbstﬁlt@ﬁ(ﬂmb@i’m&bulﬁinﬁly)Géria@onﬁ ifng
containing 9 o e val ues, i clude cl opro cycl obutyl,
cycl opentyl , )}15IIC“H@S}W?OITIP(‘EV@I“OWE’BI ‘L\m“%’ﬁi}’d DCHEEH %/ “"E‘P{y’bc

t et rahydronaphtlllmyﬂrmzc'ﬂhﬁltt[&Gﬂﬁﬂlcllﬁhaﬁ)prhd:lﬂheado{dy;uﬁrllbbt&tflstaudi edtonaSn iht refers to
"carbocyclic r r "ca Cl € i ndi cat es ar bocyclic
ring may be sui)&g?ﬁyﬁltcé"écc%{ ﬁéé“ % +¢ H‘gﬁ‘l%ﬁ%m“odé? N ‘éﬁ%?téo ?‘icr?ﬁOtB%sft'ﬁ ons by one
or nore groapsmchdecpémdhmmhmumetmwmﬁ @lamnmaitkwlhetoiq&mé smathyre thewver al kyl ),
al koxy (prefer L ) preferably a | ower
al kyl ani no) , d?‘g lﬁtll}za\{rﬁnibc@ &?é? i% wb i{lglndﬂ?t{zlqguaaii aln}uéor?l.: o), cyano, halo,
hal oal kyl (pr ef()@ﬁ@lbl yEKﬂSrplm cﬁﬂhutgmmwlu)lq bad akcanmydn;tcc!amcmmtbnaarabmhyl,,

nonoal kyl am no [ L ?J I I Qfl referably | ower
al kyl am do), oxya 1‘2 ?jé 5%%”@?5 &]?Oﬁp chnzg}dg‘ylki ? (Z)%gzr 1a)flk yl),

al koxycar bonyl b‘{ﬂﬁfrh@ﬂé)‘la*mlyi1Q;Olyb\herftbaﬁﬂebxybe!BEbe@ﬁylVD benaibdelyibaodnl, bonyl oxy
(preferablyoa bQURLiqabilayl, gmdl@a?lyhmwbmg @am(,lmﬁ F&h%&%{ﬁ%)’ panyl), said
aryl being optionally substitu hal 0, | ower omer 20al koxy
gr oups. 100531%'@“@3&'&?{33W@P@ﬁ'ﬁ%imdn%”6@%é|2rfhfihﬁélllilde oxygen, sul fur and

ni trogen. 1005$$Jh@u&9{mﬂ%ﬂﬁiﬁ/d%fﬁn 1pf1m&5/p-ﬁha7my nﬁ?ﬁfdﬁhchﬁ 1%1(‘d§@ﬁylf orm(with
no ionization). or ormsalts which are also wt the Scope of this

i nvention. Phat#Eeb |“ééﬂF"|“9’bédE‘é’h¥lélb1“é°‘Wl éldo‘ﬁﬂ‘ﬁ‘ ‘E%‘Rlﬂ/bmp‘ﬁk}"g’l olabgiveal |y

accept abl e) salsbienat@amt, %&fuﬁlﬁﬂnyi abihneughisohiehy28AdclS, i@keindlgp useful,
e.g., inis latlfﬂgi’ﬂgf! ur.if %the conpounds of this inventjon. 00551The
1

conpounds of f P iRz 8¥‘ IYh LR E ORI iRk %@F@Vlg‘ij’éﬁ’%%’“’s)’bdl um
pot assi um and hiiphéllam, nawwmalh%a)uam;@@qmmmm lagiaging N B8 o@lagiiym and

oyridine and ahfac abr o Taer AR BT AR R g B R AR TRt b bRe.  sich sal ts

can be forned aandol‘]/Qermﬂ111$Dblhﬂ8ﬁhrﬁikiyl bmdmmolﬁd}e padrbzingl HhbGIhey L ompounds
for fornmula I and.in rganlc aci ds.

Such salts i nc"lr)v31 é nglhlgsglatf%’f‘arfég %tl{dﬁdzwg,d?lgégw&mpgﬁpayg PIEShen  broni de,

nmet hanesu! Poni ¢pmciiddpylspipdrenyl, otcamn;d,plaacﬂlpym11wcpﬂ4zndyt |pfmamnma1cet | c acid,
Oxa! ic acid, ”Py(1§zoﬁnyff‘%ﬁgigolﬂ gtigdz?ﬂ/ 5 %{"PJE) m&% B)Shdotmg)]dyz% ggylilldotndzq aci d and

vari ous ot her rates ‘citrates,
succi nat es, bemdam/ésyillaémﬂrmwé@nylsattmmwll étwsolahab/limépjrrdhé,)pylr&ulch salts

g\?\/lnt ?gr T g::]ge? ?1?]1}]42991 ﬂl%igq'i§1m?r§[§-c1§(l§$lkglgﬁ%{q&oxg%l,%1[1iﬁmcliﬁin%,o QZMygloﬁgﬂ'yFl on,

tetraltydrotsoquinolinyl, tetrahydroguinolinyl, 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, triaziny,
1,2,3-tiiazolyl, 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
heterocycies.

36 [0047) Preferred 5- to 10-membered heterocycles include, but are not limited to,
pyridinyl, furanyl, thienyt, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyl,

inidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolyl, morpholinyl, vxazolyl,
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[ 00581Al | stereoi sonmers of the conpounds of the instant invention are
contenplated, either in adm xture or in pure or substantially pure form
The definition of conmpounds according to the invention enbraces all the
possi bl e svermoi/esd@rs and their mxtures. |t very par tPCEEISaPY476tbr aces
the racemic forns and the isolated optical isoners having the 10specified
activity. The racem c forns can be resolved by physical nethods, such as,
for exanple, fractional crystallization, separation or crystallization of
di astereoneric o@lamizvsazt oxslidyl, Sepayd@ifiueny | Diiadindinyg Ithiadd-zvlyh thidavlpirat ogr aphy .
Igﬁvlez? : \(;Ingral % g%m%%lé cgg:m:gﬁ\ggyk FH—uPleo yl %cyiwoﬁa]ganylﬁrgc%nzotﬁo uﬂ?%les from the
optically acti \}Lxenmmbiﬁldiuhmdolblybcmmy@marlNEJ lzatokonlyl, b 0B I Thsapliedent
invention is intended al | S0 hng in the
pr esent Corrpounqa((j %:d@g&%g]zggthmzo )(lui é1n?¥10§.0q8m§hur¥g ﬁalvﬂﬁnsgﬁl%{)h{l e at oni o
nunber but i ffterabmxoxmwo muhmwd@ym\mw @*bvgelnmndlnyémanq;b@yand wi t hout

limtation, olel) r Gl z . opes of
carbon i ncI udeqﬁaggﬁ n?ioizlégl [([?)g %P%P‘qv ﬁﬁlgfe?j{e Hm&?f‘g@ﬂ it ?lﬁf[ay (ﬁgfnventl on
can general |y 20bpyrpoepai@dlby conventional techniques knovvn to those

skilled In the (Gidy or pRYeRl 96 e AR AL R kBRI GRIRAG, herei n.

usi ng an appropriate isotopica reagent in place o
non- | abel ed r ea@eﬁt‘yloﬁtlﬁe}‘f\/\ﬁh@éﬂewpPbyéﬂdZ%ﬂMWWnﬁwmwl ofectidiarif ornul a |

may al so haf()e Qﬁlmﬁdﬁg 1](11%1%111111% ngglylp{cﬁgfol‘ﬂ%oﬂ'lz%iyk%Ymoitilgfi %!&l&@l@?e numer ous
desirable qualities phar maceuti cal s gl sol ubi’l

25bi oavai | abi | |%Wldzﬁﬁhﬂ$@@%¢m¥|‘ r‘féldhﬁélf‘tfumn}tlﬁ d@ﬁ?ﬂl“tﬂbdﬂﬂ‘sﬂz@'ﬁ” thipaolk esent

invention may Rg.f8 LVEneRiinARS ek J@f’i&&l rih P MR sph DL BRE Rindiy LRk i on i s
i ntended to cover prodrugs of the presently cl ai med conpounds, net hods of

del i vering the c§&pic: é*ﬁdb‘é‘@ﬁﬁ‘b’é’ﬂt“i‘%ns contai ning the same. "Prodrugs" are

intended to inghadp aW&n%@&ﬁ!n%@&lh%ntbm%@cE@ﬁﬁd’liﬁ(@rlﬁzt Lbadt ihekeasg @, acti ve
parent drug of the present invention in vivo when such prodrug is

30adni ni st elled Prodiay nghiaaliseAuiaqisy e bieny ppsgerelyg Surgpl tPWéD‘ﬁrté?é?W’ i nvention

are prepared bMmm@ﬂn}fiwyngmplummtmgnﬁIpy@hﬁum p@f;ﬂi&ﬁam otaBolyiNRotsi@EUNd i n such
a way that the nodifications aved, e|th In routine mani pul ati on or
in vivo, to thé’xﬁﬁ‘izélﬁﬂ ”‘d&‘lﬁ)ﬁﬂoﬂﬂ"dﬂ“zuﬁfcﬁ’éi‘f‘hﬁ PTPHEY ﬂde conpounds of the present
i nvention wher gygsop h;«qimz@wdc@m ﬂ@aEchli’t,teﬁ(btkzélbhydfcyhs gfa@ldﬁh dng ahodided to any

group that, r odr the presen |nve adm nl,stered to a
manmal i an subj é@‘{Slr Rél“@é@g?“ 18° gy Eﬁ’%{“‘f“tci?ét"’ﬁﬁy& %’(‘)‘)'fp Uf PEERRS, or free

sul t hydryl xr oumcndb@&)pﬁﬁh b et ymo@cm IaaspmcycprcQdimgehycmmde thabhtblué&f e not
5limted to, ace at e oat derlvat|Vﬁs of ? and

amine functiondf “@fF BftfalgfelOﬁtOt%&’g@t?ﬁlBawﬁé A ping HEVESPE BRPET Fﬁ‘%a‘d’n
[ 0061] Vari ous fegrupsinafidepvorlubisitaines pwedil, ijnmm!mwi myzhh@lmytldazﬁm taemaytpl es of

SBﬂ?]Qgg_ra?gr U?Eld?rll :lgl;[u{aa{&glé%})umalﬁa thienyl, 111113220P?§h1 on fmdg)ilsv 93519(%? OXdZO Fed by H

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),). It is to be noted that total number of

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

(ie., C, O, N, or S) link two non-adjacent carbon or nitrogen atoms. Preferred bridges
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10Met hods i n Enzynol ogy, Vol. 112, pp. 309-396, edited by K Wddcr, et al.
(Academ ¢ Press, 1985); b) A Textbook of Drug Design and

Devel opnent, edited by Krosgaard-Larsen and H Bundgaard, Chapter 5,

"Desi gn anwoApplwssat i on of Prodrugs,” by H Bundgaar d"pqupus2did8+761 (1991);
and 15c) FL Bundgaard, Advanced Drug Deli very Reviews, 8, 1-38 (1992).
1006211t should further be understood that solvates (e.g., hydrates) of the
conpounds of formula | are also with the scope of the present invention.
Met hods of sol walilohutareoginiead, bye dertowatomnewblerbar dtomd, ORGK LSSt abhe
conpound” and ‘stabl e structure® are meant to.indicate a compound 20that is
sufficiently ro Odlsl{?%tm(})at%‘?’\‘}lil(saec‘ilb%]mg PFOF 8 gl‘“d?gcf{ﬂ; al ﬁ%‘é‘}*’géﬂ&"“ purity from
a reaction m xtuwets aameodyolianitgadth anicyeiicoingnwaéf 4 0eds wilged, hersapewtitc agent .
ft is preferregq { . fhe presently recited conmpounds do not contain a

N- hal o, $( 0)ZH?CC%{HQ(IE'{]\&"Q}WS[?%?ET%B%ﬂtloB\stheﬂ’élgﬁf "herein, "treating" or

"treat ment " Scolldf|t heTlereat mentcydk riag tir Seaseydt’ atfas iavtadlcnmnmnadd,
particularly ip,. . NGl . he.di sease-state from
Deoccurring i nPgTul i B Dk i, Al BLRILAR Al SRATE12 2 2d T o
t he di sease- sttane Isiculads thioinclydss @ heareydicaignomdaningsS dravatamg or b bicydhiy

i nhi biting the,di $888609@l ®atoths. Suitatld YRS 1,894d dre@EYS) H&E ;. and/or (c)
relieving the di sease- st é)te,at?.He. ,mt%auvsaiﬁ%g re r%ggﬁqgﬁ] %? t Esyl'di sease state.
[ 0065] " Ther apetitciagantylycyeiphearh pwehebutitriringedyhndidebydranapifiell.uble tem anount

of a 30comeune,p@bnaliPQLRRSENL ithkdtye F@)Mc'Qﬁbcgf(h@trinlg,’sgreébfrﬁﬁt/dié”qlcm_qgclicatcs )
adm ni stered al one or in conbination. "Therapeutically effective anount” is
al so intended "8 PhErtuER!iaf ERtiRtUSHucAa @B RDPHaLIDSHLBYIC Eenpbitintdywhi ch i s
effective for bherbRAMBNhIQE@hELRBAd 1INuIRA I RLBE RARCTILWH2REQ/ 047621

100661The present invention further includes conpositions conprising one or
mor e conpounds PEFCERBIONPESRSY) RiKGMPYRY aHe @refrebbnalotiidlyriip)accept abl e
carrier. 10067difikyiphas (Reesbl 6 allbyadaeeptia] gt afald, BicaNyefpedi§p nedi a
general ly cepted in the art for the eIiveL of biologically active
agents to zr%“ 1ﬂgoz‘oinﬁtl1gﬂbla¥<?1wm, APINOGH: 1r§(?noal %ammocarbony,

dialkylaminocarbonyl, atkyl amido (preferably lower alkyl amido), alkoxyalkyt
(preferably a lower alkoxy[lowerlatkyl), alkoxycarbonyl (preferably a lower
alkoxycarbonyl), alkylcarbonyloxy {preferably a lower alkylcarbonyloxy) and aryl
(preferably phenyl), said aryl being optionally substituted by hale, lower alkyl and lower
20 alkoxy groups.
[0053] The term “heteroatoms” shall include oxygen, sulfur and nitrogen.
[0054] The compounds of formula | may exist as a free form {with no ionization) or
may fotm 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 uscful, ¢.g., in isolating or purifying the compounds of this invention,
[0055] The compeunds of formula [ 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, lysinc and the like. Such salts can be formed as known to
30 those skilled in the art.
[0056] The compounds for formula [ may form salts with a varicty of organic and

morganic acids. Such salts include those formed with hydrogen chloride, hydrogen
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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 include, without Iimtation: the type and nature of the active agent
bei ng for nW@teedessdie subj ect to which the agent-cont aiPRitAG2AeMIEHEI tion i s
to be adm nistered; the intended route of adm nistration of the
conposition; and the therapeutic indication being targeted.
10Pharmaceutically acceptable carriers include both aqueous and non-aqueous
l'iquid nedia, dsomed, Imcalsneaulfbarciaatiyublﬁl icsold] betindidseiffiorsebichcdosaleactdor ns.
ISﬁCQ dg?: Ir IO(;I‘ tsocr?‘ ncnc': acu{ Eunzcncsunfultnc dCld ?(huc%tsglffgxlrIc? c?ctu‘ anH %1%%%82%% geagogllt%gzg: ;Lrﬁze q
in the fornulaumamaﬂurUamuamueuycohmse&smm3~bemgaw\erabm%nwamﬁewami t he
active agent, t“m“ﬂ%# SSuche ot Tan\ﬁ@ honmlc(cng% &/Pmtupx(??&u%ﬁ 11()tf1g%rpar y skill 15in the
art. Descriptions o st t arhaceut | cal t e carriers, and
factors invd vd#0s7h theumn@eheumumn(lame&meundybm%anwhr|ety of readlly

avai | abl e sour uch ,,a e t )
Sci ences, 17t h(i&%SF NE“ REUL?I S ?ﬁﬂpé ?}”'r[rﬁ){lf#(‘[m)ﬂ i M“%VEQ%E%%H [{\}% chis
i ncor por at ed heitkdrin dinirtat er emae of wbrtmsiaemw *émy Tlm@mimlﬂwcmm%me

present invention, ks t@%&qgvcf?trbn cﬁn%mgés%ﬁ‘ﬂ}éerfoélsn}k{l%e&x%fnkﬁ'aﬁh HAPRAYRAS rar e

inhibitors of protein kinases. More speciflca , conpounds such as those
descri bed in t hicg perigelpty W140Whhidﬁbmlh@1®¥%ﬂdé‘ibn“(ﬂmil%l“km%a@e“‘aéfﬁ vity of

menmbers of {he ge%ﬁlch@mvhy Bfc EERRALAZan b BERRA iUy OLd Mefhold Lken Reruseful in
the treatnment of proliferative di seases 25that are dependent on signaling

by one or nore Ml Ssgiond copbiraion Searrtign sasEdizping| of daseigaIcEpr ol i ferati ve

di seases, soli GiefiphiDdsSr Rbahftf PRSI @(ﬁ&rh[?@hr&ﬁﬂ&gtl%ﬁ]? Tl cqﬂg\!:dlh'@@ﬁilcﬁnd neck,
br east, col on, ovary, as well as other tunor types including nultiple

l e
nyel oma, el andypECISTa oS S thcgﬁficamcag?faﬁmCawaﬂfﬁ%mcaweﬁr%alds for

mal i gnanci es sUgimAs sactintuiby @ Hogcdpassly hauk asil &iio3liQeR&iheaidnvent i on al so
relates to a phar maceut i cal conposition of con&ound of formula I, or

phar maceut i Bal 10958k c e phaprEnaayptiquisingaded i palude sWgpard#HomBal |y accept abl e
carrier in the dkagatd R pﬂ:ﬁcnh&ﬂ%@fdgl isbepRticURe hosatdemaling Meum®@l . 1 n
particular, said har ce;j, tlt:cal rff,ﬁ_éi-~t Lon i s, expect ed to inhibit the
growth and/ or METHSE w AR E IR PTRE Py BEAGY Pl P et ¢ Poor s whi ch
are associ ated HMnTai’an{bbto&S(JFlﬁEBlrdObxkﬂclkcﬂd’tﬁﬁtemBl) anddAdy. Hdgds ofadhod AK I
especially those tu S i.ch are si ni ficantl endent on JA

Cherr g ont h anti e Prc oS iRRhat SRR A a8 ooq.

t hyroi d, Shieast pnc@ﬂbcblliy coﬁ*@dﬁﬁcﬁrﬂﬂﬁqhnﬂﬁes&n&f@ﬁ Ioeihqxc odilletl untbe art y1pes i ncl udl ng
rrultlple nyel oma i obl astome.. I n addition to

JAK2 activity, pl“??ﬁ“%“laf] ?‘5}3“4 %?'? ﬁ/? ?@7“ ‘;Rﬁ st ujl,&f(g? ?PRR’PI‘““"’“r‘Wé‘Ynay be usef ul

in the treatnenibel reegmt alpmnce:amhxﬂros lhxaktd ngg@notllmvlsamtmaos@dy conponent .
[ 00701Thus acc 6ct..Q | L.on I provi ded
the use of 10a ohgou amB‘f““f fhk\’c F(r)rmu e aLOhaw’Sho ceut Slwcleh &ha{’gcept abl e

salt thereof indimewmanufiactunermt dfaztmlwhmmnf plfaonaceisieals (e.gt, hdulphitpduct i on
of an ant ! prol iy fo%wawgtsszag&%ct%m@at AR AR SR dPpA_Duman

being. [00 1ACCOrd Invention there is
provi ded a met hleldlcft?dnn prdde timg T, thapreggniohichiéangs inadodftd ever rirgyirggs of

war 1 bl 00ded A il B UG Ao Ay HIBMMEANT uoti L . AR thAbBlERL T eat ment

whi ch conprises adm nrstering to said animel an‘effective anount of a
conpound of f orcatiaing thgsarae. pRenat e ieadol yo iadedspnagivalonly bondspded  as

defined herei n DeIQLE an active parcnt drug of the present invention in 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 arc cleaved, either in routine manipulation or fn vivo, to the parent
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100721By virtue of their ability to inhibit FIt-3, JAK2, and JAK3, ki nases,
conpounds of the present invention can be used for the treatnent of
proliferative 20di seases, including cancer. 100731Thus, the present

i nventi on yoaviidessc4ret hods for the treatnment of a varimtyuseswoamoer s,

i ncluding, but not limted to, the foll ow ng: carci noma including that
of the bl adder (including accelerated and netastatic bl adder cancer),
breast, colon (including colorectal cancer), kidney, liver, |ung

25(i ncl udi ng stabgouain dradons sukid coapbind sy rane érveand wWhtdg :agd@nogcar ci noma) ,
ovary, prostate,. test enitoyrinary tract. |ymphatic system rectum

| ar ynx, pancreggn%fhgﬂﬁgﬁﬁéquSbﬁpﬁét gWGFEBPF%Xﬁgpﬁ?ﬁ8ﬂﬁg?&§g%8ﬁﬁgus,
stomach, gall blvaddeisadioeisiied o 4 hynodldn subidt, §kicavef iorfahudiredgysguafeus cel
carcinoma): hepn Fetd o tunors of | ynphaid |in ioncl udi | eukem a
seute 301y mphotnrper MRl RerietBn oo aueT 8 PG el i ® B ait

| ynphoma, Ts celihitddypphataia forkatdglil héngodtodrp hadives, of aloshoHodgkiime' fsncligmphona,
hairy cell lynp NILSE B |y na,:...and Burkett's |ynphoms;

henmat opoi eti c fgﬁ%?%mgkﬁﬁ#gﬁ%%%ﬁfF%%gggﬂﬁwgfuding acute and chronic

myel ogenous | elMeHi asYarimpetboehyps plodtats atc wgihidwwmi thayre | Foi ekenplokefiviid, and

pronyel ocytic | eukem Ratives, see: tunors of the central and periphera
nervous systen1incTué|n astrocytomn, 5neurobl astoma, glioma, and
schwannomas; a unobPgigsil fedeas hdivaby Br Byiderarda tiligdicn d%) tdosar coma,

r hadeWOSQ_@r C B ods N Ern rﬁ&[@@-?@{)lgf’l@?{ip. m&@,téaﬁ(gd ﬁyWiaciél',QgélMcﬁgmﬁl anons,
xenoder ma pi gnent osum Kker atoact anthoma, sem noma, thyroid follicular

cancer, and teP&tot4Pki noma. 10[ 00741The present invention provides methods
for the treatnent of |eykam.a: qmy-%lhpa-vggldna‘: @E@H)M@?t,dil§&%§/Q§05§M_@(ﬁlL§§en
0

pol ycythem a vera, essential thronbocytopeni a and elofibrosis, multiple
nmyel ona, col on®WihBapdgag.Chapteroa foesien a ¥@§§P¥P%”&§ﬁ§é@?Hl@@?@TThe
anti-proliferap ves-togawmeaids defi ned herein before nmay be applied as a sole
ms;ag%/hg:: Igray : nv%g Ve, H.I Bnun ggg:!d:[ /!Icgzgmtﬂ D?'ugclgeli ()(?H:I%glmafs St r11— 8 %1%\(526)nt lon, one or
{0062] it should further be understood that solvates (e.g., hydrates) of the compounds
of formula [ are also with the scope of the present invention. Methods of solvation are
generally known in the art,
[0063] “Stablc compound™ and “stable structure™ arc meant to indicate 1 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(OYH group.
10664] 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 discase-
statc but has not yet been diagnosed as having it; (b) inhibiting the disease-state, i.c.,
arresting it development; and/or (¢) relieving the disease-state, i.e., causing regression of
the discase state.
{00065} “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 cffective for the treatment of discase.
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15subst ances and/or treatnents. Such treatnent may be achi eved by way of

t he sinmul taneous, sequential or separate adm nistration of the individual
conponents of the treatnent. The conpounds of this invention may al so be
useful in vedeimesicen with known anti-cancer and cyt ot 8&T/ESA¢ERIE1 and
treatnments, including radiation. If fornulated as a fixed dose, such

conbi nation products enpl oy the conpounds of this 20invention within the
dosage range described bel ow and the ot her pharnaceutically active agent
within its appraéed d’c]fi&age,cmtamgmon@mmpﬁuddm ofmpfositions lcamprisimgynbe nused
fﬁgrﬁglt Ingl :,é d:Ma{)m%oun(? W?thc gmscnﬂg%&ruf)g Ind% th:?ltm?i%(clufcaﬂggccéﬁ?b‘;f]lcac%gr (r)S?f g?gt
100761The t er mOtant i -Baph}emcuagelmaccqpmblqdesluémyukwovwdlaa,’gemllytdhaptcd81 usef ul
for the 25treatne ncer | n

17a- et hi nyl est :_thac-: C?ﬂ terhc dﬁ:e}/%xl?fsbfc?f%%g rcgllvE‘ ag%:nts ?o e!n 18 é’laltlculdl mamrgﬁlé
f | uoxynest eon@hardranistipnmotiiie g @pudmfa:tneﬂatttdeiscttmxa;:tp@membfme@%gw ol acet at e,
met hyl pr edni SO'W%P%V-IH“ i gxlw&\@aﬁ%&&r@%@w aag?mﬁcsd% e hbE b OR! One.

chl orotri ani sene, rogest erone, am nogl ut et hi md est ranusti ne,

medr oxypr ogest émwﬁsmc@t ameandl ngluprad Hicdetivefbant 'amgcfethﬂaéﬂde*rh? fubivet to Zichdex;;
matrix 30 metall, dgag 4IRS Sl B L AR warfridforo AL Rl @i fowsych as ant i - VEGF
anti bodi es (Avastre nd ecul es suc 4 and SU6668,;

Vat al ani b, BAYMBm%@@n owqmﬂn@%mmszap%@n@@we@% Rt and HER 2

' nh: bijt ors I'OPC![PHQMECQ:umH} EE.CC&“E‘B?L c&éms 1mgi'c@§th (13;@51%%9& hé?\)-aémgmdﬁduﬂ{“ bi tOI’bS

i ncluding gefitini erlotinib , and cet uxi ma

Eg5 i nhi bitors medigeh vald dSB“‘W'I‘BQ@??“ngL“?@SMIE! do“&ﬁ‘dflo F SgdarEfaHer

inhibitors, sugRnas. GARRF b dMeRent 5@{1@@9&1}{1@56:@1@33{1 adﬂE{Eﬂ %88 dcmﬁﬁcﬁ@ﬂ mAb 2C4,
and GW572016 ki nase inhibitors, e.g. deevee and dasatinibh (Sprycen;

5Casodee (bi cabiphasdigesal %%"E‘f’“é“‘i&f?éé‘ udedrig e dpgmuiption ok yariel Yh%é“é“qnﬁhl bi tors,

MAPK Ki nase i nBizhitinistioRd3hdaMas@er nidBis { @ swczllﬁmﬁ]mmmﬂo&n@y &uch as
imatini b; antian eni ¢ and antivascul ar @g nts whi ch,. by i terruptl ng

bl ood flow!fo &bt ?th'?ﬁ?ﬁﬂ’é‘o“broéhld@?'“é?]éﬁh@?rc“ iy secqpifb s SHLiR: "‘89 4ePHri vi ng t hem
of nutrition; GASKERhiIIQM,selliogird RRdER 5vam@r@gﬁmlﬂam«adsmwd@ammmmras

non- prollferatlve hi bitors, of non tor_ tyrosine

b hses: | nhi BrEbis gt sa e S G DD MR R S such as
vi nbl asti ne, VIERGE, BA] 985, Wwhidhof iaddoponeed Mrenﬂtyumcmecc ipacntiteixel , docet axel,
7-0- nethyl thi onet hyl pacl itaxel, 4-desacetyl-4-nethyl carbonatepaclitaxel,
3'-tert-butyl -3 -Ntert-butyl oxycarbonyl-4-deacetyl-3'-dephenyl-3' -N debenz
oy1l- 4- 0- netZboxycar bonyl - pacl i t axel , C¥TrdTNyl carbonate paclitaxel,
ipofjglsl))c()ggpét hl@g%lhl l?Q{pl%@lt%ﬁ?l%llll\&itecé)%h ]Eheb 8} thl]d?f)thdB co%%&?uﬁé’ gOt hilone
112. *, 12R*, 168’Ftih]b1t31-s]Jipldlcmy«ﬂmexyw;ﬁpdgﬁﬁcim cﬁamﬂﬁbammhgh]gse&escubcd in

[ 1- et hyl - 2 (2 e.

[14. 1. 0] hept adgl('ijsallqv% i 1afut;'tt fé F:oY&ﬂbtglt&uqulc}sc d(?%ﬁy éﬂrc%ﬁ)?gé)&g%é&{ _gﬁlilylos* 1]
R*, 12R*, 16S*] | «B4&p0rs ,(‘Hierd inlgbigthyil)be 4sctfifiimathotrsaliient ofreditiyrhtet Haemydl- 7, 1

_di hydr oxy-,8, 8 N

20417 O o3y E;h%?“‘fi” “"]fﬁstd’?%ﬁ ﬁ{xghgxh e T e P e R Ster i VaLT Ves t her eof ;
CDK i nhi bi t or smyalnmmpﬁcmwdcésrcam veidgwhors efthd pangratichiressits iu“éamcdtf}?ﬂquot oxi n,
et oposi de, VM %Qaﬁt %Bibh RS Nf:%%\%hg{q &O4Y, 1yp@s 19011;(115@0!9&{1[%9&?51@&@ | inhibitors,
canpt ot heci n, ot ecan, rocar bazi ne; mtoxantrone; platinum

coor di nati on cm‘rgthCLE‘Mﬁhwa@ gipblpitanes and h@‘&%‘%&p‘l“é@r“ﬁ:“éﬁﬁé?‘ OIEa R PUEL i Nn;

bi ol ogi cal resmaggmmqéjkbﬁ{d growt h inhibitors; 25anti hornonal
therapeutic agents; |eucovorin; tegafur; antinet abol ites such as pttr| ne
ant agoni st $0( e 096915 t Fhej iyt e reltier 62 Ry agsrRisBLROMARSog ofigompPrg of

antagoni sts, e ggmulPON, g)lﬁ-l'—ma]c%@ca% RXDTBRIMEUGE I ahhPRRUGHERN hdgubeduct ase
i nhibitors; nmMTOR inhibitors haemat opoi eti¢c growh factors. .

(0077j Addi t i on&#righj B¢ as‘«}t@cra@blﬁwpi’OHtCHfa&edléwl SREEPHa i RBiCU BosE@Ht ubi ci n,
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30daunor ubi ci n, m toxant hrone, nel phal an, hexanethyl nel am ne, thiotepa,
cytarabin, idatrexate, trinetrexate, dacarbazine, L-asparagi nase,

bi cal ut am de, pyri dobenzoincl ol e derivatives, interferons, and

i nterl euki w®.201140382011/ 028864 PCT/ US2010/ 047621 [ 0078] Ircwiseo ivedsel of

medi cal oncology it is normal practice to use a conbination of different
forms of treatnent to treat each patient with cancer. In nedical oncol ogy
t he ot her conponent(s) of such treatnment in addition to the

anti prol i f er at pvenicegrtinemnpostieh isreepkchemhlﬂblbmé @lﬁ)@tlmwobﬁct&w&igefﬂdoxc
L:S;gg??;gpgf Og)hi’(l:ldl’gdn& nfscuumﬂx%lld?umom wF:cF g?g)agcr a{)cgl\gﬂgéﬁ—f %ik;géﬁg g 't hat wor k
by different mmmgm:ad mm Npe):sélydlem lmeldxsh@m@|amb@i1(fncelal@fclqrc:1®xafmI e,

| i nom de, inhi I Jntegrin ypction q.0 xane) ;
(1) eytostat i Paac M AL DoAY LBt RE 0P, AU Pu bFen

10t or em f ené, ba#mxoiﬁem@c1qd$ @i @mtrber@é tumioootpseiifceda mupinbgestogens (f or
exanpl e, nmegest QJIOF@&C%I?D%QZU)mQ Jﬁrﬁglﬁiﬁnﬂdﬂm Qf)dfngﬁ?bﬁt\f& ct%g,mlil?ltow
anastrozol e, Ietrozol’e bor aon1 tan , anti hornonges,

ant i progest ogeh@mtla%ﬂal“ad&i(é’géﬁéOI(THﬂ Ieaodnptb@l,ﬂ if thatreatinehe of aeithintanire| e,

bi cal ut am de, gm,%gﬁgllﬂgla@&ecto%&)cm LFI RH agoni sts and antagoni sts (for
exanpl e, gosereline acetate, |euprolide), inhibitors of testosterone

5a- di hydr or edut®dye (Fros d%és@aﬁapﬂ farthor pypae BIRG BEgutiof there dyirevided dfearaefe

i nhi bi tors,jpan kerhgduAsdraR e Rl Sor b USRI PaccdBlakl RLALgipase

i nhibitors such as nmari mastat and i nh| bi tors of urokinase plasm nogen
activator receptBiectumirinsiraamtion nsitbibe Broducgen of s wrtiprdlifeatye cffghieri on,
(such growth fa@.trplslgodcdng{uggaucﬁ]qtdmﬁﬁ EGF, FG, platelet detived growh

factor and hepwcyte grom h factor, such inhibitors include growh factor
ant i bodi es, H™ t tsCeiding ekt feamrs o Jugiinenton dissis a@“ﬂk?fh"’s‘t“‘f‘tmdr yr

(bevaci zu nab) pladuckizah Ell\i@i(ﬂlﬁﬁettﬂé( bfnmbm ,a “th’fl ORbLAE akilAASLh kW uRiah BFi%s, and

serine/threonine Kkj i nhi b|

antiprol i fggat I“\)@?‘g‘ﬂ ﬁé‘SEBWEEEt 2’ é?"baﬁqﬂl i) ?‘l’a*f‘idé‘ﬁ‘éna{ Heedhe as used in
medi cal oncol Og‘younS@f(aho:a}Sou&dﬂbﬂ ﬂﬁa{u&h@l b pesm{cb@lcaigxaimplable sanhitdhat es such as
nmet hot r exat e, hleuor, p% r6nd| nes such as 5-fluorouracil, purine and

adenosi ne anal 5 %( T %bEF ne 25ar abi nosi de): I ntercal ating antitumour
antibiotics (fzﬂﬂ'mxarﬁgd \emxeaalﬁtliar almywlm ne:sltﬁmcmm doxaraiiesa, daunonycin,

epi rubicin and_idartt bj cin,.mthra anmyci n);
pl ati num der i vETTPEES P #t& 1)lb3?nt "“icn O ('fué?)cl l(ii“fiﬁ tlhf:g% B A Ayl at i ng

agents (foR0exdmpice, maimiuug@gle:m nmust ard, tnel phal an, chlor arrbum |, busul phan,

cycl ophospham %g\“ I f%‘i:@'ﬁk lt.%ﬁdlt 1:1%/&1(1%961%9’%& mthod%O% Hu, ’hcd% lbg} Lok I § agents

(for exanple, nca al’kal aW“wlynbl astine
and vinfluni ne?fcalm?dlbtlaﬁmllmblsuethmasdK)abhglﬁ(lfpyv n(,pacl [ taxel ), Taxotere."?

(dooetaxel) and newst,mherohiibl hhrAISRLE: SHA ASCRRALIN 400G An! 00s

(i xabepi | one), discoder nolide analogs, and her obi n ana
bladder cancer), breast, colon (mcludmCr cotorectal 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);

hematopoictic tumors of lymphoid lincage including leukemia, acute

30 lymphocytic leukemia, acute tymphoblastic leukemia, B-cell lymphoma, T-cell

lymphoma, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, hairy cell lymphoma,

histiocytic lymphoma, and Burkett’s lymphoma;
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t opoi sonerase i nhibitors (for exanple, epipodophyllotoxins such as

et oposi de and teni posi de, ansacrine, topotecan, irinotecan); cell cycle
inhibitors (for exanple, flavopyridols); biological response nodifiers and
pr ot easonmewonitbizksses such as Vel cade (bortezom b). 51007T@sAsv/ewraied above,
the formul a conpounds of the present invention are of interest for their
antiproliferative effects. Such conpounds of the invention are expected to
be useful in a wi de range of disease states including cancer, psoriasis,
and rheunat oi d arth]ﬁdn{amou.tm&a&imﬁﬁks@mcda@d ie@hding acithendcdpunds of fornul a

| are useful in the treatnent of vari e of cancers,. including (but not
i ed t0) t haEBETBI RO eI e AP ARG pr ootat o
pancreati c ductpalmyaterdeukaniei noma, breast, colon, |ung, ovary, pancreas,
and thyroid; tunors of per. o

el udt ng. neur obi aseBii et B FaRnLE bR hEaH o BERLY S L™

hemat ol ogi cal anD@mammLgmnmumh\a&maﬁmme nyelogenous | eukem a (AM.), and

other tumors, inclugin om‘:f\u, cnc{?ﬁ%ai%ﬂgmgyﬁlhi[d %IOWQ%I’I?”E&[)(%)Q‘%?\%L%& to the key

rol e of klnases in the regu ron of car tera n1n géneral,
i nhibitors couhdiammwasnﬁamér5|ble cytostatic agents which may be useful in

the Lreatnent of any, gl seash REACASSMNL SN AALMEER lRor mal  cel | ular

proliferation, e.g., n pros e hyper fanilial adenomatosis
pol yposi s, neurkeairdindwarosmgiempubyrod &iNcufar panewi agd tegatechicinping, psori asi s,

gl omer ul OnelQ)hr 26d7§]f Or $§J[ﬁ&9§tli aﬁtﬂJnfp \Mcngnlé‘tH&!bQ(H’ltl?cq]:cXterEt U\{?C%E(!'Mlér surgery,

hypertrophic s rmat’i on an ammat ory bowel di sease. 100821The
conpounds of f awnsbalifamtiee Expeeiugh pypqweﬂh@mldVﬁdt@ﬁ@&ﬁtdﬁrﬁlmmt@wt‘mmﬁ@l 25havi ng

a hi gh i nci deng}%{u@%bl&)?( %l‘ltm}@: rlfy‘eﬂﬁﬁeco@&ltcldi\{dc; ¥reas? Ucﬁlbc: aa%d Qﬁs@%:tc@ﬁc%v col on,
brain, thyroid ancreatic tunors. By the admnistration of a

conposi ti on (oﬁmHSbonﬁF¢%HM%M¢mﬁﬂ“Pﬁémééﬁﬁéﬂﬁﬂ§mbbd@HF§YP%%@H%FbﬁSNC

devel opnent of ﬂte%p&smmnaﬂmma&maﬂob@&{quuga 6fQH’dJiﬁ€&lnor{ 0Q&3ermeRuNds  of
formula | may al so be useful in the treatnent of other cancerous di seases

(such as acldt e SWyBIEERHGES ek fva) UeaBerronBacPRECHRAY Hateiitq cal
conposi ti ons OfintultghcRisC£GMntiAl BY &PArk© BdRARERAIA bIde hIRi@ALbMnbNGsREE ent  may

be in a formsuitable for oral use, for exanple, as tablets, troches,

treatment. T he compounds of this invention may also be useful in combination with
known anti-cancer and cytotoxic agents and treatments, including radiation, If
formulated as a fixed dose, such combination products employ the compounds of this

20  invention within the dosage range described below and the other pharmaceutically active
agent within its approved dosage range. Compounds of formula I may be used
sequentially with known anticancer or cytotoxic agents and treatment, including radiation
when a combination formulation is inappropriate.
[0076] The term “anti-cancer” agent includes any known agent that is useful for the

25 treatment of cancer including the following: | 7a-ethinylestradiol, diethylstilbestrol,
testosterone, prednisone, fluoxymesterone, dromostanolone propionate, testolactone,
megestrolacetate, methylprednisolone, methyl-testosterone, preduisoloae, triamcinoloae,
chlorotrianisene, hydroxyprogesterone, aminoglutethimide, estramustine,
medroxyprogesteroncacetate, leuprolide, flutamide, toremifence, Zoladex; matrix

30 metalloproteinase inhibitors; VEGF inhibitors, such as anti-VEGF antibodies (Avastin™)
and small molecules such as ZD6474 and SU6668; Vatalanib, BAY-43-9006, SU1 1248,
CP-547632, and CEP-7055; HER | and HER 2 inhibitors including anti- HER2
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| ozenges, aqueous or oily suspensions, dispersible powders or granules,
emul si ons, hard or soft capsules, or syrups or elixirs. [0085]Wen a
conmpound according to this invention is admnistered into a human

subj ect, tWwe daiksssdosage will normally be determ ned day/dhewopssscri bi ng
physician with 5the dosage generally varying according to the age, weight,
sex and response of the individual patient, as well as the severity of the
patient's synptons. 1008611f fornulated as a fixed dose, such conbination
products enpl Oyntﬂahcﬁcﬂ!ﬂ@iﬁ@ﬁﬂﬂsxﬁf[{ ihibiford i@ RALMb, thbthild, A8 xd@s@Age range

descri bed abov i cal 'y ac ent AL t r eat ment
withinits app?gﬁggmgoﬁgg §&W§@““F3%5H%@&W&S%6%“§ - 5-Ey2 AP be
adm ni stered sefqﬂem ipad Hyr indithikorsk ok camilunﬁtarmeﬁserIcmBntfmum&a;gemB when a
conbi nation for n_i.s.inappropriagte. The invent ldgmted in
the sequence ofgﬁ&ﬁ%nW%P?%??@ﬁ?EE%Wﬁ%ﬂﬁﬁg’%&%%8V%uﬁ%hﬁ G( y%?&Ir)rlnlstered
ei ther prio6 tQadtcxdfbieNutaeiod, [/\istsdant:cidprl'dlﬁ@c)}(lﬁ)ﬁ}mmgQ\Mthnﬁﬂllﬁ?&?ﬂr}\[’ﬁ{j
cytotoxic agent(s). [00871The co e adm ni stered in a dosage
range of about&éé%ﬁmhﬁméd%3p@ﬁﬁ/ tﬁéﬁqxggé?EWE%FV*P%@?“WHaﬁ“HOO my/ kg/ day,
in a single dosegi®tni¢ dihd%ntﬁx@sofﬂladho\éhtﬁie/dlcﬁi(b?yQﬁenumdwttEQRWlnAN ON
é00881The COHDQHE%ST%?§“REQ"HH%EP%IOn c%nrgﬁﬂlt%mnlgtared 13 gggh oral
osage forms as &G Y PR U5 WATERT AEI YRSV EUSt S Hed rel ease
or tined reIeasmhaﬁmmmmWLmKMOM®y¢imnbhs&umﬂmdan&umgﬁamuha$nnehiX|rs,
tinctures, guspcgcp r?yrgsim,%(}/mscg n’li 153{1')15 o?mtltﬁ,fm 3 f,nd’llyg Elﬁ%{'{lll erm(r dgjtcntrs.' 5|‘l as

adni ni stered in it Fave
subcut aneous, @mbM%m%ammamu¢amo&dmwlwahmmusmﬂgmmbsmgmmﬂoT@B wel | known to

those of ordin Myiﬁhl;kc, hyd)QCIFt‘B(% 9“@‘: &g%/cfqq]'iclt@%lrdﬁbﬁ}iqagcﬁ%%lt§39y3’Ct%? bllael 3-N-

adm ni stered a era
phar maceut i cal ety cagoh g fé»@lct«mlﬁ’t frph@BbH SV -debofizoy HeOattmeyrarboutie  of

admi ni strati O“p&ngxat@mq\%g &@@M@%M&@émm LREAT g&hm[ng%Sg%mmct?sage

regi men for the conpounds esent Tnventio course, vary
dependi ng déoncmﬁmeﬂ?ﬁ@@éﬁ@Mh§weﬁ-é%oﬂﬁﬁﬂmha¥ﬁdbbdynanlc characteristics

of the particuf@s, 3@@@%1{*&%*'51&@ [@{d%@gﬁ'; ﬁpuﬁhﬁn @z@lm ﬂ' 1%%%519!”&1 sthe

speci es, age, sex, health, medical Ition, t he reci pi ent;
the nature 30aHd"&bterie-mshyHrdiseghiitsme! 4‘@%‘%%‘&10361‘0[ h%?m‘é‘md“‘t reat nent ;

the frequency ob.ddealaiBfibio (e [oUke(HTRaM-N| A4 1 @B seprenal and
hepatic function of the patient,
aminomethyl)-4- tluazolyi] {-methylethenyl}-7,11-dihydroxy-8,8,10,12,1 6-pentamethyl-
20 4-17-dioxabicyclo[ 14.1.0]-heptadecanc-5,9-dione, and derivatives thercof; CDK
inhibitors, antiproliferative cell cycle inhibitors, epidophyliotoxin, etoposide, VM-26;
antineoplastic enzymes, ¢.g., topoisomerase [ inhibitors, camptothecin, topotecan, SN-38;
procarbazine; mitoxantrong; platinum coordination complexes such as cisplatin,
carboplatin and oxaliplatin; biclogical response modifiers; growth inhibitors;
25  antihormonal therapeutic agents; feucovorin; tegafur; antimetabolites such as purine
antagonists (e.g. 6-thioguanine and 6-mercaptopuring; glutaming antagonists, e.g. DON
(AT-125; d-oxo-norleucine); ribonucleotide reductase inhibitors; mTOR inhibitors; and
haematopoictic 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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and the effect desired. A physician or veterinarian can determ ne and
prescribe the effective anount of the drug required to treat the cancer.

[ 0090] By way of general guidance, the daily oral dosage of each active

i ngredi ent wonhenzesmed for the indicated effects, w il rangsobetsween about
0.001 to 51000 ng/ kg of body weight, preferably between about 0.001 to 100
ng/ kg of body wei ght per day, and nost preferably between about 0.001 to 20
ng/ kg/ day. Intravenously, the nost preferred doses will range from about
0.1 to about 1Q00'rg}’ kgin tﬁbﬁm&)bﬂlﬁt&hc@[fonhhb@/ il D@l ;mibuemy uire caapinmicatoéred in a
single daily dos tal daily e . adm.nistered in divided
dosgs of tud, Akt ogs F SGTe ALE e RO BT BBl TP E HE <

i nvention can bﬂmﬁ%ﬂmﬂmﬁKQbEdmhﬁumﬁmm&mﬁ&ahi%@WﬂMMﬂ&dﬁﬁ@mo@hnume of
suitable intra vehi ¢ tes ng transderma
skin patches. &ﬁiﬁdgﬂﬁpﬁﬁéFé%gg Vﬂgﬁﬁéaﬁgyﬁg%Prdm??gmd%%§W%ﬁ del i very
system thesdosa@&madmynmghnaimmmnmmkhmgm&q@hMﬂ@emwbgmcont|nuous rat her
than intermttent tf ar oughout. t e do npounds are
typically adninisterted inh adnfxture “q%?WOﬁqwgﬁgwm}gﬁggﬁé%ggﬁf@g di | uents,
exci pi cnts, ordmhmnheﬁ@bﬁmahbeﬁmnmenmomaéeﬂnmdnhmumgnemmﬁﬁﬁmmhmrnaceutica
carriers) SU|t%RL\tlgh§§E$% Wth respect to the intended form of

adni ni strati ontAAL 18 "6Fal tablets, capsules, elixirs, syrups and the

i ke, and conS|stenmnmnthoﬂmmwgmhkmma%dmhanmwméwnMQamhanmwﬁﬁmes

20100931For i nst an. [ tr AN R l et or
capsul e, the a?: cml?n,n& 'dngl{:cg?i‘%mrl]oexn 1e 10§<)><b1°§;‘l égvn%icgoéﬁhse(f %Eamr{)?c me %Ct‘t%ﬁon t oxi c,
pharnaceutlcalhymaﬁcewna@b&m¢MWe(®1@@mpmemwsunhsé&ommnb@y@k seaeedne).
sucrose, gluco o e J SR AhGmiadl Siakgldm

phosphat e, calgﬁﬁwggﬁp¥dm§ﬁjLH%%EEMKHRgggﬁﬁ?gF‘&ﬁﬁ' ﬁln1?QE “For oral
adnlnlstratlonwaUqudep@@mnva@h@ﬂdﬁﬁﬂiﬁmﬂgh@mh@@ﬁ@nﬁsﬁ@&hMMél25conb|ned

with any oral, c K rdasS rler such as
o hanal ol ee f,oﬁara.ﬁcoa@ctgm phanpRe ﬁpﬁ)L&@L%@g&gg%& BliGarb A das A
necessary,1§U|mabMéaBmmme¢9JNMmbmmwéwvsHmdmsﬁnmégmavmngm@g@ﬁﬁgﬂﬂmhd

col ori ng agent g, .63 ééuﬁ&%ld, BE AAAL AbEast LAY Jﬂnﬁiom aﬂlfeﬁ(ﬁd%%}&mmcﬁ bi nders
i nclude starch, gelat natural sugars suc ucose or beta-lactose,
corn smeetenergﬂnﬂ@twﬂmhﬂéw@ﬂ§yﬁﬁh€vm®“gﬁBﬁmﬁuﬁﬁmdsmggaéaéiaﬁwﬁﬁéﬁﬁtanth

or sodi um al gi RR}Q. fo?@{agﬂw EGF mdFCﬁldtchJ Rfed Opal/tbf?arc!%y;uﬁrh@pcﬁ!cy@%}mvtimxes and
the like. Lubricants used thesé dosage forms include sodi um ol eat e,

sodi um st ear at éctoragrieshi b!ml ‘s‘ﬂ@@fké&@’th Sedr uniborbnzears facks grenyrasddice,

sodi um chlgri dgy a@-ﬂd'dshﬁ‘e(b!:\lalﬁ%umﬂg) Sldth Sk atRfuSinlaBS Ly fic ithdhiitoksiafd t at i on,
starch, nethyl cellul ose, agar, bentonite, xanthan gum and the |ike

[0094] The conpetimgérening fiasiddineg)isibent i on can al so be adninistered in

the form of |iposongidebidesiferfNshRMBoplEHEN uS%nS BEHhTinauBisli@R®RE latsc¥ BSi Cl es,

| arge 5unilamel | ar vesicles, and nultijlamellar vesjcles. Li posomes can be
formed from a medical oncology, such as antimetabolites (for example, antifolates such as methotrexate,

fluoropyrimidines such as 5-fluorouracil, purine and adenosine analogues, cytosine

25 arabinoside); Tntercalating 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 examplc, nitrogen mustard, melphalan, chlorambucil, busulphan,
cyclophosphamide, ifosfamide nitrosourceas, thiotepa; antimitotic agents (for example,

30  vinca alkaloids like vincristine, vinorelbine, vinblastine and vinflunineg) 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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vari ety of phospholipids, such as chol esterol, stearylam ne, or
phosphati dyl chol i nes. [00951Conpounds of the present invention may al so be
coupl ed with soluble polyners as targetable drug carriers. Such polyners
can i ncl udeopotiymssey| pyrrol i done, pyran copol yner, PCT/US2010/047621

pol yhydr oxypr opyl net hacryl am cl e- phenol

10pol yhydr oxyet hyl aspanam dephenol , or pol yet hyl eneoxi de- pol yl ysi ne
substituted with pal mtoyl residues. Furthernore, the conpounds of the

pr efselnt i nveRt Edpﬂlsdﬁbya\bﬁhﬁmd\tphﬁdxﬁrﬁpl@ cplb@s)glaygttobihp?elgmadml,iec #aal ylrrelr S
useful in ac |ev1n contr ol rel ease o rug, .for , polylactic
aci d, polygl yc6MP& %%PHQQB%ﬁﬂﬂyﬁﬂP§m8F&ﬁbFaV§E?%@“§ﬁﬁ(gbfggpycolic aci d,
polyep3|lon caﬂm@bﬁﬁbmnewkmmhuhydﬁexmmbutmnhﬁmas&dﬂnm&pmbmar%h@ﬁﬁ&éTs,

pol yacet al s, ggh ropyrans, polycyanoacyl ates, and crosslinked or

anphi pat hi c bI 8 | ymers of hydrogels. [00961Dosage forns
(pharnaceutﬁcaﬂm@hnpoﬁsﬂ&@M$¢mghéﬁmhMei&mmoadmbmhsmeaﬁﬁmmmnmyunmntain from
32?;‘“ I:Lnn}[ lhlelsg{n cgrﬁra%gg!{ltngl]&?&mtw th,c r%gg c%rﬂp()u:é(}é,to}lg%llnln\.nrtﬁtell ?Q;[H)[Lgtccsl Fosage
20ordinarily b& l}?rus@émtawrdc aimﬂcartﬂusmsc s:i#tuab@mnng@.dﬂpcgﬁ%lhy@ wei rghtmabidsed on
the total weight, of the conposition. [0097] Gelatin capsules nmay contain the
active ingredient and powdered carriers, such as |actose, starch, cellul ose
derivatives, nt§dlisi uvivsteariaill, the paenois a6 fodnulahetc tivéil i thetrcaant blar
diluents cap De§RAchOThiRuAOIRE ER Sl BPhehRo,Roth tabl ets and
25capsul es can be ‘manufactured-as sustal ned easeé products to provide for
cont i nuous reIease"dﬁmﬁﬁﬁﬁcﬁﬂp@ws@Wéﬁt@?méﬁﬁ%dm@ﬁwmmuméﬂd@ﬁﬁﬁﬁ@ﬁ@é@ tabl ets
can be sugar CQ@&@QmQﬁ[mhhﬂhQQ§h§g“diH@§mlany unpl easant taste and protect
the tablet fromthe atnnsg ere, or enteric coated for selective

di sintegration in tHEMYas WéFﬁFébﬁﬂﬁ@Nmﬂﬂ&&WmTB@@BﬂEWW@$@“@@§&@@“$orns f or

oral adm ni str gldoRRoSRARnERARAbRAERI0r i Ng and 30fl avoring to increase
patient acceptance. 100991l n general, water, a suitable oil, saline,

aqueous dextrose (glﬁ@ﬂ@@%mdéﬁﬂgﬁgFﬁﬁga‘éﬁ@%ﬂ“&%&&ﬁ?bﬁ@“ﬁﬁﬂAQFQGﬁﬁs such as
propyl ene glycol or oml Mﬁ‘nﬁ)hyﬂnﬁnﬁné}hé{ﬁf@hﬁ andBh@tginlabhe carriers for
par ent er al SOlﬁ%é@ Solgrkgnsifﬂ@ arentera adqlnl?tratlon pref erably
contain a wate | P Qe feygplePRENSEY IR U8 TRGHIT SR BRSPSt abi | i Zi ng
agents, and i f gmeaksGbitys C(bﬂtf efceaf\ SR AN eeEtic Bt @bﬁbidinzy Rgisergienths such as
sodiun1bisu|f|é \ ng;n LS ds " or lafsl(t:orb C aclldni 1? talque or
combi ned, are SHFPLhHYIEY sc c p OCCbb which Teaturcs abnormal cellular prolifcration, c.g.,
20 benign prostate hyperplasia, familial adenomatosis polyposis, ncuro-fibromatosis,
pulmonary fibrosis, arthritis, psoriasis, glomerulonephritis, restenosis following
angioplasty or vascular surgery, hypertrophic scar formation and inflammatory bowel
discase.
[6082] The compounds of formula T 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 2 mammalian host is reduced.
[0083] Compounds of formula [ may also be useful in the treatment of other
cancerous diseases (such as acute myclogenous 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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5 stabilizing agents. Also used are citric acid and its salts and sodi um
EDTA. In addition, parenteral solutions can contain preservatives, such as
benzal koni um chl ori de, nethyl-or propyl -paraben, and chl or obut anol .

[ 001. 00] Sumtabligozpsvar maceut i cal carriers are descri bed PCHUR/ANGE2ON' S

Phar maceuti cal Sciences, Mack Publishing Conpany, a standard reference text
in 10this field. Bl OLOG CAL ASSAYS JAK2 Tyrosi ne Kinase Assay 151001011 The
assays were performed in V-bottom 384-well plates. The final assay vol une
was 30 M. pr epasetkct, ragisoldor Mly adghintiviendispafsibbnoyites angasithetnuRives hard

(fl uorescei nat ed@tepre and ATP&- and test compounds in assay buffer (100
MM HEPES pH 7. 4740 RNy ER2 " 26K\ Bet a- G ycer ol phosphate, 0.015% 8rij 35
and 4 nM DTT). [(U88] r e&dich @ orwymsnd agtdriliag edhibinvérien setbinzatdddne ofuddi<2 wit h
substrates and tes 0 ounds, The,reaction i hcubat e . ro

Cenper at ur e o B0 A O TSR G U R B P BB A ¢ 0
each sanpl e.5 Thie dveacttonllimatiug ecwdeganht yredeign, sehad@abepest thabChi p 3000
by el ectrophoretjc,separat.i fobhe., escent . rate and

phosphoryl at ed l%lr"i)“clfﬁlgé)d. “ﬂhﬁ?‘}bg}i% %Lnng{ékit 8%‘?%&%&&5%@?@1 by conparison to no
enzynme control {#G8act i difgmfubied bOOHddnlichiuch ombandowvehiucts emplal fher eact i ons f or
0% i nhi bi ti on. fi-nal . c .at | f L€ i, ays is ATP,
30 jtM JAK2 flcé-lg %‘ﬁ@“edﬁﬁ‘ﬁ“p‘él%@?@ﬁwi‘?@b %a&fﬂ@%%%ﬁal’%ﬁg ) %,%1. 6% Dose
response curvehywereutgehe paiveskenior detiaermivitbingth eppsond espgearigon requi r ed

i nhi biting 50%, ' 3 v £ b - HCORPOL [ l.ved at 10
InMin dit nlg’t hy@@é’ﬁ‘@%@%@%ﬁs‘% 3%&13%\%?13% g%ag(?‘ qglh\é\@g%ng%ﬁ%gllﬁ%ﬁggtoﬁons,
each in dupli carietoxic GE@twEIcHe SopBRaoy BFPYRIPNINIEHRPTIHA cHiC IBOREY LY on

anal ysi s JAK3 [INEQRI G cflBASE s AR Ao RALALIundIS FARIBY SnalBE RinPGEERI Med i n
V-bottom 384-wel | plates. The final assay volume was 30 tiL prepared from
15 pL, additi of8hPriEng PrcHaiEiBEer A te Koy PsHEY CePHYLELHRME i de and
ATP) and test GEEPOUNGRe dothpBSRigdhaPbf dafiinidck@Pin alihs agﬂﬁ%ﬂ)ﬁa%uﬁ).(}ﬂgzw Myd 2
25 nmM Bet a- G ycerol phosphate, 0.015% Brij35 and 4 mM TT;. The reaction was
initiated by tH@%E‘biﬂﬂf‘?‘ﬂhi%‘;ﬂh@ﬁ@@“Wk A% dffstfedt 408C Ay Péstividypounds.
The reaction wggskncubated at roomtenperature for 60 mn. and term nated
by adding 45 ILL of 35 nmM EDTA to each sanple. The reaction m xture was
anal yzed 10on the Cali per Lab@&%@ﬁg@{&l@&ﬁ%or etic separation of the
fluorescent sulegsspt e TRObPBQRIPHORY hvat:idn PraduhinislcRiaiibivth o1 daiga wer e

cal cul ated by conparison to Igp ganz¥rrﬁ, control reactions for 1(:209/@ nhi bition
and vehi cl e- onlfyme SEPIFTEFarsyiSs (et HRiChPiuEHN SvsifRedpsiersy o dgRe 9%t i on of
reagentz s imot hQ‘orgﬁ%ﬁ%ﬁ), ipﬂls,é}eowcierﬁ gaMnchAi&&-s,fdnu@fce,a@@atsiopgpjzriqcieandlaS MM
JAK3, 2.5 nM an 1. 6% se response curve re. generated to
I5tet er i ne  hERESREBAEAPFOH T PERT A BTG 0o P R Rbae. act fvi ty
(1C50). Conpoundspaesrealchiubaoinv@d, @intdush v fornn ativgineddeage Serhnf oxil de ( DMSO)
and eval uated at el even concentratiaons, each.in duplicate. 1C50 values were
or i ved by non hr kSR GRREEL It AR b BASr by SRORED G s e T bi e on

Assay alone, but generally will be administered with a pharmaceutical carrier selected on the
25 basis 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, scx, 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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201001031Conpounds were evaluated for their ability to inhibit cel
proliferation, using an assay that neasures thym dine incorporation in the
DNA of the dividing cell, which is directly correlated with cell nunbers.
SET- 2 cel | wowenm:gbat ed at 10000 cells/well in 96-wel Ipquizbesoan wer e
cultured for 24 hin RPM-1 640 supplenented with 20% fetal bovine scrum
before test conpounds were added. Conpounds were 25diluted in culture
medi um such that the final concentration of dinethyl sulfoxide never
exceeded 0. 1% arfdahd @fsttigsitea aridictah 0fveadinrompoLReSTing N} peRéddbs tiwer e cul tured

for an additional .72 h bﬁ}grq_cell_ roliferation was determ ned by
measuring DNA SVHtfregioet 1ﬁ‘§FﬁFﬂVﬁf%V%@“Fﬁ%§?poration. 1001041 Conpounds
descri bed her e{0i9tier e3:t estEdenen! flienchAKR ddRraladshec3PRicakitfver at i on

| nhi bi tion assay Qescribed

baove. . Th || owi ng result re. obt ai ned.
TABLE Exanpl e#“‘a"ﬁki‘“(‘?”Eﬁdfc‘@ﬁ\#'wél‘:“ﬁaﬁ%fffg%h )V%R/?geé’e‘ﬂe’ BT 61 4 0. 03 2.53
15 1. 52E- 0350. 4®0 mg'kg of body weight, preferably between about 0.001 to 100 mg/kg of body
weight per day, and most preferably between about 0.001 to 20 mg/kg/day.
Intravenously, the most preferred doscs will range from about 0.1 to about 10 mg/kg.
Compounds of this invention may be administered in a single daily dose, or the total
daily dosage may be administered in divided doses of two, three, or four times daily.

10 [0091] Compounds of this invention can be administered in intranasal form via
topical use of suitable intranasal vehicles, or via transdermal routes, using
transdermal skin patches. When admingstered in the form of a transdermal delivery
system, the dosage administration will, of course, be continuous rather than
intermittent throughout the dosage regimen.

15 [0092) The compounds are typically administered in admixture with suitable
pharmaccutical dilucnts, cxeipicnts, or carricrs (collectively referred to herein as
pharmaccutical carriers) suitably selected with respect to the intended form of
administration, that is, oral tablets, capsules, elixirs, syrups and the like, and
consistent with conventional pharmaccutical practices.

20 [0093] For instance, for oral administration in the form of a tablet or capsuie, the
active drug component can be combined with an oral, non-toxic, pharmaceutically
acceptable, inert carricr such as lactose, starch, sucrose, glucose, methyl callulose,
magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbito] 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. Morcover, 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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29 0.01 10.00 33 6.37E-04 0.01 34 1.50E-03 0. 24 Exanpl e# JAK2 (| C50,

SET-2 (1C50,

uM 35 5.36E-04 2.85 38 0.04 0.06 49
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25

30

chloride, and the like. Disintegrators include, without limitation, starch, methyl
cellulose, agar, bentonite, xanthan gum, and the like.

[0694] The compounds of the present invention can also be administered in the
form of liposome delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles, and multilamellar vesicles. Liposomes can be formed from a
variety of phospholipids, such as cholesterol, stearylamine, or phosphatidyleholines.
[0095] Compounds of the present invention may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol,
polyhydroxyethylaspartamidephenol, or polyethyiencoxide-polylysine substituted
with palmitoy residucs. Furthermore, the compounds of the present invention may
be coupled to a class of biodegradable polymers uscful in achicving controlled release
of a drug, for cxample, polylactic acid, polyglycolic acid, copolymers of polylactic
and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydropyrans, polycyanoacylates, and crosslinked
or amphipathic block copolymers of hydrogels.

[0096] Dosage forms (pharmaceutical compositions) suitable for administration
may contain from about [ milligram to about 1000 milligrams of active ingredient per
dosage unit. In these pharmaccutical compositions the active ingredient will
ordinarily be present in an amount of about 0.1-95% by weight based on the total
weight of the composition.

[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 dituents can be used to make compressed tablets. Both tablets and
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
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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0.05 3.93 53 1.47E-03 0.10 55 7.48E-04 4. 30E-03 61 7.51E-04 Exam Wef t
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are suitable carricrs for parenteral solutions. Solutions for parenteral administration
preferably contain a water soluble salt of the active ingredient, suitable stabilizing
agents, and if necessary, buffer substances. Antioxidizing agents such as sodium
bisulfite, sodium sulfite, or ascorbic acid, either alone or combined, are suitable

5  stabilizing agents. Also used are citric acid and its salts and sodium EDTA. In
addition, parenteral solutions can contain preservatives, such as benzalkonium
chioride, methyl-or propyl-paraben, and chlorobutanol,
(0100}  Suitable pharmacecutical carricrs are described in Remington's
Pharmaceutical Sciences, Mack Publishing Company, a standard reference text in

10 this field

BIOLOGICAL ASSAYS

JAK2 Tyrosine Kinase Assay

[5  [00101] The assays were performed in V-bottom 384-well plates. The final assay
volume was 30 pL prepared from 15 pul 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 JAK2 with substrates and test

20 compounds. The reaction was incubated at room temperature for 60 min. and terminated
by adding 45 pb 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 % inhibition. The

25  final concentration of rcagents in the assays is ATP, 30 uM; JAK2 fluorcscent peptide,
1.5 p; JAKZ, 1 nM; and BMSO, 1.6%. Dose response curves were generated to
determine the concentration required inhibiting 50% of kinase activity (ICsq).
Compounds were dissolved at 10 mM in dimethylsulfoxide (DMSO) and evaluated at
cleven concentrations, cach in duplicate. 1Csq valucs were derived by non-lincar

30 regression analysis
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WO 2011/028864 PCT/US2010/047621

JAK3 Tyrosine Kinase Assay
[00102] The assays were performed in V-bottom 384-well plates. The final assay
volume was 30 nL prepared from 15 ul additions of enzyme and substrates
5 (fluoresceinated peptide and ATP) and test compounds in assay buffer (100 mM HEPES

pkE 7.4, 10 mM MgCly 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 cach sample. The reaction mixture was analyzed

10 on the Caliper LabChip 3000 by clectrophoretic 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 6% inhibition. The
final concentration of reagents in the assays is ATP, 8 uM; JAK3 fluorescent peptide, 1.5
puM; JAK3, 2.5 nM; and DMSO, 1.6%. Dosc response curves were generated to

15 determine the concentration required inhibiting 50% of kinase activity {ICsq).
Compounds were dissofved at 10 mM in dimethylsulfoxide (DMSO) and evaluated at
eleven concentrations, cach in duplicate. ICsy values were derived by non-linear

regression analysis.
Cell Proliferation Inhibition Assay

20 [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 ccll 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

25  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

30 Proliferation nhibition assay described above. The following results were obtained.

220G
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' 110101.101.1101.01.01 sP1 AV-is d O di nei ABBREVI ATI ONS 1001071
The foll ow ng abbreviations may be enployed in the nethods of preparation
and Exanpl es: 5h = hours DCM = di chl oronet hane THF = tetrahydrofuran HPLC =
hi gh per f owmmemceozkicgui d chr omat ogr aphy DVA = di i sopr opyCetkphoiamizne 10
i-PrOH = isopropyl alcohol TFA = trifluoroacetic acid mn = mnutes DVF =
di met hyl f ormam de EDC = N-(3-Di net hyl am nopropyl) N - et hyl carbodi i m de

15HOBt = hydroxybenzotriazole NVP = N-net hyl pyrolidi none Et0Ac = et hyl
acetate JAK2 (IC50, SET-2
Example#
uM) (IC50, uM)
35 2.85
5.36E-04
38 0.04 0.06
49 0.05 3.93
53 147E-03 0.10
55 7.48E-04 4.30E-03
61 7.51E-04
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AcOH = acetic acid BOP reagent
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12-NN S #.".11.. OyrNNIl INI12 VIII K\ -NNN\ 1 ONNN-I S---/ Lal a)
2, 4-di met hoxybenzyl am ne, heat; b) NaHVDS, Boc20; c) (Ph)2=NH d) HC; e)
NI'S; 0 Pd2(dba)3, ethyl pyruvate; g) Etl, Cs2C03; NaCH (aq);

5di cycl opr spytoamizess4 HCL, HATU, DI PEA; j) TFA; k) BenzoykTiusSmadéseeyanate; 1)
NaOH (aq); nm) 2CHBrCORI Scheme 1 10[ 001091 Conpounds of general fornula la2
in which the Rl group is CONlne could be nmade using Schene 2. Thiourea
intermediate (VII1) could be conbined with EtO CCHBrCORI to afford the
thiazole ester (1X). The estfr coul dJbe2#gsdr pl WE®EA and the acid coul d be
coupl ed with amine to afford| PRMESH| e amyde daedovahyive (l1a) a)

Et O2CCHBr C012. 1; b) NaOH ( ag}s—e)—HN-A2~8—HAFYJ—DIHEA 5 Schene 2

116 1.49E-03 0.17

125 0.05 1.27

[00105] Compounds described herein have been tested in one or more of the above

identified assays and have been found to be active.

C. Invivo assay
[00106] Compound formulated in appropriate vehicle was administered to mice
either as an oral bolus or injected intraperitoneally or subcutancously to Balb/C mice.
Blood samples were collected through orbital bleeding or cardiac puncture at various
10 time points post compound administration. Aliquots (90 uL) of the blood were placed
in a 96 well plate. Diluted solution (Sul) of murine thrombapoietin (mTPO;
Peprotech) (diluted 1:1000 in dPBS/BSA, 2 uL in 2m! 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
15 well. The samples were then incubated at 37° C for 15 minutes to ensure fysis 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 eBioscicnees) for
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 pL of

233 -



[00110] Sim |l arly, conpounds of general fornmula la3 in which the 12' group
is CONRal e could be prepared using the general protocol depicted in Schene
3. IDN_A" co2ne RN aN N\ eA ONNLONNNLIS X b, cCONR'R" N\ R2 0O NNNUS
a3 a) WCHBDCOGI®29¢64 b) NaOH (aqg); c) HNI212a, HATU, DidraA2ddscheme 3
1001111Conpounds of general formula la in which RI is halogen (C, Br or!)
coul d be prepared by condensing an a, a' -di hal oketone as depicted in Schene
4. a) R2COCH(F-lal)2 Schene 4 51001121Alternatively, thiourea derivative
VI could be pomvilizethnbaffd O (from BD Bioscience) was added and the samples were

incubated on ice for 30 minutes and then samples were washed twice with
dPBS/1%4BSA and re-suspended in 100 pL of dPBS/BSA containing Stat3 (pY693)
Alexa 647 antibodics. The samples were incubated at room temperature in the dark
5 for 45 minutes, washed twice and re-suspended in 10 plL of the Stat3 (pY693) Alexa
647 antibodies used were added to the sample. The samples were re-suspended in
200 1L of dPBS/BSA and run on the FACSCanto on sample images were processed

using Diva 6 and Flow/o 8.5.3 analysis software.

- 14 -



tenperature into G5 tin-substituted thiazole XI and then directly

hal ogenat ed usi ng el ectrophilic hal ogen source or through netall ation

foll owed by quenching with an el ectrophilic hal ogenating agent (Schene 5).
N--\\ ONN Mo Niv®Fse¥l |1 a N-\\Hal N\ t2 0 N N NHper/US10au04781 CH2COR2;
b) Selectfluor or NCS or NBS or NIS or tBuLi followed Selectfluor or NBS or
NCS Schene 5 15 1001131 Conpounds of general fornula la5 in which Rl is
SQ21e coul d be synthesized using the general synthetic approach shown in
Scheme 6 Schene 6 100114] Conpounds with general fornula la in which R

and R2 conbine to forman aromatic or heteroaromatic ring could be prepared
usi ng Schene 7.

-35-
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K . 1j--NN N+ ONITIlI-" NX-4l-1 Nil,SRXIV X =ha!, -SO Nle k\ N-3
NRI O N--s NNThy S ---/I1 a6 a) Pd(0) catalyst, NaQ Bu, phosphi ne

| i gand, heat Schenme 7 | 5100115]Alternatively, these conpounds coul d be
made by fiwetomeski ng aniline or heteroaniline (XVI) putids26t@4762t

| sot hi ocyanate (XV) followed by oxidative cyclization (Schene 8). a)

1, 11- Thi ocar bonyl di -2(1H) - pyridone; b) Nail; ¢c) NIS Schene 8 5 1001161
Compounds of general formula 1bl could be prepared using the general
synt heti c approach depicted in Scheme 9. Aniline VIl could be conbi ned
whi n, - dit hi onet hyl ket one conpound XVI |1, (prepared using the procedure
reported at roomtenperature in Synlett, p2331 (2008)) under basic
condition to afford xvm

:
- 36 -
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10St epwi se condensati on of the Boc-protected hydrazine derivative would
give the required pyrazole Ib I, 0 MeS) N NI I2MeS VII XVII o | NNNR2 XVI 1|
NRI NV 1 .--,NN2ON-"-NNR---/1I1 Ib 1l 15a) Nail, TI-IF, b) R N(Boc)NH2,
AcOH, 35-40@ 20e)0286602H or TFA, 60C Schene 9 1001171 Cecpwamdsoiaézigener al
formula tbl orand I C could al so be prepared by

-37-
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coupling G4 halo derivative (XIX) wth an appropriately substituted 2-

am nopyrazol e derivative (XX) using a transition netal catal yzed reaction
(Schene 510). i> IN- NRI ---/11 W or a) isoanmyl nitrite,
Cl - 121, orwogoeanyissnitrite, CE-12Br,; b) Pd2(dba)3, Xamphe3e10hdes) CO;
Schenme 10 [001181 Conpounds ol general fornmula 1b2 in which R2 group is
CONRaRa coul d 15be synt hesi zed using Schenme 11. Aniline VII could be
conmbined with 7- dithionethylketone derivative XXIl, (prepared using the
procedure from Tetrahedron, p 2631 (2003)) to afford internedi ate XX111.

St epwi se condensati on of Boe-protected hydrazine derivative would give the
requi red pyrazol e al dehyde XXIV. Al dehyde coul d be oxi di zed usi ng oxone or
sodi um hypochl orite to furnish carboxylic 20 acid XXV. Coupling of acid XXV
with am ne woul d give pyrazole amde Ib2. MS 0 ONIc 12-NN OMe ONc---% NI
l, MeS

~38.

o
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Data for Example 76
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VI XXI | N Nkle C 0 NY"Vie OV XXl |1 NTh RI N 1'r NA 1-Cl110 XXV
N-Th 121 0C&R" XXV NTh d /N-N WN 2N--C-4\---CONR'12" 1112 Nall, THE,
heat; b) RIN(Boc)NH2, AcOH, c) TEA; d) oxone or sodium hypochlorite; e)
HNRaf e, HAWG 20Di/RE%4 PCT/US2010/047621

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 liguid chromatography
DIEA = diisopropylethy! amine
10 i-PrOH = isopropyl alcohol
TFA = trifluoroacetic acid
min = minutes
DMF = dimethylformamide
EDC = N-(3-Dimethylaminopropy )N’ -ethylcarbodiimide
15 HOBt = hydroxybenzotriazole
NMP = N-methylpyrolidinone
EtOAc = ethyl acetate
AcOH = acetic acid
BOP reagent = benzofriazole- 1-yl-oxy-tris-{dimethylamino)-
20 phasphoniumhexaflucrophosphate
brine = saturated aqueous sodium chloride solution
Et;N = triethylamine
tg = retention time
It — room temperature
25  NCS = N-chlorosuccinamide
NBS = N-bromosuccinamide

NIS = N-1odosuccinamide

30

Methods of Preparation
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Schene 11 1001191 Conpounds of general fornula tel could be prepared using
the general protocol as shown in Schene 12. Aniline M| could be coupled

wi th chloroacetyl 10chloride and the resulting am de could be treated with
t hi oam de WB2@SNe®§s t o furnish thiazole k\' N ThR2 e/edu@2MNoms7s2N Il 1 c

| 15 chl oroacctyl chloride, base; b) R2CSNH2 Schene 12 1001201
Compounds of general formula Idl could be nmade as per Schene 13. Previously
descri bed isothiocyanate derivative XV could be conbined with am di ne 5XXV
under dehydrating reaction conditions to give 1,2,4-thiacliazole ([dl).

LI2NA R2 xxvi |l ﬁ) I(H-] i _Ctmﬁpl(\)luéds ImS g;cill'c\:ra f!)rm’uﬁ T'in which the R group is thiazole (as in
lal)and R' and R* groups are CFa or alkyl or cycloalkyl or combine to forma
saturated carbocyclic or heterocyclic ting or where R2 group is COOR® could be

5 prepared using the general method depicted in Scheme 1, Dichloro intermediate [1
(prepared using procedure reported in WO200612237) could be combined with a 2 4-
dimethoxybenzyl and the resulting sccondary amine is capped with suitable protective
group (Boc) (). The second chlorine atom could be converted into the
corresponding amine (IV) through the benzephenone imine intermediate. The amino

10 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
ethyl todide to afford V1. Ester hydrolysis followed by amide bond formation and
cleavage of protective groups with acid treatment would vield amine VI Amine VI
could be converted into thiourca VIII by first coupling with benzoyl isothiocyanate

15 followed treatment with aqueous base. Formation of thiazole could be achieved by

condensation with an g-bromoketone derivative { RICHBrCORz).

- 40 -



O N--- N--"NCSDEADO NNN N ---/---/H Xvid | Schene 13 10 [00121] Conpounds
of general fornmula 1c | could be prepared using a synthetic approach as
shown in Schenme 14. |sothiocyanate XV could be conbined with azide XXVI in
t he presenwe »fygpdsoesphine to yield 1, 3-oxazole 0 Sc henes o0 122]
Compounds of general formula Igl could be prepared using a synthetic
20approach as shown in Schene 15. Amne VII could be conbined with acyl

i sot hi ocyanate XXVII1. The acylthioureaido could be condensed with hydrazi ne
derivative to yield the 1,2, 4-triazol denjuative Ig . 0 NR XXV NCS k \
N-VLV 1)>-NIINN (---C i, SO N
) ( *EXJ S OCH,
e a, b 4 = c.d
| L « Boe
N OCH;
i i ’
AN
N7 \N"‘\\
ﬁ OCH; © [ﬁ QOCH,4 g N
N7 NTN . #
’ Boc HN- N Eoc
QCTH; OCH;
Y A4
N N
I\ J> o
L0 SN “Hs b ij N k, |
m OCH; (N >—n abh ,
o g ?{?@ ¢ NN,
VI OCH, VI

D_N 7 = N 5 m |>'—N / = N ,
| L — | . R
¢ NN NS

0 NTONTTNHT N,
VIiE [at

a) 2,4-dimethoxybenzylamine, heat; b) NaHMDS, Boc,O; ¢) (Ph)y=NH; d) HCI,
¢) NIS; ) Pda(dba)s, ethyl pyruvate; g) Etl, Cs2COs; h) NaOH (aq); 1)
5 dicyclopropylamine HCI, HATU, DIPEA; j) TFA; k) Benzoyl isothiocyanatc;
1y 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. Thiourca intermediate (V1IL) could be combined
with EtO,CCHBrCOR! to afford the thiazole ester {IX). The ester could be
hydrotyzed and the acid could be coupled with amine to afford thiazole amide

derivative (Fa)
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Or ---2. N---2. Nl I20NNNNRI' / ), 1/ ,-- ---J----/IIHMIle Scheme 15
5 EXAMPLES Example 1

10N, N-di cycl opropyl-6-ethyl -1 -methyl-4-(thiazol-2-ylam no)-1, 6-di hydroi m da
zo [4,5- dwo pywmsdso| 2, 3- bl pyri al i ne- 7- car boxam de 1ARr@pes2aiojo@is2Of

6-chl oro- N- (2, 4-di net hoxvbenzyl)-1-nmethyl -1 i m dazor4,5-el pyridin-4-amne
N--\\ Ove Ove [001231In a 200 nL round bottom fl ask,
4,6-dichloro-1-nethyl-111-i m dazo[4,5- c]pyridine (15 g, 74.2 muol)
(prepared as per W?2006122137 exanple Al.5) was dissolved in

2, 4- di met hoxybenzyl aminc (25 nlL, 166 mmol ). The reaction m xture
N7 N7 R!

> [ad D
N 74 = ) @ N 7 =% N N7 )
p iy S | J_ i —com
O NTUNTTNHT TN, O /jN NTUNHT S
VIl X

AN
. D N R!
b, & >N N
=
7 JI\E&CONR“R“

G NTONTNHT S
[aZ

a) EtO,CCHBrCOR'; b) NaOH (aq); ¢) HNR'R®, HATU, DIPEA

5
Scheme 2
[00£10]  Similarly, compounds of general formula Ta3 in which the R' group is
CONR'R could be prepared using the general protocol depicted in Scheme 3.
10
N ~
P Y J> N-R COMe
[>—n = S a >—n St N :
/ | ) J.J\ @ 4 | ) )L\ R?
o} )N NTTNHTNH, o ),N NTNHT S
Vil X
\
b J> A" CONR'R*
2 e PNy DA
0 NTNTNuTUS
la3
2) R*CHBrCOCO;Me; b) NaOH (aq); ¢) HNR'RY, HATU, DIPEA
15 Scheme 3

[00111]  Compounds of general formula Ia in which R' is halogen (CI, Br or 1)

could be prepared by condensing an a,a’-dihaloketone as depicted in Scheme 4.
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- 49 - was heated to 110C for 3 Il and cooled to roomtenperature. Water
was added and a tan colored solid precipitated out. Vacuumfiltration
yielded a tan solid. The solid was washed with ethyl acetate and hexane to
yiel d 6- chixay @126t 4- di met hoxybenzyO0-1 PCT/US2010/047621

-met hyl- 1H-i m dazo[ 4, 5-c] pyri di n-4-am ne (23.459 g, 95 % 5yield) as a cream
colored solid. (001241 M5 (E, SI) mz 333.0 (M+H) [00125] 114 NMR (500 Mrh,
DMSO-d5) 6 ppm8.05 (s, | H), 7.17 (t, | H J=6. 19 Hz), 7.06 (d, | H,
1=8.25 Hz), 6.87 (s, -1)N#§.55 (d, I H 1=2.4 ) N 6. 42 _gp, | 14,
1=8.52, 2.47 Hz), 4.5%4 (d, (2\H, J=5.77 Hz), &% ‘W, 3774 (s, 3 H),
3.72 (s, 3 H 10 )egﬁggéi?n f tertdbutyl ah Ho-we

6-chl oro-1 - met hyl- 1Hi nivdagofd, Snalpyridin-4- ¢ NN g™ 8

v1(2, 4-di met hoxybenzyBear hamate (001261To a sol uth on,,of

6-chl oro- N- (2, 4-di net hoxybenzyl)- [|-nethyl-1H

15i mi dazo[ 4, 5- @} RYEAGH(Hal- ami ne (exanmple 1A, 0.63 g, 1.893 mml) in
tetrahydrofuran (38 nl) cooled to -78¢§.was added NaHVDS (1.0 M THF, 2.366
m., 2.366 ntnol) slowy. After stirring at -78 C for 30 m n, BOC20 (O, 483
m., 2.082 mmol) was added. The cold bath was renoved and the reaction was
al l'oned to war M9 t AtDnatB¥y b Grea acpQ96.6 UMY B3 QItoMRBcPBIGVEd. The

sol ution was re-cooled to -78 C. 20 NaHWVDS (1.0 M THF, 2.366 InL, 2.366
mol ) was addedrdiEhigiot-x uiribstitesd Siapele hamgoharidieplafiglperntabusiigdi ti on of
BOC20 (0. 483 MyjecifopliBié iR hourcER® 11§ Qo mahdliok@sio 6BV Enang widien react i on
warmed to roomtenperature 5 11. The sol vent was renoved under reduced
pressure and t KEctwsilighdogsaping esoheal Bt heen et hyl acetate and water. The
organi c | ayer was washed twice with water, dried over anhydrous 25magnesi um
sulfate, filtered and concentrated in vacuo. The crude residue was purified
by fl ash chronatograpﬁ? usli an Iwo 40g col um IutHﬁgNmﬁth 50- 100% et hyl
acet at e/ hexane to[}%eld/ ugyl 6-chloro-Di N4§_3

| Hi mi dazo[ 4, 5- ¢] pyr i/ ?4 2 A gi enzy atle/(B. 638 g, 78 %
yield) as a foany whitesso i d P 01271 MBS (ES!S,niz 433.0 (Mr11) [0012811H
NVR (400 MHz, CHLOROFORM dY'6 ppm 7.91 (5, 1 H), 7.4%(d, 1 H J=8.3 1 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 Hz),
5.13 (s, 2 FO, 3,80 (s, 3 H, 3.74 , 3, 3489 (s, 3 H), 1.40 (s, 9 H

| CPreparation of tert-butyl 2, 4{diffetho zgugﬁ-
R /1) e
O NTNTTnHT S
10 Tad

) BrCH,COR?; b) Selectfluor or NCS or NBS or NIS or tBuLi followed
Sclectfluor or NBS or NCS
Scheme §
15
[00113] Compounds of gencral formula [a5 in which R' is SO,R" could be

synthesized using the general synthetic approach shown in Scheme 6
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(di phenyl nmet hyl eneam no) - 1-net hyl - 111-i m cl azo[ 4 5-cl pvri di n-4-v1)carbanate
10[ 00129] Anhydr ous di oxane (4 nL) was added to a m xture of tert-butyl

6- chl or o-

1- net hyl - 1Woiwihagsel 4, 5- c] pyri di n-4-y1( 2, 4- di r net hoxyhenzypeaipasmat e
(exanple 1B, 0.638 g, 1.474 nrnol), benzophenone imne (0,297 niL, 1.769

m nor), Pd2(clba)3 (0.270g. 0.295 mmol),

9, 9-di net hy1- 4, 5- bi s(cl i phenyl phosphi no) xant hene (0.256 g, 0.442 mmol), and
cesium carbonate (0.672 g, 2.063 mmvl ). The rea |on\n1xture was 15heat ed
to 90C overnight. After cooling to rt, solve S r nﬂved in now. The

resi due was partitined’ bet ween ethy” et at Qdéﬁﬁzgg jﬁ‘ organi c | ayer
was washed tw ce mnyﬁ lef,dried 1ahhyerUS yaghesiUmusul f at e,
filtered and concentrgfed in vacuo. The gfude rest’ gywas purified by flash
chr omat ogr aphy using an Esc 40g col umm el uting mnth 58 100% et hyl
acet at e/ hexane to provide ten- 20butyl

2, 4- dhnet hoxybenzyl (6- (di phenyl i net hyl eneam np) - 1- thyl 1H i m dazo[ 4, 5-
c]pyrldln 4-ypcarbamate (0.757 g, 89 @6yﬁéld)bas a ‘i%ht yel | ow sol i d.
1001301M8 (ES!') M z 414-0—(M-EP112+2H>{00 NNF>E4OO MHz, DMS0-4) 6
ppm 8.16 (s, 1 H, 7.67 (dd, 2 1-1, % Y, 7.44 - 7.60 (in, 3
H, 7.25 (d, 1 H J=8.31 Hz), 6.96 - 7. 1,gn] 4 16 256 87 (s, 1 H, 6.46
d 1 H J=2.52 Hz), 6.33 (cld, 1 H J=8.56, 27 Hz), 4.52 (s, 2 H), 3.70
0 3 H, 3.69 (s) B3-&btic 3id0) deSH, BafFt), 1.25 (s, 9 11) WO

i1/028864PCT/U82010/047621 IDPreparatlon of tert-butyl 6-am no- |
met hyl -1/ -/-im dazof 4,5-clpyridi n-4- v1(2 4-di met hoxybenzyl) carbarnate
.N 1, H2N---'-N Hoc Scheme 6

5

[00114] Compounds with general formula [a in which R' and R? combine to form

an aromatic or heteroaromatic ring could be prepared using Scheme 7.

\ N
P % AN

| )
4 | P * X’{ 1 5 4 I = /H\ ) R
O )N N7 TNH, 57 R~ 8] _'_JN N %\{ S
Vil Xiv 1a6
X = hal, -SO;Me

10
a} Pd(0) catalyst, NaOtBu, phosphine ligand, heat

Scheme 7
5 [00115]  Atlternatively, these compounds could be made by first coupling aniline or

heteroaniline (XVT) with the isothiocyanate (XV) followed by oxidative cyclization
{Scheme 8).
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[001321In a 1000 nmL round bottom flask, tert-butyl 2,4-dinethoxybenzyl (6-
5(di phenyl net hyl eneam no) - 1- net hyl - 1H-i m dazo[ 4, 5- ci pyri di n-4-yf | ear banat e
(exanmple IC, 9.2 g, 15.93 ntnol) was stirred in THE (50 mL). 1 N HC (33
m.) was addechoifksi 2 min, the reaction was quenched wctisioidosaOH (65 nl)
and ethyl acetate (100 nlL). The organic | ayer was separated, dried over
anhydrous sodiumsulfate, filtered and concentrated in netro. The residue
was dried under vacuum for 10l h and triturated with ether (4x). Isolated
ter/-butyl 6-amno-I-nethyl-I H ~

S, O . N : ;

i mi dazo[ 4, 5-c] pyri di n74- y1(2%4- di met hoxy yl rbamat ¢ (64587 g, 15.93
nmol , 100 %yield)Eﬁ'sPJ e n1se#¥df—whtg$} cdrrjied forwapd-with no
further purification.g 331IntysS (ESI) ink‘ﬂ%ﬁ?ON M 0 [0013411H NVMR (400

[ VI
Mz, DVBO-d6) 6 ppm 7.93 (syl 1-1), 7.44 (d, "1 HxvJ=8.3l 15HA) 6.44 (d, 1
H J-2.27 HzZ), 6.35 (dd, 1 H, J=8.56, 2.27 Hz), 6.25 (lsb,‘l H. 5.58 (s, 2
H, 4.87 (s, 2 H, 3.67 (s, 6 H, 3.63 (s, 3 H, 1.30(%, 9 H
| EPreparation of ten-butyl 6-am no-7-iodo-1-nethyl-IHrm dazol 4 5-
cl pyridin-4-y1(2 4-di met hoxybenzvl)carbamate 0 Me £§n® ~. ] 0013511 n a round
bottom fl ask, tert-butyl 6-ami no- 1-nethy1-1H—i§Ld zo[ 4,5% R
c]pyridin-4-yl1(2,4-di net hoxybenzyfl carbamate (e aﬁbLéEﬁ%?i?ﬂsgzgg, 19. 08
mol ) was di ssolved in MeCN (200 nlL) and cooled t® 0 NC'w }godosuccininide
(4.51 g, 20.03 Mol ) was dissolved in the renaining/ﬂbCNm( 0 m.) and added
dropwi se to 25the reaction mxture over 40 mn. The reaction mxture was
stirred at 0 C fdv hh Thwgabewblial Hrovidens: SheRigsNuenched with 2 M sodi um
hydrogensul fite (125 nmL). Stirring and tenperature were mai ntained for 50
mn. The m xture was transferred to a_separatory funnel, The aqueous | ayer
was extracted with CH2C12 (3 x 100 ni§<he®Ed conbined organic |ayers were
washed withswater and brine, dried over Na2SX, 5filtered and concentrated

in vacuo. The u resi due s purjfi dlﬁy flash chromat ography using an
Eac() 120g ool W) LERPE R SoBi BOmRe TP IS B oL GRBEPSETB b ovi e
tert-butyl 6- ariietid ajpREeh depRil ydehdit 9. M slAZOT M cdtd be combined with y-
c]lpyridin-4-y1(2,.4-dj methoxybenz DcarPanat §8.4369. 82@6glgld) as a pale
yel 1 ow sol i d. dithiomethylketone compound XVII, (prepared using the procedure reported at room
temperature in Syaletz, p 2331 (2008)) under basic condition to afford XVIIL
10 Stepwise condensation of the Boc-protected hydrazine derivative would give the

required pyrazole Ibi.

D—N N N MeS ~ D—R? a D_N Vi =2 SMie O
S DU a—— LS,
O NTTNT NI MeS G NTN N
Vil XVII XVUI
hY
L ;> NWN R
b, ¢
e Sse @
¢ NTNTN R
H
~ Ibt
15 a} NaH, THF; b) RlN(Boc)NE{;, AcOH, 35-40°C; ¢) HCO,H or TFA, 60°C
Scheme 9
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101001361Ms (ES1) mz 539.0 (M [001371111 NWR (400 MHz, DWVSO-do) 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, 3.95 (s, 3 H, 3.67 (s, 3 H),
3.64 (s, 3wb-2d)im268680 (s, 9 H) 151 FPreparati on of et hydcriusaetoindrszt

4- (tert-butoxycarbonyl(2 4-di net hoxybenzyl ) arni no) -

1-met hyl - 1, 6-di hydroi m cl azof 4 5-dl pyrrol o[ 2 3-bl pyridi ne-7-carboxyl ate
Ove 1001381To a flask charged with tert-butyl 6-am no-7-iodo- -nethyl- |
H imdazo[ 4, 5- clpyri di n-4-y1(2, 4-di net hoxybenzyl ) car bamat e (exarrpl e 1 E
3.49 g, 206.47 was added Pd2(dba)3 (0.474 g, 0.518
mol ), et hyl W&t T“PDN@ &ri“‘m%ﬁl f?‘“Wh’dP‘)O‘ Hrad F\f—%‘f‘ﬁb?&l%%l“&ﬁéxyl am ne
(2.77 gth 12. 3&n@n%%%ngﬂamwﬁa@qxpn“mhxﬁmmﬂxM@@wsmﬁﬁgﬁdzmnth ar?on for EO
mn an eated at 60C 6 h. T eaction was c L After cooling
to room tenper %\T'ﬂ?pé”,’“Z?lhgerf"été"é?ﬁf{gh““ﬁi%tﬁl‘“ét‘%’é“%??tﬁ%'%ﬁ ‘\%ﬁtt"ﬁ@‘ﬁw acet at e
and saturated amueous NaHCO3. The 25resul tant enul sion was vacuumfiltered
through a pad of Celite and transferred to a separatory funnel. The aqueous
| ayer was extracted with ethyl acetate. The conbi ned organic | ayers were
washed with 10% aqueous Li Cl solution (2 x). The organic phars'e was dried
over My504, filtered anq concentrated i n vacuo. The brown¥"fesj due was
purified by flash cj]?ronat\leggraphy usi ng an I% COIIMﬁ%\/g\%ltI ng with
40-80% et hyl acptaf e/ to yiehd et Hp-nd- But oxyc@f bony1( 2, 4-

di met hoxybenzyfia -methyt=—1T777"6-cl i i th idazo g

[ 4, 5-d] pyrrol o] 2, 32 b] pyr¥ CNme7: car boxyl at & (}’?\'83‘{) ! Sé%g'i‘el df 5[001391
M5 (ES') mz 510.0 MFH)\I 1001401 1H NWR (400 MHXIX CHL 6 ppm 7. 83

(s, 1 H, 7.57 (d, 1 H J=8.31 Hz), 7.39 (d, | H, J=2.27 Hz), 6.40 (dd, 1
1-1, J=8.44, 2. 39 , 32 (d, | 'H J=2.52 Hz), 5.16 (s, 2 H), 4.43 (q, 2
H J=7. 05 rz) (s, 3,74 (s, 3 FD 560¢s, 3 H), 1.43 (t, 3 H

J-7.18 Nl reparatl WN N

4-(tert- but oxycar ny;; . RoxyBenzyf i )N - H,QN

1

a} isoamyl nitrite, CHzl, or isoamyl nitrite, CH;Bry; b) Pdx{dba)s, Xanphos,
10 Cs,CO;

Scheme 10

[00118] Compounds of general formuta b2 in which R? group is CONR®R* could
15 Dbe synthesized using Scheme 11. Aniline VII could be combined with -
dithiomethylketone devivative XXI1, (prepared using the procedure from
Tetrahedron, p 2631 (2003}) to afford intermediate XXIIL. 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 [b2.

-46 -



6-ethyl-1-methyl- | 6-dihydroitnidazo[4 5-cl]pyrrolor2

3- bl pyridi ne-7-carboxyl ate 10011411To a sol ution of ethyl
4-(tert-butoxycarbonyl(2,4- |5clinmethoxybenzyfiam no)- 1

- et hy1- 1, Grocloinbiyeds@i m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di met/ug20c@ribexxyl at e
(example I'F, 5.046 g, 9.90 nmol) in DMF (49.5 nL) was added et hyl iodide
(1.601 nm., 19.81 mml) and cesium carbonate (6.45 g, 19.81 mmol). The
reaction m xture was heated at 60 C 60 mn and cool ed to roomtenperature.
The reaction mxture qllluted Wi th ethyl acet atepand wacuum filtered to
renmove cesium 20 §‘r onat . \Sat ur at ous s m bi ¢ r onat.e was added
and the aqueous | &Egﬁggﬁgéract% thyl zcet E1027x) M The ogonbi ned
organi c | ayers wered d”wint,h . A)Ilthluntchlorl e (3 %) Ndried over
anhydr ous nagnesi um suf' f ape, filteraguand concentrated sxm vacua. "% ude
product was carried forward. (00142] IVB (ESI) mz 538.1 (M+H) 25100143] | H
NVR (400 MHz, CHLOROFORMtd) 6 ppm A, 79 (s, 1 H), 7.62 (d, | El J=8.28 Hz),
7.43 (s, I H, 6.39 (dd, | EI,§3841 'Q@Hz)u 6.32 ¢d, | H J=2.26 Hz),
5.20 (s, 2 H, 4.7 ; = J \4%\ 2 HJ=7728 Hz), 4.07 (s,
3 H, 3.74 (s, 3 H, 3.61 (s, 3 H} i H©J=7.15 Hz), 1.41 (s, 9
H, 1.37 (t, 3 El, J=7.03 Hz) WO 29%1/0%§§64PCT/U82010/047621
LHPreparati on of 4-(tert-butoxycarbonvi ( nethoxybenzynanlno)-G-

et hyl - |

-nmet hyl - L, 6-di hydr oi pﬁ?daz ‘21 5- d%pyrrol ol 2, 3- di ne \17/-\1\car bexylic acid
OVt 51001441To a>sol uyi 4- (t%en- but ;aggﬁﬁ;%é 1

di met hoxybenzyl ) ani pf) 36+& #«P-\n@trhyl | ,6-d i0 rof nic azi)(’NRR
[4,5-d] pyrrolo[2,3- blpyricline-7-carboxyl ate (exa 5.32 g, 9.9

mol ) in ethanol (49.5 nl) “Was added 1 N NaCH aqueous so “ution (49.5 nl).
The reaction m xture was heated at 60 C 3 h and cooled to rt. Ethanol was

removed by concenfr @l s Eb:.V@PM éB&@”’t@Hi—%@ﬁ- Sug: Maso@ed @isbdigdl with 1 N
FICl and the product was col l'ecte vacuum
hypochlorite; ) HNR'R", HATU, DIPEA
5

Scheme 11

[06119]  Compounds of general formula el could be prepared using the general
protocol as shown in Scheme 12, Aniline VIL could be coupled with chloroacetyl
10 chloride and the resulting amide could be treated with thioamide (R*CSNH,) to

furnish thiazole Icl.

a) chloroacctyl chloride, base; b) R*CSNH;
5
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filtration.

4- (ten- But oxycar bonyl( 2, 4- di net hoxybenzyl ) am no) - 6- et hyl - 1- net hyl -

1, 6-di hydr oi mi dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-carboxylic acid (4.3 g,
8. 44 mmol , w820A/yssel d over two steps) was isol ated as mrwk6@08@ki d after
drying on the vacuum 15[001451 M5 (ESI) ink 510.0 (MtH) HI Preparation of
tert-butyl 7-(dicyclopropyl carbanpyl)-6-ethyl-1-nmethyl- 1 6-di hydroi m dazo
4 5rrolo 2 3 b ridin-42 4-di nethox benz 1 carbanate Ove 20[00146] To a
m xture of 4-(tert-butoxycarbonyl(2, 4cdiyegbhoxybenzyl i am no) - 6-
ethyl-1-nmethyl-1,6-di hydro i midazo [4,5-(1] pyrrolo

[ 2, 3-b] pyridine-7-carboxy lic acid (exanple 1H, 0.89g. 1.747 mmol) in
acetonitrile (o127 nLimM@ﬁhaqgﬁdﬁd&ﬁM&|QD&Qka&mMO@qhygm@ﬁ@lpride (0.303

8i1§525#0rynl) HV¥£§ﬁﬂ%ﬁm §SWL§Q§§%32499 gbcoﬁﬂg ?@QE?&&H %t reoiésg’

stirred at st EBXW ang dbgdtaas: keatibOcoudifionr teﬂ@vd’ﬂ n4-thikheole gact i on was cool ed
to roomtenperature. Acetonitrile was renoved in yam and the residue was
partitioned between saturated aqueous sodi um bi carbonate and

di chl or ot net hane. The Pﬂued% Iayer waHextracted with dichl oronet hane. The

conbi ned organic | el ied oy Ranhmﬂro di u N f e, filtered
and 5concentrated ﬁ%_%peftﬁﬂjg? Q§BQ}+(tgﬁ}§; ?ia&h
chr omat ogr aphy using éan Nsén80¥y col umh™& uting wi ©h 4% 1-1/ CH2C12

to yield tert-butyl (diTycl:opropyl carbanoyl)-6-ethyl=T-nmethyl-1,6-d ihydroi
m dazo[ 4,5-cl ] pyrro 1o [2,3- b]pyridin-4-y1(2,4-di methoxybenzypcar bat nate
(0.8 g, 78 %yield) as an off-white salid. 101001471 M5 (ES!') Ink 589.0
(MHH) [001481 1H NVR (400 MHz, CHLORCE®®'d) 6 ppm 7.78 (s, 1 E), 7.67 (d,
I J=8.280Hz), 6.85 (s, 1 FD 6.40 ((1d, 1 H J=8.41, 2. 38 Ft) 6.33 (d,
J-

251HZ 7.03 3 H, 3.74
3 . 3.62 0?%2%]3 ﬁj&npolflzdv?i)gzuuédg%m(lﬁﬁ [;u]_ﬁld bufrc&? é\mo \H)the lf 39 (t 3 H,
4 HZ) 0. ﬂﬁroaclﬂas&%»\(nm} Séhchdy 14. Osothocimate X VI uldroe cdmbifiedlvithREigpar at i on of

m

0
N, N- di L9 h 1- l,-1, 6+
Iyg 0|n1da;g%§ 9%%9& ° P Hﬁf%”%wg§$?gﬁﬁﬁ@?@é%%boxanide

H
1 H,
(s,
J=7.
4-a
di |

~ N;\‘)‘l\ { .
e O R ;> N_Q o

D AN R OXXVIL oy N O’§F_«
| B A L >w

8] N 6 O N
A N NS i H
15 Xv lel

Scheme 14

[60122]  Compounds of general formula lgl 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 [,2,4-triazol derivative 1gl1.

- 48 -



-N O N N NET, 20[00149] To a solution of tert-butyl

7- (di cycl opropyl car banoyl) - 6-et hyl - | - net hyl -

|, 6-clihyclmmdazo[ 4, 5-d] pyrrol o[ 2, 3-bl pyridin-4-y1(2, 4-di net hoxybenzyl ) ca
rbamat e (ewempiieozkdss 2. 66 g, 4.51 mmol) in dichl or onet Iram@SE@BH-B621) was
added TFA (11.28 nlL). The reaction mxture was stirred at rt 45 mn and was
concentrated in new). The crude residue was partitioned between ethyl
acetate and saturated 75 aqueous sodi um bi carbonate. The aqueous | ayer was
extracted with ethyl acetate (2 x) an® the conbi ned organics were dried
over anhydrous sodi um sutf at ey |ItQ|§aﬁ%nd concgntra in vctcuo. The

crude solid was pur y fl chrqgg; gra usin Isco 40 g colum
eluting with 4 - 109 qé;4f@§ﬁ§§i I pg%ﬁme{ﬁgjﬁ?;jpxﬁ
| opropyl-6-ethyl-1-nmethy 1N 1hydr0| m dazo @4/? I

9%@yl€|§§ as a pale

[ 2, 3-b] pyridi ne-7- carbo g, 3.55 mmol

yel l ow solid. [00150] M5 (ESl) niz 9.2 (M-H) [00151] 111 NWR (400 Mz,
MeOD) 6 ppm 7.95 (s, e 15 (s, H), M 51 gy, 2 5H J=7.13 Hz), 4.04
(s, 3 1-1), 2.89 - gﬂm_g, Nm&)l\}082 0.91 (m 4 H, 0.70
-0.81 (m 4 H |Preparation of M P~

N, N- di cycl opropyl-6-et hyl-1-net hyl - ,Llhlaz&T ﬁlylanlno) 1

6- di hydr oi m dazol14, 5-cl | pyrrol of 2 3- bl py*¥i di ne- 7- car boxanmi de 10[ 001521To
a mxture of 4-am no-N, N-di cycl opropyl-6-ethyl- 1 -nmethyl-1, 6-

cl i hydroi m dazo[ 4, 5-d] pyrrol o 2, 3-bi | pyri di ne-7-carboxam de (exanple 1J, 30
my, 0.089 mmmol), 2-bronothiazole (11.9éﬂ¥F@150 133 mol ), Pd2(dba)3 (12.18
ng, 0.013 mnol), BINAP (24.84 ny, 0.040 mmol) and sodi umtert-but oxide
(13.63 ng, 0.142 mol) was added PhMe (887 ttL). The m xture was sparged
with argon gas for 5 mn 15and heated to 85 C for 5.5 h. The reaction

m xture was filtered through a plug okxGeipits and concentrated. The crude
resi due was purified by preparative HPLC t0 provide

i V, N-di cycl opropyl-6-ethyl -1-net hyl -4-(thiazol -2-ylam no)- 1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyr gloh i€t 7- car boxam de (4 ng, 10.49%
yield) along with sone recovered starting naterlal 20[ 00153] Ms (ESI) niz
423.0 (MtH) 10015411H NMR (500 MHz, VISO- 6 Ppom 8.14 (s, 1H), 7.47 (d,
1H, J= 3.57 Hz), 7.24 (s, 1H), 7 1H{ J= 3.57 Hz), 4.63 (q, 2H, =
6.87 Hz), 4.05 (s, 3H), 2.88 -2. 9W9ﬁ’§t 3H, J= 7.01 Hz), 0.73
- 0.81 (m 4H, 0.64 -0.70 (m 4H)

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

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

imidazo[4.5-c] pyridin-4-amine

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

cIpyridine (15 g, 74.2 mmol) (prepared as per WO2006122137 example ALS) was

dissolved in 2.4-dimcthoxybenzylamine (25 mL, [66 mmol). The reaction mixture
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Example 2 \N--%-N e-- 0 NNNN N,/ 1/-dicycl opropyl - 6-et hyl -
-nmet hyl-4- (4-met hyl t hi azol -2-ylamino)-11, 6- di hydroi m dazo[ 4, 5-d |
pyrrol o[ 2, 3-131pyri di ne- 7- car boxam de WD 2011/ 028864PCT/ US2010/ 047621
2APr epar at wenoofe2#6¢ 3- benzoyl t h i our ei do) - N, N-di cycl oprapyske G oetshy| - 1-
met hyl -1 6-d hydroi m dazoi 4 54: 11pyrrol or2, 3-131pyri di ne-7-car boxam de S
/N -1\ 1NN H H 5[ 001551A sol ution of
4- am no- N, N-di cycl opropyl-6-ethyl-1-nmethyl-1, 6-
di hydr oi r ni daza{a%dﬁmd}npw)ﬁcolf@[}:h ad &jopy td Wb &empeRard oxadmvaeaddexampl e 1J, 234
ng, 0.69 mmol)  and A cyana 0.1.nil, 0.8 ol ). in acetone
(3 M) was stiftedx ? \&'01 - S{ J‘ ¥ ?Cém?gn(ag(ﬁ].y'%cg art"élé‘(‘f?(il'gﬁeﬁ‘%l%t ure was
cooled to OC amds mﬂlehwvlashya@txded aud‘htsarrcesgaikltdi()mglobfﬂmm solid was coll ected
by filtration ve. 10 be yIth rejglo)-N,
W di cycl opr opy ?ﬂgtth%%%bcﬁjz]\{hqqn&ﬁ i’{:m ida7 ?4 g 3]py; dmmc (f!3 45blb, JS /L
di hydr oi m dézopkﬁ:l%dﬁﬂwmcmloe}{d&)lﬁi- b] pyri di ne- 7- car boxami de (306 ng, 88%
yi el d) 1001561 Sl )rar 8 in/z 502 (M+:14). [00157]111 NWR (400
Mz, DVBO- d6) MM# 'Yy 5Tk 8 §°F&” 7,99 - 8.07 (m 2 H 7.64 - 7.74
(m 1 H 7. 58 4&012%7 B5NMR (500 Mz 7!)1\8&0((59,8 AprH).0AGSATHY Pt 7 (tSLEL J26.H) 4. 11 (s,
IS3 Fl) 2.90 Hgﬁg% M 12kl 12y, 8&7 St vt 6 ¥5ha Y12 8A P 1y a0 G 14, 0-64- 0.81
(m 8 H. rep aratlon

N, N-cl i cycl opr épy3E- %4’éft1ﬂy4 SA (el Ve 7 2 HEhG - 8isel dp3.14 6-3 H), 3.72 (s, 3 H)

10
1B Preparation of rer-butyl 6-chloro-1-methyl-L#-imidazo[4,5-c]pyridin-4-

vi(2 4-dimethoxybenzyl)carbamate

N
N7

N
= OMe
»
e
Boc OM

[00126]  To a solution of 6-chloro-N-(2,4-dimethoxybenzyl)- [-methyl-{ /-

¢

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 obscrved. 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 betore 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 ftash chromatography using an Isco 40g column eluting with 50 - 100%
ethyl acetate/hexane to yield rere-butyl 6-chloro-1-methyl-1H-imidazo[4,5-¢c]pyridin-

4-yl(2,4-dimethoxybenzyl) carbamate (0.638 g, 78 % yield) as a foamy white solid.
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cli hydroi m cl azok 5-61pyrrol oi 2 3-bl pyridi ne-7-carboxam de P> -N N Ni--NH2
2010015814- ( 3- Benzoyl t hi our ei do) - N, N-di cyclopropyl-6-ethyl -1-nethyl -1, 6-

di hydroi m dazo [ 4, 5-d] pyrrol o] 2, 3-b] pyri di ne-7-car boxam de (exanple 2A, 306
ng, 0.61 nwaddorawedsskN NaOH (10 mi, 10.00 mmol) in 10 nipCTESOHD/MI62¢ heat ed
at 60C for th. The reaction was cooled to roomtenperature and
concentrated. The renmai ni ng aqueous sol ution was extracted (3x) wth ethyl
acetate. The organi c phase 75was dried over Na2SO4, filtered, and
concentrated. Rogizfii catS (@AD Yy, «310i(¢EHYel  chromat ogr aphy

NN oy oo g, Do A e Y B AR GEP RN PPB IRy AP Bz of 4. 5- ] py

rrol o[ 2, 3- b] pyrH, - ¥z), Terdoaxat hbdiddasi da=y2l, bovHspbi3a (4, 189/=152, 82% yi el d) .

ppm 12, 02 (hr. 0213 Gt vy B R b sl b Pl M TR o

(gq,1=7.12 H», 2 H 4.06 (s, 3 H 2.77 - 2290 (m 2 H 1.45 (t,1=7.15 Hz, 3
El) 0.73 -0.97 (m H) ., 2Pr eparat j £, N N-di
| opr opy1l- 6- et hyl - 1-1i'3rCE't hPC- T T ]J}{;&
6- di hydr oi t ni dddipliedySedillogpramg Rth3
[ 0016111 V, N-di cycl opropyl-6-ethyl- |
- met hy1- 4-t hi our ei do- 1, 6-di hydroi m dazo[ 4" 5-

cl]pyrrol o[ 2, 3-b] pyri di ne-7-car boxam dﬁ,\(exarrpl e 2B, 40 ng, 0.10 nrnol) and

15chl or oacetone (62.4 ng, 0.40 ntnol) n\Et014 (2 M) were heated at 80C
h

for 20 mn. The reaction was cool &n oom t &per at ure and t he sol vent
renoved i n vacua Saturated NaFl @myeas, added and the aqueous | ayer
extracted (3x) with clichlorone hane. ey Qr @ c |l ayers were comnbined,
dried over Na2SO4, filtered, and concentrated™ Th®crude material was

AN W R R R R T RN
I o 6- di hyt hoi m:ldﬁﬂl@[[4ﬁ5mdl]amf4,ﬁ@]p@l[icﬁm-g-yb]Z,pyii‘rhcﬂﬂidaﬂaeﬁzyl)cz&bebmmﬂﬁimle( 9 ng, 12 %
7810 25 5 v el € (QRIGRL G, (G0 Lok MRS, ggisal 1 o
(0.270 g, 0.295 mmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene (0.256 g,
0.442 mmol), and cesium carbonate (0.672 g, 2.063 mmol). The reaction mixture was
15  heated to 90 °C overnight. After cooling to rt, solvent was removed in vacuo. The
residue was partitioncd between cthyl acctate and water. The organic layer was
washed twice with water, dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo. The crude residue was purified by flash chromatography
using an lsco 40g column cluting with 50-100% cthyl acctate/hexanc to provide rert-
20 butyl 2,4-dimethoxybenzyl(6-(diphenylmethylencamino)-1-methyi- 1 H-imidazo{4,5-
¢]pyridin-4-yhearbamate (0.757 g, 89 % yicld) as a light yellow solid.
[00130]) MS (ESI) m/z 414.0 (M-CPhy+2H)
[00131] 1H NMR (400 Mz, DMSO-de) 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, 1 H), 6.46 (d, | H, }=2.52 Hz), 6.33 (dd, | H, J=8.56, 2.27 Hz), 4.52 (5, 2 H),
370 (s, 3 H), 3.69 {5, 3 H), 3.67 (5, 3 H), L25 (5, O HI)

-51 -



25(s, 1H), 6.69 (s, 1H), 4.61 (g, 2H, 1=7.19 Hz), 4.04 (s, 3H), 2.88 - 2.98
(m 2H), 2.29 (s, 3H, 1.38 (t, 3H 1 =7.15 Hz), 0.72 - 0.81 (in, 4H),
0.62 - 0.70 (n, 4H) Exanple 3

N, N- di cycl wor2opy2ssé+ et hyl - 4- (4- (f | uor onet hyl ) t hi azol - 2gl@sreme)rsd- met hy1- 1,
6- di hydroi midazo[ 4, 5-d1l pyrrol o[ 2, 3-b] pyridi ne-7-carbox a mide
3APreparation of 1-brono-3-fluoropropan-2-one 0 5RABr [00164] Brom ne
(0.36 mM, 7.02 mol) was added dropwi se to a solution of 1-

f 1 uor opr opan- 2- one 100. S5treparatioi o02-0MMI §-arhifo-CalchON 1 A-ghidaolerpd@in(R5 nl) .

The sol ution 251(?%& ld 4 CC%I f101r[ 3h. The reaction was cooled to room

t enperat ure angﬁquénvﬁ@ﬁy—\?d—*ﬁ—vw . Upon extraction w th dichl oronet hane
(3x), the conbined 10organic | ayers re dried over Na2SO4, filtered, and
concentrated. Purification by silicajy ’é\, chr omat ogr aphy (0-20%

Et OAc/ Fl exanes) gave 1-brono- 3-fl uoj opan-@vicone as a yellow oil (118 ng,
65% . 1001651 1H NWR (400 MHz, g;é ROE ppm5.14 (s, 1 H 5.02 (s, |
H 4.10 (d, J=2.86 Hz, 2 H. 15 f

N, Ar - di cycl opropyl- 6-et hyl -4-(4-(fl uoronmn
vl am no) - 1-nmet hyl -1 6-di hydroi m ¢l azo

5-dl pyrrol of 2, Hzﬂ)yr[fléllp(ﬁ)em?mé&‘}mlﬁrﬁaﬁﬂ gr-ppbl seinptepdreed Py om
W N-di cycl opr Opyrfhm@hﬁ&tﬁ»(émadlmo)ﬂeﬁmyﬂlﬂ]‘;hﬁﬂaﬂj{w ek Poridin-6-yl)carbamate

20di hydr oi m dazol 4, 5- 7- car boxani xanpl e 2B
andI 1¥ br ono- 3%“1"11’%? b‘g %hﬁgg %W«%g("é ﬁb‘f @ Té&)“%’é‘f‘hd Y RE! gér‘ﬂ&:) ﬁ’raggedur e) f or
2 . [001671 MSadd=B!Aftdrt i, IheQéhenyas bhidacibBdvith VN0 BB LGS dndldthyNVR (400 MHz,

CHLOROFORM d) 6. ppm 9. r..s., L H 7.75 d J=3.52 Hz, 1
36 50 car @) BehRI. SRLsreRic edsr by Ligfied Froa by hmyioppsoifing 3%} D25
4.11 (m 3 H) 26, filteRddldd {ongenRatbd) in 2udpd. (lic, resddné w@ddrkdd un®r Hcufn &0 - 0. 94 (m

10 thand triturated with ether (4x). Isolated ters-butyl 6-amino-1-methyl-14-

imidazo[4,5-cipyridin-4-yl(2 4-dimethoxybenzyl) carbamate (6.587 g, 15.93 mmol,

100 % yield) as a cream solid, Material carried forward with no further purification.

[00133] MS (ESD m/z 413.0 (M+H)

(00134 1H NMR (400 MHz, DMSO-ds) 8 ppm 7.93 (s,1 H), 7.44 (d, 1 H, J=8.31
15 Hez), 644 (I, 1 H,J=2.27 Hz), 6.35 (dd, | H, I=8.56,2.27 Hz), 6.25 (s, 1 H), 5.58 (5, 2

H), 4.87 (s, 2 F), 3.67 (s, 6 H), 3.63 (s, 3 H), 1.30 (s, Y F)

1E  Preparation of teri-butyl 6-amino-7-iodo-1-methyi-1 A-imidazo[4,5-

pyridin-4-vi2 4-dimethoxvbenzylcarbamate

| N#\N
| ‘: OMe
HN™ N7 N
20 Boc OMe

[00135] Ina round bottom flask, rers-butyl 6-amino-1-methyl-1H-imidazofd,5-
clpyridin-4-yI(2.4-dimcthoxybenzylcarbamate (cxample 1D, 7.887 g, 19.08 mmol)
was dissolved in MeCN (200 mL) and cooled to 0 °C. N-Todosuccinimide (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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Exanmple 4 NN SO i\ /NNN\11 4-(4-tert-butylthiazol-2-ylam

I no)-N, N-di cycl opropyl-6-ethy | A-nethyl-1,6- dihydroimdazo[4,541] pyrrolo
[2,3-b jpyridine-7-carboxam de 5 1001691Prepared from

N, N- cl i cychapriopy2ksad- et hyl - | - net hyl - 4-t hi our ei cl o- 1, 6- pditiigeineiTedazo

[ 4, 5-d] pyrrol o[ 2, 3-b] pyridi ne-7-carboxam de (exanple 2B) and 1-

chl or o- 3, 3-di net hyl but an- 2-one using the sanme procedure as reported for 2 .
1001701Ms (ES1) rt = 1.99 min, tiniz 478 (MtH). 10[ 001711 I1-1 NWR (400
VHz, CHLOROFORMdd)iofal pmin And ¢as(@enchedittd BQodisy hldrédeneifd8(1SmLL H) 4. 74 (q,
‘Ijzl_)7 ' (])_33¢Z ’( S! gi)qgglu%ﬁ?éai_np%a%% x\(zcrr]grnz(gﬁtiydzlcdg t%(anpiln.g T@qﬂ%fuge?’\{?&gﬁms‘}eﬁ%d 903 Hz, 3
NA- di cycl opr opykeuadrfibnd- THe disoplayer was extracted with CH>Cl, (3 x 100 mL).

ropyl sul f onyl hyl)t.hi.azol - 2-yl am ng)-1- .nethyl-1.6-di.-hydrai.

| dazo 4, 5-q pyrraran s Sty MRtk A bfe VAL,

5 filtered and concentrated in vacuo. The crude residue was purified by flash

chromatography using an Isco [20g column eluting with 20-100% ethyl
acetate/CHLCh to provide terf-butyl 6-amino-7-iodo- 1-methyl-1H-imidazo[4,5-
¢lpyridin-4-y1(2,4-dimethoxybenzyl)carbamate (8.436 g, 82 % yicld) as a pale yellow
solid.

10 [00136] MS (ESI)m/z 539.0 (M)
[00137] [H NMR (400 Mz, DMSO-ds) & 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, | H), 5.73 (s, 2 H), 4.86 (s, 2 H), 3.95
{s,3 ), 3.67 (5,3 H),3.64(s, 3 H), 1.30 (5,9 H)

5 1F  Preparation of ethyvl 4-(tert-butoxycarbonyl(2,4-dimethoxybenzyljamino)-

rrolo[2.3-b

ridine-7-carboxylate

I-1.6-dihydroimidazo[4.5-d

\
N7

N
XX to‘“"

O N N N
H

Boc OMe

[00138]  To a flask charged with ters-butyl G-amino-7-iodo-1-methyl-1H-
imidazo[4,5-c]pyridin-4-yl(2 4-dimcthoxybenzyl)carbamate {example LE, 3.49 ¢,

20 6.47 mmol) in DMA (43.1 mL) was added Pdx(dba)i (0.474 g, 0.518 mmol), ethyl
pyruvate {7.22 mL, 64.7 mmol), and N-methyldicyciohexylamine (2.77 mL, 12.94
mmof)., 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 agueous NaHCOa. The

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

organic phase was dried over MgSQ,, filtered and concentrated in vacwo. The brown
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5APreparation of 1-chloro-1-(isopropylsul fonvDriropitn-2-one 20

[00172] Sul furyl chloride (0.248 nL, 3.05 mmol) was added dropwi se to a
solution of 1-(isopropylsulfonyl)propan-2-one (418 ng, 2.55 Inb in 1:1
AcOH/ DCM (W 201iopssat OC. The reaction was stirred at rrcmonedhs7eTihe sol vent
was renoved in netro, then diluted with dichloronethane. The organic |ayer
was washed (2x) with saturated NaHCC3 sol ution, dried over Nai Sai,

filtered, and concentrated to | eave 800 ng of a colorless oil. The nmateri al
was used w t houtidiawdsherifiqily ifhihcaiomangrapilORihg 3d Isdd 2VER 1{OQuiMizyith
CHLOROFORM d) 6.90 Hz, | H) 2.56

mba 19 (s, | H 3 6 _1=13 . 66
(o 5o 1 b CuRPPhRu gl Sy @R Pl Bt
NN- di cycl opr opyline@ostbhyzyaai(d- 1-methyl-1,6(dilgd pioidydoBt, Sud |pfrauy2,3-b]pyridine-
| met hvl )t hi azol,-.2. ctzpelhyl -1, 6-d i hydroi m dazoli 4, 5-
10dtyrrol ol 2. SBB%B%JW%&Q?IE -’égr‘ 6§ém de 1001741Prepared from
NN-cl i cycl opr ofp13%- e¥IRYEST) mixet § [M4HY hi our ei do- 1, 6- di hydr oi mi dazo
[ 4, 5-d] pyrrol ofdian bl Qi nes %pd(j&A ) 1@ 7
chl oro-1- (i sopiﬂgltg)l} SUW%% @r%ﬁ%ﬁq@ one exg'ﬁ%&ewg%@’ﬁs@hgg?sgrr}s procedur e
as 15reported fof=32! HrpG27 84 | MSI-CRSIHR), 6140 £dd] | 84/=8i4A, 2. 30 H2).83432 ((.NHH) . 1001761
LH VR (400 Mz SHCRGEQRMG):. B PRI 1-B2 5,40 s of Q4 b ylabh 6.90 (s, 1
H 4.73 (q, 1=7.04 Hz, 2 H 4.35 (‘?’s, 2 I-[)% 42.%’06 ((s’,3 g%ﬁ(@?@& qui n"/=6. 88
Hz, | H 2.79 6. 2Hp146eh 3 Ky (4HeR1 ¢ (. 9HY. 04 Hz, 3 H) 1.43 (d, 1=6.82 Hz,
6 11) 0.749 200.92 (m 8 H). Exanple 6 / IN s ON
N, N- di eyel opr opy1l- 61-Get hgl -l -net hyl - 4- (4-propyl thiazol -2-ylam no)-1, 6-

1G e

paration of ethyl d-(tert-butoxycarbonvl(2.4-dimethoxvbenzyamino)-

G-cthyl-1-methyl-1,6-dibyvdroimidazol4.5-dIpyrrolo[2.3-blpyridine-7-carboxvlate

N
N*’\\N
I
|
P
O N N Fl\l
Boc

OMe
[G0141]  To a solution of ethyl 4-(tert-butoxycarbonyl(2,4-

t5  dimethoxybenzylamino)-1-methyl-16-dihydroimidazo[4,5-d]pyrrolo[2,3-blpyridine-
7-carboxylate (cxample LF, 5.046 g, 9.90 mmol) in DMF (49.5 mL) was added cthyl
iodide (1.60F 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
rcaction mixture was diluted with cthyl acctatc and vacuum filtered to remove cosium

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 chioride (3 x), dried over anhydrous magnesium sulfate, filtered
and concentrated in vacuo. Crude product was carried forward.
[60142]  MS (ESD w/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=3.28 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 (g, 2 H, I=7.03 Hz), 4.41 (q, 2 H, J=7.28 Hz), 4.07 (s, 3 H), 3.74 (s,
3H), 3.60 (s, 3H), 144 (1,3 H, J=7.15 Hz), 141 (s, 9 H), 1.37 (¢, 3 H, J=7.03 Hz)
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25di hydr oi m da
[ 001771Prepare
-met hyl -4-thio

[ 4, 5- d] pyt 3 W[ 20288&d] pyri di ne- 7- car boxan de (exanpl e 2BFTARY 147621
one using the sane procedure as reported for 2. 1001781 MS
(ES1) rt = 1.94 nmin, nVz 464 (M:H). 1001791 IH NVR (400 MHz, CHLOROFORM d)

br onopent an- 2-

S ppm 8,43 -9.
(g, J=7.04 Hz,
2 11) 1.76 (dq
J=7.26 Hz, 3
iN NNNN, N—d

zo[ 4, 5-d] pyrrol o 2, 3-131pyri di ne- 7- ear boxam de
d fromA , Ndicyclopropyl-6-ethyl- |
urei do-1, 6- di hydroi m dazo

78 (in, 1 H 7.71 (s, 1 H 6.89 (s, 1 H 6.48 (s,

!"'

2 FD 4. 04 (s 3H 2.76- 292 (m 2H 2.68 (1, J=

rb 4.75

.37 HZ,

ethyl-1,6- 1 Odlhydr0|n1dazol4 5 deyr(oIo[Z 3- bjpyrldlne 7 earboxanlde

[001801Prepare
i oureido-1, 6-
(exanpl e 213)
for 2. 1510018
CHLOROFORM d)
.1=7.03 Hz,
H 1.54 (t,%7.
20Exanpl e 8 P>

10

15

20

25

2 H 4.04 (s, 3 Fl) 2.80 - 2.88 (m 2

d fromN, N-clicycl opropylN&ethyl- | -nmethyl-4-th

clihydroi mdazo [ 5- &l of 2 @rb]pyrldlne 7- car boxam ci c
and 1- bronobut an- ellusing th same procedure as reported
11 MS (ESE) mz 45D (M gﬁﬁifézng NMVR (400 Mz,

6 ppm 7.71 (s, | H -6/89 (sBot Oﬁ% 1 H 4.75 (q,
) 2.7

[0 4%z, T2 a K)lutbon3Bethl 4-(FrbudRyddthond(2H) 0. 82 (br. s.

LEII\II-T]LtE\O\‘(ybLI'lZyUdeHO) 6-cthyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

blpyriding-7-carboxylate {example 1G, 5.32 g, 9.9 mmol) in cthanol (49.5 mL) was

added 1 N NaQH aqueous solution (49.5 mL). The reaction mixture was heated at 60

°C 3 hand cooled to rt. Ethanol was removed by concentration /n vacuo. The
residue was acidified with 1 N HCl and the product was collected by vacuum
filtration. 4-(tert-Butoxycarbonyl(2,4-dimethoxybenzyl)aming)-6-cthyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolo]2,3-b]pyridine-7-carboxylic acid (4.3 g, 8.44
mmol, 85 % yicld over two steps) was isolated as a white solid after drying on the
vacuumn.

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

11 Preparation of tert-butyl 7-(dicyelopropylearbamoyl)-6-cthyl-1-methyl-

1.6-dihvdroimidazo[4.5-dIpyrrolof 2. 3-blpyridin-4-vi{2 4-dimethox ybenzylgarbamate

P

N
¢ NONTN
B

0e OMe

[00146] To a mixture of 4-(zert-butoxycarbonyl{2,4-dimethoxybenzyl)amine)-6-
ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrroto[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

mmol}). The reaction mixture was stirred at rt 5 h and heated to 50 °C for 45 min,
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5 (q, f=7.45 Hz,

8 H.
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N N N, N-di eyel op ropyl-6-ethyl -hnethyl -4-(4-(pyridin-2-yQ hi azol -2-yl am
ino)-1,6- dihydroimidazo [4,5-di pyrrol o[ 2, 3-bl pyridi ne-7-earboxam de WO
2011/ 028864PCT/ US2010/ 047621 [ 001831A sol ution of

4- am no- N, WO Ex0e$s6pr opy 1- 6-et hyl - | -met hyl -1, 6- di hyR{ITgis10/047621
i dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7-car boxam de (exanple 1J, 70 ng, 0.21
nmol ) and benzoyl isothiocyanate (361.il, 0.27 trunol) in acetone (1 nl)

was stirred at roomtenperature for 1.5h. The solvent was renoved in vacuo,
t he residue 5wdke rtuakiemwmp:oblnc! Btr@irh cthpSatnic) Acea(ﬂ\ﬁhilc%ls;cn(wﬂi mrgqcu@ 290 mol )
was added. The act 0 room

t enper at ur e, tcl %nc »é’é{‘?@al hgﬁ&?lgm@ccn St uq?]tb(g dequuhus aHR%nnblbdr dmdtt %&‘9 4 nmy, 0.50
mmol ) was addedlcénwlmﬁmbrﬁa@we@w lfwat\/a’d:xa@ctc{@O‘thdmhlommhdﬂ'méhcr eaction

m xture was COQQLn%Jd%Igrd&gvg&@mgﬁa& i aggggl GRNGEN SALEduadlig, ] oS due was

purified by silica ge mat ogr ap or onet hane) .
Re- puri fi cafi ofonssptpice Faweai \Fae W@mwmﬁe@dm fashrlrofa0eteygtivelsdy of N.

N-di cyclo pr opy ks @coe‘;or!,yclﬁu%n%ruh%\lwtldq (4, (\/Mﬂ/@i{ 0145 y&l h!'c)ﬁ*%@t%l' R

yl am no) - 1, 6- di hydr oi m dazo rrol o[ 2, 3-b] pyri di ne-7-carboxam de as a
brown sol i d 16@@’8‘&1111‘?/&“(&!':*8{11))“?*6 Cthyli -mghyf lsf-dibgdoimgiazof-dlpayolol2810018511  NVR

(DVBO-d6) 6 ppaipkif4lsz, 414 n-:kThlJ)(ybcgz %ca(ztth%ate'(o H};Js%%ldgg@n offH)lmc7 75 (s,
1H), 3.92 (m 4. 3.77 (q. 213, .12 7
Exanple 9 1)- N“%@C) F 20Pr epar ati on of

N, N-di cycl apr opwis - embyﬂgsmmaggghy MAH)(4 (trilluor orret hyI )t hi azol - 2-

ylam no) -1, 6- d@%@u |W§daz?@\g rroI 0l12,3-b i di ne-7-ear boxam de
1001861 This ¢ [F Péd’ﬂ“ cﬂ%dl?bpf@ké o B 6T il !

3-bronol, 1, 1-t Hi fFRuereacat aneHs,6.4pr@yvi der-R41, 2.38 Hz), 6.33 (d, I H, I=2.51

oot S, P R 58 T e Y i RS TS T e 3
b] pyri di ne- 7- carboxahinde ) L0ORI8 DINMIN(ESIH, 1140 14909 -OMe ) 9 1), 0.72
(5 -0.78 (m, 4 H)

1J  Proparation of 4-amino-N,N-dicyclopropyl-6-¢thyl-1-methyl-1,6-

dibvdroimidazol4,5-dpyrrolo[2.3-bipyridine-7-carboxamide

. -
O NTNTTNH,

20 [00149]  To a solution of tert-butyl 7-(dicyclopropylcarbamoyl)-6-¢thyl- 1-methyi-
1,6-dihydroimidazo{4,5-d]pyrrolo[2,3-b]pyridin-4-y1(2 4-dimcthoxybenzyl)carbamate
{example 11, 2.66 g, 4.51 mmol) in dichloromethane {33.8 mL) was added TFA
(11.28 mL). The reaction mixture was stirved at rt 45 min and was concentrated in
vacuo. The crude residuc was partitioned between cthyl acetate and saturated

25 aqueous sodium bicarbonate. The aqueous layer was extracted with cthyl acetate (2
x) and the combined organics were dried over anliydrous sodium sulfate, filtered and
concentrated ir vacuo. The ctude solid was purficd by flash chromatography using

an [sco 40 g column eluting with 4 - 10% McOH/CH,Cl; to yield 4-amino-N,N-

- 56~



WO 2011/ 028864PCT/ US2010/ 047621 1001881NMVR (500 MHz, DMVMBO-d6) 6 ppm 11.71
(s, 111), 8.16(s, ILI), 7.86 (s, 114), 7.27 (s, 1H), 4.63 (g, 2F1), 4.05

(s, 3H, 2.89 --2.98 (m 2H), 1.40 (t; 3H, 1=6.87 Hz), 0.74 - 0.80 (m

4H), 0.64 W Mligmsc44H) SExanpl e 10 Preparation of PCT/US2010/647621

N, N-11icycl opropyl-6-ethyl-1-nethyl-445-nethylthiazol -2-yl am no) -

1, 6-di hydr oi m dazol4, 5-0l1lpyrrol 012, 3- bl pyri di ne-7- ear boxam de 1010018914- Am
i no-6/, tV-dieye | opropyl-6-ethyl-1-nethyl-1,6-di hydroi m clazo[4,5-

d] pyrrol of 2, 3- bl]iq@yiolmbpyme:thzzmafcm@kaﬁtidﬁigdl()mazqqhé cl;lgyihplo%l Bpyrglincd; 255 mmol )
was di ssol ved in.acet nzo hi oey e (37-8 M, 0.281 mml)

was added. The CF‘@%"N“@R?\K&S sgtlf"ﬁur)lezdo“tylc on ¢ C Ce“r"ét\ure for 2h. The sol vent
was renoved i n [0ES00. MEShHest thye (M)taken up in ethanol (1500 M.) and

K2CO3 (49.3 ny, S7 AR actl 1 Xtur S warmed to
60C for 3 h. [0@1’ rmf)[:[opangoowgz gﬂgﬁ%ap.%gﬁg Mflwa/g?g%@é?l fter 3 h,
addi tional 2 bf ifopiopdmals, @Hl,@ﬁi9rr@)98\i\ms2 Addésl(t, Bt prad0.at (@E)Hf or 16h.
Addi tional 2- t?}r%maggrglgam was added and the reaction mxture was stirred
at 60 C 3 h. The 'et'ha s renoved by concentration in vacuo. The crude
resi due was purified by 20fl ash chromat ography using an iseo 12 g col um
eluting wth 2- 10% 'VEO'TVI&%H%&;'[?& J\rm%tmpsmlapfu\w Iflhwmqnu%& arcapp! i shed
via preparative HP NN di cy clo pr

1- 1- met hy1- 4- ( S-Oaahdy pzpphf-dlp ol "Im]-(;dlbo‘(dmldt,
di hydr oi i dagol; dl pyt el 0L 3¢ Bahl WA G s fop G RS- BRI A8y (120 mg, 17.47%
yi el d) was ?ﬁol g‘?[igdl agxangt%% sdo]t |ng : C%t%f 0&% ? Sl)ﬁyn12 436. 0 ( MtH)
10019111H NM R 4{I50@inisze4phMEo e 2, 6bb>pm11&<67»526b<(><b'rmd§ cxgpple 1834 me(s, 1H),
72289(? 1'2")H) %(ﬁanﬁaﬁﬂ),éh%m)oénd‘é&g 1q193%|d013%m§017$31|(m»§1‘b 1(@4115,((30133"') 187
0.59 - m71 (m, mpel), ﬁN@Qﬁﬁﬁ@‘l&,lO@%@jﬂmo)amd sg(}mm rert-Butoxide {13. 63 mg, 0 52

mmol) was added PhMe (887 ul). 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-dicyclopropyl-6-cthyl-1-methyl-4-(thiazol-2-ylamino)- L,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (4 mg, 10.49 % yield)
along with some recovered starting material.

20 [60153] MS (ESD m/z 423.0 (M+H)

[00154]  1H NMR (500 MHz, DMSO-dg) 8 ppm 8.14 (s, 1H), 7.47 (d, LH, /= 3.57
Hz), 7.24 (s, 1H), 7.14 (d, IH, J=23.57 Hz), 4.63 (q, 2H, J = 6.87 Hz), 4.05 (s, 3H),
2.88 —2.99 (m, 2H), 1.39 (1, 3H, J = 7.01 Hz), 0.73 — 0.81 (m, 4H), 0.64 - 0.70 (m,
4H)

25

Example 2

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(4-methylthiazel-2-ylamino)-£,6-
dihydroimidazo[4,5-d]pyrrole[2,3-b]pyridine-7-carboxamide

Z57.



0O NNN N

iV, X4l'i cycl opropyl-6-et hyl-4-(5-ethylthiazol-2-ylam no)-1-nethyl-1, 6-

di hydr oi m dazol 4, 5-dl pyrrol o[ 2, 3-b] pyri di ne- 7- ear boxam de 5 1001921Pr epar ed
from 2- br owezatidngsks and 4- Am no- N, W di cycl opr opyl- 6- ettepiuS2610/047621

-met hyl-1, 6-di hydroi m dazo[ 4, 5-cl ] pyrrol o[ 2, 3-b] pyri di ne-7- car boxam cl e
(exanple 1J) using the sane procedure as that of exanples. [001931MS (ES1)
rt - 1.86 mn, 16/z 450 (MH+H). 101001941 I H NWR (500 MHz, CHLOROFORM c!)
6 ppm 8.91 -9. 22 (n1 | H 7.71 (s, 1 H 714 (s, 1 H 6.89 (s, 1 FD 4.75

l(_Dq {I. 279?,[ HZJ —7 49 %05 Siratiy (3-ben t2 ¢ ()mNﬁmvcigmonvFg’etgwl- - 5.00 Hz, 3
2-(7- (d|cyclopﬁﬂﬂ;hE@ﬂbﬁMDmlmaﬁ4EﬂthMMQBHﬁMNﬁm&7@mﬁmMydn0|nltlat 014, 5-

di pyrrol o[ 2, 3- bl pyri di n-4-yl am no)- N, Nndi et hyl t hi azol e- 4- ear boxam de

12APr eparation of 2-(7- (dlcyclopr yleambannyl) 6-ethyl -1-nethyl -1, 6-

20di hydro i m dazof 4

5411pyrroI012 3-bl pyriclin-4- yIa )thla ot§~ ]carboxylic acid li>\ N--

-NN _...,A S\OE1 | O T1 NNN \' N NNN
H H
S [00155} A solution of 4-amino-N N-dicyclopropyl-6-cthyl-1-methyt-1,6-
dihydroimidazo[4,5-djpyrrolo[2,3-b]pyridine-7-carboxamide (example 1J, 234 mg,
0.69 mmol) and benzoyl isothioeyanate (0.1 ml, 0.83 mmol) in acetone (3 ml) was
stitred 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-blpyridine-7-carboxamide (306 mg, 88% yicld)
[00156] MS (ESI)it=1.86 min, m/z 502 (M+H).
{00157] 1M NMR {400 MHz, DMSO-d6) & ppm 8.44 (br. 5., | FI) 7.99 - 8.07 (m, 2
H)7.64 -7.74 (m, 1 H) 7.58 (t, J=7.65 Hz, 2 H} 7.34 (s, 1 H) 4.47 (br. 5., 2 H) 4.11 (s,
15 3HY2.90-299(m, 2 H)2.08 (s, | H) 1.28 (br. 5., 3 H) 0.64 - 0.8 1 (m, & H).

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

dihydroimidazo[4.5-d]pyrrolef2.3-b

26 [00158]  4-(3-Benzoylthioureido)-, N-dicyclopropyl-G-ethyl- | -methyl-1,6-
dihydroimidazo [4,5-d]pyrrolo{2,3-b]pyridine-7-carboxamide {example 2A, 306 mg,
0.61 mmol} and IN NaOH (10 ml, 10.00 mmol} in 10 m] EtOH were heated at 60°C
for [h. The reaction was cooled to room temperature and concentrated. The
remaining aqueous solution was extracted (3x) with cthyl acctate. The organic phase

25 was dried over Na,SOy, filtered, and concentrated. Purification by silica gel
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FE WD 2011/ 028864PCT/ US2010/ 047621

10019514- Am no- N, N-di cycl opropyl-6-ethyl-1 -nme hyl-1, 6-di hydroi m dazo[ 4, 5-
d] pyrrol o[ 2, 3- b] pyri di ne-7-car boxam de (1.1, 300 ng, 0.89 nmol) and benzoyl
i sot hi ocyamadmi(/@s48 m, 1.15 mmol) in acetone (4 nil) Pa@Ugge/47624d at rt
for 1.5h. The solvent was renoved in vacuo and the residue taken up in
Et01-1 (6 m). K2CO; (172 5ny, 1.241 mmol) was added and the reaction
heated at 60C for 3h. The reaction was cooled to rt and et hyl
3-bronn-2-oxopmﬁmﬂm@g@ﬁUQGQMmm@mhamﬁﬁﬂmmmmywwaﬁwamdemwdwhemnéadwbon was
heat ed at 70C | etion t he at..on step, | N NaCH
(6.3 m, 6.30 Fylmglogaﬁgé VR AR 404‘5%”"“%%@“ {6 heat ed at 60C for
4h. The reactl@mbW&ﬁu@ﬂ@h@de@@h@@ﬁ?mgﬂﬁ@naﬂ@re and the solvent renoved in
10vacuo. The r g ing[ %ﬂz§%?bH$¢°” was acidified to pH 1 and the
precipitate re $ ion, washing with water, EtOAc, and

t hen di chl orSondétanie HBP@mRGwﬂNEb(QH(GR@VGRNbpﬁwpmHGQEﬂannyFODQQethyI-
-nmet hyl - 1, 6-di rQi a ] . (

i pyr Yo of 2, 3 By D1 aP N A2V AR: hE) 47 Cor A 2R MR LTl (o5 g |
yi el d) as browimsdHj t45 dtSFG)(Dig@_BN‘BO(ESI))‘NW, &H1.85 min, Ink 466 (MH).
[0019711H NWR (400 MHz, DMSO-d6) 6 ppm 8.16 (s, 1 H) 7.94 (s, 1L H 7.26 (s,
FI') 4.63 (q, .1=6.94 Hz, 2 H 4. 05 (s 3 FD 3. 36 (br S., 1 H 2.8 -2.99
(m 2 H 1.40 (t, JE7. 0Rrdgrati lprig3l-¢-phyld 13g42Pr epar ati on of
2-(7-(dicycjpoprop dhiqimd dazo[ 4

5-dl pyrrol of 2. 3-bI'pyr 1 di n-4- vl am no) - 'me - carboxam de
[001981To 2- (7£@&E@¥§LopropylcarbanDyl) 6-et hyl - -methyl -1, 6-

25di hydr oi mi dazo[ 4, 5-d1

pyrrol o[ 2, 3-bl pyri di n-4-yl am no) t hi azol e- 4-car boxylic acid, (exanple 12A, 44
ng, 0.095 mmol )IOQALID] Méf@Iszycllﬁp)opmla%cthﬁddelactm"ﬂﬁ*(ﬂilelsorlngdﬂtxd@swd%ﬁ%iﬁi% DI PEA
(0.066 nL, O. 37d§¥ymt2)?-béﬂmllﬂlmﬁ%ﬂ:ﬁm(&%nﬁﬁg ﬁitao e, 0. @8 ol ) . The

reaction was stirred at Tt , then the solvent was renoved in vacuo.
The resi due15vva§h'}9{j’r‘?"1“i“ééf’zb‘y“%a PéBawa%h iy EtQp{2enly wergfigpged pt §O7C for 20 min.

(dleC|0pr0py|QQEHQ&QM¥%§&xﬁ%hYMoé1aﬁkﬂﬁhc&m@mdeMdhﬁthdaZ&hé 5-d]pyrrolo
[ 2, 3- b]pyrldlnc -ylamino)-/V, EV nmet hyl thjazo | e-4-carpoxam de (10

ng , 21% yi el d) SASTAEARYEH?: sdivtioy Wf*i@‘b‘i‘é%‘ ”I\?S‘QE“E?ST fysregraged Gty 51002001 1H
NNR (400 MHz, QhilOREEGORM. the GRMIG A (d¢ combined, trikd ovér 82,808 filtered, and

concentrated. The crude material was purified by silica gel chromatography

79%

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-bipyridine-7-
carboxamide {9 mg, 12 % yicld} as a white solid.

[00162] MS(CDHm/z436.1 (M+H)
[00163] H NMR (400 MHz, DMSO-de) & ppm 10.70 (brs, [H), 8.12 (s, [H), 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, /= 7.15 Hz), 0.72 - 0.81 (m, 4H), 0.62 — 0.70 (m, 4H)

Example 3
N
P

DIehS
J A g,@}f

-59.

o~



1[-1) 7,43 (s, | 1-1) 6.90 (s, | H 4.74 (g, ./=7.03 Hz, 2 H 4.05 (s, 3
H 3.31 (br. S., 3 H 3.13 (br. S., 3 H 2.75-- 2.90 (m 2K) 1.54 (t,
J=7.15 Hz, 3 H 0.65 - 0.96 (m 8 H). 10Exanples 13-17 were prepared using
t he procedwoeonggtéscri bed for exanple 12 Exanpl e 13 HKE/US2010/047621

N-cycl opropy1-2(7-(dicycl opropyl carbanoyl) - 6-et hyl -1 -net hyl -1, 6-

di hydroi m (|l azo(4, 5411pyrrol o[ 2, 3-blpyri di n-4-yl am no)t hi azol e- 4- ear boxam d
e [002011Ms (ESI) rt = 1.99 min, iniz 505 (MtH). 2010020211H NWR (400 MHz,
MeOD) 6 ppm 8. O7N,(f\Sdicjclth)pylZG-?ﬂly(-&-(ct-d]ubdo)neﬂlyﬂﬂm(/sl 2-ladlinoft -6ty ,6J=7. 03 Hz,

11-1) 4.13 3 1.51 (t,
J=7. oé Hz, 2(i|) 0.67 -“'H%%"“ ““"ﬁ‘i %y"“%éﬁﬁﬁyé"“i‘ﬁ%’rf‘?gbm‘i‘\ﬂ“"?\ NN S(I
..... "Ac NKN - 68 -

N N—d| cycl opr opyl 6yt hy]
yl am no) -1, 6-di hydr‘m m

| ne- 4- ear bonyl )t hi azol - 2-
ri di ne-7-carboxam de

f00164] Bromine (0.36 ml, 7.02 mmol) was added dropwise to a solution of 1-
fluoropropan-2-on¢ (0.51 ml, 7.02 mmol) in carbon tetrachloride (25 mi). 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,SQOy, filtered, and concentrated. Purification by
silica gel chromatography (0-20% EtOAc/Hexanes) gave |-bromo-3-fluoropropan-2-
one as a yellow oil (118 mg, 65%).
[00165] 1H NMR (400 MHz, CHLOROFORM-«) & ppm 5.14 (s, | H) 5.02 (s, | H)
4.10 {d,./=2.86 Hz, 2 H).

15

3 Preparation of N, N-dicyclopropyl-6-ethyl-4-(4-(fluoromethylthiazol-2-

ylamino)-1-methyl-1.6-dihydroimidazo[4.5-d]pyrrolo[2.3-blpyridine-7-carboxamide

[601066] Prepared from N, N-dicyclopropyl-6-cthyl-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 (cxample 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-/} & ppm 9.34 (br. 5., 1 H) 7.75 (s,
1 HY6.96 (d, J=3.52 Hz, 1 H)6.90 (s, | H) 5.27 - 5.53 (m, 2 H) 4.75 (q, /=7.12 Hz, 2
25 HH398-411(m,3H)2.76-2.91{m, 2 H) 1.34(t,/=7.04 Hz, 3 H) 0.70- 0.94 (m, 8
H).

-60-



[002031MS (ESI) rt = 1.87 nin, mz 535 (MFH). 5[00204] 1H NVR (400 Mz,
CHLOROFORM-d) 6 ppm 9.21 (br. s., 1 H 7.76 (s, 1 H 7.56 (s, | FE) 6.81
-6.94 (in,

H)
N

hi

[0
|_|)
1_
(d

2.42 (cldd, J=14.49, 7.53, 7.34 Hz
0.94 (m 8 H) 25 Exanple 16
NA- di cycl opropyl-4-(4-(3, 3-(1111lunopyr

, N-di cycl opropyl-4-4(4-((1, 1-
_thiazol

1 H 4.74 (q, 1=7.11 Hz, 2 H 4.07 (s, 3 H 3.79 (br. 4 11) 3.50
(d, 1=4. 52 MQ2@UMBSa. 74 - 2.90 (in, 2 H) 1.60 (s, 2 H) PCTAS219/04067 03 Hz, 3
0.70 -0.94 (m 8 H). Exanple 15 10 N S-Th HN -N 0 NNN N 0

di oxi dot etral | ydr o- 3-t hi ophenyl ) ear banoy0-1, 3
- 2-ypam no) - 6- et hyl - 1- met hyl - 1, 6- di hydr oi m dazo[ 4, 5-dl pyrrol o[ 2, 3-

pyri di ne-7- car boxam de 15 [ 002051 MBxgolge3 rt = 1.88 min, mz 583 (MH).

0206111- | NMR (400 MHz, CHLOROFORM d)6 ppm 9.31 (br. s., | 1-1) 7.77 (s,
7.75 (n, 1 H 6.91 (s, 1) 4.8584.99 (in, | ro 4 64 4,81 (n

. (s, 3 H 3.45 - ﬁ?égf;ﬁ?%%ﬁ (b 3.19
t,1=13.36, 8.12 Hz, 2 H) 2.75 - 57 - 2. 72 (m 1 El)
= . . INEDN ﬁ4t5>h%£I 6.90 Hz, 3 H) 0.69 -

7.69 -
1) 4. 07

6- et hyl

dihydroimidazo{4,5-d|pyrrelo[2,3-b]pyridine-7-carboxamide

[00169]  Prepared from N, N-dicyclopropyl-6-cthyl-1-methyl-4-thioureido-1,6-
dihydroimidazo {4,5-d])pyrrolof2,3-blpyridine-7-carboxamide (example 2B) and 1-
chloro-3,3-dimethylbutan-2-one using the same procedure as reported for 2 .
[06170]  MS (ESI) rt = 1.99 min, m/z 478 (M-+H).

10 [08171]  [H NMR (400 MHz, CHLOROFORM-d) & ppm 7.74 (s, 1 H) 6.90 (s, I H)
6.48 (s, t H)4.74 (q, J=7.03 Hz, | H)4.04 (3,3 H)2.77-2.90 (m, 2 H) 1.53 (1,
J=7.03 Hz, 3 H) 1.37 (s, 9 H)0.70 - 0.96 (m, 8 H).

Example 5

15
N,N-dicyclopropyi-6-ethyl-4-(4-(isopropylsulfonylmethyl)thiazol-2-ylamine)-1-
methyl-1,6-dihydroimidazo{4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide
SA Preparation of 1-chloro-1-{isopropylsulfonyDpropan-2-one
20

Ay

[00172]  Suffuryl chloride (0.248 mL, 3.05 mmol) was added dropwise to a solution
of 1-{isopropylsulfony)propan-2-one (418 mg, 2.55 mmol) in 1:1 AcOH/DCM {16

-01 -

1
2

y& ol i di ne-1-carbonypt hi azol - 2-yl am no)
- 1- met hy#-{4ktef-bahityightv-aii- 1y lska ino |- 4, B did§ qhopr o ll-6{e Dy B Hojephy-l @ ne- 7-



car boxam de 1002071MS (ESI) rt = 2.05 mn, mz 555 (MFH). 10020811H NMR
(400 MHz, MOD) 6 ppm8.00 (s, 1 H 7.73 (s, 1 H 7.70 (s, H) 7.19 (s, |
H 4.68 (q, J=7.03 Hz, 2 H 4.51 (t, J=12.80 Hz, 1 H) 4.34 (t, J=7.40 Hz,
H 4.06 (sWOR0H028696 (1, 1=13.18 Hz, 1 H) 3.86 (t, JFCBE2HL/04762H) 2. 87 -
3.02 (m 2 10Fl) 2.34 - 2.59 (in, 2 H 1.45 0"1=6.90 Hz, 3 H 0.72 - 0.95
(m 8 H. Exanple 17 N-\\ ON N El

(4- (azetidine-|-carbonypthi azol - 2-yl ai ni no) - N, N-di cycl opropyl - 6- et hyl - 1- net
hyl I 51, 6- Mhydmbi aaddazlbf fadiod wvpystirod tu[tprB4lb]T}hysdl@ﬁxfm?ermambmwam)de

[0

0209] M5 ( ESO & 210] 4
MeOD) 6 ppm 8. (t)h'é:ﬁ i:is-u,t(\;]([ »‘%Eb m}l[&i%illc?{m?[c ?9{8 J)/‘I li)') wlis wash llq (%'{)i\);t adtL?gtm? J= 7 53
Hz, 2 1-1) 4. GQW(I@iolﬁﬂ’thO@ dppd over W.5Q,, fger¢d 'chid-C?mc?&tdﬂzl to Q:a\fd)%mn@M {s, 703 H)
2.95 (cicld, (m 2 H 1.47 (t"/=7.03
Hz, 3 H) 0.69 5:301%.2&:01}?’ T‘ﬁ@mdr’éu%%aﬂ&wd%nl’f&t %ltg\épu%‘ CEt Et hyl
2-(7-(di cycﬁopi@b’ﬁlca'er%[Wi‘)ﬂﬁGHetQWIORQF@&WIMjpnﬁﬁtﬂ(hyldr[)cﬁ thi{dazo( 4, 5-
dlpyrrol of 2, 3-h-ii3 6@)’6@(@1{'1%%%@({' oA Fﬁﬂééoﬁgi)ﬁ%@mo(%(% Jate 51002111 This
conmpound was prepared according to example usi ng et br onopyruvat e and
N, Al - di cycl opropy1- 6- et hyl -1 -net hyl - 4-thi our ei do- 1, 6-
di h?/grmt L n: dazol 4, 5% d] pwem{tfaﬁawﬁwbi‘hd%;t)hl@ﬂm@ eﬁwf:@hboxam de (exanple 2B) to
yield ethy . _ . -
2- (7- (di cycl opH&BHREs it 1 petH 5 BRI
d] pyrrol o[ 3p3- b]bpw;mg|3rbilﬂ;¢1ylhamcg1ﬁ()@ﬂ,ﬁc@zoI e-4-car boxyl at e as yel | ow solid.
101002121M5 (ESE) mz 494.1 (M+14)

{00174}  Prepared from M N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido- 1,6-
dihydroimidazo [4,5-d]pytrolo[2,3-b]pyridine-7-carboxamide (example 2B) and 1-
chloro-1-(isopropylsulfonyhpropan-2-one (example 57) using same procedure as
15 reported for 2.
[06175] MS (ESD) rt= 1.84 min, m/z 542 {M+H).
[00E76] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.82 (s, | H) 7.01 (s, 1 H)
0.90 (s, 1 H)4.73 (q, /=7.04 Hz, 2 FI) 4.35 (s, 2 H) 4.06 (s, 3 H) 3.36 (quin, /=6.88
Hz, 1 H)2.79 -2.91 (m, 2 H) 1.53 (t, /=7.04 Hz, 3 H) 1.43 (d, /=6.82 Hz, 6 ) 0.74 -
200 0.92{m, 8 H).

Example 6

N
N"\\N
!>"“N
O N N/ N SN
o H
N, N-dicyclopropyl-6-¢thyl-1-methyl-4-(4-propylthiazol-2-ylamine)-1,6-

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

[00177]  Prepared from &, N-dicyclopropyl-6-ethyl-1-methyl-4-thioureido-[,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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100213111-1 NMR (500 MHz, DMSO d6) 6 ppm 11.42 (br s, 1H), 8.14 N 1H),
8.00 (s, 11-1), 7.25 (s, | H), 4.62 (q, 2H), 4.30 (g, 2H, J=7.15 Hz), 4.05
(s, 311), 2.89 -2.97 (m 2H, 1.39 (t, 3H "I- 7.01 Hz), 1.32 (t, 31-1, J-
7.15 Hz), Ov14/08880 (in, 413), 0.64 -0.70 (m 4H) 15 PEXAISYHE4TRL Et hyl
2-(7-(dicycl opropyl ca rbanoyl)-6-ethyl-1-net hyl - E6-di hydr oi m dat o[ 4, 5-

di pyrrol of 2, 3-bl pyridi n-4-yl am no) t hi azol e-5-carboxyl ate [00214J Thi s
conpound was prepared according to exanple 2 using ethyl 2-

chl or o- 2- f or nyl [a&ig8lat &4SGES]) 1t = 1.94 min, m/z 464 (M+II)

LV, N-di cycl opr QF%)%%P %{WMR%I o P??,’k‘HL kB‘FBH c[) )jgm 8613 @igmrf’ﬁ ) ¢ azo

[4,5-d] pyrrol o rec car oxam pI’OVI de
et hyl 2-(7-(di dydlfdmr?@pylldalét#amymiiﬁsﬁt MﬂsfﬂMHmémym{b BH)%ﬁ h¥d roi m dazo

[4,5-c|]pyrro| 2 th 0 8.5 nmy,
17% vyield) as akp%ﬁébkg%/t‘l }O\?v@g?l%l[)ain?&gg%gli% J%%S% %ﬂ)q%ﬁg (;%4(&2
100216111- 1 NVR (Y00 (MA].20ONE0HI6YY 60ppMmBIHIO5 (s, I1-fl, 8.20 (s, 114),
8,14 (s, 5 1H), 7.28 (s, 1H), 4.63 (q, 2H, "I=7.19 Hz), 4.28 (g, 2H, J=
7.19 Hz), 4.06 (s, 3H), 2.88 - 3.00 (m 214), 1.44 (t, 3H'I=7.03 Hz), 1.32
(t, 3H, 1-7.15 Hz), 0.73 -0.81 (m 41Exampl9763 -0.70 (m 4H) Exanple 20 NH
-N d 10H N-cycl opropyl-2-(7-(diey opro;&yl ear banoyO- 6- et hyl -1 -net hyl -1, 6-
N7

>N
m /OJ
" q
N,N-dicyclopropyl-6-ethyl-4-(4-ethylthiazol-2-ylamine)-1-methyl-1,6-
10 dihydreimidazo}4,5-d|pyrrolo[2,3-b]pyridine-7-carboxamide

(001801  Prepared from N, N-dicyclopropyl-6-cthyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolof2,3-b]pyridine-7-carboxamide {(cxample 2B) and 1-
bromobutan-2-one using the same procedure as reported for 2.

15 [00181] MS (ESD) m/z 450 (M+H).
{00182] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.71 (s, 1 H) 6.89 {5, 1 H)
6.49 (s, 1 N 4.75 (q, /=7.03 Hz, 2 H) 4.04 (5, 3 H) 2.80 - 2.88 (m, 2H) 2.75 (q,
J=1.45 Hz, 1 H) 1.54 (t, J=7.15 Hz, 2 H) 1.33 (t, /=7.40 Hz, 2 H) 0.82 (br. 5., 8 H).

20 Example 8
\
Y
>—N
T I>=)
o
O N "N "N N N Vi
K 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-bipyridine-7-carboxamide
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ditydroinidazo[4 5-(11pyrrol o[ 2, 3-bl pyri di n-4-yl am no)t hi azol e- 5- car boxam d
20A Preparation of

2(7 (di cycl opropyl car banovl) - 6-et hyl - 1-nmet hyl -1 6- 15di hydroi m dazo 14

5-dl pyrr ol 02084839 r i di n- 4-yl am nonhi azol e- 5- car boxyl r@reg2da/o4M2A\ 0 1

ONNNN [ 002171To a sol ution of ethyl

2-(7-(dicycl opropyl carbanoyl) - 6- et hyl - 1- net hyl -

1, 6-di hydroi mi dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri di n-4-yl am no) t hi azol e- 5- car boxy

late (exanple 1®)8314. 8 sotgionQf B3QinnaMDV-YickaopdpHb-¢BAE -péthyMas added 1 N NaCH

g????gguz_t Sggm thi@mmc%mf_ El'v‘)d pgmr)"leli 3eba}c%§(lﬁ]§gnglaiggxamlcrcga%}ng Ilé{ g“ﬂha;f {A;.SS h and

renoved by con@éhﬂm@ﬁmmmmmnwiyahmqmmevﬁéﬁldaéuMESImﬂi@hdﬂeM)mmth 1 N HC1

and the solid at.ion

2-(7-(Di cycl Oplp%%glld@%?ﬁ%mg& gul grg fﬂ h%i: Edlvcil{]w(]s ;c_ll_'m)é/eclm vacio, the residue

d|IchIr0|nﬁdaZ@{thJﬁPp@QHdﬂépﬁ)@ﬁﬂiﬁ@sP@wm&&Q%]mmmmwmhmaﬂoﬂéLS—carboxylic

fenction 100518 T RES YRR @ Bl a@ Rl G MBBaNaRE Biliga. 11 the next
N-cycl opr or wi- 21}/(1‘?’111(2(;&{110%1946*1@)ﬂiﬁ‘bﬁ%’b@d? Db yre) 0. ﬁlfetﬂh[y PVA\ gdded and the

met hy1- 1, 6- di hy&i&@h%A@%@t(ﬂcéoldulpyﬁﬁ&lc&( én Bk PYEs Fb 1B 1¥dn@M no) thi azol e- 5-
5car boxam de [00219] To a m xture of

2-(7- (di cycl op#&’ﬁy‘ﬁwwﬁ%ﬁﬁy%)m‘sd e’Elﬁy{;\Mﬂtm Frestinyifiedibygilica gel chromatography _
di hydr oi m dazof wmﬁibpw;ml&ﬁozhaﬁc)bh@y)ruln@ddfbnﬁbymmam)ﬁﬂmc%ahd%( {306ar boxylic

acid (exanple 20A nm no % :%ﬂmas added
1OCycIopropylaﬁ%ﬁg”iﬁdiﬁﬂgﬁwdmwﬁﬁﬁ%@!%ﬁ%Yblmﬁﬁ#ﬂ( {oyrigm-Zpg)thigzob39 ol )

and Hiinig' sBagem@ndpi,dinpdroinfeL80 samnabibez, kg ld@act da@dxdmid dhe was stirred
at rt 111 and concg trated in vacuo. The residue was taken tip in MO011l

and purified by PP&pYrative HPLC.

N- Cycl opr opy1- Hm(ﬂﬂ(dmsywhpmﬁopyhmamﬁaﬂmym)Hﬁ ethyl 1- met hyl 1, 6-di hydr oi

m dazo[ 4, 5-,d] pyi. o[ - P] i no) zole 5- arboxanlde 15(3
g, 19.82%‘& Jﬂ&i%ﬁiﬁ%@%@ ‘L(naf’wﬁ @e”%dlﬁ) fd2op]- T tESI) mz 505.0
(MrH) [00221] 1H7NVR H)40® (W), BVB(, dB)./ = ppanzB:zSﬁzé;b(m_szH)ll—D 8.15 (s, | H),
8, 02 (s, 114), 7.25 (s, 114), 4.63 (q, 214"/= 7.11 Hz), 4.05 (s, 3H),

2.89 - 3.00 (m 2H), 2.76 (tq" 114, J= 7.25, 3.70 Hz), 1.41 (t, 3El, 1= 7.03
Hz), 0.74 -0.81 (m 411), 0.64 - 200. Faagpw9 61-1), 0.51 -0.59 (m 2H)

20 Preparation of N, V-dicyclopropyl-6-¢thyl-1-methyl-4-(4-(trifluoromethyl)thiazol-2-
ylamino)-1,6-dihydreimidazo[4,5-d]pyrrolof2,3-b[pyridine-7-carboxamide

[00186] This compound was prepared according to example 2 using 3-bromo-
1,1, 1-triflucroacetone to provide N, N-dicyclopropyl-6-ethyl-1-methyl-4-(d4-

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

[00187]  MS (ESI) m/z 490.0 (M+H)
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Exanple 21 rTh Nx_ -1s O NNNN

NN- di cycl opropyl- 6- et hyl - 1- net hyl - 4- (5- (mor phol i ne- 4- car bonyl ) t hi azol - 2-
25yl am no) - 1, 6- di hydr oi m dazo[ 4, 5-dl pyrrol o[ 2, 3- bl pyri di ne- 7- car boxam de

[ 002221 Thived worgesssnd was prepared accordi ng to Exanpl @C2USUSNFS2or phol | ne
and 2-(7-(dicycl opropyl car banmoyl) - 6-et hyl -1 -net hyl -1, 6-di hydr oi m dazo[ 4, 5-
d] pyrrol o[ 2, 3-b] pyridi n-4-yl am no)t hi azol e-5-carboxylic acid (exanple 20A)
to provide

AT, N-di cycl opr qft£s8]6- et[hWIR 150nwtihy DMSOLE) § poi phol (k.1 éD.4- iéds, BEnYISHshi azol - 2-

yl am no) -1, 6- d|h 4.5 d]l Ryr , 3-8l pyy . di pes {rcar amcle as
a white 1002231“?@2? f‘ [(%gg.)‘%o?&k)%ﬁg?%ging?fﬁl%M'%ﬁbé“l\?ﬁz?’%/&aom 6
ppm 8.08 (s, | H),0.78-0RO(m741930.641 0.F Hjm. 4 26 (s, 1H), 4.74 (g, 2H, = 7.28
Hz), 4.12 (s, 3H), 3.81 -3.88 (in, 2H), 3.72 - 3.80 (n, 2H), 2.91 -3.02 (m
2H), 1.52 (t, 31-L/ =7.15 Hz), 0.83 -0.93 (m 4H), 0.72 - 0.84 (in, 4H)
N,N—dicycloﬁropyl 6- et hy1- 1- xnet hyl - 4-Ex8mpfsyifr ol i di ne- 1- ear bonyl ) t hi azol - 2-
yl arni no)-1, 6-dillydroi m dazol[ 4, 5-dI rroLp[Z 3 bl pyri di ne- 7- ear boxam de 15

[ 00225] This conpound was prepared a ordl anple 20 using
pyrrolidine and 2-(7-(dicyc |opr@py bpar thyl 1-nmethyl-1,6-d ihyd
roi m dazo[ 4,5- d]pyrrolof 2, 3- b]pyrld Ia hlazole 5-carboxylic acid
(exanpl e 20A) to provide N,

N-di cycl opr opyl- 6-et hyl - I - net hyl - 445 rrollﬁlne 1- car bonyQ hi azol - 2-

[zg%lzgg? :\/EO% -Eéi reﬁ,}lgl %ﬁg} /g] )\gﬁgfﬁ{opi’opym QtYlw Pmelhy! g’ (%b Jl]QterllthlaIO?Z yla(%faﬂll‘o?pxam cle

1,6-dihydreimidazof4,5-d}pyrrelo]2,3-bipyridine-7-carboxamide

10 [00189] 4-Amino-N N-dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo{4,5-
d)pyrrolof2,3-b]pyridine-7-carboxamide (ecxample 1J, 86.3 mg, 0.255 mmol) was
dissolved in acetone and benzoyl isothiocyanate (37.8 pL, 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 cthanol (1500 pL) and K,COx (49.3 mg, 0.357

15 mmolb) 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 stirved at 60 °C 3 h. The
cthanol was removed by concentration in vacuo. The crude residue was purified by

20 flash chromatography using an Isco 12 g column cluting with 2 - 10%
McOH/CH,Cly). Additional purification was accomplished via preparative HPLC.
N,N-dicyclopropyl-6-ethyl- I -methyl-4-(5-methylithiazol-2-ylamine)- 1 ,6-
dihydroimidazo[4,5-d]pyrroto[2,3-b]pyridine-7-carboxamide (20 mg, 17.47 % yield}
was isolated as a white solid.

25 160190] MS (ESD) mv/z 436.0 (M +I)

[00191]  1H NMR (500 MHz, DMSO-dg) & ppm 10.56 {brs, [H), 8.12 (s, LH),
7.23 (s, 1H), 7.12 (s, 1H), 4.62 {q, 2H, ./ = 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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[00227] 1H NWR (400 MHz, METHANCL-d4) 68.5% (s, | H, 7.97 (s, IN), 7.28
(s, 1H, 4.71 (q, J = 6.7 Hz, 2H), 4.20 (s, 3H), 3.87 (t, J = 6.5 Hz, 2H),
3.67 (t, J - 6.7 Hz, 214), 2.97 -3.05 (in, 2H), 2.10 - 2.19 (n, 2H), 1.98 -
2.07 (m 2Wp220Mm/48886¢t, J = 7.2 75Hz, 3H), 0.88 -0.95 (myr/ukked)4768L 80 - 0. 86
(n, 414) Example 23 P> -Ns O pr NNN

2- (7-(di eyel opropyl car banoyO- 6- et hyl -1 - met hyl - 1, 6- Whydr oi m dani4, 5-

(11pyrrol o[ 2, 3-bl pyridi n-4-yl am no) - N-i sopropyl - N-nret hyl t hi azol e- 5-
carboxam de 5 [002281 Thi s conpound Besnpe Hpared accordi ng to Exanple 20
usi ng Nmet hyl propan- 2- am ne and N\
2-(7-(dicycl opropyl carbanoyl) - 6- et - 1- methyl - 1 6-
di hydr oi m dazo[ 4, 5-4pyrrolo [2 i -Nl-sy m no) t hi azol e- 5- carboxylic
acid (exanple 20A) to provide 4 r&“ N
2-(7-(dicycl opropyl ear banoyl) - 6- etthy -, 6-
10di hydr oi m dazol[ 4, 5- 4pyrrol o[ 2, 3-b] pQ\ri di n-4-yl am no) - N-i sopr opyl -
met hyl t hi azol e- 5- car boxanm de ESOOZZQ‘L M5 (ES1) miz 521.1 (MH). [002301 EH
NVR (400 MHz, MNETHXRERicwlopgopyBo-6yka(S-ethylthiazolgdzylpging)-lrppethyZl.€2 (s, 114),
4.74 (q, J = 7.0 Hz, (lzlhulrmﬁnd%% 4 5—1!]%@0&0[2533 Eﬁ)yﬁ anb?-i:arbo%l‘r‘)uﬂez 99 -3.06 (m
2H),15153(tJ: Hz, 6H), 0.89 - 0.96 (m
4H), 0.81 -6.88 (m 414) Exarrpl e 24 0/ N--\\ 0 /NNNN

[00192]  Prepared from 2-bromobutanal and 4-Amino-¥, N-dicyclopropyt-6-ethyl-

1-methyl-1,6-dihydroimidazo[4,5-dpyrroto[2,3-bipyridine-7-carboxamide (example

1) using the same procedure as that of example 8.

[00193]  MS (ESI) vt = 1.86 min, m/z 450 (M+H).

10 |00194]  1H NMR (500 MHz, CHLOROFORM-¢/) § ppm 8.91 - 9.22 (m, 1 H) 7.71

(8, 1 H} 7.14 (s, 1 D) 6.89 (s, 1 H)4.75 {(q, /=6.94 Hz, 2 H) 4.05 (s, 3 H) 2.80 - 2.89
{m, 4 H) 1.55 (1, /=5.00 Hz, 3 H) 1.37 (t, /=7.49 Hz, 3 H) 0.73 - 0.92 (m, § H).

Example 12
h\
N \
N
I
O N “ H \N O

5 K

2-(7-(dicycleprepylcarbameyl)-6-ethyl-1-methyl-1,0-dihydreimidazo[4,5-
d|pyrrelo|2,3-b|pyridin-4-ylamino)-N,V-dimethylthiazole-d-carboxamide

12A_ Preparation of 2-(7-(dicyclopropylcarbamov)-6-ethyl-1-methyl-1.6-

20 dihydro imidazo[4,5-d]pyrrolo[2.3-bpyridin-4-ylaminolthiazole-4-carboxylic acid
P \N‘\\

= S’HO{I

N

>

O

/
N
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202- (7- (di cycl opropyl ear banoy1) - 6- et hy1- 1- net hyl - 1, 6- di hydr oi m dazo( 4, 5-
dl pyrrol o[ 2, 3-bl pyri di n-4-yl am no) - NA-di net hyl t hi azol e-5- car boxam de

[ 002311 Thi s conpound was prepared according to Exanple 20 using

N, Ndi et hy vertmeo2asrd 2- (7- (di cycl opr opyl ear banoyl) - 6- etPRF/USAHRA7EAE] - 1, 6-
25di hydroi midazo[ 4, 5-4pyrrolo [2,3 -b]pyrid in-4-ylam

i no) t hi azol e-5-carboxylic acid (exanple 20A) to give

247- (di cycl opr opyl car banoyl) - 6- et hyl - 1-met hyl - 1, 6-

di hydr oi m dazo[[401595|d] pyfrniod-o T 2di8ychip pypy i-dethyl 4 -rydtigal e byrioNridéacit Ryl t h

azol e- 5- carbox i E z . {0 J1ff NWR (400
Mz, METHANOL- zfﬁ"" 2. %9@%"‘?“ “A%“"‘“ ‘)dﬁ)gﬁ' 306%% %5‘4 %E@T“g’%&ﬁm 4.72 (q
J =7.0 Hz, | I-tBothxdby@ﬁtc((Q 16 BH)L, 15 Bunkdb) in a®t045(4(xb1|) welg stix@dH}:t @ 1gh. Thcg 05 (m

(2|r_n|) 4|2_|) QJEX(aS ]‘255/%\ twag 1c§|69dd :P; vacm] dn(a tit_(l,zl‘bﬁl(ﬁll_')[dk(:lpl'l(ﬁ ﬁ EI(S)H ?(ﬁné rﬂaCéH?l”;’ »0.80- 0.86
2-(7- (d|eycl%pnmmyﬁéhmbahmyQMGmb@ﬁymmbmh@tMv&dmﬁeﬁhﬁhvuﬂépnwﬁa@dﬁﬂ 5-

dj pyrrol o(2, 3- QJ o oG Mo byl ﬁﬂk@% fgﬁ Idn&%@m@tsrs@mqﬁmhldsmnen 3-y0 - N

nethylthlazole carboxam hi s conpound was prepared accordi ng
to exanpl e 20 1UQ235knNBs pESKH Yt WG omrn iy, URHPempledg2g ¢ o lizpR 86800 MHz,

METHANCL- d4) 6: ll\BVg(ﬂ—I K(S} mllH)SO mngQVd( §ddctj|-!d)thc lzdcﬁ(?n 1(1§\t1110u'1|)1’11c(§cd31460"c5 45 (m
1H), 4.78 (q, J 3H), 5 (s, 3H), - 3.59 (in,
1H), 3.22 3 33‘010314;l [!nqtb@cnoswencwlbgwreomWWZH)& ﬂthhgaolwwthwi mz 47 - 2.66

(6' g’ HZOZZDHB E()’I-O'@gm&)t ,'ic]mm(@lnglgwl_ﬁeoé"‘))lgén ey ac;@hté@to(;M I dntne p@oc@)itatc 0.99 (m J -

removed by vacuum filtration, washing w1t|hewatu FtOAc, and then dichloromethane
to afford 2-(7-(dicyclopropylcarbamoyl)-6-cthyl- 1 -methyl-1,6-dihydroimidazo[4,5-
dipyrrolo[2,3-blpyridinc-4-ylamino)thiazole-4-carboxylic acid (325 mg ,79% yicld)
as brown solid.

£5  [08196] MS (ESD rt= .85 min, w/z 466 (M-+H).
[00197] 1H NMR (400 MHz, DMSO-d6) 6 ppm 8.16 (s, | H) 7.94 (s, 1 H) 7.26 (s,
1 HY4.63 {q, /=6.94 Hz, 2 H) 4.05 (5, 3 H) 3.36 (br. 5., 1 H} 2.89 -2.99 (m, 2 H)
1,40 (1, /=703 Hz, 3 H) 0.61 - 0.83 (m, & H).

20 12 Preparation of 2-(7-(dicyclopropylcarbamoy[)-6-ethyl-1-methyl-1,6-

dibvdroimidazol4.5-dipyrrolo[2.3-bipyridin-4-ylamine)- V. NV-dimethylthiazole-4-

A
P T
74 S
PR
N ﬁ N D

[00898] To 2-(7-(dicyclopropylcarbamoyl)-6-cthyl- 1-methyl-1,6-

25 dihydroimidazo{4,5-d} pyrrolo[2,3-blpyridin-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

carboxamide

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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| ON 1-1

N, N-di cycl opropyl-4- (4, 5-di net hylt hiazol -2-yl am no) - 6-et hyl -| -net hyl -1, 6-

di hydr oi m dazo[ 4, 5411pyrrol o[ 2, 3-bl pyri di ne- 7- ear boxam de 5[ 002371 This
conpound w¥$ 29t&Rsced accordi ng to exanple 2 using 3- br@igs22t/oistanone
(0.034 m., 0.323 nunol) to provide N, N-dicyclopropyl-4-(4,5- di nethy Ith
iazol -2 -ylam no)-6-ethyl-1-nethyl-1,6-d hydroi rn dazo[4,5-d]pyrrol o[2,3
- b]pyricline-7-carboxam de (59.17 ng, 44.3 %yield) as a pale yellow

sol i d. 1002381 (du5cioRShy cantamodibO-cthy (- Mikihy L0[-OORBAD kikkdNVRA[p4000 M3z, DVS0-4) 6

pPM 8. 15 (S, | H) i, 230l by 4 61 (g 2" 1 =7 03 Hg), 4.04 (s, 3H),
2.88 -2.98 (m bﬁt“ﬁ‘f ngi‘%glb)(é’!ﬁg‘%ﬁ‘—‘éf*%’fa%g“Z‘é",‘rb%ﬁfl?‘,‘“if.og@b%/“%‘ﬁﬁ”f; 1= 7.03
Hz), 0.73 - 0.80wmlid1-1), 0 62 - 0.71 (m 41-0 Exanpl e 27 -N ON----N--:

-"N 15 199 :
N, N- di eyel opr o;gﬁ;?l?'zl- (hélségscll) ﬁ@zéﬁ%@ﬂf_‘)l_ -cycl opent a[ d1t hi azol - 2-yl am no) - 6- et
hyl - 1- net hyl - 100800 hiFdNBRBY LA HBORGRORM Kb hn89.Bilivy Si.diHELT {car boxami de

1002401Prepare i40@ ik bar. re I i 2411 MB

(ESD) Tt =1, o8 TR FLT gl RREF L85 s 2 Rt 20808 Veon) 6 ppm
8.12 (s, 1 H) 10333 (b S.3 HIR 746906, 2 Hrir54(® Jrp 15 Bz BFDA.656 006 (B H) 2. 86 -
3.02 (m 4 H 2,80 (t,1=7.07 Hz, 2 H 2.43 -2.61 (m 2 H) 1.46 (t,1=7.07
Hz, 3 El) 0.70 - 0.90 (m 8 11). Exanple 28 O iN N N N

10 Examples 13-17 were prepared using the procedure as described for example 12

Example 13

N-cyclopropyl-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-

dihydroimidazo[4,5-d]|pyrrelo[2,3-b]pyridin-d-ylamine)thiazele-4-carboxamide

[00201] MS (ESD rt = 1.99 min, m/z 505 {M+H).

20 [00202] IH NMR (400 MHz, McOD) & ppm 8.07 (s, 1 H) 7.74 (s, | H) 7.26 (s, |
H)4.73{(q,J=7.03 Hz, | ) 4.13 (s, 3 H) 2.94 - 3.04 {m, 2 H) 2.85 - 2.93 (m, | H)
1.51 (t, /=7.03 Hz, 2 H) 0.67 - 0.95 (m, 12 H).

Example 14
P
D_mel\[ SMNJ
& NN 5
2s N
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H N, N-di cycl opropyl-6-ethyl-4-(4-ethy(-5-methylthiatol-2-ylam n o0)- |

-nmet hyl-1, 6- di hydroi m dazo[ 4, 54d1pyrrol o[ 2, 3- b[ pyri di ne- 7- car boxam de 28A
Preparati on of 2-bronopentan-3-one Br 1002431 Prepared according to the
procedure d¥@e¢iHwdcd n Chem Conmm 2004, 470-471. 1028Prisgafsaeiv@Hn eyf

N, N- di cycl opropyl- 6-et hyl - 4-(4-et hyl -5-net hyl t hi azol - 2-

yl am no) - 1-net hyl -1. 6-cl i hydroi m dazol4 5-di pyrrol 012, 3-b

i pyridi ne-7-carboxam dc 1002441 Prepared from exanple 26A using simlar
procedure as thatNMdiema)mpdpef ¢ ehpBRaBhyME(4-E8Irphatihg-446ebopipzel 2002401 | H
NVR (400 MHz, CHL R & otk 7, g%g,%% | H) 6.89
(s. 11 475 (q %E@y“g""&?m%gj" "J% %"?2 Rl SR
(g,1=7.48 Hz, 2 H) 2 37 (s, 31-01.53 (t, J= 7 04 Hz, 3 H 1.26 (t, J=7.48
Hz, 3 H 0.73 - ( - avard! N NN r:bf 20 Preparation of
N, N-d| cycl oprop gﬂﬁ] %S ﬁsﬂ)lt Eﬁarlmll%(/%s% ? 4-

(trifluoronmef hyl09zo4i az!(blleﬂR)H%)rMIri@fHLqu&ﬂm rnda lopa 551 Hi pyt ol 012, 3-
61pyri di ne-7- carnpﬁmdlem é@o%ﬂgmmThHZz;wapsamd WS P EPArAd 2Rgr di ng to

exanple 2 usin |'uor obut an-2-one to provi de N-d icyc
| opr opy1- 6- et hy*l A0, JF4.82 5.2 HRelthyg- 99 {m. 3 i} §69 (&&®MH96TW3%I -2-ylain
ino)-1,6-dillydsgigvd ol @ze k4 5-cllpyrrolo [2,3- b]pyricline-7-carboxam de

as a white solid.
Example 15

10
N
P,
N
N7 /L > b
//
N,N-dicyclopropyl-4-{(4-((1,1-dioxidotetrahydro-3-thiophenyDcarbamoyl)-1,3-
thiazol-2-yl)amino)-6~ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-
b]pyridine-7-carboxamide
[5

[00205]  MS (ESD) rt= 1.8 min, m/z 583 (M+H).
[00206] 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 9.31 (br. 5., | H) 7.77 s,
[ HY7.69 - 7.75 (m, 1 H) 6.91 (s, 1 H) 4.85 - 4.99 (m, | H) 4.64 - 4.81 (m, 2 H) 4.07
(s, 3 H)3.45 - 3.61 (m, 2 H) 3.35 (br. s., | H) 3.19 (dt, J=13.36, 8.12 Hz, 2 H) 2.75 -

20 291 (m, 2 H) 2.57 - 2.72 (m, 1 H) 2.42 (ddd, /=14.49, 7.53, 7.34 Hz, | H) 1.54
J=6.90 Hz, 3 H) 0.69 - 0.94 (in, 8 H)

Example 16
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5 1002481MS (ESE) in& 504.0 (MH) [ 00249] 1H NMR (500 MHz, DMBO- d6) 6

ppm 8. 14 (s,

1H), 7.25 (s, 11-1), 4.62 (g, 2H 1=6.97 Hz), 4.04 (s,

3E1),

2.89 - 2.98 (m 2H), 1.40 (t, 31.4"f= 0.80 (in, 4H), 0.65 - 0.71 (m 4H)

6.87 Hz), ©O781102%884 Exanpl e 30 N---\\. NSO M 0 .BCHUS2NOO4762IN- -

10

15

25

N
P F
[> N N F
L
O N N/ NTN O
K H
N, N-dicyclopropyl-4-(4-(3,3-difluoropyrrolidine-1-carbenylthiazol-2-ylamine)-
6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d|pyrrelo[2,3-b|pyridine-7-

carboxamide

{60207]  MS (ESI) rt=2.05 min, n/z 535 (M+H).

[00208] 1HNMR (400 MHz, McOD) 8 ppm 8.00 (s, I F} 7.73 (s, [ H) 7.70 (s, |
H)7.19 (s, 1 H) 4.68 (q, J=7.03 Hz, 2 H) 4.51 (t, /=12.80 Hz, 1 H) 4.34 (1, /=7.40 Hz,
LH)Y4.06 (s, 3 H) 3.96 (t, /~13.18 Hz, 1 H) 3.86 (1, /=7.65 Hz, 1 H) 2.87 - 3.02 (m, 2
H}2.34 - 2.59 (m, 2 H) 1.45 (1, /=6.90 Hz, 3 ) 0.72 - 0.95 (m, § H).

Example 17
P
h\
>N N )
= S N
7 A’H
O NONTNTN
- H 0
(4-(azetidine-1-carbonyl)thiazel-2-ylamine)-V, N-dicyclopropyl-6-ethyl-1-methyl-

1,6-dihydroimidazo[4,5-d{pyrrolo[2,3-b]pyridine-7-carboxamide

[00209] MS (ESD rt= 1.95 min, m/z 505 (M+H).

[00210]  TH NMR (400 MHz, McOD) 8 ppm 8.03 (s, 1 H) 7.70 (s, 1 ) 7.21 (s, |
H)4.78 (1, 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,
3H)2.95 (ddd, /=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, § H).

Example 18
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Preparation of N, N-dicycl opropyl -6-ethyl-t-nmethyl-4-(4-nethyl-5-

(met hyl sul f onypt hi azol - 2-yl am no) - 1, 6- di hydr oi m dazo[ 4, S-dl pyrrol of 2, 3-

b] pyri di ne- 7- car boxam de 15 30A Preparation of

1- br ono- 1- Weliny9288¢k f onyl ) pr opan- 2- one 000 Br 1002501 PETESHONUT42dN of

met hanesul phonyl acetone (0.5 g, 3.67 mml) in AcOH (7.34 nL) and

di chl oronet hane (11.02 nlL) in a round bottom flask was added 20 brom ne

(0.189 nL, 3.67 nmol) dropwi se. The reaction mxture was stirred at rt 90

mm Sol vent was renoved in vacuo. e residue was taken up in ether and

washed with saturated agueous sodidim bi carBbgnate (2 x). The organics were

concentrated in vacua 1-Brono- o] pr@pan-2-one (0.332 g, 42%

yield) was isolated as an oil. 25%00 é ?\-II Et215'0(MFH) WO

2011/ 028864PCT/ US2010/ 047621 30Pr eparjat i f

N. N-di cycl opropyl - 6-et hyl - | - net hyl - Z- (4- net hyl -

(6 r’rgt Eyljsul f OSW ) &giyglg’iig&vylbﬂ:ﬁb?@)rbﬂmoyl)—6~ethyl -1- methylﬁl 6~ dlhvdrmrgldaio[zi ,5- .
I hydr oi m dazo pyrrolo e e [002521 This

conpound was prepared al®¥raeHy- tE‘B”é‘B&ﬁﬁl‘%"'ﬂ%é‘i"ﬂ& 4?“‘6‘9 \%gl

5( et hyl sul fonyl ) pr opan-2-one (28A, 32.5 ng, 0. 151 turmr) to provide N, N

di cycl opropy1- j y nmet h - I gmet h t| I f | )t hiazol -2-yla
m o)+ 1. o dh BT aROBTTa] ¥ erhet 2t b ha e A oxan de (12 &
ng, 0.023 mTDI brd3QpaUeard akld) v-aiydsprafyf-6-uthit lemsioytidehio[n@@28 3} VS (ESI ) rrilz
514.1 (M+H) 10[,Q0: (br H)
8.18 (s, 1E1), [d%%l ‘L‘TE‘ZP[ﬁl)lgwﬁzxyg "3’8)?2( m’%‘HmC%g%mﬁg?‘%’l‘ogm QYiel) .29
(s, 3H), 2,88 <thg| BF- ((imyclm-l)pylczab%oy@s@ ctBH) 1 -mdhyd1, %ml}ytiﬁirﬂpicldm[tiﬁi 90 Hz) 0.72
-0.81 (m 4H) (E?pynoio 203 b] yl((qu 4 ?f‘)nm%ﬁl?‘%\c 4. g’a?’bo%?latc as yellow solid.
10 [00212] MS (EST) m/z 494.1 (M+H)

[00213]  1H NMR (500 MHz, DMSO-dg) 8 ppm 11.42 (brs, 1H), 8.14 (s, 1H), 8.00

(s, FFD), 7.25 (s, 1H), 4.62 (q, 211}, 4.30 (q, 2H, /= 7.15 Hz), 4.05 (s, 3I1), 2.89 - 2.97

(n, 20, 1.39 (t, 3H, .J = 7.01 Hz), 1.32 (t, 3H, J=7.15 Hz), 0.74 - 0.30 (m, 4H), 0.64

=0.70 (m, 4H)
15
Example 19
OEt
%N
O N N N
Ethyl 2-(7-(dicyclopropylcarbameyl)-6-ethyl-1-methyl-1,6-dihydreimidazo[4,5-
20 djpyrrole[2,3-b[pyridin-4-ylamino)thiazele-5-carboxylate

[00214]  This compound was prepared according to example 2 using ethyl 2-
chloro-2-formylacetate and N, N-dicyclopropyl-6-cthyl-1-methyl-4-thioureido-1,6-
dihydroimidazo [4,5-d]pyrrolo [2,3-blpyridine-7-carboxamide (example 2B) to

25 provide ethyl 2-(7-(dicyclopropylcarbamoyl)-6-cthyl- 1-mcthyl- 1,6~

271 -



N--\\Cl N s /1 O NNNN Preparation of

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

met hyl- 1, 6- di hydroi m dazo[ 4, 5-dl pyrrol 012, 3-b] pyri di ne-7-carboxa m de
201002551 wmigti@asspbund was prepared according to examuteus2oa®imme 1, 1-

di chl or opr opan- 2-one (14.26 pL, 0.147 innol) to provide 4-(5-chloro-4-

nmet hyl t hi azol - 2-yl am no) - N, N-di cycl opropyl -6-ethyl- | -nethyl- T6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyricline-7-carboxam de (4.35 ng, 18.9%
yield) as a paHéy@oieﬁfazaﬁﬂlS-icIﬂ)yl:@5[[20@2[‘@6;]{11n|\@iérESd)))hizfzﬂ]/eﬁ—céh’beylat‘( Vel [0025711 N
NVR (400 MHz, 8.14 (s, I H), 7.25 (s, 111),
4. 58 (q, 21-1, 52%5% }jé‘)“H%‘ p&“dh”"“’“" %H) 2.88 - 2.98 (m 21-1), 2.25 (s,
311), 1. 40 (t, IQEH‘}J:VISUQEO)rHZ}l%O)(MBH} 0.81 (m 4H), 0.63 - 0.70 (m 4H

N i oyol opr o1t (Mg R Pk N3 Ramg 195 . o, CFRABL LS
tetral t ydr oben2oki ¢ hi Hot 62(aytaniTvolP-t6-, et yd, 21 fre 7 iy Hz)1 4.66 @i ¥y)dr ohni dazo[ 4
55l pyrrol o 3, 330) gy ng< 12/ oA de.d 992591, This, orpayd ves

prepared according to exanple 2" usi

di met hyl cycl oheXafie-0133-0di0émet)34. 9 ng, 0.200 ninol) to provide

N, Ncl i cycl opropyl-4- (5, 5-di net hyl - 7-oxo-4,5, 6, 7-t etrahydrobenzo[ cl ]t hi azol -
2-ylam no)- 106-ethyl- | -methyl-1,6-d ihyclro i mclazo[4,5-d]py rrolo[2,3
-Npyridi ne-7-carboxanicle Example 20

D— lngH
N

O N \I N
10
N-cyclopropyl-2-(7-(dicyclopropylcarbamoyD-6-¢ethyl-1-methyl-1,6-

dihydreimidazo[4,5-d|pyrrolo[2,3-b|pyridin-4-ylamino)thiazole-5-carboxamide

20A  Preparation of 2-(7-(dicvelopropylcarbamoy)-6-ethyi- I -methyl-1.6-

15 dihydroimidazo [4.5-d]pyirolol2,3-blpyridin-4-ylamino)thiazole-5-carboxylic acid

h o)
J> N’Q\N OH
STeeSs
N° N N N
H

0

[00217]  To asolution of ethyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyi-
[,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 L) was added 1 N NaOH

20 aqueous solution (296 pL). The reaction mixture was stirred at rt 3 h and stirred at 50
°C I8 h. After cooling to room temperature, ethanol was removed by concentration
in vacuo. The residuc was acidificd with | N HCl and the solid product was collected
by filtration. 2-(7-(Dicyclopropylcarbamoyl)-6-cthyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolof2,3-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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(11.24 ng, 21. 7% yield) as a pale yellow solid. [002591 M5 (ESI) mlz 518.2
(Mt14) [0026011H NWR (400 MHz, DVMSO-d6) 8 ppm 11.93 (s, 1H), 8.19 (s, IH),
7.28 (s, 1H), 4.62 (q, 2H), 4.06 (s, 3H, 2.89 -2.98 (m 2H), 2.80 (s,
2H), 2.40 (020228863 41 (t, 153H, J= 7.03 Hz), 1.09 (s PCBHP0L1G07SI-0.80 (m
414), 0.63 -0.71 (m 41-1) Exanple 33 / I O N-Th\f':-NNAN El Preparation of
4- (5, 5-di oxo-4,5, 6, 7-tetrahydr o- 5X6-t hi opyrano[ 4, 3-d] t hi azol - 2-

20yl am no) - 6-et hyl -1 -nmet hy1- 1, 6-di hydro-1, 3,5, 6-tetraaza-as-i ndacene-7-carb
oxylic acid di df®8ipr M/ IESNnde4@IAMAtRpar at i on of

3- bronocl i hydro- 2Ht hi opyran-4(3H)-one 0 1002611 To a m xture of

t et rahydr ot hi opyr an- 4- one (0 5 g 4, 30 mml) |n dICh| ororrethane (51.2 )
and net hanol (20.492) Dwperat olopry e T ghdretidel{( 2. 283 g,
4.73 mmol ). The,d A ZchSSoI vent was
renoved in vacuo. et her X). The
conbi ned et Her %@m_%re dri ed over anydrous magnesium sul fate, filtered
and concentrated in vacuo. The product was isolated as a pale orange oil.
Material was used imediately in the next reaction. 1033B Preparation of
3-bronmo- 1 | - di d1Plet Takydrte of H-Hicopymranylabeney Bo-ghyioomedd-fo a cool ed (0
C) of 3-br 0md'(h¥/q{oﬂmazlijbﬁ4hﬂ ﬂWfaﬂﬁz 44)%@1619@?]&@1@%&5@0 3%19*1)0)@1@&%9 4.05

mol ) i n dichl or onet hane was ad 749 g, 10.14 mmol)
slowly. The red&trols Zﬁi‘xlt3d’r7é“3/\ﬁ§3‘hfl"1“&)l\)\é‘dm‘f‘6(Wﬁr“#? Fe °‘rd6‘6’m 15t enperature. The

reaction m xf urﬁclmaayﬁuﬁmhlﬁz@luwad@aoww ahed (aarear 9 039 Riicar bonat e.
The aqueous |ayer was extr with dichloronmethane (2 x). The conbi ned

organi cs were dHNEdBHGELS: 7§hﬂyap?ﬂf§m%g@ﬁé‘é‘i‘3mﬁ arpjfuegtas Stipqdag ‘érI 8d"4nd

concentrated i RopRit@dtiRv@fd ormd residuc was takm up in MeOH and purified by
3-brono- 1, 1- di oxo- tetr hydro

1 t ran one, as whi sal i d which
was used i mred&é%‘l%“. é( (}yé@fnop%[g ﬁycloplopylcaxbdmoy% 6-ethytl-?—mc%1y'lw
1,6-dihydroi midazo[4,5-d]pyreolo[2,3- b]pynchn 4-ylamino)thiazole-5-carboxamide

15 (3 mg, 19.82 % yicld) was isolated as a white solid.
[00226] MS (EST) m/z 505.0 (M+H)
[00221]  1H NMR (400 MHz, DMSO-de) & ppm 8.36 (br s, 1H), 8.15 (s, 1H), 8.02
(s, LHD), 7.25 (s, 1H), 4.63 (q, 2, J=7.11 Hz), 4.05 (3, 3H), 2.89 - 3.00 (m, 2H),
2,76 {tq, |H, 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

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-(dicyclopropylearbamoyl)-6-¢cthyl- t-methyl-1,6-dihydroimidazo[4,5-
dJpyrrolof2.3-b]pyridin-4-ylamino)thiazole-5-carboxylic acid (example 204A) to
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20 33Preparation of 445 5-clioxo-4,5,6,7-tetrahyclro-52,6-thiopyranoli4, 3-
di t hi azol -2-vl am no)-6-ethyl- -nmethvl-1 6-d

i hydro-1, 3,5, 6-tetraaza-as-i ndacene-7- carboxyl ic acid

cli cycl opr W\ Hifese: 1002631 This conmpound was prepaligé2a0666ti ng t o
exanple 1 using 3-brono-1,1- 25di oxo-tetraltyclro- | A-6-thiopyran-4-one
(exanple 33B, 32.5 ng, 0.151 mnol) to provide

4-(5,5-dioxo-4,5,6,7-tetral |l ydro-5) P-thi opyrano[ 4, 3-d] t hi azol - 2-yl am no) - 6-
et hyl -1 - net hyl pbyige Njfwchctwbpﬁ;éaﬂ@l—tlemcﬂazaia&a)smbmdm@wﬁaoﬂyia:ailambzyI ic acid

CESly o BY e e ko Meurby S0 X 8o M kbR s s hhie0s o0
1H), 7.25 (s, dd), 4.61 (g, 5 2K 1= 6.78 Hz), 4.54 (s, 2H), 4 04 (s,

(m 2y, 130 (0 WG o5 v (m 4By 071 0,70 (m
4|—|) Pr epar a'§| 0 06?4] 3HNMR(400 MHz, MLOD)O[’)[)mQOQ {s, M), 7.79 ~7.93 (m, TH),

4-(5-acetyl-4- h I yl ) ] | t | -
Tt by 1, b i ool %2‘5@};@’ durra k?(“‘?‘“ iﬁ@ R Do de

[00266] Thi's cewﬁélun%ﬁlwa%o meéﬁi&agéfc&brdﬂn@fi %%@m?p%émﬂ@s%b_

3-ehloro-2, 4- 3%pgnugnedi one (36 0 pL, 0.302 mpl) to provide

4- (5-acetyl-4-methylthiazol -

yl am no) - N, N- di eycl opr opyl - 6 et hyl - 1-nmet hyl - 1, 6- di hydr oi m dazo[ 4, 5- d] pyrr ol

o[ 2, 3- Db] pypi di ne-7-carboxam de (76 ®%hum ﬂ@@%yl el d) as a pale yellow solid.

[00267] M5 (ESI) mz 478.2 (M FH)_100 é tH NI\/R 400 M—|z DVS0- (15) 6 ppm
8.31 (s, 1H), 7.28 (s, tH), 462%2 8 408(5 3H), 2.89

22,99 (m 2H), 2.61 (s, 3H), [3. 44 »'0.72 -0.81 (m 4H),
0.64-(0.72H%m 414)(Exarr|1jl)e 35»% 20 (m 4%
0 N

K H

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-(pyrrolidine-f-carbonyl)thiazol-2-
ylamine)-1,6-dihydroimidaze{4,5-d|pyrrole[2,3-b]pyridine-7-carboxamide
15
[00225]  This compound was preparcd according to Example 20 using pyrrolidine
and 2-(7-(dicyclopropylcarbamoyl}-6-cthyl- [-methyl- 1 ,6-dihydroimidazo[4,5-
dipyrrolof2,3-b]pyridin-4-ylamino)thiazole-S-carboxylic acid (example 20A) to
provide ¥, N-dicyclopropyl-6-¢thyl-1-methyl-4-{ 5-(pyrrolidine-1-carbonyl)thiazol-2-
20 ylamino)-1,6-dihydroimidazof4,5-d]pyrrolof2,3-blpytidine-7-carboxamide
[00226] MS (EST) m/z 519.1 {M+H).
[00227]  ‘'H NMR (400 MHz, METHANOL-dy) & 8.58 (s, 1ED), 7.97 (s, 1F), 7.28
(s, 1H), 4.71 (q, ] = 0.7 Hz, 2H), 4.20 (s, 3H), 3.87 (1, J = 6.5 Hz, 2H), 3.67 (1, J = 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

-74 -



i ON---iN-f-"NAN _---/H Preparation of

N, N- di cycl opr opyl - 6- et hyl - 1- net hyl - 4- (4- oxo- 4, 5-

di hydr ot hi azol o[ 5, 4-cl pyri di n-2-yl am no) - 1, 6- di hydr oi m dazo[ 4, 5- (11pyrrol of
2, 3- bl pyr v eiet/288¢etr boxam de 535APr epar ati on of PCT/US2010/047621

3- bronopi peridine-2,4-clione 0 BrCNH To a m xture of piperidine-2,4-dione
(0.072 g, 0.637 nmmmol) in acetic acid (1.591 nL.) was added brom ne (0.033
m., 0.637 mnol) dropwi se. The reaction m xture was stirred at rt 70 mn.
Di chl or ot net hane was added and thé>clo m xQure was concentrated in
10vacwo. The residual solutio trea W t hyl ether. A white solid
crashed out and the AcOH et he thed S e ite solid, presuned to
be product was carried forward. 'N started liquifying and
turning red rapidly upon exposure td\l [ ghtnand standi ng. 1535Preparati on of
Ar N-di cvel opropvl-6-ethyl- |-nethyl-4-(4-oxo0-4,5- dilpAlrothiazolol5

4-cl pyridin-2-vl amma}mylloﬁmpli_ytcimbdmohnrdanxfp(meawdh,pwilryﬁlrm.ﬁ]maa}m 5-

b di ne-7-carb d ding t
oxanpl & 2 usi ng 3 GRBHIHrINRATHER e BT e SR VB TE or ovi de.

AT, N-di cycl opropyl- 6- et hyI I - carboxamide

20met hy1- 4- (54- 0Xx0- 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-car boxam de (4.51 ng, 12.3%
yi el d) as a whi[pe28jol iTtis camgcandivasgprd@Bal according to Example 20 using N-

i\hpy; :ZiIdIC%dZO{Z/):’ g‘ﬁ,'}){cjﬂ'g&t&pd%—)ﬁ&nhncd\n& 9%:% 81402(& )uq%y(?c‘ﬂ bm%yl?() (,ﬁ“xgzlr F‘ﬂ¥tﬂ§1°1té“ azol O[ >, 4-e

d] pyrrol of 2, 3- bfilpyirirditaref45-dJpyr b)drx[amlﬂteﬂid@Ef&ﬂ@ﬁ‘ﬂ@)ﬂHWL@ESTb)JXHI!q/ﬂzitf489 1 (MrH)
00211518, N LR, S5, o b o M L1 47 (]
3H), 2.88 -1B. Gbhy(iryymigdedp(4,51dmarofd]2.3-Bhyridin- dem@))iﬂél)sopi@yVﬁ --0.85 (i n, 4H) ,
0.60 - 0.72 ( mn}cﬁimth:ﬁ?o@gﬁgyﬁ&dﬁﬁe

[00229] MS (ESD m/z 521.1 (M+H).

[00230] ‘H NMR (400 MHz, METHANOL-d,) & 8.68 (s, 1H), 7.87 (s., 1H), 7.32

(s, LH), 4.74 (g, T = 7.0 Hz, 2H), 4.24 (s, 3H), 3.18 (br. 5., 3H), 2.99 - 3.06 (m, 2H),

15 1.53(t,J=7.0 Hz, 3H), 1.35(d, ] = 6.8 Hz, 6H), 0.89 - 0,96 (m, 4H}, 0.81 - 0.88 (m,
4H)

Example 24

P \N’\\N R N/\

0 NN
H

20 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo{4,5-
d|pyrrole]2,3-blpyridin-4-ylamino)-V,N-dimethylthiazole-5-carbexamide

[00231]  This compound was prepared according to Example 20 using N, V-
dimethylamine and 2-(7-(dicyclopropylcarbamoyl)-6-cthyl-1-methyl-1,6-

25  dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-d-ylamino)thiazole-5-carboxylic acid
{cxample 20A) to give 2-(7-(dicyelopropylcarbamoyl)-6-cthyl-1-methyl-1,6-

S5



\N--"- "Ns OONFl t-Oet Preparation of ethyl

2-(7-(di eyel opropyl car banoyl)-6-ethyl -t-nethyl -1, 6- di hydroimdazo [4,5-d 1
pyrrol 0l2,3 -blpyridin-4-y lam no)-6,7-d i hydrot hiazolo [ 5,4- el pyr id

i ne-5(4/1)We0t1983¢4 ate 5 [00272] This conpound was priEfgarseicacoor ding to
exanpl e 2 using 3-brono-4- oxo-piperidine-1-carboxylic acid ethyl ester to
provi de ethyl 2-(7- (dicyclopropylcarbanoy 0-6-ethyl-1-nethyl-1,64 i hydro
i mdazo[4,5-d]pyrro lo [2, 3-

b] pyri di n- 4-yl diftydvanidezy4.Gidhy oblp@t3Hilmzidine]-Badinc pyrdiditingthBecdd-1) - car boxyl at e
(5 ng, 1015. 362@3/ IJn%}_‘zas a white solid. 1002731 M5 (BSI) ink 549.2 (MH)
10027411H N MR DMSO-d6) 6 ppm 10.83 (hr s, 1H), 8.12 (s, IFl1),
7.23 (s, 1H, IDOEQI AMBTESmp/z494) (M4HIL0 (g, 21-1, J=7.19 Hz), 4.04 (s, 3H),

372,00 21, Joens? Wiy hin PO Bl Ry 2 181 B 200 138
0.71 (m 4Hy Ef@aH@»@?@m N7 0K @Mﬂwm%HWetpaﬂaﬁ'(@nscﬁH) 97303 (m '
N, N-di eyel opropyyl>61 &t hyl .54 @BLYY rd364 0286065 (m, 4H), 0.80 - 0.86 (m, 1)

Example 25
PN, A
N
T 1 Oy
0 a N"NTON 0
H

2-(7-(dicyclopropylearbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo{4,5-
dipyrrelo|2,3-b|pyridin-4-ylamine)-N-(1,1-Dioxo-tetrahydrothiophen-3-yl) -N-

methylthiazole-5-carboxamide

15 [80234] This compound was prepared according to example 20
[00235]  MS (ESI) m/z 597.0 (M+H).
[00236] 'H NMR (400 MHz, METHANOL-d,) &: 8.74 (s, 1H), 7.99 (s, 1H), 7.37
(s, 1H), 5.34 - 5.45 (m, 1H), 4.78 (q, J = 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, I[H), 2.47 - 2.66 (m,
20 2H}, 157 (t, 1 =6.9 Hz, 3H), 1.34 - 1.45 (M, 1H), 0.91 - 0.99 (m, ] = 6.5 Hz, 4H),
0.83 - 0.90 (m, 4H)

25
Example 26
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20t etra hydrothiazolo [5, 4-el pyridin-2-ylam no)-1, 6-di hydroim

i dazol4, 5-dl pyrrol 012, 3- blpyridi ne-7-carboxam i de 1002751 Thi s conpound
was prepared according to exanple 2 using 3- bronopiperidin-4-one,

hydr obr om & £0380288wy, 0.130 nmol) to provide PCT/US2010/047621

Al , N25di cycl opr opy1l-6-et hyl - 1- net hyl-4- (4,5, 6, 7-t et rahydr ot hi azol o[ 5, 4-c] py
riclin-2-

yl am no) - L6-di hydroi m dazo[ 4, 5-d] pyrrol of 2, 3-b] pyri di ne-7- car boxam de (30

ng, 60 %yield) as a pale yellow soI q\g2761 VB (ESI infz 477.3 (M+H)
[00277] 1E1 NWVR (400 MHz, DMSO-d pm 9 8N(hr S, 8.25 (s, 114),
7.27 5(s, 1H), 4.63 (q, 2H, J— s 4.06 (s, 3H),
2.85 - 2.98 (m 4H), 1.38 (t, L Igf 81(m 4H), 0.62 -

0.71 (m 4H) Exanple 38 10
4- (5-cyanot hi azol - 2-yl am ne) - N, N- di eyel opr opyI 6- et hyl - 1- net hyl -1, 6-
di hydroi m dazol[ 4, 5vm<m@yuopm{n24 @ﬂ&ﬁ]nﬁul&ltﬁihmz-@izﬁ&ﬁé)mmﬂlden{tﬂjz]-ZY(S] To a

m xture of 4-am no-N, N- ropyl- 6- et hy.

G hydr of i dazola. 5. o pyerEREHINaCY Dbt b eGSO Scampl ¢ U 60
ng, 150.177 mmol ), 2-chl oroth| azol e-5-carbonitrile (38.5 ng, 0.266 Mol ),
Pd2(dba) 3 (24. Bl NAP 49 7 ] d sodi um

t ert - but oxi ?[%{}9?3] r’rﬁp’*ﬁorﬂé’ﬂn‘iﬁhﬁlwep\‘}\ﬁ Cﬁ&'&‘“ﬁ%fig 7 lglmplf')ﬁ)gw% xture was
purged with ar g;ommgmo (ﬂ:c4rm15 Ormmmamdtdn;eahéd\ft\fah@ﬁioﬁomm (851t The reaction
m X.t ure showed Elm thy]tud7 In%l?o)l?)y thyll:)l mCtha g (hon"m a%r q i n%}tl) a plug of

i Ot "EONAS

Celite and conc cru ur| &parative HP
LC to afford 4- bﬂ;5+ 1d1y1aﬁi0&:ho*a:nm&-(2> y7| ragn4fh©)% ViR Ns a pale yellow wolid

di cycl opr opyl yI iydroi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri d
i ne-7- car boxaﬁ? {gl agtjsa(%g FMZ%% IgNgc% 1002791 M5 (ES 1) mx 447.2

(M+H). [ 00280] m)mﬂ (5B®JWH.@100@D&ODM®D@&B<) pién 8.85 BOIH)ST.231M) 8L @4a(s, 1H),

.56 254H) , 3 ] 4, T ; 2 ; 1-1 2.84
3060 (2L P a5 mak oy hailpa b pds o Bad o B2 S Ras R L 2
aH) .

3H,./=7.03 Hz), 0.73 - 080(m 4H), 0.62 - 0.71 (m, 4H)

Exarmple 27
AN
P,
N
Sapat
0 NN "N N
k H

N,N-dicycloprepyl-4-(5,6-dihydro-4H-cyclopenta[d]thiazol-2-ylamino)-6-ethyl-1-
methyl-1,6-dihydroimidazo[4,5-d}pyrrele[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-+E).
20 [060242] 1H NMR (500 MHz, McOD) 8 ppm 8.12 (s, | H) 7.22 (s, [ H) 4.68 (q,
J=7.12 Hz, 2 H)Y4.10 (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, 8 H).

Example 28

ST



Exanpl e 39 WD 2011/ 028864PCT/ US2010/ 047621 /.\ N-- ...,,.. N -NS O NNNN
---114

4- (benzo[ d] t hi azol - 2-yl am no) - N, N- di eyel opropyl - 6-et byl -1 -nmethyl -1, 6-

di | | ydr oi nW@e2267028864 dl pyrrol o[ 2, 3- bl pyri di ne- 7- ear box aridies260B8L1To a
solution of 4-am no-N, N-dicycl opropyl-6-ethyl- -nethyl-1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di nc-7-car boxam de (exanple LI, 21.2
ng, 0.063 mmol) in DVMF (626 !'IL) was added sodi um hydride (10.02 ng, 0.251
mmol) in one portion. After 20 m 2- b\fbpj(o-l,B- benzot hi azol e (53.6 ny,
0.251 mml) was added. The reﬁt_' n mxtyury wag stirred at room tenperature
for 16h. The reaction 10m xtureé nchiedSwit h/wat er and diluted with

et hyl acetate. The aqueous | ayer N Eﬁr wth ethyl acetate. The
conbi ned organics were washed with 10% Li Ch, dried over anhydrous sodi um
sulfate, filtered and concentrated in vacua. The crude residue was purified
by flash chr omat Sgv-diphtyopuqiyhe-ctpi-4-cahA-5gm &by thiarol-yhinin®)-Wnt ety 1,6~ 5%

McOH CH2C12 to yield 4.(henzol d]thiazol -2-ylam no)-N, -

15di cycl opr opy1- 6- et hy““gqu-]t %@f‘{ﬁ]{f,@’%" Zyél'i%5&5’8?3#@5%3[“3%—"8’]“5&% rol of 2, 3- b] pyr
i di ne-7- carboxam de (6.8 ng, 21.87%yield) as an off-white solid. [00282]
M5 (ES1) Ink 472.2 10 4 NV 00 MHz, DWVSO-d6) 6 ppm 8.17 (s,
11-1), 7.95%(d, 1142,§—M+: ; A ]}21 . )I\ﬁg - Hz), 7.39 (t, 1H, = 7.97 Hz),
7.27 (s, | H), 7.22 (t,= 208.52 Hz), 4.70 (q, 2H, 1 = 7.06 Hz), 4.06 (s,
3H), 2.88 - 2.99 (m 214), 1.65 (br s,ﬁjﬁ)w/lAS (t, 3H, 1=7.01 Hz), 0.74 -
0.84 (m 4H), 0.64 - 0.73 (m 4H) By

[06243]  Prepared according to the procedure described in Chen. Comm. 2004,
470-471.

{0 28 Preparation of ¥, N-dicyclopropyl-6-¢thyl-4-(4-ethyl-5-methylthiazol-2-

ridine-7-carboxamide

[00244]  Prepared trom example 26A using similar procedure as that of example 2

[00245]  MS (ESD) nv/z 464 (M+H).

[00246]  [H NMR (400 MHz, CHLOROFORM-d) 8 ppm 8.81 —9.19 {m, I H) 7.69
15 (s, H)6.89 (s, | H)4.75 (q, /=7.12 Hz, 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

20
Preparation of V,V-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-4-
(trifluoromethyl)thiazel-2-ylamino)-1,6-dihydroimidazo[4,5-d|pyrrelo[2,3-

bipyridine-7-carboxamide

S78 -



Exanple 40 / | O 25Preparation of

N, N- di eyel opr opyl-6-et hyl -4-(5-fl uorobenzo[ d]t hi azol - 2-yl am no) - 1-

nmet hyl 4, 6- di hydr oi m dazo[ 4, 5-d[ pyrrol o[ 2, 3-b[ pyri di ne- 7- ear boxam de - 87 -
WO 2011/ 028868WPERES2010/ 047621 40APr epar ati on of PCT/US2010/047621

5-fl uoro-2- (net hyl thi o) benzol dlthi azole [002841To a sol ution of

5-fl uor o- 2- ner capt obenzot hi azol e (0.15g. 0.810 mol) 5in Ti-1F (8.10 nl)
cooled to 0 C was added sodi um hydride (0.036 g, 0.891 mmol ). After
stirring 10 m rAg02#ddoirks hameufOyBPE:patkd actordh§ tvrahple dasngitbdedoand t he
reaction m xtur VY r ONHOR rallie Qvel4és.h. The

reacti on was dlll’elulv\glzmablg\{\dnz%ty@ggﬁlate aér?éﬂ)gmgﬁc( eg;vmnt h%saf%urat ed aqueous
sodi um bi car boreetle!- 4Tihléut@)ﬂigsahmil&hl*layér/l&ma@) -WagHediowiddroBSidiryrrotd. ed over
anhydr ous sodi Wik ak8hod: Liengdo.and concentrated in VC CUO

5-fl uoro- 2- (rne%wyﬁtlﬁ(lE 0)b e%zdgl a]dt hi altzoloe (0.178 g, 110%yield) was isolated
as a white ol |l@ﬁ24$\}ht &S5 (EF D W U D t hout any further purification.
1002851 M5 ( ES 440 ZOQH(RM Nﬂk@oéﬁl@b @‘M’néi’z@ iz 2 hﬂ?@?@g{y d) ei ppm
768(dd 111[.—i 81, 15 lﬁ) &WZSQH 7.07
(td, = 8.81, 2. 58 Hzﬁ‘)?iz{ZBeOﬁés 31‘31—@ 8‘216%@%15 Héth‘*@rﬁt Bkl /=687 Hz),0.73 -

5-fl uoro- 2- (rTEt()f’ml(,%ul[.f)l &y ) Bengpuphi t hi azol e

20[ 00287i 5- Fl uor o- 2- (et hyl t hi o) benzo[ d] t hi azol e (exanpl e 40A, 0.178 g,

0. 893

10 Example 30
\
J> NH\\N SO,Me
>N
4

A\
O N NN N
H

Preparation of N, ¥-dicyclepropyl-6-ethyl-1-methyl-4-(4-methyl-5-
{methylsulfonybthiazol-2-ylamine)-1,6-dikydroimidazo|4,5-d]pyrrole[2,3-

b|pyridine-7-carboxamide

30A  Preparation of -bromo-1-{methylsulfonylpropan-2-one

0 Q0

(V3

~
Br

[06250] 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 vacno., The residue was taken up in ether and washed
with saturated aqueous sodium bicarbonate (2 x). The organics were concentrated in
vacuo. -Bromo-1-(methylsulfonylpropan-2-one (0.332 g, 42% yield) was isolated as
an ¢il.

25 [00251] MS (CI) m/z 215.0 (M+H)

-79 -



mmol ) was dissolved in CH202 (5.96 nL). nCPBA (0.154g. 0.893 mmol) was
added in one portion and the reaction m xture was stirred at room
tenperature. The reaction was quenched with saturated aqueous sodi um

bi car bonat W02AHA&8hUt ed wi t h di chl onmet hane. The aqued¥§/USayi1e/04Mpis
extracted with dichloronethane (2 x). The 25conbi ned organi c were washed
with brine, dried over anhydrous nmagnesi um sul fate, filtered, and
concentrated in vacua. 5- FI uor o- 2- (et hyl suI f| nbeenzo[d]thl azol e (0. 180g.
94% yi el d) was i sol¥t edPragars A diybly g aghy] .
purification. {

LOROFORM d) 6 pp d)- Loy droiitd byl 24 |
2.47 Hz), 7. 27~@M(m 1H, 3.10 (s, 3H) 540Preparat| on of

AT, AT-di cycl o o | / ; ]
o) 1S op et 2 Orify &m§?u§f1§ s fibpint,oRRAF RN HltRA0kiE 1 -bromo-1

2, 3-bl pyri dr neim[b’éﬁr‘kffémb)wp?}’@"z -0 03880 17rdmy, G|l gropabrio pfovide NV-

4-am no- AT, N- dlh@&'@dp%?lo(pytﬂrqu rﬁdtt J4'(Jl n"m-ﬁgfhy&mclhy@suifonyi)thldzol 2-ylamino)-

di hydr oi m dazof 4, 5-dl pyr sz%; di ne- 7-car boxam de (exanple 1.1, 50
ng, 0.148 mol }61dﬂlyé)EmFda(zq[4én{9y“\%z blaedlinggaraheitids (138 medd023 ny, 0. 443
nmol ). 10Aft er m@R1 59.0% ﬁclﬁ)ldl;l%&f%h{tmthyl sul finyl)benzo[d]thiazol e (exanple
40B, 95 ng, O. n one portlon The reaction m xture was

stirred at roofﬁ“?%”ﬂrpeﬁ“éﬁﬁlbm’zfﬁ‘bl ™5 i on mixture was diluted with ethyl
acet ate andoqugpgdued W tiRRVAGENHz, TES@ A 8PHS 108y @k s Was, sext amy edyw th et hyl
acetate (2 x). Tﬂf gggp ﬂg(} eg% nic I%aﬁrs were_washed with 10%lithium

chl ori de sol ut ol ¥l SRAIZ T Y Hi/arzcﬂ&“sﬂéb&%m%f"?a@ﬁé filtered
and concentr at 263 isn3racaoy, 3fhe=epode), 0.esi- daeas) mozi-fo.admbyHf | ash

chromat ography using an Isco 12 g colum eluting with 0-5% Me01-1/CH) C12 to
provi de ATA-di cycl opropyl-6-ethyl-4-(5-fl uorobenzo[d]thiazol-2-

yl am no) - 1- met hyl - 1, 6- di hydr oi m dazo[ Bxamdd yr r ol o[ 2, 3- b] pyri di ne- 7- car boxa
m de (13 g 17.07% yield). 20 1002911 Ms (CO) mz 490.2 (H) 1002921tEl N
MR (400 MHz; DVsO-d5) 8 ppm 11.53 (br s, 1H), 8.19 (s, 11-0, 7.95 - 8.02
(m 1H, 7. 47 (d, 11-1"/= 9.82 Hz) 28\ s |F1), 7.09 (t, 114,J= 8.18
Hz), 4.69 (q, 2H J= 7.13 Hz), 28@1-302(|n 2H), 1.45 (t,
3H, J= 7.05 Hz), 0.74-0.81(m (m 4H) 25 Exanple 41 VN

i >\N-\\ 271 NNNN .

Preparation of 4-(5-chlore-d-methylthiazol-2-ylamino)-¥, N-dicyclopropyl-6-ethyl-1-

methyl-1,6-dihydroimidazo{4,5-d]pyrrole{2,3-b|pyridine-7-carboxamide

20 [00255]  This compound was prepared according to example 2 usiog 1,1-
dichloropropan-2-one (14.26 pi., 0.147 mmol) to provide 4-(5-chioro-4-
methylthiazol-2-ylamino)-¥, N-dicyclopropyl-6-ethyl- | -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{ESDm/z 470.1 (M+H)

[00257] IH NMR (400 MHz, DMSO-d¢) 6 ppm 11.34 (s, TH), 8.14 (s, TH), 7.25 (5,
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 (¢,
3H,. /=690 Hz), 0.73 - 0.81 (m, 4H), 0.63 - 0.70 (m, 4H)

- 80 -



Preparation of

N, N- di cycl opropyl-441, 3-di net hyl - 1H pyrazol o[ 3, 4- (11t hi azol - 5-

yl arni no)-6-ethyl -1-nmethyl -1, 6-dillydroi mi dazo[ 4, 5-dl pyrrol o[ 2, 3- bl pyri di ne
-7- car boxaiot1/es8841APr epar ati on of PCT/US2610/047621

NN- di cycl opropyl- 6- et hyl -4-i sot hi ocyanat o-1 - net hyl -1, 6- di hydr oi m dazol 4
5-dl pyrrol o[ 2. 3- bl pyri di ne-7-carboxamde P>\ N-\\ 0 I\CN1-- ----1

[ 002931To a mi xture of 4-am no-N, N-di cycl opropyl-6-ethyl-1-nethyl-1, 6-

di hydr oi mi dazo[ 4, 541] pyrrol o[ 2, 3- b] pyrkxdinpi-3Z- car boxam de (194.5 ng, 0.575
mmol ) 10i n di chl oromet hane (2874 )il) in a rourlg bottom f |l ask under

nitrogen was added 1 It- thiocar bojﬁkl i - AN-41- 1)3pyridone (133 ng, 0.575
nmol ). The reaction m xture wap>Siirr I‘ﬁorature for 16h. The
reaction m xture was concentr at ed erl rgdug@d\ pressur e.

NN- Di cycl opropyl- 6- et hyl- 4-i sot hi OcyanNat 8- INnethyl - 1, 6-
di hydr oi m dazo[ 4, 5-d] pyrrol o] 2, 3-Db] py’ri cl i nB-7-carboxat ni de was isol ated as

a yell ow 15sticky soljd. Mter| vas. used j S | bse t reactions.
Tob2041 B (ESL) mi 2 bRty VAR BR aE TohT g PR EAsE

NN- di cycl opr opy leedralydidhedzaldl jora 4oy 1y hinlnq)orediny®ll -nbethyi-1,6-dihyd roimidazo[4,5-

yl ) thioureido)-6-ethyl-1-methyl-1 - .

6- di hydr oi m%da20114, 5-di pyrr QXIH(?’,@?’%THWW"leh7éc-mfi3°x§'5“l(‘§ar boxamide \ N3\ s

[00258]  This compound was prepared according to example 2 using 2-chloro-35,5-

dimethyleyclohexane-1,3-dione {34.9 mg, 0.200 mmol) to provide ¥, N-

dicyclopropyl-4-(5,5-dimethyl-7-0x0-4,5,6, 7-tetrahydrobenzo[djthiazol-2-ylamino)-
10 6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-dJpyrrolo[2,3-b]pyridine-7-carboxamide

(11.24 mg, 21.7% yicld) as a pale yellow solid.

[08259] MS (ESD) m/z 518.2 (M+H)

[00260] |H NMR (400 MHz, DMSO-dg) & ppm 11,93 (s, 1H), 8.19 (s, 1H), 7.28 (s,

tH), 4.62 (q, 2H), 4.06 (s, 3D, 2.89 —2.98 (m, 2H), 2.80 (s, 2H), 2.40 (s, 2H), 141 (t,
15 3H,./=7.03 Hz), 1.09 (s, 6H), 0.73 ~ 0.80 (m, 4}, 0.63 —0.71 (m, 4H)

Example 33

N
J> N7\ Q‘Sffo
N
2% oY
9] NTNTNT N
J H

Preparation of 4-(5,5-diox0-4,5,6,7-tetrahydro-5A°-thiopyranof4,3-d|thiazol-2-
20 ylamino)-6-ethyl-1-methyl-1,6-dihydro-1,3,5,6-tetraaza-as-indacene-7-carboxylic

acid dicyclopreopylamide

33A  Preparation of 3-bromodihydro-2H-thiopyran-4(3H }-one
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/1 0 NNNN H 1002951 To a flask charged with

N, N- di cycl opr opyl- 6- et hyl - 4-i sot hi ocyanat o-

met hyl- 1, 6- di hydroi m dazo[ 4, 5-d] pyrrol of 2, 3-b] pyri di ne-7- car boxam de
(exanpl e 29WAHPAIR8B42 g, 0.090 mmol ) was added THF (ORCIAG20M0)47621

5- Ami no-1, 3- dinet hyl pyrazole (0.012 g, 0.108 mmvl) was added foll owed by
sodi um hydride (3.60 ng, 0.090 mol ). The reaction m xture was stirred at
roomtenperature for 16 It The reaction m xture was diluted with ethyl
acetate and quenched with saturated aqueous sodi um bi carbonate. The aqueous
| ayer was extracted with ethyl acetate Br conbi ned organics were dried
over anhydrous sodiumsulfate, filtergd and 5concentrated in yam The crude
material was used wi thout further puri Lcation [ 002961 MS (ESI) mz 492.2
(M+H) 41Prepar§h%ﬁg of AT, N-dicyc| opr apy cllnethyl 111- pyrazol 013, 4-
di t hi azol - 5- yI $FHY) - B empre of t%hwthlqpyamc"l %&‘H? &m0 bt ia

5-dI pyE r ol of 2, 3mﬁlb:|ayxbl|ﬁhlic;ﬂ-€[i-2 l_faQVm@&fcb@Mm&@b%L) m@%@@d ®ran-N -D icy clop'. op
yl-4 3 - -y rei do) - 6-

et hyl - | - net hylglitylémE?P‘H #*8%1%?@%{2?%? & 53 ol ;rlle’f“&m[‘?“ﬁ‘”B]Wﬁy*r"i“éld at

i ne-7- carboxannudﬂaGmwaﬂmhemé&ﬁﬂzﬂwumg'ﬂﬁcﬁ@@uﬂﬂﬁhéwwﬁﬁuGME&QEVQd |n
chloroforn1(2780 ol.ed to 0,C. NS (18.76

slowy added ahd Méo"%é%gtcf%gnldw SIS R TP BRS ng‘r%é‘i”ﬁic tI‘Ié‘fdehe
reacti on m xt upel opasniconice nteratBd prodidt hanodlatahd sgblheranywerievaddad and t he

m xture was filter anding for a week, product precipitated out
of the SO|UtIOh£S%§gmu dﬁggwghm“m¥“g?ﬁpated mnth met hanol. N, 1D
|cyclopropy1 4-(1,3-d i nmethyl-1H pyrazol oP,4-dith iazol-5-ylain no)-6-ethy
-1 - ¥1-1, 6-di;pydpal.mi daze] 4, =-d] L. 9FZn 310l rldlpe-7-carboxan1de

TdR-4-0Ne
was |solated 20as a pal

[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-1A°-thiopyran-4-one as

a white solid which was used immediately in the next reaction,

3 Preparation of 4-(5,5-dioxo-4.5.6.7-tetrahydro-31°-thiopyrano[4.3-

dlthiazol-2-vlamino)-6-ethyl-1-methyl-16-dihydro-1,3,5,6-tetraaza-as-indacene-7 -

carboxylic acid dicyelopropylamide

[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 ké»tlliopyl'anc)[4,3-d]tl1iazol-2—yiamino)—6-

-R2 -



[002981 M5 (ESI) nfz 490.3 (MtH) [0029911H NWR (400 MHz, DWVSO-d6) S ppm
11.39 (s, 114), 8.17 (s, | H, 7.26 (s, 11-1), 4.66 (q, 2H, ./ = 7.03 Hz),
4.05 (s, 31-1), 3.85 (s, 3H 2.88 - 3.00 (m 211), 2.33 (s, 3H), 1.43 (t,
3H, J = 7.9® Mxy0sg472 - 0.82 (m 414), 0.61 -0.73 (m PEHYSPROEAND| e 42
AN ___ . -NNSOi ---Nf.-"NN\H- 91 - Methyl
2-(7-(di eyel opropyl car banoyO- 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) - 5- met hyl t hi azol e- 4- car boxyl ate 1003001
Met hyl  3- br ono<thybkololylan@dibedrg-320 Gmgtraata-§42daneret7ycathasyliadeléd to a
5suspensi on of 0 fhyd 4-t hi our ei do-1, 6-
di hycl roi m dazé‘féﬁ&%#diyldw%lo@g 2%5-16-/6”% y! %(Hndeéak?%;\}ra%oxam de (exanple 2B, 435
mg, 1.094 mmol )00264]Et BB-(ESK) 1 W) (éﬂr’rﬁl)the reaction mixture was heated at
65C for 2h. Th ven e t [ ified by
silica gel chr ?% ra@{ﬁ&ﬁ?%ﬁ?%&@%ﬁ%&iﬁ%ﬁ%% thg &% i(Eiw\elle(nblr{i:th | 247-
| D( di cycl opr‘bp@ﬁeéﬂéé%‘?l)‘ St lsetthy$.04 SpEDRYL (624, £ hé: 6¥)rﬁ a(ﬁc?ﬁslfS d] pyrro
lo [2,3- b]pyridj mfzw@mm)(m%%ﬁ wg:m amlmﬂz fea;rsbwmkatm)(&spm " 70%
yi el d) asyellowsolld 1003011 7 mn, ink 494 (MtH)
10030211K NMR (GRoREPORM d) 8: 9. 41 (br S., 11 1), 7. 78 (s, | H, 6.89
(s, 151H), 4,73 (g, J - 7.0 Hz, 211), 4.03 (s, 314), 195 (s, 3H), 2.80 -
2.87 (m 2H), 2.77 (s,

Example 34
N
P,
[>—N /Y ST
O N N® N

10
Preparation of 4-(5-acetyl-4-methylthiazol-2-ylamine)}-V, N-dicyclopropyl-6-ethyl-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide

[00266]  This compound was preparcd according to example 2 using 3-chloro-2,4-
15 pentanedione (36.0 uL, 0.302 mmol) to provide 4-(5-acetyl-4-methylthiazol-2-

ylamino)-N, N-dicyclopropyl-6-cthyl-1-methyl- [6-dihydroimidazo[4,5-d]pyrrolo[2,3-

blpyridine-7-carboxamide (76 mg, 100 % yield) as a pale yellow solid,

[00267] MS (EST) m/z 478.2 (M+H)

[00268] 1H NMR (400 MHz, DMSO-dg) & ppm 831 (s, 1H), 7.28 (s, [H), 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, /=7.03

Hz), 0.72 - 0.81 (m, 4H), 0.64 — 0.72 {m, 4H)

Example 35

}> N @ NH
S Ter®sy
NN NN
J H
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3H), 1.54 (t, J =7.0 Hz, 31-), 0.83 -0.90 (in, 4H), 0.73 -0.80 (m 4H).
Exanple 43 , O NN NN 20',\H

2-(7-(di eyel opropyl ear banmoyt) - - et hyl - 1- met hyl - 1, 6- di hydr oi m dazo|[ 4, 5-

dl pyrrol o1%03081%38864 di n- 4- yl ami no) - N, N, 5-t ri et hyl t hi EgVes2aegichloxam de
43APreparation of 2-(7-(dicycloriropvlcarbanoyl)-6-ethyl-1-nmethyl-1, 6-

di hydr oi m dazof 4 5-dl ovrrol 012, 3- bl pyri di n-4-vl am no) - 5- net hyl t hi azol c- 4-
carboxylic acid OH ON NN O 10030311 N Aqueous NaOH (0,962 inL, 0.962 mmuol)
was added to a susperl‘sémmtbﬁ of¥iNagikyclopropyl-6-ethyl-1-methyl-4-(4-0x0-4,5-

2-(7-(dicycl opr o[ 4, 5-

d] pyrrol o[ 2, 3- b?‘?édp {"Q ”&?éf}-l“?r:ﬁtrnlﬂymlun fp_ﬁ$§§70?r"ﬂh’ [)@i%mlog' € (exanple
41, 50,199, 0.385 nnDI) in ethan@hn(@uwﬁymdnddmh@ nlxture was heated at 60C
for 2h. The reaction was cooled to roomtenperature and acidified with IN
HCl to pH 4. The reactlon m xture was concentrated and the residue
triturated 5x with 3%t hBiagiatioThiel-rappippidingddhbnel washes were
concentrated, and the remaining solid washed 3x with 2:1
ether/dlchloronethane provi ded 2- (7 (Q:j%f;opropylcarbannyl) 6- et hyl -

101- et hyl - 1, 6- di hydroi m dazo[ 4, 5-d] pyft oNH[ 2 b] pyrid in-4-y | am

i no) - 5- nethylthiazole-4-carboxy||c aqk 05 ng, 57%vyield). 1003041 M5
(SSDrt = 0.79 mn, nlz 480 (M4-11) 43Preparation of

2- (7- (di cycl opfopyiicar bgnmyidine- 64eﬂidnyt(}m]-2@m Wlmrﬁqlﬁiﬂ dCLtiC acid (1.591 mL)

]l\‘l5g| P¥?I£; hmy??ﬁg“ cf]ltlffd (lzt‘RXc @Q)l 881)1(3% J mﬁ‘ﬁ{)%%bﬁiﬁ lelﬁlOn }111>§ftuu, was stirred
2-(7-(cli cycl oprrofyhic aPlrhienyrcihag-vets Iagdce{ dndnizd digrdy IiGure was concentrated in

di hydroi m qazog 2((5 ﬁl@pX(cE Ll s&[s n:ivabllp(x glhr!:cﬁT é’duﬁ”}\r\%u \Ulﬂ%&lr}}( (LiNggol e-4-

car boxylic aci o aqueous (0.016
, the AcOH/cthcn was dccantcd Thu whltc solid, pusumcd to be product was carricd

forward. The white solid started liquifying and turning red rapidly upon exposure to light

and standing.

15 35 Preparation of &, V-dicyclopropyl-6-ethyl-f-methyl-4-(4-0x0-4.5-

dihvdrothiazolo[5.4-clpyridin-2-vlamino)}-1.6-dihvdroimidazo[4.5-d]pyrrolof2.3-

blpyridine-7-carboxamide

[00269]  This compound was prepared according to example 2 using 3-
bromopiperidine-2,4-dione (example 35A) to provide N,N-dicyclopropyt-6-ethyl-1-
20 mothyl-4-(4-oxo-4,5-dihydrothiazolo[5.4-¢]pyridin-2-ylamino)-1,6-
dihydroimidazo[4,5-d]pyrrofo[2,3-b]pyridine-7-carboxamide (4.51 mg, 12.3% vield)
as a white solid containing 10% N, N-dicyclopropyl-6-ethyl-1-methyl-4-(4-oxo-
4,5,6,7-tetrahydrothiazolo[5,4-¢Jpyridin-2-ylamino)-1,6-dihydroimidazo[4,5-
d)pyrrolo[2,3-blpyridine-7-carboxamide.
25 [00270] MS (ESD m/z 489.1 (M+H)
100271] 1H NMR (400 MHz, DMSO-de) & ppm 8.20 (s, 1H), 7.32 — 7.47 (m, 1H),
7.29 (s, TH), 6.62 (d, 1H, /=703 Hz)}, 4.66 (q, 2H, J= 7.19 Hz), 4.07 {3, 3H), 2.88 —
3.06 (m, 2H), 1 .44 (v, 3H,./=7.03 Hz), 0.72 - 0.85 (m, 4H), 0.60 - 0.72 (m, 4H)

30 Example 36
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20 0.125 nmmol ) and HATU (35.7 ng, 0.094 mmol) in DM (1 nL) was stirred at
roomtenperature for 3h. The sol vent was evaporated off and the residue
purified by silica gel chronmatography (2-10% MeOH di chl oronet hane). The

mat eri al wWa¥O FuH28e¥ purified by preparative HPLC to giP¢@/U§R010/047621
2-(7-(dicycl opropyl carbanmoyl)-6-ethyl- 1 - nethyl -

L6- di hydroi m dazo[ 4, 5-d] pyrrol o [2, 3-b] pyridin-4-ylamno)-/V, N, 5-

25t ri net hyl t hi azol e- 4- carboxanm de (20 ng ,62.5% yield) as off-white solid.
1003061 Ms (ESI) mz 507 (M+H) 10030711H NWMR (40@ MHz, CHLOROFORM-d) 6:7.79

(s, 111), 6.90 (s, 1F1), 4.73 (q,£§ ?%pgyz, 2H) }-@E05 (s, 311), 3.12
s,
g

(s.,3.11 (s, 3H), 2.80 -2.87 tglN H, 2,53n( , 1.53 (t, J - 7.2 Hz,

311), 0.83 - 0.91 (m 414), 074 4 anpl es 44-49 were

prepared using the simlar protogbl ‘g gr# d for exanple 42 Exanple 44
M H

"N-\\ > Ns 1/ O NTh\r'N N5
N- (2- eyanoet hyl )-2-(7-(di cycl opropyl ear banoyl) - 6-et hyl -1 -nethyl -1, 6-
di hydr oi m dazo[ 4, 5Pdippsation bty 3-(HAigmclogi apy Kanblhaoy e thiyl-baditykt.hy | t hi azol e-

CHLomcrarn d) 6 g st ol gt bl SRS b o R SRR
1 H 4.74 (q, J=7.04 Hz, 2 1-1) dpoeliteidd)-byrbadtt¢t, J=6.71 Hz, 2 13) 3.11

-3.32 (m 3) 2.95 (t, J=6.71 Hz, 2 El) 2.78 -2.91 (m 2 El) 2.58 (d,
J=15.85 Hz, 3 H) 1.54 (t, J=7.04 Hz, 3 F{) 0.70 -0.94 (m 8 H). 15 Exanple

45 [00272]  This compound was prepared according to example 2 using 3-bromo-4-
oxo-piperidine- 1-carboxylic acid cthyl ester to provide ethyl 2-(7-
(dicyclopropyicarbamoyb)-6-cthyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
blpyridin-4-ylamino)-6,7-dihydrothiazolo[ §,4-clpyridine-3{4H)-carboxylate (5 mg,

10 15.36% yield) as a white solid.
[60273F MS (ESD) m/z 549.2 (M+H)
{60274} 1H NMR (400 MHz, DMSO-dg) 6 ppm [0.83 (brs, 1H), 8.12 (s, 1H),
7.23 (s, [H), 4.56 —4.67 (m, 4H), 4.10 (q, 2H, J= 7.19 Hz), 4.04 (s, 3H}, 3.72 (¢, 2H,
J=5.52 Hz), 2.87 - 2.98 (m, 2H), 2.64 - 2.73 (m, 2H), .38 (1, 3H, J=7.03 Hz), 1.22
15  (t, 3H,/=7.15 Hz), 0.71 - 0.81 (m, 4H), 0.60 - 0.71 (m, 4H)

Example 37

;> \Nﬂ%I NH
N
d NONTNTN

J H

Preparation of ¥,N-dicyclopropyl-6-ethyl-1-methyl-4-(4,5,6,7-
20 tetrahydrothiazolo[5,4-cipyridin-2-ylamina)-1,6-dihydroimidazo[4,5-d|pyrrole[2,3-

blpyridine-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-tctrahydrothiazolo[5,4-c]pyridin-2-

-85 -



\' NN-\\ M SNHNNLNO .-- H

2-(7-(di eyel opropyl ear banoyl) - 6-et hyl - 1-net hyl -1, 6-di | | ydr oi m dazo[ 4, 5-

dl pyrrol 012, 3-b] pyriclin-4-ylam no) - N, 5-di met hyl t hi azol e- 4- car boxam de 20
1003101 NVBYORELILO248HZ 493 (M+H). [00311] 11-1 NMVR (500 WHAIS2QPEORDIFORM d) 6
ppm 7.84 (s, | IL) 7.40 (d, J=4.99 Hz, | Ft) 6.90 (s, | Ft) 4.73 (g, J=6.94
Hz, 2 H 4.08 (s, 3 1-1) 2.99 (d, J=4.99 Hz, 3 H 2.73 -2.91 (m 5 Ft) 2.14
(s, 1 Ft) 1.53 (t,1=7.07 Hz, 3 Fl.) 0.66 - 0.97 (m 8 251-1). Exanple 46
2-(7-(dieyel opwlelp)ylbbbﬁ-ldémyim)idd@o éﬁwﬂmﬂ‘bbﬁe?t-lﬁwrid'ml;eﬁ’-qdibhyaﬂﬁd}i (A% dazol 4, 5-

di pyrrol o[ 2, 3- g} p¥kdiaLd D54 ng‘m Q) - N- (2- met hoxyet hyl ) - N, 5- di net hyl t hi azol e
_4-" 5car boxam de >[50 L A ES|§ mz 551 (MAI). 1003131 1H NVR (500 MHz,

CHLOROFORM d) 808 N&SES(IWL&%BS 068z, 1 H) 6.90 (s, | H 4.74 (g, J=7,21

|(_Ifn1 i H) g g? g}%mg "DHQMY{%Cl({OtI\bPH}'b]N@@dg%EgmA)S%ﬁ 854 &?2<§1 idljroi §86§2 |3_|2683

Fl) 2. 79 _ 5. 88 (Hnd OR(aHH. 7 =ET8 ). 438 ss%ﬂr&%(s ﬁ) 185542 ?&fmﬁfﬂ 07 Hz, 3 H)

0.73 -0.92 (m 188 H)3n, Exa«rmlk@) 677315681(111 4H), 062071 (m, k)
4- (4- (azetidi neThearbonyi)-5-netlitylthiazol - 2-yl ani no) - N, N-di cycl opr opyl- 6

Example 38

P
D_O/fm ,1\/>*CN
\

10
4-(5-cyanothiazol-2-ylamine)-V, N-dicyclopropyl-6-ethyl-F-methyl-1,6-
dihydroimidazo[4,5-d]pyrrole[2,3-b|pyridine-7-carboxamide
[00278] To a mixture of 4-amino-N,N-dicyciopropyl-6-cthyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrotof2,3-bjpyridine-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 fere-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 HPL.C to afford 4-(5-cyanothiazol-2-ylamino)-N, V-
dicyclopropyl-6-cthiyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolef2,3-bpyridine-7-
carboxamide as a off-whiic solid.

[00279]  MS (ESE) m/z 447.2 (M+H),
[00280] 'H NMR (500 MHz, CD:OD-CDCI) 8: 8.60 (s, 1H), 8.04 (s, 1H), 7.56 (s,

25 4H), 7.13 (s, 1HD, 4.71 (q, J = 7.1 Hz, 2H), 4.20 (s, 3H), 2.84 - 2.91 (m, 2F), 1.52 (1, J
=7.1 Hz, 3H), 0.83 - 0.90 (m, 5H), 0.74 - 0.80 (m, 4H).

Example 39
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et hyl-1-net hyl -1, 6-di hydroi m dazo[ 4, 5-di pyrrol o[ 2, 3 Ipyrldlne 7-carboxam d
e 1003141 M5 (ESI) mz 519 (M+H). (003151 1H NMR ( MHz, CHLOROFORM d) 6
pptn 8.50 - 9.65 (m I H) 8.00 (s, I H 6.88 (s, 1 FD 4.68 (q, J=7.21 Hz, 2
H 4.59 (t WQ71@88¢4z, 2 H) 4.18 (t,1=7.77 Hz, 2 H) 4. GGTUS01G04F 2. 78 -
2.89 (m 2 H 2.72 (s, 3 1-1) 2.30 (quin,1:7.70 Hz, 2 H 1.49 (t, J=7.07
Hz, 3 1-1) 0.72 -0.92 (m 8 H). 25Exanple 48 p: Ns ONNNN

2- (7 (di cycl opropyl carba noyl)-6-ethyl-1-nmethyl -1, 6-di hydroi m dazo[ 4, 5-
pyrrol o(2, 3-bi pyridi n-4-yl am no) - N— hyl - | t

51003161 Ms (FS!') mlz 521 (MtH) 3171
ppm7.77 (s, 1 H 6.89 (s, 1 14E>1N74 2 H 4.04 (s, 3 Fl)
3.36 - 3.66 (m 2 H 3.07 (d/=14.0 » 2 -2.90 (m 2 H 2.51 (s,
3[4) 2.11 (s, 1 H 1.54 (t, J=7.09 Hzy 3“H)N1. Ts 1.35 (m 3 H 0.66 -
0.90 (m 8 H). 10 Exanple 49 O/ Il O N--"WN 2-(7-(dicycl opropyl carba
nmoy1) - I 6[ et hylbl-l - meéI ahytienJq[ﬁlttdi/byﬂmmmmw{d&yaopriaﬁg(nﬁmhv1- -methyl-1,6-

pyrrolo[ 2,3 pyri di ne-4 anmi no th | thi a oIe car boxam de
1003181 MS (ESE) nilz S8 ("N?Pr‘flﬁ"" 41%16 '@‘}/'%’&Zﬁ “&ﬁFLOROFORM d) 6
ppm 7.78 (s, 1 H) 6.89(s, 1 Fl) 4.73 (q, J= 7.04 fIz 2 H 4.42 (q, J=7.12

bz, 2 F) 4'50 4 {8&2’81}3 l%lo)d 502“1{170% o-f4~%ing1%—f\§,;mdic%cltl)_['}ropyi—()-cthyi-l-mcthyl-1,6—
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide {(exampie 1J, 21.2 mg,

0.063 mmol) in DMF (626 pL) was added sodium hydride (10.02 mg, 0.25F mmol) in

hi azol e- 4- ear boxam de

_§-d|ne hyl t
W{l\g’@ MHz, CHLOROFORM d) 6

one portion. After 20 min, 2-bromo-1,3-benzothiazole (53.6 mg, 0.251 mmol) was
added. The reaction mixture was stirred at room temperature for 16h. The reaction
10 mixture was quenched with water and diluted with cthyl acctate. The aqueous layer
was extracted with ethyl acetate. The combined organics were washed with 10%
LiCl, dried over anhydrous sodium sulfatc, filtercd and concentrated in vacuo. The
crude residue was purified by flash chromatography using an Isco 4 g column eluting
with & - 5% MeOH/CH,CL to yield 4-(benzo[d]thiazol-2-ylamine)-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(ESm/z 472.2 (M+H)
[00283] 1H NMR (500 MHz, DMSO-d6) & ppm 8.17 (s, 1H), 7.95 (d, IH, J= 7.97
Hz), 7.67(d, 1H,J=8.25 Hz), 7.39 (t, IH,./J=7.97 Hz), 7.27 (s, IH), 7.22 {t, [H,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, [H),
1.45 (t, 3H, J="7.01 Hz), 0.74 — 0.84 (m, 4H), 0.64 — 0.73 (m, 4H)

Example 40

P
92es %

d NN NAN

J H

25 Preparation of N, NV-dicyclopropyl-6-ethyl-4-(5-fluorobenze|d}thiazol-2-ylamine)-1-
methyl-I,6-dihydroimidazof4,5-d]|pyrrole[2,3-b]pyridine-7-carboxamide
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202.75 (s, 3 H 2.15 (s, 1 H 1.540, J=7.04 Hz, 3 H 1.44 (t, .1=7.04 Hz, 3
H 0.68- 0.9 (m 8 H. Exanple 50 N-s\ ;N N NN El

2-(7-(dicycl opropyl carbanmoyl) - 6- et hyl - 1- net hyl - 1, 6- di hydr oi m dazol[ 4, 5-

di pyrrol o[ 032851988364 di n- 4- yl ami no) - N, N, 4-t ri net hyl t hi GVEe0sdichoxam d
550APr epar ati on of nethyl 2-(7-(dicyclonronyl carbanoyl)-6-ethyl-I-

nmet hyl -1, 6- di hydroi m dazol4, 5-dl pyrrol ol |2 3-bl pyridin-4-yl am no) - 4-

nmet hyl t hi azol e- 5- car boxyl at e | 0 1003201 Met hyl 2-br onp- 3- oxobut anoat e
(213 ng, 1.094 mmol, prepared follow ng the procedure described by Abu T.
Khan et al. in Tetrghedgg : Alipd) Was added to a
suspensi on of N, N-dicyc - - B
t hi our ei do-1, 6-di hydroi m dazo[ 4, 5-d] pyrFS- b] pyri di ne- 7- car boxam de
(exanmpl e 152B, 290 ng, 0.730 nmol) i nk@ Nanol " (5 nml) and the reaction

m xture was heated at 65 'V, for 2h>¢CHVE shows conpletion of reaction
(reaction renmai ned as suspension all the tine). The reaction m xture was
concentrat ed t #0R&Hove aohdoodf,S-he-1-akermteongothiadile Hl. SreofBtthamel) The

sol uti on wa sﬂg;d(‘ i ur, ad] j _ a ueous | ayer
was back ex? r \Q%t ed m"Hﬁé?‘g’#ﬁé‘?‘gﬁg?ﬁ%ﬂ%&%ﬁ{é&@%‘%Pﬁ% 66%’%%%?@“%& ayers were
dried over magA&eistiingdf max wdomgthane (076 mdnd2 Boneehvrseaddd apdithyacuo. The
crude was puri Féa&fépﬁﬁ(xt&rk%ﬁsl&h% QIRQY RPN Yerdheiafiet AR AUTARRLEDNGD System
(40 g colum, eluting with 0-5% nethano|l / dichloronethanc) to afford

met hyl 2-(7- (&iHsievileswbisyre ardbanerpeg wih whgjedaqueous sodium bicarbonate.

-net hyl- 1, 6- di fyd@int 16laz0dsdyaancd W bR, @i oder anhydrous sodium sulfate,

bi | pyri di n-4-yl am no) - 4- net h)(l‘ t hi azol e- 5- carboxylate (301 ng, 0.610 mmol ,
84 % 25yi el'fl) ~ §Lr! ARp pensengaicq! i vegigo 32 pron metsitiio fgnzold Biazlc (R &

110 % yield) was isolated as a white solid. Material was used without any further

purification.

[00285]  MS (EST) m/z 200.0 (M+H)

[00286] [H NMR (400 MHz, CHLOROFORM-d) & ppin 7.68 (dd, TH, .J=R.8],
15 504 Hz), 7.56 {dd, IH,./=9.57,2.52 Hz), 7.07 (td, IH, J=8.81, 2.52 1Hz), 2.80 (s,

3H)

408  Preparation of 5-fluorg-2-{methylsulfinyDbenzoldthiazole

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, 0.393 mmol) was
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-(methylsulfinyDbenzold]thiazole
(0.180 g, 94 % yicld) was isolated as a white solid and used without further

purification.
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1003221NN4R (400 MHz, CHLOROFORMd) 6: 7.75 (s, 1H), 6.92 (s, | H, 4.76
(g, 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 (in, 4H, 0.75 - 0.82 (in,
4H) 5SOBPr 8yar0at/28%640f 2- (74cl i cycl opropyl car bar noy1l) - BCELRAPLIHEL hyl - 1, 6-
dih droirniclazo 4 5 clr olo 2 3 bridin-4 lamno -4-netl |Ithiazol e-5-
carboxylic acid [ 00323] A m xture of nethyl 247

- (di cycl opropyl carbanmoyl) -6-ethyl- | -nethyl- ,6-

10di hydr oi mi daz{©{[24$15 Npyeholo} 2,03V Hyri di n- 4-yl at ni no) - 4- net hyl t hi azol e-5
- carboxyl ate ( ) A 3 nL, 5.830
nmol ) in net harl@l?% rﬁjﬁ\%{%%ﬁgg?ggﬁg?ﬁgggﬂpm)bfgﬂd] d7%l:§ﬁ);] 32’2 evaporat ed
and the aqueoust 9§dla);t7t7(6rtdt€A/é§ & ?- 0. 2i4é dtzd. 3 2pH 744 wint DI NI 5.CFH) sol i ds crashed
out of solution and were retained after filtration to afford the desired
acid in pure form The 15aqueous mxture was then extract ed W|th
di chl or onet Hane, Thél or Faaphiationenf MNV-digecleprgnapt-g -(reflynebenaphd 8y

filtered and copgansahes iR HEo n&owatsw\mz @-‘devf‘léhﬁtdeMmeﬁﬁl
chromat ogr aphy "usi ng an aut omat ed ['SCO syst em (40 colum, eluting with

0- 8% net hanol IO‘HP@th 8p Brelttivanéd-ammot o dicydppramb 6wy oF mothyi7.o-

(di cycl opropyl c@f. 91%%)&%{465 (ﬁf)}h%llo‘[z 3- b]py: 1clmc 7- ccuboxamtcic (example 1J, 50 mg,
- et hyl- 1, 6- di hydr oi m dazo % rrol

o[ 2
70b] pyri cl i n- 448 mnkb)ie @#F‘étlﬁV‘lL Wl‘“af‘i‘%‘}dé‘o‘é“‘&éti/‘ﬂ@ﬁ§1117 78 mgef-4(19801% yi el d) yas
obt ai ned asj;a yg@ic @(WnﬁlokJﬂdmonQQ;&MlulN@l)ﬁ«E@Jh thhdole (G8Rhpk 46M*)1511)n [00325] I H
NVR (500 MHz, DWMBO- d6 8.03 (h 114 7.06(s, 1H), 4.40 (q, J
= 7.0 Hz, 2H) Ogtdd g st’:].ﬂdl,d 0 gy pg(lgon 1T]ttﬂt,act2mé@xtm§ \\?Bst(umd agpﬁm 2.36 (s,
3H), 1.20 (t, JermreralR8®. Bhehacichtdixul ol dligled u)lth-(,tl@l Bectdte, and dochdhed Qitd5 - 0. 50
(6m d|4hH)ydl’ (5)?5{ gg%?ah%giqgg%éltq%pég ‘%(%%&(ltt eilthof—.%YyE gcac{dtﬁgDy ll)hc con?bul? El -|-met hyl |
3-151pyri di n- 4-gydaaiiiaz e wkoAksKixi tuithmetshylibh ciaghie o Briongak hodavde WO
2011/ 028864PCT/ US%OlO/ 04762

anhydrous sodium Sllilfdtt. filtered and concentrated in vacuo. The crude residue was

D o

putified by flash chromatography using an Isco 12 g column cluting with 0-5%
MeOH/CH,Cl; to provide N, N-dicyclopropyt-6-ethyl-4-(5-flucrobenzo[d]thiazol-2-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide
(13 mg, 17.07 % vicld).

20 [00291] MS (CIy miz 490.2 (M-+H)
[00292] [1H NMR (400 MHz, DMSO-dg) & ppm 11.53 {brs, 1H), 8.19 (s, 1H), 7.95
-8.02 (m, {FD), 7.47 (d, 1H, .J=9.82 Hz), 7.28 (s, 1H), 7.09 (¢, 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, ./ = 7.05 Hz), 0.74
—0.81 (m, 4H), 0.63 - 0.71 {m, 4H)

25

Example 41

P N“\N .
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1003261A m xture of 2-(7-blicyclopropyl carbanoyl)-6-ethyl- -nethyl-1,6-

di hydroi m cl azo[ 4, 5-d] pyrrol o[ 2, 3- b] pyri clin-4-yl am no) - 4- net hyl t hi azol e- 5-
carboxylic acid (exanmple 508, 51 ng, 0.106 nmol), dinethylamne (40%in

wat er, 50. WOZ2ORE028869 213 mmol ), HATU (52.6 ng, 0.138 ntAys2em8478216- | uti di ne
(0.025 m., 0.213 mol) in DMF (1 nmL) was stirred at roomtenperature for
2h. Sol vent was evaporated and the residue was purified by flash

chromat ography on silica gel using an automated | SCO system (24 g col um,

el uting with 2- 8Beepantiemd]N.V-ditiydbibropdried Satmeithy HE pyproded.6-diths 24k t her
purified by prep 13 T . 3

(Di cycl opropyl ca Eg%}yﬁ)ehgkg{'ﬁaﬁyqﬁ dlhgygg/ﬁ“luf%o-[“d? ﬁk}] irlc()]}c' ] b?@”‘lme -7
[4,5-clipyrrol o] 2, 3- carboxamide

b] pyridi n-4-yl am no) N, W4-trinmethylthiazol e-5-carboxam de (17 rrg, 0. 032
mrol , 30.0%yield) was obtained as a off-white solid. 1003271 (ESl) m z
507,1 (M+H) 3 10G8Ag! Pig \Am-.-wu-w-' ropyEfini-isddiogyangto 2 gty L0- H) | 7. 27

(s, 1H), 4.66 Ia(@oimliaz|4 s bl ( 6H) 2.95 -

3.02 (m 2H), ,086-093(m4H)
0.78- 0.84 (m 4H) Exarrpl es 51-55 we syn si zed usi ng the sane nethod as
used for 50. 20Exanple St \ N-- .S NNNN H

N- (2- cyanoet hyO- 2- (7- (di cycl oproﬁl‘ yO- 6- ekhyl - 1. -met hyl - 1, 6-

di hydr oi m dazol 4, 5-dl pyrrol 012, 3- bl gyriding ‘rCam no) - N, 4- di net hyl t hi azol e-
5- ear boxam de 25[00329i \%S3 (ESI) mz 546.1 (NH—l) 100330.1'I T NMR ( CDC13)
6: 7.77 (s, 1H), 9 (s, 1H), 4.71 (g, J = 6.9 Hz, 2H),

0 3; To'a mixture of d-amino-N, N-dicyclopropyl-6- cthyl l—mtthyl 1,6-

dihydroimidazo[4,5-d)pyrrolof2,3-b]pyridine-7-cartboxamide (194.5 mg, 0.575 mmol)
(0 in dichloromethane (2874 uL) 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 [6h. The reaction mixture was concentrated under

reduced pressure. N, N-Dicyclopropyl-6-ethyt-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 (ESTy m/z 381.1 (M+H)

41B  Preparation of N N-dicyclopropyl-4-(3-(1,3-dimethyl- 1 #-pyrazol-5-

yDthioureido)-6-ethyl-1-methvl-1.6-dihvdroimidazol4.5-d1pyrrolo[2.3-bipyridine-7-

AN
)
N
O N N/ N N N\
A H H

20 carboxamide

{00295] Toa flask charged with N, M-dicyclopropyl-6-ethyl-4-isothiocyanato-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (example
25 414, 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

-90 -



3H), 3,81 (t, J

5 (s Hz, 2H), 3.31 (s, 3H), 2.78 - 2.86 (m 4H),
4 (s, 3H), 1.53 (t, J
- (

6
.0 Hz, 3H), 0.83 -0.90 (m 4H), 0.73 -0.79 (m

(7-(di eyéy@mib’p%ﬁﬁ@ar banmoyl) - 6- et hyl - 1- et hyl - 1, 6- di hy"§iT3IS2q188¥76314, 5-

ip rroI of 2, 3- b[ pyri di n-4-yl am no) - N- et hyl - N, 4-di net hyl t hi azol e- 5- ear boxam
e 5 [00331] MB (ESE nfz 521.1 (MtH). [00332]1H NVR (400 MHz, CIDC,13) 6:
74 (s, | H, 6.88 (s, IH, 4.72 (q, J =7.0 Hz, 2H), 4.04 (s, 3H, 3.57
(g9, J - 7.2 Hz,(3ZBmg, GOMDImipg). BklygactRnp@xturevag Gir(exhat R4 fen@ed@ro(fer 163H) , 1. 51
g_})b ‘;S Z'g Héle) ? 1Tllgéxcactgqll%§ét mgVangHﬁN vﬁﬁ?c’tily‘pac%%tc am@q&gch(:mwtl‘lmumtgd 73 -

247- (di cycl oprGﬁy¢0@a$oldalnﬂy®)boeat@tHylaqtlwmel@hyWd\lcxedqﬂfidhy@rt61ymcelfat20[ 4, 5-

15d rrolof[ 2 I h [ t hi | e-5-
e o acLFoc LA Rafi ATt L RN ISR ) 20t e

4.
2.
4|'|)
2-
(
7

CDC13) 6: 7 574 c(ogccmlq,t-gd in @ugo "(‘lg: ClLfElH)lldtCBdll«% uscd wathopt ?Ll@gmuﬁqatlﬂ) 4.74 (q, J
= 7.0 Hz, GoLa1 (Sus ,m/§4@52 J =51 Hz, 2H), 3.58 (t, J = 4.8 Hz,
2H) , 3.42 (s, 3{10|2 79@-@) |m£ 2. 65 (s 3H), 1.58 (t, J =7.0

Hz, 31-1). 0.83 -0.90 (n), 4H) 0 73 - 80 (in, 4H. Exanple 54
41 Preparation of N, N-dicyclopropyl-4-{1.3-dimethyl-1H-pyrazolo[].4-

d]thiazol-5-yvlamino)-6-cthyl- 1 -methyl- 1,6-dihvdroimidazo[4.5-d |pyrrolof 2.3 -b]pvridine-

10 7-carboxamide
[00297] N, N-Dicyclopropyl-d-(3-(1,3-dimethyl- 1 H-pyrazol-5-ylthioureido)-6-
ethyk-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
cther were added and the mixture was filtered. After standing for a week, product
precipitated out of the solution. The product was triturated with methanol. M-
Bicyclopropyl-4-(1,3-dimethyl- 1 H-pyrazolo[ 3,4-d jthiazol-5-ylamino)-6-ethyl- 1 -
methyk-1,6-dihydroimidazo{4,5-d|pyrroto[ 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] [H NMR (400 MHz, DMSO-de) 8 ppm 11.39 (s, 1H), 817 (s, 1H), 7.26 (s,
LFD), 4.66 (q, 2H, .J = 7.03 Hz), 4.05 (s, 3H), 3.85 (s, 3H) 2.88 - 3.00 (m, 2}, 2.33 (s,
3H), 143 (t, 3H, J=7.03 Hz), 0.72 - 0.82 (m, 4H}, 0.61 ~0.73 {m, 4H)
25

Etample 42



2-(7-(dicycl opropyl car banoyl) - 6- et hyl -1 - et hyl - 1, 6- di hydroi m i dazo[ 4, 5- di
pyrrolol2, 3-bj pyridin-4-ylamno)-N,4-d nethylth iazol e-5-carboxam de
5[00335] Ms (ESI) mz 493.1 (MtH). 10033611 H NMR (400 MHz, CDCI3) 6: 7.77
(s, 114), WOgeL(0gssenH), 5.87 -5.94 (m J = 4.6 Hz, 1HPCTAISGEQ4621) = 7.1
Hz, 2H), 4.04 (s, 3H), 3.04 (d, J - 4.6 Hz, 3H), 2.79 - 2.87 (m 2H), 2.62
(s, 3H, 1.51 (t, J =7.0 Hz, 3H, 0.83 - 0.90 (m 4H), 0.73 -0.80 (m 4H).
10 Exanple 55 0 ON'--IN H

4- (5- (azet i di nddthyt 2 Dokny Upprdpytetrhyhoi-Getbyl-12mythplah,6-dihydroimidazof4,5-

(23] pyr1 e 7 adbai A b FEh -G B A L ARG 1 7y PYITOL
10033811 H NVR (400 Miz, CDC13) 6: 7.73 (s, 11-1), 6.90 (s, 114), 4.73 (q,

(:S,7 glg)z 3%310_63(?0'? (I\m(:thyl% bl’t_Bné‘blz &Ubﬁoqgﬁfz%’mo?’g}yﬂ I%mg%‘/dsztéﬁ%l tg:rln 025% (2' 66

414), 0.73 20. BGPCQ‘N?“ ‘lfl-% N-dicydgropy -6y i2iomath ) 2g86wPdT/ 1952010/ 047621

[ 003391 Bxampl eginfsi AL, S aRYAUNLIIASAIHE A bIARRIREARGH B AR sed For 50
1.094 mmol) in EtOH (10 mi) and the reaction mixture was heated at 65 °C for 2h.
The solvent was removed in vacuo and the residue purified by silica gel
chromatography (2-10% MeOH/dichloromethane) to give methyl 2-(7-

10 (dicyclopropylcarbamoyl)-6-cthyl-I-methyl-1,6-dihydroimidazofd,5-dJpyrrolo[2,3-
blpyridin-4-ylamino)-5-methylthiazole-4-carboxylate (380 mg , 70% yield) as yellow
solid.

[00301] MS (ESD rt = 0.87 min, m/z 494 (M+H)
[00302] {HNMR (CHLOROFORM-d) 8: 941 (br. s., 1H), 7.78 (s, I1H), 6.89 (s,

15 1H). 473 (q. )= 7.0 Hz, 2H), 4.03 (s, 3H), 3.95 (5, 3H), 2.80 - 2.87 (m, 2H), 2.77 (s,
3H), 1.54 (t, I =7.0 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H).

Example 43

AN
P Y \
P Y
0 t NNTN Y
H

2-(7-(dicyclopropylearbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

20

d]pyrrolo]2,3-b]pyridin-4-ylamino)-N,N,5-trimethylthiazole-4-carboxamide

43A  Preparation of 2-{7-(dicyclopropvicarbamovl)-6-cthyl-1-methyi-1.6-

25  dihvdroimidazo[4.5-dlpyrrolo[ 2,3-blpyridin-4-ylamino}-3-methylthiazole-4-

carboxvlic acid

S0 -



No, 2 Name Retention tinme ((mn) M5 (ESL) mz 56 c/\

hiclicycl opropyl-6- ethyl- | -nethyl-440- nethyl-54(4-nethyl 1-

pi per azi nypear bonyl )

I 'V, Ar-di cycl opropyl-6- ethyl- I-nmethyl-44(4- methyl-544-

nor phol i nyl ear bonyl )

d] pyrrol o[ 2, 3- b] pyridi ne-7- carboxanng

10

15

B
S eEs vy
O E N/ ];{ \N 0

[00303] 1IN Aqucous NaOH (0.962 mL, 0.962 mmol) was added to a suspension of
methy! 2-(7-(dicyclopropylcarbamoyl)-6-cthyl-1-methyl-1,6-dihydroimidazo{4,5-
dpyrrola[2,3-b]pyridin-4-ylamino)-5-methylthiazole-4-carboxylate (example 41,
0.19 g, 0.385 mmol) in cthanol (2 mL) and the mixture was heated at 60 °C for 2h.
The reaction was cooled to room temperature and acidified with IN HCI to pH 4.

The reaction mixture was concentrated and the residue triturated Sx with methanol.
The combined methanol washes were concentrated, and the remaining solid washed
3x with 2:1 ether/dichioromethane provided 2-(7-(dicyclopropylcarbamoyl)-6-cthyl-
I-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylaminoe)-5-
methylthiazole-d4-carboxylic acid (105 mg , 57% yield).

[06304] MS {(ESI) 1t = 0.79 min, m/z 480 {M+H)
dicyclopropylcarbamoyl)-6-cthyi-1-methyl-1.6-

43 Preparation of 2-(7-

dihydroimidazo[4.5-d]pyrrolo[2.3-blpyridin-4-ylamino)-V, N, 5-trimethvlithiazole-4-

carboxamide

[00305] A mixture of 2-(7-(dicyclopropylcarbamoyl)-6-cthyl-1-methyl-1,6-
dihydroimidazo{4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-5-methylthiazole-4-
carboxylic acid (434, 30 mg, 0.063 mmol}, dimethylamine, 40% aqueous (0.016 mL,
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
purificd by preparative HPLC to give of 2-(7-(dicyclopropylcarbamoyl)-6-cthyl-1-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo [2,3-b]pyridin-4-ylamino)-N,N,5-
trimethylthiazole-d-carboxamide (20 mg , 62.5% yield) as off-white solid.

[60306] MS (EST) m/z 507 (M+H)

[00307] 1H NMR (400 MHz, CHLOROFORM-d) 8: 7.79 (s, 1H}), 6.90 (s, 1H),
4.73 (q, J = 7.0 Hz, 2H), 4.05 (s, 3H), 3.12 (5., 3H), 3.11 (s, 3H), 2.80 - 2.87 (in, 2H),
2,53 (3, 3H), 1.53 (t, J = 7.2 Hz, 3H), 0.83 - 0.91 (m, 4H), 0.74 - .80 (m, 4H)

.03,

'LoUNN -\ AL

-1, 3-thiazol -2- yl)am no)-1, 6- dihyclroimdazo[ 4, 5-
d] pyrrol of 2VBIHIBYNi di ne-7- carboxanmitle 1.43 562.31 PCTUSHRALIN _N\o

-1, 3-thiazol -2- yOam no)-1, 6- dihydroi m dazol[ 4, 5-



1. 70 549. 25 58 0 K) ¢c/---/ - NHN' N Wdieyel opropyl-6-

et hyl-1- net hyl- 44(4- norphol i nypet hypear banoyl)- |
,3-thiazo|2-y|?anino)-1,6- cl i hydroi m dazo[ 4, 5- d] pyrrol o[ 2, 3-

b] pyri cl i nWO2ZN@3Bbxami cl o 1.46 592.3 - 102-  Ex. NETUS2010/047621

Examples 44-49 were prepared using the similar protocel as described for example 42

Example 44
N
P \
[>_N AT N S NfCN
N SN
O N NTNTN
o H ©

N-(2-cyanoethyl)-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-bipyridin-4-ylamino)-N,5-dimethylthiazole-4-

carboxamide

10 [00308] MS (ESI) miz 546 (M+H),
[00309] 1H NMR (400 MHz, CHLOROFORM-d) & ppm 9.34 (br. 5., 1 H) 7.75 (d,
J=5.94 Hz, 1 H) 6.90 (s, 1 H) 4.74 (q, }=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,
F=15.85 Hz, 3 H) 1.54 (1, ]=7.04 Hz, 3 H) 0.70 - 0.94 (m, & H).

15
Example 45
P
D“NmN S’MNH
o _NTW EAN O
2-(7-(dieyclopropylearbamoyl)-6-ethyl-t-methyl-1,6-dihydreimidazo{4,5-
djpyrrolo[2,3-b]pyridin-4-ylamine)-V,5-dimethylthiazole-d-carboxamide
20
[00310] MS(ESI) m/z 493 (M+H)
[00311] FH NMR (500 MHz, CHLOROFORM-d) & ppm 7.84 (s, 1 H) 7.40 (d,
J=4.99 Hz, | H) 6.90 (s, | H) 4.73 (q, J=6.94 Hz, 2 F} 4.08 (s, 3 H) 2.9¢ (d, J=4.99
Hz, 3 H)2.73-2.91 (m, 5 H) 2,14 (s, I H) 1.53 (1, /=7.07 Hz, 3 H) 0.66 - 0.97 (m, 8
25 H).
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R Nanme Retention time ((mn) M5 (ES1) in/z 59 b0 4-054(2-
acet am doet hyl ) carba noyl)-4-net hyl -1, 3- thiazol -2-yl)am no) -

N, N- di cycl opropyl -6- ethyl- I-methyl-1,6- clihydroimclazo[4,5-
d] pyrrol o] W@B201bP3§6i d | ne-7- carboxamicle 1.51 564. 2PCT/UBROINETOZIS - NH
1 N-- N\
Example 46
\
P’ N7, /
A s
] NN N7 N
I H ©

2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo{4,5-
d]pyrrolof2,3-b|pyridin-4-ylamine)-N-(2-methoxyethyl)-V,5-dimethylthiazole-4-

5 carboxamide

[00312]  MS (ESD) m/z 551 (M+H),
[00313]  [H NMR (500 MHz, CHLOROFORM-d) 8 ppm 7.73 (d, J=3.05 Hz, | H)
6.90 (s, | H) 4.74 (q, J=7.21 Hz, 2 H) 4.05 (s, 3 H) 3.72 (dd, J=13.73, 4.58 Hz, 2 H)
10 3.61-3.68(m, | H)3.57 (t, /=5.41 Hz, 1 FI)3.27 - 3.45 (m, 3 H) 3.17 (d, J=8.32 iz,
3 H)2.79 - 2.88 (m, 2 H) 2.54 (d, J=5.83 Hz, 3 H) 1.54 (t, /=7.07 Hz, 3 H) 0.73 - 0.92

(m, 8 H).
Example 47
P
B\
G /I/\Il AN
N N N
15 - H O

4-(4-(azetidine-1-carbonyl)-5-methylthiazol-2-ylaminoe)-V, N-dicyclopropyl-6-

ethyl-1-methyl-1,6-dihydroimidaze[4,5-d[pyrrolo[2,3-b]pyridine-7-carboxamide

[00314]  MS (ESI) m/z 519 (M+H).

20 [00315] 1H NMR (500 MHz, CHLOROFORM-d) & ppm 8.50 - 9.65 (m, 1 H) 8.00
(s, | 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 (1, 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 (t, /=7.07 Hz, 3 H) 0.72 - 0.92 (m, 8 H).

25 Example 48
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44(5- acyanonet hyl ) (nmeth yCcarbanoyl)-4- nethyl-1, 34 hiazol-2-

yl )am no)-NN- dicyc | opropyl-6- ethyl- | -nmethyl-1,6- d ihycl ro
imclazo[4,5- d]pyrrolo[2,3- b]pyridine-7- carboxam de 1,78 532.25 N\ \
4-0- ((cyal&r8tifyssetar ba noyl) - 4- met hyl- 1, 3- t hi azol - 2GIDEN 1H)7621

N, N- di cycl opropyl - 6- ethyl-1-nethyl-1,6- dihydrohnidazo[4,5- dl pyrrolof 2, 3-
b] pyridi ne-7- carboxamcle 1.72 518.24 62 0"P 'S SyJ -NH N,

N-di cycl opropyl -4- ((54(1, 1- di oxi dot et rahydro 3- thiophenyl) car bai noyl

)-4-nmethyl-1,3- thiazol-2- yI)am hyI I -nmet hyl -1, 6-
di hydroi m dazo[4 5- d] pyrrol BL‘ )‘%@ n \9,rboxam de cc 597.24
N

2-(7—(dicyclopr0pylcarbamoyl)mﬁ-ethyl-l -methyl-1,6-dihydroimidazo[4,5-
d|pyrrole|2,3-bjpyridin-4-ylamine)-V-ethyl-V,5-dimethylthiazole-4-carboxamide

5 [00316] MS (ESD m/z 521 (M-+H).
{00317]  IH NMR (400 MHz, CHLOROFORM-d) & ppm 7.77 (s, 1 H) 6.89 (s, | H)
4.74 (q, /=7.04 Hz, 2 ) 4.04 (s, 3 H) 3.36 - 3.66 (m, 2 H) 3.07 (d, /=14.09 Hz, 3 H)
272 -290(m, 2H) 251 (5, 3 2.11 {5, 1 H) 1.54 (t, /=7.04 Hz, 3 H) 1.13 - 1.35
(m, 3 H) 0.66 — (.90 {m, 8 H).
10
Example 49

AN
Y
P s
1o, N N/ N \\\}
— H o0

2-(7-(dieyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

15 d]pyrrelo[2,3-bipyridine-4-ylamine)-N-ethyl-5-methylthiazole-4-carboxamide

[00318]  MS (ESD) m/z 508 (M+H).

[00319]  1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.78 (s, | H) 6.89 (s, 1 F)

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)
20 2.75(s, 3H) 2.15 (s, | H) 1.54 (t, /=7.04 Hz, 3 H) 1.44 (1, J=7.04 Hz, 3 H) 0.68 -

0.91 (m, 8 H).

Example 50
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Ex. No. R Nane Retention tinme ((mn) M5 (ESI) iniz 63 cOH NN-dicyc
| opr opyl-6- ethyl-4-45-((trans-4- hydroxycycl ohcxypc

ar banmoyO-4-methyl 1, 3-th iazol-2- yl)amno)-1-nethyll. ,6- di hydro
i m dazo[ 4, 30 ¥ B9%8%d| o[ 2, 3 - b] pyri di ne-7- car boxar ni d@CEEH2EBH PRI
NH

N /
J> N7, R N
N \
DeNE:
2 l 1
O NTNNTN
\ H

2-(7-(dicyclopropylcarbamoyl)-6-¢thyl-1-methyl-1,6-dihydroimidazo[4,5-
d}pyrroto[2,3-blpyridin-4-ylamino)-V,V,4-trimethyithiazole-5-carboxamid

5 S0A  Preparation of methyl 2-(7-{dicveclopropvicarbamoyl-6-ethyl-1-

methyl-1.6-dihydroimidazo[4,5-d]pyrrolo[ 2, 3-blpyridin-4-ylaming)-4-

methylthiazole-5-carboxvlate

N
J> N7 Oo
/‘\ ,SL
N NN
H

RN

[60320] Mecthyl 2-bromo-3-oxobutanoate (213 mg, [.094 mmol, prepared
following the procedure described by Abu T. Khan et al. in Tetrahedron Letters 2000,
47,2751-2754) was added to a suspension of N, N-dicyclopropyl-6-ethyl-1-methyl-4-
thioutcido-1,6-dihydroimidazol4,5-dIpyrrolo[2,3-b]pyridine-7-carboxamide (example

15 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 cthanol, 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

20 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, efuting with 0-5% methanol / dichloromethane) to afford methyl 2-(7-
(dicyclopropylcarbamoyl)-6-cthyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolof2,3-
blpyridin-4-ylamino)-4-methylithiazole-5-carboxylate (301 mg, 0.610 mmol, 84 %

25  vyield) as a white solid.

[00321]  MS (ESI) m/z 494.4 (M+H),
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Ry A S

./ OH Acividicycl opropyl -6- ethyl-44(5443S)-3- hydroxy-1-
- 1, 6-

pyrro I|d |nyI)carbonyI )-4-methyl-1, 3 t hi azol - 2-yl) am no) - 1-net hyl
dlhydr0|n1dazo[4 5- dlpyrrol o[ 2,3- b]pyridine-7- carboxam cle 1.51 549.28
tr; 0, / 'W@ 2N1N2’t¥l'>tycl opropyl-6- ethyl- | -nethyl -44(HT/US2010/047621
met hyl - 5- (nmet hyl (2- (et hyl sul f onypet hyl )carbanoyl)-1, 3- thiazol

Dam no)- 1, 6-

di hydro |mdazo[4 5- d]pyrro lof?2,3- b]pyr|d| ne-7-

carboxam de 1.59 599.26 - N '\

10

[00322] ' NMR (400 MHz, CHLOROFORM-d) &: 7.75 (s, [H), 6.92 (s, 1H),
4.76 (g, 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 (i, 4H)

S50B  Preparation of 2-(7-{dicyclopropvlcarbamoyl)-6-ethyl-1-methyl-1.6-

dibydroimidazo [4.5-d]pyirolo[2,3-blpyridin-4-vlamino)-4-methy lthiazole-3-

J> \N”\\ Q OH
2 Ssiat
E N7 N/L‘N

carboxylic acid

0]

[00323] A mixtwre of methyl 2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-dipyrrolo[2,3-bipyridin-4-ylamino)-4-methylthiazole-5-
carboxylate (example 504, 288 mg, 0.583 mmol) and IN NaOH (5.83 mL, 5.830
mmol) in methanol (5 mL) wag heated at 65 °C for 18k, Methanol was evaporated
and the aqueous solution was acidified to pH 4 with 1N FHCI, solids crashed out of
solution and were retained after filtration to afford the desired acid in pure form. The
aqucous mixture was then extracted with dichloromethane, The organic layer was
dricd 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% mcthanol / dichloromethanc). A total of 260 mg of 2-(7-
{dicyclopropylcarbamoyh)-6-cthyl-1-methy!l-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
blpyridin-4-ylamine)-4-methyhthiazole-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-dg) 8: 8.03 {br. 5., 1H), 7.06 (s, LH), 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 (1, J =
6.9 Hz, 3H), 0.56 (d, T = 5.5 Hz, 4H), 0.45 - 0.50 (m, 41D,

50 Preparation of 2-(7-(dicyclopropylcarbamoyl}-6-cthyl-1-mcthyi-1,6-
dihydroimidazo [4,5-d

carboxamide

_2_y



66 / - N>-0 AT, Wdicycl opropyl-6- ethyl-44154(3- nethoxy-1- azetidiny
pearbonyl)- 4-nethyl-1, 3-thiazol 2-yDam no)-1- nethyl-1,6- d i hydro

i m dazo[ 4,5- d]pyrrol o[ 2,3- b]pyridine-7- carboxam cle 1.80 549. 28 Ex.
No. R NameWedhZ8#d time ((mn) MS (ES[) in/z 67 F N, REGUEFEVHEP2dpy1- 4-
2. 06 569. 27

{60326} A mixture of 2-(7-(dicyclopropylcarbamoyl}-6-cthyl- L-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,
5 0.027 mi, 0.213 mmob), HATU (52.6 mg, 0.138 mmol) and 2,6-tutidine (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 [SCO 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-
blpyridin-4-ylamino)-¥, ¥ 4-trimethylthiazole-5-carboxamide (17 mg, 0.032 mmol,
30.0 % yield) was obtained as a off-white solid.
[00327) MS (ES[) m/z 507.1 (M+H).
[00328] 'H NMR (400 MHz, METHANOL-dy) 8: 8.75 (s, 1H), 7.27 (s, 1H), 4.66
I5  (q,J=7.0Hz 2H), 4.21 (s, 3H), 3.19 (s, GH), 2.95 - 3.02 (m, 2H), 2.39 (s, 3H), 1.47
(t,1=7.2 Hz, 3H), 0.86 - 0.93 (m, 4H), 0.78 - 0.84 (m, 4H)

Examples 5E-55 were synthesized using the same method as used for 50.

20 Example 51
N
P \RY RN
P T
0 NTNNTN N

N-(2-cyanoethyD-2-(7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyi-1,6-
dihydroimidazo|4,5-d]pyrroto[2,3-b]pyridin-4-ylamino)-/V 4-dimethyithiazole-5-
carboxamide
25 [00329] WMS (ESI) m/z 546.1 (M+H).
[00330] HLNMR (CDCl3) &: 7.77 (s, 1H), 6.89 (s, 1H), 4.71 (¢, J = 6.9 Hz, 2H),
4.05 (s, 3H), 3.81 (t, J = 6.6 Hz, 2H), 3.31 (s, 3H), 2.78 - 2.86 (m, 411), 2.44 (s, 3H),
1.53 {t, J = 7.0 Hz, 3H), 0.83 - 0.90 (m, 41), 0.73 - .79 (m, 4L).
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;0" X - NH ((54(3,3- di fl uorocyc loblityl)ca rbanoyl)-4-methyll,3-th

I azol -2- yl)amino)-6-ethyl-1- nethyl-1,6- dihydroimdazo[4, 5-

d] pyrrol o[ 2, 3- bil pyridine-7- carboxam de 68 F A/ A-di cycl opropyl- 4-

t (5-((2, 2-Wai2P11{§&i¥et hyl ) ear bam oy1l) - 4- met hy1- 13- t hi aZ§ITAB2804HEHO) - 1. 88
543.23 s/ 5- NHF 6- et hyl - 1-met hyl -1, 6- di |l ydroi m dazo[ 4, 5-

d] pyrrol o[ 2, 3-

Example 52

N Q. ./
J> N7 N
7] i
O NTNTNTN
N H
2-(7-(dicyclopropylcarbamayl)-6-ethyl-1-methyl-1,6-dibydroimidazo[4,5-
d|pyrrolof2,3-b]pyridin-4-ylamine)-N-ethyl-¥,4-dimethylthiazole-S-carboxamide

[00331] MS (ESD m/z 521, (M+H).

[00332] 'H NMR (400 MHz, CDCly) 8: 7.74 (s, IH), 6.8% (s, 1H), 4.72(q, ] = 7.0

Hz, 2H), 4.04 (s, 3H), 3.57 (q, J = 7.2 Hz, 2H), 3.11 (5, 3H), 2.79 - 2.86 (m, 2H), 2.40

(s, 31D, 1.51 (¢, J="7.0 Mz, 3H), 1.25 (¢, J = 7.2 Hz, 3H), 0.82 - 0.90 (m, 4H), 0.73 -
10 0.79 (m, 4H).

Example 53

N 0
)> N”\\N Ng__\
N
P S e
0O NTONNTN
N H
2-(7-(dicyclopropylcarbamoyl)-6-ethyk-I-methyl-1,6-dihydroimidazo[4,5-
15 d|pyrrole|2,3-bipyridin-4-ylamino)-V-(2-methoxyethy-4-methylthiazole-3-

carboxamide

[00333]  MS (ESI) m/z 537.1 (M+H).
[00334]  "H NMR (400 MHz, CDCl;) 3: 7.74 (s, 1H), 6.89 (s, 1H), 6.13 (t, J = 4.7

20 Hz, 1H), 4.74 (q, J = 7.0 Hz, 2H), 4.05 (s, 3H), 3.65 (q, = 5.1 Hz, 2H), 3.58 (1, J =
4.8 Hz, 2H), 3.42 (s, 3H), 2.79 - 2.87 (m, 2H), 2.65 (s, 3H), 1.58 (1, ] = 7.0 [fz, 31D,
0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H).

Example 54
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1Thyri di ne-7- carboxam de 69 N, N-dicyclopropyl-6- ethyl-Il-nethyl-4-tt 4-
nmet hyl -5-(tetrahydro- 1.87 563.26 - H 2 H pyran-4- ylcarbanoyl)-1, 3-

t hi azol - 2-yOam no) - 1,6- d ihydroi mdazo[4,5- d]pyrrol o[ 2, 3-

b] pyri di nc-WoO 20&#¥85dai n i de PCT/US2010/047621

Q N

\

2-(7-(dicyclopropylearbamoyl)-6-¢thyl-1-methyl-1,6-dihydroimidazofd,5-

N 0
J> N7 NH
D—N N A
72 T
| . /&
N N7 N
H

dipyrrolo}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, CDCL) &: 7.77 (s, LH), 6.86 (s, 1H), 5.87 - 5.94 (m, [
=4.6 Hz, IH), 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), L.51 (1, J = 7.0 Hz, 3H), 0.83 - 0.90 (m, 4H}, 0.73 - 0.80

(m, 4H).
10
Example 55
AN
J> N N>
- N
>N = g
72 | . /Q
O N NN N
N H
4-(5-(azetidine-1-carbonyl)-4-methylthiazel-2-ylamine)-V,N-dicyclopropyl-6-
ethyl-1-methyl-1,6-dihydreimidazo{4,5-d|pyrrolo|2,3-b]pyridine-7-carboxamide
15

[00337] MS (ESI) m/z 519.1 (M+H).

[00338] 'FI NMR (400 MHz, CDCLy) 8: 7.73 (s, 1H), 6.90 (s, 1H), 4.73 (q, ] = 7.0
Hz, 21, 4.33 (br. s., 4I1), 4.05 (s, 3H), 2.80 - 2.87 (m, 2H), 2.66 (5, 3H), 2.33 - 2.43
(m, 2H), 1.55 (t, ] = 7.2 Hz, 3H), 0.83 - 0.90 (m, 4H), 0.73 - 0.80 (m, 4H).
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70 /\ N-dicyclopropyl-4- 1.66 597.26 - NSO2S 0 2 ((5-((1, 1-di oxido-4-
t hi onorphol thyl)carb oriyl)-4-nethyl-1, 3- thiazol -2-ypam no) -

6- et hyl-1-net hyl -1, 6- di hydroi mi dazo[ 4,5- d]pyrrol o[ 2,3- b]pyridine-7-
car boxamni ciVe 2011/028864 PCT/US201{0/047621

[00339]  Examples 56-78¢ were synthesized using same procedure as uscd for 50

N

N

N Q
Pon R
[>" \NS
/|/A
NN
H

Ex.
No.

Nume

Retention
time

{(min}

MS (ESD)
m/z

56

)

-N  N—
N/

N N-dicyclopropyl-6-
ethyl- t-methyl.4-{{4-
methyl-5-((4-mcthyl-
1-
piperazinyl)carbonyl)
-1,3-thiazol-2-
yhamino)-1,6-
dihydroimidazo[4,5-
d]pyrrolof2,3-
blpyridine-7-
carboxamide

1.43

562.31

57

N N-dicyclopropyl-6-
cthyl-l-methyl-4-((4-
methyt-5-(4-
morpholinylcarbonyl)
-1,3-thiazol-2-
yhaming)-1,6-
dihydroimidazoi4,5-
d)pyrrolo[2,3-
blpyridine-7-
carboxamide

170

549.25

58

N,N-dicyclopropyl-6-
cthyl-1-methyl-4-((4-
methyl-5-((2-(4-

morpholinyDethylcar

bamoyl)-1,3-thiazol-
2-yhamino)-1,6-
dihydroimidazo[4,5-
dpyrrolo[2,3-
blpyridine-7-
carboxamidc

1.46

5923
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Anal ysi s Condi dti ons-
mn fromO¥B to 100%3; Fl ow r at e-
90 :5 Acetonitrile :

. Water; B =
71
car bonyQ hi azo
2-(7-(clicyclo
met hyl -1, 6-cl i
| t hi azol e5- car
NS5N- di cycl opro

| - 2-yl

4

am no) - 1- met hyl -

Wat er ;

Col um- ©Mac-Mdd Halo 4.6 x 50 nmm 2.7 urn;
A =5 :95 Acetonitrile
10 MVl NHA0AC SExanpl e
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N N 1003401 To
0.

rRctiniieng - Msa(ﬁﬁﬁo

-4-ethy
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slurry was the

cool ed to room t enper at

- hyd

nmol )
xopent
n stir

roi fdazol 4, 5-d

+{EtOf (5 n
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red{at 65 C for
e and conc
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The

on m xtuyre was then

ord a yel

| ow

solid. The solld wag 4hen taken up | fibAetAIedé chl ori de and washed with
saturat ed aqueous sqdi um bi car bonat =d"§>éﬂ“ﬂ’t“i‘6%13[4 The organi ¢ phase was dri ed
over anhydrous| magnesi um sul fate and BHH&‘gﬁtTat ed|in vacua. The crude
residue was then purlified by silicat Q8" ¥Ieash chr gmat ogr aphy using|an Ise
40 g col um el uti ng from-0-5% et h::—\?iil‘bowl R'II ene-ahl nri delto-affoerd net hy|
2- (7- (di cycl opr @pyl darDanoy1) - 6- et hy#<3= net hyl - 1, 6 IdRhydr oPM-tazol 4, 5-
d] pyrm o[ 2, 3-b] pyri di n-¥ yl am no) - 4} @Ef “E‘ﬂl %Wé 5-carboxyl ate (37.5 ng,
28.5 % 5yield)| as awhit solid [o ; K&ﬁ §|g m z 508.4 (M+H) [00342] 1H
NVR (CDA 3) 6 |ppm 9. act ‘““i“ 1), 6.92|(s, 1 H), 4.76
(q, 2 H J= 6.94 Hz)%az&{? (s, 3H) é" %‘ 3.14 (q, 21-1,./= 7.68
Hz), 2.85 (m 214), 1159 (t, 314, JO°% ]mcﬂiﬁ% . L 134 (t, 3H J= 7.49 Hz),
0.78-0.91 (m 814) 10 dihydroimidazo[4,5-
dipyrrolof2.3-
bipyridine-7-
carboxamide
61 N 4-({5- 1.72 518.24
W {{cyanomethylearba
\ moyl)-4-methyl-1,3-
_ thiazol-2-yhamino)-
NH N N-dicyclopropyl-6-
ethyl-1-methyt-1,6-
dihydroimidazo{4,5-
d|pyrrolo[2,3-
blpyridine-7-
carboxamide
62 OWO N N-dicyclopropyl-4- | 1.68 597.24
S ((5-((1,1-
dioxidotetrahydro-3-
thiophenyl)carbamoyl
E‘NH )-4-methyl-1,3-

thiazol-2-yl)amino)-
6-cthyl-1-methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolof2,3-
b]pyridine-7-
carboxanide
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71BPr epar ati on of 2-(7-(dicyclopropylcarbarnoyl)-6-ethy|-|-nethyl

di hydroitn idazof 4,5-(11lpyrrolor2,3
i azol e-5-carboxylic acid O \ O NNNN FE 15[00343]To a stirred sol ution of

-1 6-

-bl pyrid in-4-ylamino)-4-ethylth

met hyl 2 (YO &Y BPbpr opyl car banoyl) - 6- et hyl - 1- PCT/US2010/047621
met hyl - 1, 6- di hydr oi m dazo[ 4, 5-d1lpyrrol o[ 2"3-1)] pyri di n-4-yl am no) -4-ethylth
i azol e- 5 carboxyl ate (exanple 71A, 103 ng, 0.203 mnol) in MeOH (2nm) was
added NaOH (1. s then stirred at 65C for
18 hrs. The red¢ti ofRmi xture was théameool ed to r/detentienpedathitbe gnd
concentrated ihovacua 20to afford yellow slurry. [The ni xtjure was t/hen
diluted with water | brought to4 wiffh IN 1-1d, and{W® precipitate|collected
by vacuum fil{fation. The JH trat e | Wabdicyrbanrapxka-act®d wi t|{F7CH) C12;| t he
organi c | ayer {was dfi @uﬁ‘ﬁﬁ@ﬁégﬁﬁﬁlsulfate and concegntr at ed
in vacua. The|crude Rydseryescloderyby |silica-gel flash
chr omat ogr aphy usin aibeieyVet-tethlg If r om 0- 8% MeOH C14202.
25Desired fracgtions @eNéIconblned iléHibigzve?col | ected predipitate gnd
concentrated {o affjord yhamino)- lm”hﬂ“
2- (7- (di cycl opr opyl lear banoy1) - 6- et hy{= 1- 6- di hydr|oi ni dazol[|4, 5-
d] pyrrol o[ 2, 31b] pyrii di n-4-yl am no) ﬂmé?ﬁ “Fﬁfééole 5-carhoxylic agid (126
ny, 126% yiel ¢) as lan orange/yel |l o lyéﬁ'l‘ 8(23 [00344] M5 (ESE) m z 494.2
(MFH) - 107-| WD 20111028864PCT1 é( ?}4 621 [ Q034511 H|NVR (CDCJB) 6 ppm
8.23 (s, 1 H) —~7#-28-(s—tH)—4-62 %ﬁdl O%dmﬁﬁ—no/l Hz)—4-107 /c 1), 3.04
(q. 2H .J= 79 e 3400} (m 21 )“’@Cygg’ %Y' Gz 7 7488 123 (t,
3K, 1=7.63 Hz}, O.6[7° %3 Z‘?E re of AT,
A/dicycloprop/l-G-ethyl 4- (At hy! {BYYY ﬂ@ dth
i onor phol i ne- 4- car bonyEt hi azol - 2- vl 01 ] Pﬂyl-1,6- di hydr oi i dazoi 4
541pyrrol or2 B-blorf di ne- 7- car boxa j ety
liazol-2- yi)dmmo)~
{-methyl-1,6-
dihydroimidazo{4,5-
dipyrrolo[2,3-
blpyriding-7-
carboxamide
65 0./ N, N-dicyclopropyl-6- | 1.59 599.26
820 ethyl-1-methyl-d-{(4-
/“"/ methyl-5-(methyl(2-
g" N\ (methylsulfonyl)ethyl
Jcarbamoyi)-1,3-
thiazol-2-yamino)-
1,6-
dihydroimidazo[4,5-
dlpyrrolef2,3-
blpyridine-7-
carboxamide
66 / N, N-dicyclopropyl-6- 1 1.80 549.28
%—Ni>—0 ethyl-4-((5-((3-
methoxy-1-
azetidinylcarbony!)-
4-mcthyl-1,3-thiazol-
2-ylamino)-1-
methyl-1,6-
dihydroimidazo[4,5-
d]pyrrolo[2,3-
b]pyridine-7-
carboxamide
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[ 003461To a stirred solution of
2-(7-(di cycl opropyl carbarnoyl) - 6- et hyl - - et hyl -
L6- di hydroi m cl azo[ 4, 541] pyrrol o[ 2, 3-b] pyriclin-4-yl am no) - 4- et hyl t hi azol e-

5_
0.134 mmol ),

tenperature an

washed with sa

satur ated aque
over anhydrous
resi due was th
40 g colum el
AT, N-di cycl opr
- 4-car bonyQ hi

20di hydr oi m da
yield) as a pal e yel

FL NVR ( CDCL3)
7.04),
2H, 7. 56 25Hz),

(m 8H) Exanp

- et hy1- 4- (5- metthyl i

di hydr oi m dazo
of 4, 4-bi s(met

4.13 (m

10 car BYR9NB288Ei d (exanpl e 6913, 33 ngy, 0.067 molCT/HEAMEN{SY. 8 ny,
2,6-litticline (0.020 nm., 0.174 mol),
added t hi onorpholine 1,1-dioxide (27.1 ng, 0.201 mol).
then stirred at_50C for

and DVF (1 nL) was
The sol uti on was

S0,

((5-((1,1-dioxido-4-
thiomorpholinyl)carb
onyl)-4-methyl-1,3-
thiazol-2-ylyamino)-
6-cthyl-I-methyl-1,6-
dihydroimidazof4,5-
dpyrroto[2,3-
blpyridine-7-
carboxamide

1.5 hrs. The reaction was then cooled to rgoom
dExdi | ytRed wi t h met hyl eNemehl ori de. Teteswbut M BRAS t hen
tNw.at ¢d aqueous sodi um bi car bonate, |B5t0% Lij@¥zin FLQ, and
ous sddi um_bj.carbonate again. The orlgamitc phase was dri ed
fagnesi um Q?UIFf at e angNeotieshproarled |i240vi t en 369 he crdde
en purli fi ed4dy silicat@@GBash chrgnmat ography using|an |sco
utingl|fro 6% MeOH CHAGIoCyclobutyioge
opy1- G-t Y 1- 4- (4- et hypemsyl-4-mptheli- oot hi onorjphol i ne
tizol -|22 yi'ani no) - 1- e h thigzol2-
zo[ 4, 3-d] pyrrol o[ 2, 3-b Faciorghyrl T ar boxani de (21.7 ny, 52.6%
| ow sol i d. 10034171_@1108((5 |% rin/ z 611./3 (M+H) [|003481I
6 ppm 7.68 (s, 1 H), |@hgkoingdazofdy- 1) 4.65((q, 2 H |1=
4E-1), 3.99 (s, 3H d]3y'050€ﬁ1 41-1), 2.76|(m 2H), |2.68 (q,
1.46 |(t, 3H, = 7.04 Hpyridinegs (t  3H 1=7.59 Hz), 0.68-0.80
e 72 [NN - 108-A Gdlb\(i’_‘(ﬁ-lmid?-\/nl nnrgp\ll_ 6- et hyl
soxazol 13- yl ani 162\/ ql_lcg@lopxopyl 4o 18 54323
[ 4, 5-d] o[2,3-b]p {dhe- 7- car boxam de | 72A Preparation
hvl t hilgd-bNEE 3Fen- 2- one EﬂllOlOCthyi)Ldkb’dm
oyh-4-methyl-1,3-
thiazol-2-yDamino)-
6-cthyl-1-methyl-1,6-
dihydroimidazo[4,5-
dipyrrolof2.3-
blpyridine-7-
carboxamide
69 O N, N-dicyclopropyl-6- | 1.87 563.26
cthyl-T-methyl-4-({4-
methyl-S-(tetrahydro-
. 2H-pyran-4-
NH ylcarbamoyl)-1,3-
thiazok-2-yDaming)-
1.6~
dihydroimidazo[4,5-
d]pyrrolo[2,3-
blpyridine-7-
carboxamide
70 N, N-dicyclopropyl-4- | 1.66 597.26
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0 S.7 5 [003491A sol ution of acetone (2.205 nL, 30.0 mmol ) in carbon
disulfide (1.81 n, 30.0 mmol) was added to a suspension of sodium
tert-butoxide (5.76 g, 60.0 nmol) in benzene (30 nL) while keeping the
reacti on tWRFEHARWFE not exceeding 10 C. The reacti on BATYINIE/ WG stirred
at roomtenperature for 311 and i odonet hane 10(3.75 nlL, 60.0 mml) was
added at 10C. The resulting reaction m xture was stirred at room
tenperature overnight. The reaction m xture was diluted with ethyl acetate
and washed twi dealwiit Fondidtiens- Cofien- dfagahidd ldledier Sthas At irsdGratien-4magnesi um
sulfate, filtepgd 0@@%9&%&?@%\%@% mp,mts%mhs =Gl yde dﬂﬁfgcgm@sg purified

by flash chromat ography on silica gel using an automate system (80 g

col umm, el uti ng® PEVNUTO- BEes Bopiier alpiiNlRézanes) to give

4, 4- bis(nethylthl 0) but-3-en-2-one (3.456 g, 71.0%yield) as a yellow solid.

[0035011K NVR (400 MHz, CDCb) 8: 6.04(s, I-? 2.47 (s, 3H), 2.45 (s, 3H),
.20 (s, 3HP. 20728Preparation of (74 NNl licycl opropyl-6-ethyl- |

-nethy1-4 (1- (nethylthio)-3-oxqbut - J\enyla no).- @ di hydr oi m dazo[ 4

5-dilpyrrolof 2,3 - bl pyridine-7;car box\am d 5[ 351lsod| um hydride (2.84
g, 71.1 minol) was added tol>~slol u

N, N- di cycl opr opyl-6-et hyl- 1-net -1] 6- |m dazo[4 5-d] pyrrol o] 2, 3-
b] pyri di ne- 7- car boxami de (exanPl e NT, N& B! QJ 28.70 mol) in DMLF (60 mnl)
and the - 109- reaction mxture stirred roomterrperature for 1 h.

4, 4- bi s( et hyl t hi 0) one exa 70A, 35.5 mmol) in DW
(10 mM) was added é\&g'dé“f/fl?l?rio% ﬁceélﬁil é@%ﬁ?“tﬂ?&’é‘“ﬂ%&@““‘t@% showed about
75% conpl eti on. czﬁhﬁnyiﬁmaidlmymm;xd)uhaetwa daihydrenhind by, B pydrolapgt at e and

wat er was added. An off-white phﬁ] l"‘r%te 5f ormsd and was col |l ected by
filtration to give 5.1 g of prolRP U™ HE R %PPefe was transferred to a
separatery lbunnel . The Iayers wer e separated and the aqueous | ayer was
extracted with dic roget h thec ine rgani c layers were
washed with satur aEeg il = SOORe, SLa. siumsul fate,
filtered and conde ' i i

flash chronat ogr gB&é[ éOon Si I i ca gel usmg an | SCOsyst em (220 g col um,

eluting with 2° nol /
N
J> N7 Q 0
>N Y N
7] i\
O EN/%\{ N

[00340]  To a stirred suspension of N, N-dicyclopropyl-6-ethyl-1-methyl-4-

15

thiourcido-1,6-dihydroimidazol4,5-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 slurry was then
stirred at 65 °C for Zh. The reaction mixture was then cooled to roon 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 in
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di chl oro nethane) to give

(2)-N, Wdicycl opropyl -6-ethyl -1 -methyl -4-(1-(met hyl thio)- 3-oxobut-

LenyI am no) - 1, 6- di hydr oi m dazol4, 5-dl pyrrel e[ 2, 3-b] pyri di ne-7- carboxam de
(6.6 g, 61“5%091@5%15)‘ along with 2.2 g of recovered U. FOOBSPIVMEUES) iz
453.3 (Mtt). IS[00353]11-1 NVR (400 MHz, DMBSO-4) 6: 14.42 (s, If-1), 8.16
(s, 1H), 7.24 (s, 114), 5.54 (s, 1H), 4.52 (q, j = 7.0 Hz, 2H), 4.05 (s,
3H), 2.89 - 2.97 (m 2H), 2.43 (s, 3H), 2.14 (s, 3H), 134(t J = 7.0 Hz,
31-1), 0.71 - 0«80 (fhchiu(H:HQNldu@W@%tlmuwwﬁcc(bmlllCAEii)ﬂd\fV@Ph@pwaab)i wigof
glohl'e?'h;%’flsgg;ggt?{ :{x§<§ f%wmnn 1%%% a1 (2 mc%azaoglzngti}ﬁlcm chloride to afford methyl

5-dl pyrrol 012, Q-(Ei(@%rclkmiQﬁé'ﬂ?bamﬂ&blr(btﬂwérmﬂ@élylEé@é&@?ﬂ“?ﬁz%“ére of (2)-N;

N-di cycl opr opy oL o %

3- oxobut - | -enyljd}a{ 11’?5&);% EJEy%F& ?'y{irdglfnr% dgﬁ%ﬁﬁiﬂgigéﬁ"ﬂg%%f&% SPinqb]z%i/r/l di ne-7-
car boxam de 5 22 as owhirgoldl ) and hydroxyl am ne (50% aqueous sol uti on,

3.13 251A L, O. @ﬁll]”“‘!?/{s)(bsnnﬁimmlvl#r@{l m.) was heated at reflux for 3h and
LG/ M5 showed conpl etion of reaction. The reaction m xture was diluted with

met hanol and puUfietled BNk EREIAK e RPEEred Huf.Af &hf . 6.92 (5 T H)

N, A/ - di cycl oprqung 6- f@tfriY(ﬂ-‘M]Hzﬁeﬁdaﬂ 343,692 (s, 3H), 3.14 (q, 2H, J = 7.68 Hz), 2.85
met hyl i soxazol

dr oi mi dazol 4, 5-(@]%4/ P?ﬂ 6f3;§{ 3= 19]96;%% 1 dih & . JearbdEd T VI 43. 3 % yi el d)
as a white golid. 30[003551 Ms (ESI) mz 420.1 (MtH). - 110- WO

2011/ 028864PCT/ US2010/ 04762t 10(%%56 J\I 40 T X
11-1), 7.26 (s, 114¥LB g Lligpaiad Ui - .

3H), 2.94 - 3. Qlaw(hl’dihnlazfﬂ)){#l 5&11;3;310(0&5? 3-31ﬂ)/1,1diﬂ.4417dn(uﬁq) 4:]:t1wlt]7iaszchZomlBJ|xM;c 0.85 -
0.92 (m 4F1), a(C)K?? -0.84 (m 4H). S5Exanple 73 />.\ N-

{>_N S\

O NN E’QN

15 [00343] To astirred solution of methyl 2-(7-(dicyclopropylcarbamoyl)-6-cthyl-1-
methyl-1,6-dihydroimidazo(4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-4-ethylthiazole-
5-carboxylate {example 714, 103 mg, 0.203 mmol) in MeOH (2mL) was added
NaOH (1.420 mL, 1.420 mmol). The solution was then stirred at 65 °C for 18 hrs.
The reaction mixture was then cooled to room temperature and concentrated in 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 CHaCly; the organic layer was dried over anhydrous magnesium sulfate
and concentrated in vacuwo. The crude residue was then purified by silica-gel flash
chromatography using an Isco 40 g column eluting from 0-8% MeOH/CH:Cla.

25  Desired fractions were combined with the collected precipitate and concentrated to
afford 2-(7-(dicyclopropylcarbamoyl)-6-¢thyl-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 (EST) m/z 494.2 (M+H)
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r>-N,.., Nkr/ INM ", d NNN cH
N, N- di eyel opropyl-4-(1, 5-di nethyl -1H pyrazol - 3-yl am no)-6-ethyl-t-netltyl-1
, 6- di hydroi m dazo[ 4, 5411pyrrol o[ 2, 3- bl pyri di ne-7- car boxam de 10 1003571A
m xt ure of WOZPLUQ2ot| i cycl opr opyl- 6- et hyl - | - net hyl - 4- (RCIFHFBIPI 6N 0) -
3-oxobut- | -enylam no)-1, 6-di hydroi m dazo[ 4, 5-d] pyrrol o] 2, 3-b] pyri di ne-7-
carboxam de (exanple 72B, 70 ng, 0.155 mml) and tert-butyl 1-
met hyl hydr azi necar boxyl ate (0.046 nL, 0.309 nmoD in acetic acid (I nmt.) wan
15stirred at 30& or IHANMR((GDRIN Oped 832 (4. CANG . 2k IFD.gh2de.&rt.i/g mat eri al
eft). Formc @k .f Qobm), WPRqaaed 20dishiopracdidl SAE[107-0h. SOl vent

h ied by flas

was evaporated and the crude product was puri chr omat ogr aphy
on silica gel gl kg dr¥tadtdmatied 016503Y$psttbm (12 g colum, eluting with

2- 10% et hanol / dichl oronet hane). The inpure product was further purified
by preparative EIPLC to gi A |, N-dicyclopropyl 4-( ,5-dinethyl- |

i f-pyrazol - 8-yl ani o) - Begrdtion of ¥ digyg a6t ldostnliSdad of 4, 5-

cl]pyrrol o[ 2, 3¢ { Qa2 yield) as an

of f-white solid. 3°(s, M5 (ESI) rn/z 433.2
(M+14) . d B(s, 1H), 7.63 (s, 1H),

6.94(s, | H), iobao)4. 65 difke O e ReorerHe BBk A b S, 3H)
2-79(_ 2-8?(m[m461 ifred HZ dicddpropic @1)(23;_110 81%[(m L,

. 3H), 1.49 (t, J = 7,2 Hz, 3H), 0.8 .
0.72 - 0.78 (m’6%1%)“0‘“E%l?lzé[%ﬁé'gl?y\’/r@IO%WH@&“’;“'éilfaméB‘?H%i?fﬁ‘lhémWO"?ssAPr eparation of
4-i odo- K, Afiodi eaisdxRy 1y bxaBpR6HN, 33 nlg, 6,081 diyibh, HAGU @o.Ry @i 31 Eaagi 4
5-dipyrrolof2, 5,6%9%2 '((gbzraenﬂbﬁ% g%ﬁ&?ﬂ?%MF’?l [r\1I1L) lwas. added thiomorpholine

1, I-dioxide (27.1 mg, 0.201 mmol). The solution was then stirred at 530 °C for 1.5

S -divmmole 23 -blpwsdiney -car

hifiorl o

hrs, The reaction was then cooled to room teraperature and diluted with methylene
chloride. The solution was then washed with saturated aqueous sodium bicarbonate,
15 10% LiCl in H,O, and saturated aqueous sodium bicarbonate again. The organic
phasc was dricd over anhydrous magnesium sulfate and concentrated in vacuo. The
crude residuc was then purified by silica-gel flash chromatography using an Isco 40 g
column eluting from 0-6% MeOH/CHCl, to give N N-dicyclopropyl-6-ethyl-4-(4-
cthyl-5-(1,1-dioxothiomorpholine -4-carbony[thiazol-2-ylaminoe)-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 (ESD m/z 611.3 (M+H)
[60348] {HNMR (CDCI3)dppm 7.68 (s, 1 H}, 6.83 (5, 1 H), 4.65 (q, 2 H,.J =

25 Hz), 1.46(t, 3H,/=7.04 Hz), 1.25 (1, 3H, J=7.59 Hz), 0.68-0.80 (m, 8H)

Exaraple 72
N
P
>N SN -0
7 N
!
0 N® N’k/)“

CVOM
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N N 1 5[00360] To a stirred suspension of

4-am no- N, N-di cycl opropyl-6-et hyl-1-nethyl -

1, 6-di hydr oi mi dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne-7- car boxam de (34.4 ny,

0. 102 mmol WO WitéB¥donet hane (102 ul,,) at 60C was sl oRCY/UEHAEHT$2d0any|
nitrite (27.4 uL, 0.203 mml). The reaction m xture was stirred at 60C 5 It
After cooling to rt, the reaction mxture was diluted w th dichl oronethane.
Sat ur at ed aqueous sodi um 10bi car bonate was added and t he aqueous | ayer was
extracted with di chlieticywphapies-¢tBs)l-mcfihe-4dbrgibnedx@riganiowoneée dried over
anhydrous sodi um sul fa 0. The crude
resi due was pl aced on %’ﬁ}é( %13#69 %?d%gghlgg%qg@n@@éggﬁlgj%ﬁﬂ| onal

di i odonet hane. LCVM5 was deened pure enough to be carried forward crude. The
product was used i di 1 8.:ne kOQN5 151003611 M5 (ESI) mz
450.1 (MH) 73Pr ep%t ?’EL% k){t)d;}rbftlm%ﬁ%&(tﬁvlﬁl%%& B QR ohe

Al, N-di cycl opropyl-6-ethyl -1-nmethyl-45(1 ,8~di met hyTI H pvrazol - 3-vl ani no) - 1
6- di hydroi mi dazor4 5-dl pyrrol 0l2, 3- bl jyyrildi ne-7- car boxam de 1003621To a
vial containing 1,5-dinethyl-1H pyrdzol=3-am ne (13.60 ng, 0.122 20mmol ),
Pd2(dba)3 (4.67 nd cesium
Cat bonat o (100 0659%0 é(])':glugg #fa%%i?i‘fdbg n(dL 308 o) id Q2R TR (1.8

N, N- di cycl opr oplyll mﬂetnh)}/)lwaéqukbdlmd srachiyd-of s@lhi layrdnoikidt $albaf ®-%- d] pyrrol of 2

3 Dlpyri dine: (R BB bt P ficTen f d0R.AONCRber e AU {d G20 T L) The
reaction mixture WAs sparg ar oﬁ’ , the vial wasS capped, and
t he reaction m°&t Eh@CWé.IQﬂ me@{léﬂdﬁa{ﬁ"fg@ﬂt@%’l tamperiere 83k st iPGCHRIG ur e was
diluted witfy di ?W BLWEM&?“@%(M@?WJ@ f”f’l]'ﬁﬁ&ﬁ!ﬁﬁg IT(BMIQHQRILQ@L!!I\ &rredl N€
filtrate was concentrated I'n vacuo. The crude residue was purified via
flash col um clif BAREOHCEPHYOEEIgY Hﬁufdse@nllztug v il erfueivhere®ict h 1 - 10%
Me011/ C112C12) an(erM‘hg GYELRRNARY ITift- O(TLdniC ldyu was (ll ied over magnesium sulfate,

, 5-di tnet hyl - 14 pyrazol - 3-yl ami no) - 6- t hyl -

, 6-di hydr oi ni dé&t@[cwlstcerq@ymﬁflt@[/ffzu@ B]eﬁyvipawr%@t Vd‘cré‘l”ﬂt’jk‘afnqaélf e (14 ny, 31.7%
y| el d) was ISO'Cﬁit()@lgth!‘?l ?ranfhf:a W idi® &Qllioglatc{lﬁi@ IEB@{E(O@O)UMnné!Zm@?)?) 2
(M+11). [00364] 1FI CDCl 3) .6: 7,63 (s,.114), 6.94 (s,
111), 56. 851%(s w:th_bO 354’0 gyl (iﬁ,tdt(ﬂ/ hexapey) t give %ﬁl*(%t @lu@&ut-}sq_qﬁ ons 71 (s, 3H).
2.79 - 2.85 (mg. 231(,43 71(20/(,?530Eﬁ}31ba§611‘b).v,s011d 49 (t J = 7.2 Hz, 314) 0 82 - 0.87

4 72 - 7/ | e k - NNr
(m H. 0. [OG}%SGI H%\/IRFPLIOO MHrzrpCDC!z) S: 6.04 (s IH) 2. 47 (\ 3H) 2/45 (s, 3H)
2.20 (s, 3HD,
20 T2B  Preparation of (Z)-NM N-dicyclopropyl-6-ethyl-1-methyl-4-( -

i0)-3-oxobut--enylamino)-1,6-dihvdroimidazof4,5-dipyrrofol2.3-

25 [00351]  Sodiwm hydride (2.84 g, 7t.1 mmol) was added to a solution of 4-amino-
N, N-dicyclopropyl-6-cthyl-1-methyl-1,6-dihydroimidazof4,5-d]pyrrolo[2,3-
blpyridine-7-carboxamide (example 1J, 8.02 g, 23.70 mmol} in DMF (60 mL) and the
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OI\I--N-- N/ C 10N, N-di cycl opropyl-6-ethyl-4-(1-ethyl-5-nethyl-

H pyrazol - 3-yl amino)-1-m et hyl -

1, 6-di hydroi mi dazo[ 4, 5- (11pyrrol o[ 2, 3-bl pyri di ne-7- car boxam de

7T4APr epar aVVPEpl@Esstert - but yl 1, 3- di oxoi soi ncl ol i n- 2- yIRGETUSgpEHISBamate 0 O
| S100365] Di i sopropyl azodi carboxylate (2.92 inL, 15.00 mml) was added in
one portion to a solution of tert-butyl | ,3-dioxoisoinclolin-2-ylcarbamte
(2.62 g, 10 mml, prepared follow ng the procedure described by N col as
Brosse et al. icactBn evixturQptgred @hveom teaptud7ed] h. 2808 methylihphtenylepBosphi ne
(3.93 g, 15. 0001%&)1})@@9Ae§ﬂ80n94 5 E‘lgwg%il‘[)lg[i“ (l:lfﬁ 1?%”2?9&?&11%( Q[li‘;ll- g F (20 m‘) at
0C and the reactloné ti'on has stirred 28 oomtenperatute for |

(rmoni tored by JundnugAddr Ith!%hm éiCl/Mﬁ)hOWSéhlwehﬁ“/mswévgtpofrhant@dmnd t he reS| due

was purified bxu hl@Sh GheWRE agmpéaaxc a1 »&tch@aﬂda@ lﬁ%‘f%@%w@éh?émt ed | SCO

system (80 ? colum, eluting wt -35% et hyl acetate / hexan to provide
tert-butyl 3%%5@@%@w&i@ﬂtqdﬁwfﬂtw9=emwu)5d£rcﬁawéwéT@szf‘ Bratg, wa90% yi el d) as a

white solid WhigRreWasiodS§shafsy Fuch'l nflﬂha@un%ﬂ s%&?ﬂﬂd%ﬁd glé@ﬂ’b@lﬂ@fff@r“ on of
tert-butyl 1-ethyl hydrazinecarboxyl ate -

1003661 Met hy| Wyufié¥iwevirichippmetliancigxig m%hﬁwyowagc%@é& I4Y6IS AVl Ut | on of

ten- bUtyl L3- divexel $@i Adekditodod beabiMRas! BATRLE nleXANR! Bifald Aiterdy 29. 17. 91
mmol) in TI-1F (40 nl) Ca]t 0C and the reaction mxture was stirred at room

t enper at ure SOW@FH’PC@W{“ AR Vi & hp PRET PTust wespuibiRd ¢y dadh eegaropreplsy ed of f
through a pad efsilielgtitueing :ﬁhlSCbisL/ﬁd’r@-EZQO@@@mﬁ@@@lﬁﬁg\ﬁfﬂ{:ﬁﬁﬁin&tiﬁdﬁ’&wo hThe
resi due was di ssql ved in. eth tat and tracte with IN 1-1C
(530 )t et yerait achab Tt sretror el (56 O and
basified to pH Zhﬂ)bbyl adthntinodn,cafihy2@%mitiatH, s-dperonfsi-6psg@dint 7-on was t hen
extracted with et ate [ 3x m the conbined organic layers were
10washed with %elf Xmldfi&)(’ Egé/é lcﬁgalﬁ‘ \VW%W?I&%‘)&'C# Pftered and
concentrated i #0¥BEUMS (2591 we 43heMoutlyl | - et hyl hydrazi necar boxyl ate (2.5 g,
87%yiel d) as GAlay! a8S Rk (400 Mz DMSO-de) 5: 14.42 (s, 1), 8.16 (s, 1), 7.24 (s,

1H), 5.54 (s, 1), 4.52 (q, J = 7.0 Hz, 2H), 4.05 (s, 3H), 2.89 - 2.97 (m, 2H), 2.43 (s,

3H), 2.14 (s, 3H), 134 (t, T =7.0 Hz, 3H), 0.71 - 0.80 (m, 4H), 0.63 - 0.70 (m, 4H).

72 Preparation of N, N-dicyclopropyl-6-ethyl-t-methyl-4-(5-

20 methylisoxazol-3-yvlamino)-1.6-dihvdroimidazo[4.5-dIpyrolo[2.3-blpyriding-7~

carboxamide
[00354] A mixture of (£)-N,N-dicyclopropyl-6-cthyl-1-methyl-4-( 1-(methylthio)-
J-oxobut-1-enylamino)-1,6-dihydroimidazo[4,5-dipyrrofo[2,3-blpyridine-7-
carboxamide (22 mg, 0.049 mmol) and hydroxylamine (50% aqueous solution, 3.13
25 ub, 0.051 mmol) in cthanol (I 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 M, N-dicyclopropyl-6-ethyi-1-methyl-4-(5-
methylisoxazol-3-ylamino)-1,6-dihy droimidazofd,5-d|pyrrotef2,3-bpyridine-7-
carboxamide (9 mg, 43.3 % yield) as a white solid.
30 [00335]  MS (ESDH m/z 420.1 (M+H).
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[003671H NMR (400 MHz, CDCI3) 6: 3.90 (br. s., 2H), 3.35 (q, J = 7.0 Hz,
2H), 1.42 (s, 91-1), 1.07 (t, J = 7.0 Hz, 31-1) 1574Preparation of

N, N- di cycl opropyl- 6-et hyl - 441- et hyl -5-net hvl - 1H pyrazol - 3-yl am no) - |

-met hyl -1 2014828381 m dazol 4, 5-di pyrro | of 2, 3- bl pyr PETHE21047€@4r boxam de
1003681A m xture of (Z)-N, N-dicyclopropyl-6-ethyl- I

- et hy1-4- (1- (et hyl t hi o) -

3-oxobut - | - enyl am no) - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyrid ine-7-
20car boxani de ([@03&6ip| &1 RAM, (40OMiig, MBTHEBOhwn & S.ahth thek T.20kat M. 4.58

et hyl hydr azi necar ( I € & m) wan
stirred at 35 %figf)&ikﬁ& ?mﬁg?c’)lgggﬂﬂ?(“ %%l\/g@ %O% ﬂ}’lgﬁg?aﬁ \I ?1%9}1%% eri al
left). Form c dcid7@IHadl) 0as- ted 4HRE. 77 he 8¢ eadth.on m xture stirred at 60C
for 6 h. The sol vent was evaporated and the crude product was purified by
flash chromat ography on silica gel 25using an automated |ISCO system (12 g
colum, el utSing with 2-10% net hanol /ExgmplkRBor ot net hane). The material was
further purified by preparative HPLC to -afford

N, N-di cycl opropyl-6-ethyl-4-( | -ephy 1-8TRethyl- | Hpyrazol-3-y lanin o)-
| -methyl-1,6- dihydroim dazo[%Nd] TJZN&J b] pyri di ne-7- car boxam de
(38 ny, 534%y|eld) as an off- ,BQ;?GG%QlI\/B(ESI) mz 447.3

(MrH) . - 114- WD 2011/ 028864PCT/ QSZOgOI 0‘47§21 1003701NMR (500 MHz, CDCL3)
6: 8.08 (s, IH), 7.61 (s, 1H), 6.93 ( 6.84 (s, IN), 4.66 (q, J = 7.1
Hz, 2H), 4.02 (q, J = 7.2 Hz, 21-1), 3.98 (s 3H), 2.79 - 2.85 (m 2H),
2.34 (s, 3H), 1.49 (t, J = 7.1 Hz, 3H), 1.41 (t, J = 7.2 Hz, 3H), 0.82 -
0.87 (m 4H), OY.FicyQlopBpyhd-(4FHimeShyEXEmytaolZbyihming)-6fethyl-Nokthyl-06i N N N

|4' (1-(2-eyanorthyl) - S5gRf Bl btV BAebio B v |y B dRL 7-Nir b iefidc | opr opyl - 6- et hy
) 10

100357] A mixture of (2)-N N-dicyclopropyl-6-ethyl-1-methyl-4-(1-(methyithio)-
3-oxobut- l-enylamino)-1,6-dihydroimidazo{4,5-djpyrrolo[2,3-b]pyridine-7-
carboxamide (example 72B, 70 mg, 0.155 mmol) and fert-butyl 1-
methylhydrazinecarboxylate (0.046 mL, 0.309 mmol) in acetic acid {1 mL} wan

15 stirred at 35 °C for 4 h (monitored by LC/MS until no starting material eft). Formic
acid (0.5 mL) was added and stirred at 60 °C for 6 h.  Solvent was evaporated and the
crude product was purificd by flash chromatography on silica gel using an automated
[SCO system (12 g column, cluting with 2-10% methanol / dichloromethane). The
impure product was further purified by preparative HPLC to give N, N-dicyclopropyi-

20 4-(1,5-dimethyl-1 H-pyrazol-3-ylamino)-6-cthyl-1-methyl- 1 ,6-dihydroimidazo[4,5-
dlpyrrolo[2,3-b]pyridine-7-carboxamide (45 myg, 63.9 % yield) as an off-white solid.
{60358} MS (ESI) m/z 433.2 (M-HEL.
[00359] 'H NMR {500 MHz, CDCl:) &: 8.19 (s, 1H), 7.63 (s, 1H), 6.94 (s, [H),
6.85 (s, 1H), 4.65 (¢, = 7.0 Hz, 2H), 3.99 (s, 3H), 3.71 (s, 3H), 2.79 - 2.85 (m, 2H),

25 2.33(s,3H), 1.49(t, F = 7.2 Hz, 3H), 0.82 - 0.87 (m, 4), 0.72 - 0.78 (m, 411}
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1-nmet hyl -1, 6-di | | ydroi m dazo{ 4, 5-di pyrrol o[ 2, 3-bi pyri di ne-7-car boxam de 10
[ 003711 The title conmpound was prepared using a nethod anal ogous to that
used to prepare exanple 74. [003721 M5 (ESI) tniz 472.2 (M+11). [00373111-1
NMR (400 MMP20CDEB8Y 6: 8.05(s, 1H), 7.64(s, 1H), 6.9Pqra/s2app47é05 6. 85 (s,
| H, 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, J =
7.2 Hz, 3H), 0.82- 0.88 (m 4H), 0.72 -0.80 (m 4H). Exanmple 76 20

N, N- di cycloproﬁ}tmnﬁﬁﬁtsmvllesilw(l‘%ﬂ(lmﬂfr@I|oxyet hyl ) - 5- net hyl - 1/ 1- pyr azol - 3-
ylam no)-1 -nethyl 6- 6li : r | (pPyridine-7-
ear boxam de - 115 iﬁo@%‘% 60% Rl Pll( usi ng a net hod
anal ogous to t ppine /Z4boa@@R751 MS (ES1) mz 477.2
(ML1). 5[003761l HNI\/R (500 M—Iz CDCI 3) 8. ()9 (s 1H), 7.61 (s, 1H), 6.94
(s, I H, 6.84 (s, 1H, 466(q,J: , 4.12 (t, J = 5.5 Hz, 2H),
3.98 (s, 3H), 3.74 (t, J:58Hz,3D2—H), ., 3H), 2.78 - 2.86 (m 2H),
2.36 (s, 3H), 1.490. J = 7.1 Hz, 3H, 1]l- 0 89 (in, 4H), 0.71 -0.80 (in,
4H) . 10Exanple 77 N 0-4 />

5 [00360] To astirred suspension of 4-amino-¥ N-dicyclopropyl-6-cthyl-1-methyl-
1,6-dihydroimidazo[4,5-d]pyrrolof2,3-b]pyridine-7-carboxamide (34.4 mg, (.102
mmol) in diiodomethane (102 ul.) at 60 °C was slowly added isoamy! nitrite (27.4
uL, 0.203 mmol). The reaction mixture was stirved at 60 °C 3 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 i vacuo. The crude residue was placed on the pump for 16 I to remove
any additienal diiodomethane. LCMS was deemed pure enough to be carried forward
crude. The product was used immediately in the next reaction,

15 [00361] MS (ESD m/z 450.1 (M-+H)

73 Preparartion of ¥ V-dicyclopropyl-6-ethyl-I-methyl-4-(1,5-dimethyl-1 -

pyrazol-3-ylamino)-1,6-dihydroimidazo{4.5-d]pyrrolo[2.3-b]pyridine-7-carboxamide

[00362] To a vial containing 1,5-dimethyl-1H-pyrazol-3-amine {13.60 mg, 0.122

20 mmol), Pdy(dba): (4.67 mg, 5.10 pmel), Xantphos (5,90 mg, 10.20 umol), and cesium
carbonate (100 mg, (.306 mmol) was added N, N-dicyclopropyl-6-ethyl-4-iodo-1-
methyl-1,6-dihydroimidazo[4,5-d]pytrolo[2,3-b]pyridine-7-carboxamide (45.8 mg,
0.102 mmol) in DME (1020 pL). The reaction mixture was sparged with argon for 3
min, the vial was capped, and the reaction mixture wag heated at 90 °C 1 h. The

25 reaction mixturc was diluted with dichloromethane and vacuum filtered through
Celite. The filtrate was concentrated /# vacuo. The crude residue was purified via
flash column chromatography using an ISCQ 12 g column cluting with 1 - 10%

McOLI/CILCh). M N-Dicyclopropyl-4-(1.5-dimethyl-1H-pyrazol-3-ylamino)-6-



iV, N-di eyel opropyl-6-ettlyl-4-(1-(2-isopropoxyethyl)-5-mnmethyl-Wpyrazol - 3-
yl am no) - 1- net hyl -1, 6- di kydr oi m dazol 4, 5-di pyrrol 012, 3- bl pyri di ne- 7- ear boxa
m de 15 77A Preparation of 2-isopropoxyethyl methanesul fonate JO K MsO
1003771 A MouHdVEEstom fl ask was charged with 2-isopr oB&X{HEEHEMGP2L(0. 5 ni,
4.34 mmol ) and di chl oronet hane (21.68 nL) and was cooled to 0 C.
Triethylamne 20 (1.208 inL, 8.67 mmvol) was added along with a tip of DVAP.
Met hanesul fonyl chloride (0.338 nL, 4.34 mol) was added dropwi se. The
reaction m xt ur@@ly\lmdisnbshybwwmabm@zet[é Srcipyoref 2. Doy idiwe’-cadwaamion(1Ai xt ure was
guenched with i N l.pfi de and transferred to a
separator), fuﬁ% ?Eafegdgﬂﬁggﬁgkﬂayerfuggﬁgfgéacted wi th di chl oronet hane (2
X). The conblndﬂmﬁﬁbamﬁ%@ﬁWeWe4Mﬁ§ﬁ@dﬂ25mnth brine, dried over anhydrous
sodi um sul fate, [oﬁdgykf e“ﬁ%ﬁ(‘%o&ﬁﬁ&e@béﬁieﬁd 1f'(“ INAEKPL z&%%%oil@gxyet hyl

met hanesul f onat I sol ated as ear oil and was |nned|ately used

in the next Srea(‘c&'ﬁ(ﬁ)dﬂ) [03®8T T2 RVR3 (46003 W2, 7! CHIORGFORMY)™ 65 bpm 4. 34
-4.40 (in, 2H) 23%(55%031 45% L 0.22H) 31130 89- 0373(n51H( o - a m,397(s, 3H),
1.18(d, 6H, = 8.0 BPreparation of tert-butyl

1,3-dioxoi50|ndolln 2 y1(2 i sopropoxvet hyl ) carbamate NN Boc 0 [ 003791 A
round bottom flask charged with 2-isgpagpepet hyl nethanesul foliate
10(example 77A, 0.791 g, 4.34 mol)_in agetonltrlle (21.70 nL) was stirred

under an at nosphere of nitrogen. t -Butw

T3-cl i oxoi soi ncl ol i n-2-yl carba (1 13 nnDI) was added al ong

W th potassium carbonate (2.39 benzyl tri et hyl ammoni um
chloride (0.198 g, 0.868 mmmol). TME rEac ture was heated at 50 C 24

h and cooled to rt over the weekend. he reéttlon m Xture was 15dil ut ed

with ethyl acetate and water. The aqueous | ayer was extracted with ethyl
10 N N-dicyclopropyl-6-ethyl-d4-(1-ethyl-5-methyl-1 H-pyrazol-3-ylamino)-1-methyl-

1,6-dihydroimidazo}4,5-d]|pyrrolo[2,3-b|pyridine-7-carboxamide

74A  Preparation of tert-butyl 1,3-dioxoisoindolin-2-yHethylicarbamate

O
Boc
N-N
AV
O

15 [00365] Diisopropyl azodicarboxylate {2.92 mL, 15.00 mmol) was added in one
portion to a solution of tert-butyl 1,3-dioxoisoindolin-2-ylcarbamate (2.62 g, 10
mmol, prepared following the procedure deseribed by Nicolas Brosse et al. in Eur. J.
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 Th (monitored by TLC until completion). Solvent was
cvaporated and the residue was purified by flash chromatography on silica gel using
an automated ISCO system (80 g column, cluting with 5-35% ethyl acetate / hexanes)
to provide tert-butyl 1,3-dioxoisoindolin-2-yl(ethyl)carbamate (2.6 g, 90 % yicld) as a
white solid which was used as it in the next step

25

74B  Preparation of rer-buryl l-ethylhydrazinecarboxylate
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acetate. The conbi ned organics were washed with brine, dried over anhydrous
sodiumsul fate, vacuumfiltered through a plug of silica gel and
concentrated in vacua The crude oil was used w thout additional
purificatiB® 028t 83% yield). [00380] M5 (HI) mz 2RII/ES2000E4ROCCR) 20
[00381] 1H NMR (400 MHz, CHLOROFORMd) as a mixture of rotomers 6 ppm 1K
NVR (400 MHz, CHLOROFORMd) d ppm 7.86 - 7.94 (m 2 H), 7.73 -7.82 (in, 2
H, 3.79 - 3.90 (m 2 H, 3.58 -3.66 (m 2 H, 3.41 -3.55 (m 1 11), 1.31 -
1.56 (m 9 H, 0.87 - 1.05 (in, 6 H 2577BoPreparation of tert-butyl

1- (2-i sopropoxyet hyl ) hydrazi necar boxypatg Boc - 117- WO

2011/ 028864PCT/ US2010/ 047621 1003821To a ‘snl_utl on of tert butyl

1, 3-di oxoi soi n rba 77B, 1.262 g,
3 62 ol i n el kb BRRL ARSI Y S BASTRA g o ) s

t net hyl hydr azi h@yi(l(;ﬁz@@xmnmglola AP (ethyDtayhaniflrécxrple 7#815. mg xf oremwhAd stirred at
0C for 3 . Theukeahbialo T hihGeh hidd SI&LibQ L SARYELAF Whi L ©
precipitate and the filtrate was concentrated in vacua e seni sol i d was
triturated W t bvestighyl Aadet prapifp® med ! wadiltered offi thanigh wast «Gnlent rat ed i n
vacuo. This prefessayas aRARE(, Lz?cucljlljﬂlc,rrgsﬁ(ﬁt %l %&Famg Lt gs'o 142-

i sopropoxyet hyphydr azi necar box 'l ow oi | .
1003831 114 NVRDEadertupppd wigH! htﬁ@r@qw@) g dpiﬁrhqysr%ml@d %h etml 5 H), 1.48
10(s, 9 H), acleﬁtc((gb mf aﬁ'cflbaglﬁuﬁto%?{ lbi%} d&ﬂtﬁfﬂ%@%@kﬁ@gS@ﬁb bdthC solution

Nt V- d| cycl opropyl-6-eth 2-isopro OX}1/ hyl- 1H pyrazol -3
-v laninol -1 - rré’tlhtwn %“%mdmwfhél Weﬁa%ﬁﬁ wyﬁcrrml@ﬁgrgamc layers were

bl pyri di ne-1g- candexan mc 15@@@&8413,0@11@ q@sanp@mq am&n%@%a gdq@pcording to
exanpl e 73 usi ng tart-b 2.7 sopr opoxyet h drazi necar boxyl at e

(exanpl e 77C, &8 ’ﬁﬁb“tﬂ 11‘@’?‘%@{*)“«0?*80 FRftde 8 %Y*0¥)d* colorless oil.

N, N-di cycl 0pr0m367@ éHhWR@o(oIMHzL ZDCEPPIIoPXKYEtNY, 3. I5-(§-metdil, -sz
fl-pyrazol - z ﬁjﬂ ﬁg é,, 2%17_[ d| hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3
-b]pyrldlne7 ar bo JT?I ' -, 48. 7%y|eld) as a white solid.
201003851 M5 (ES F) mfz 505. 4 (M+H) 10038611H. : Ni vIR (400 Mz,
CHLCRG:CRI\/Lg) 6 ppm,7.89 (s, . . . H),, 4.65 (q, 2
1-1 3 Hz), ‘4.2 =78 (t, 2H, 1
= 5.27 Hz), 3. ﬁ@az{odi ylallmnbi) l ﬂmtlﬂchdﬂl1hvcﬁo:ﬂn?daH245dBwﬁ@loFZ 32::]&81(1(:1@1? 2 H, 241
(s, 3H), 1.50 J= 7.03 Hz), 1.09 (d, 6H, ..f = 6.27 Hz), 0.82 -

0. (m4/4)4§%8m}% 0.81 (m 4 H

[00368] A mixturc of (Z)-N,N-dicyclopropyl-6-cthyl- 1 -metlty[-4-( 1-(methylthio)-

3-oxobut-1-enylamino)-1,6-dihydreimidazo[4,5-d]pyrrolo[2,3-bIpyridine-7-

20 carboxamide (example 74B, 70 mg, 0.155 mmol} and rert-butyl 1-
cthylhydrazinccarboxylate (49.6 mg, 0.309 mmol) in acctic acid (1 mL) wan stirred at
35 °C for 4 h (monitored by LC/MS until no starting material feft). Formic acid (1
mL) was added and the reaction mixture stirred at 60 °C for 6 h. The solvent was
cvaporated and the crude product was purificd by flash chromatography on silica gel

25 using an automated ISCO system (12 g column, eluting with 2-10% methanol /
dichforomethane). The material was further purified by preparative HPLC to afford
N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-methyl- 1 H-pyrazol-3-ylamino)-  -methyl-1,6-
dikydroimidazof4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (38 mg, 53.4 % yicld)
as an off-white solid.

30 100369] MS (ESI) m/z 447.3 (M+H).
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Example 78 - 118 - i-OM -NO NN'"1 NNNN

N, N- di cycl opr opy1- 6- et hyl - 4- (142- ( 2- net hoxyet hoxy) et hyl ) - 5- met hyl AH pyr azol
- 3-

yl am no) - 1wfelohy#28%46- di hydr oi m dazo[ 4, 5- (1] pyrr ol 012, 3CHUBYM /76~ 7- car box
am de 78APreparation of ter/-butyl 1 3-dioxoisoindolin-2-yl1(2-(2-

nmet hoxyet hoxy) et hyl ) car bamat e rOMe -N, Boc [003871 The conpound was
prepared according to Exanple 778 using 1-brono-2- (2-nethoxyethoxy)ethane
(0.259 m., 1. QQﬁBmwnlﬂiNeﬁpﬁﬁwwﬁE ERCl)>DBOY (s, UN37.61 (s, 1E), 6.93 (s, 1H),

SO oL o N0 i e F T NG DR FLAY AL HPRTRLE O, 3PS 0. 84%

yield) as a palée
2.85(m, 2H), 2.34 (s, 3H), 1.49 (t, J = 7.1 Hz, 3H), 1.41 (¢, ] = 7.2 Hz, 3H), 0.82 -
0.87 (m, 4H), 0.72 - 0.78 (m, 4H).

5
Example 75
</N
” m
M p—
4-(1-(2-cyaneethyl)-5-methyl-1 H-pyrazel-3-ylamino)-N, N-dicyclopropyl-6-ethyl-
1-methyl-1,6-dihydroimidazoi4,5-d]pyrrelo[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 (ESD m/z 472.2 (M+H).
[00373] 'H NMR (400 MHz, CDCL3) &: 8.05 (s, 1H), 7.64 (s, 1H), 6.99 (s, [H),

15  06.85(s, 1H), 4.65 (q, ] = 7.0 Hz, 2H), 4.25 (t, ] = 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, J = 7.2 Hz, 3H), 0.82 - 0.88
(m, 4H), 0.72 - 0.80 (m, 4H).

Example 76

20
j> N7 [,/O#
D,. 3 ; = N N'N
2/
0 NTW N
N

N,N-dicyclopropyl-6-ethyl-4-(1-(2-methoxyethyl)-5-methyi-1/-pyrazol-3-
ylamine)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

carboxamide
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[003881 M5 (ESI) mz 265.2 (M CAHOCO2) [003891 | H NWR (400 MHz,
CHLOROFORM d) as a mixture of rotoners 6 ppin 7.85 - 7.94 (m 2 Ft),
7.73 -7.82 (m 2 H, 3.83-3.93 (m 2 H, 3.67 - 3.74 On, 2 El'), 153.48 -
3.59 (m 2WPEpi1/628880 - 3.43 (m 2 H), 3.16 - 3.28 (m BETHS201002921 1.55 (m
9 1-1) 788 Preparation of ter/-butyl

1- (2- (2- et hoxvet hoxy) et hyphydr azi necar boxyl ate rone H, N-N. Boc

[ 003901 The conpound was prepared according to exanple 77C using tert-butyl
201, 3- di oxoi soi ndol i n-2-y1(2-(2-tnethoxyet hoxy) et hyl)carbarnate (0.583 g,
1.600 mmol ) t Vi - . .

1-(2-(2- et hox;f})e?mxy }Stuﬂ?/ %“H’?HT‘%‘LZ‘?R‘“B‘““ i |dé1%°é“°? Si?a}logat,]‘\ ‘381%}6“% QI d) as a
yel l ow oi |l . [00GSMdcxiipNVR (400 MHz, CHLCRCFCRM d 6 ppm3.51 -3.70 (m 8
H, 3.39 (s, 3(1@75[1 ﬂgiésqmgﬁl}z?vﬁ%ﬁeparatlon of N

N—cllcyclopropyl é

nethoxyethoﬁy)éwﬁyﬂ) ﬁﬂﬁﬁﬁhymlﬂmﬂﬁ@K&ibwiQJyHHhﬂﬁéfaﬂﬁhéﬂﬁylH@,6-

di hyt hoi ni dazof g S\ 1Lgiy rplm; ?-12-31149'4 Il @'I—%% Hy;, S, 9%@"3@63 7{993921 Thi s

conpound was prepare accord exanpl’ e using tert

(2-(2- et hoxyefﬁéﬂﬁ)@t‘)h%f%‘ytﬁaz?l ??e@aiiéﬁ@x%hﬂa%é%e%anﬁﬂ‘)ét 78B;! fﬁzafilz) ng, 0.184

nmol ) to provige. 089(m 4H), 0.71 - 0.80 (i, 4H),

N, N- di cyclopropyl- 6- et hyl- 4-(1-(2- (2- met hoxyet hoxy) et hyl) - 5-

met hyl - 1/ 1- pyrazol - 3-yl at ni no) - 1- net hyl - 1, 6- di hyt hoi m dazo[ 4, 5-di pyrrol of 2,
3- b] pyridiipe- 7- car boxam de (17.34 nggm%q,%w' eld) as a white solid. 1003931
M5 (EST) in/z 521.4 (M+H) 151003941 1H NM R (400 MHz, CHLOROFORMId) 6 ppm
7.85 (br s, 1 FIT 6.91 (s, 1 Fl1), 6.87 (s 1H), (g, 2 H J=7.03 Hz),
4.20 (t, 2F1"1 5.27 Hz), 4.05 (s,

. , , ):Sl—l)y\s—\87(HHJ—565Hz)353

-3.59 (m 2H), 3.50 (ddd, 21- §1N 76 Hz), 2.77 -2.87 (n, 2
14) , 2.38(s 3H), 1.50 (t, 3 /7;)3 Hz)% §.82- 0.91 (m 4 H), 0.71
-0.79 (m 4 H 20 Exanple 79\N—b/I\IN N7 N

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
5

77A  Preparation of 2-isopropoxvethyl methanesuifonate

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. Tricthylamine
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 b, The reaction mixture was quenched with saturated
aqueous ammonium chloride and transferred to a separatory funnel. The agucous
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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0 Preparation of

N, N4l i cycl opropyl-6-ethyl -t-nethyl -4-(5- nethyl-l-propyl-t/i25pyrazo|-3-y|am
ino)-1,6-tli hydroi m dazo[ 4, 5-dl pyrrolo[2,3-b I pyridin e-7- earboxanlde
79APr epar atY @M 1892886r t - but yl 1- propvlhydrazi necar boxyl éfF@/USZ"i%”@‘ r-

H2Boc 1003951To a sol ution of propyl hydrazine, oxalic acid salt (0.5 g,
3.05 mmol) in ethanol (3 nL) in a round bottom flask under nitrogen was
added triethylam nc (0.425 nL, 3.05 nmol). The reaction m xture was cool ed
to 0 'V and BO@%ON®0m¢1y5m_thar@%ﬂ§ﬂ%tq{tl BOWYs igildglo velgaion 2ad ignol (1 nl) was

added dropw sc ig}ﬁ%dtg@ u(gdr;n mg’lﬂ&t [ng%l on mxture was allowed to warmto
roomterrperature hanol was renbved by concentration in rrew The

resi due was t ake$78ip itH Nkéfﬁé‘iﬂoé’ﬁé? eHRYROELBMaDE. Ppmh‘é4aq1fEHUS7ﬁ{la§/ &f wa
extracted w th _efhyl, m)eﬁaéea(s?om (HLhe7qenhh nad (@saant g5 were dri ed over
anhydrous sodi um sul f at’e, [tered and concentrated in 10meno. The crude
product was used as such |n the next reaction. [003961NVR (400 IVHz,
CHLOROFORM d) 6 ppmyis 3@y 'éti&ﬁ)f@(ﬂlbt 11]3)(}10‘{13&519&(“@@,- i3-H J=14.40, 7.33
Hz), 1.48 (s, 9 H), 0.8 ) Hz) 79Preparation of Al.

W di cycl opr opy Ligrogesyothyhqarbamatay | - 4. (5 net hyl - 1- prorwl -

151H pvrazol - 3-vl am n0) - 1, 6-di hydr oi m dazor4 5-dl pyrrol 012

3-bl ovri di ne-7- car boxam de [ 003971 Thi s conp was prepared according to
exanple 74 using tert-butyl 1- propylh razrifﬁecar boxyl ate (exanpl e 79A,
19.87 ng, 0.114 mml) to provide NN

AT, Ndi cycl opropyl- 6- et hyl - 1- net hyl - met®Hfl - | - propy1- 11- 1- pyrazol - 3-yl am

i no)- L6- dihydroimdazo[4,5-cl]pyrrol o[@, 3-b] pyri di ne-7-car boxam' de (15.6

o i !

PR S R IS AU

El), 6.86 (® chai)nplc‘t’?’ﬁa) 199,g, 23HnmdE infacdtdnititd (2140 BB) ¢ &, stlﬁcd_x)n,dm&nQS (t, 2=

7.15 H), atmosphere of nitrogen. fert-Butyl 1,3-dioxoisoindolin-2-ylcarbamate (1.138 g, 4.34
mmol) was added along with potassium carbonate (2.399 g, 17.36 mmol) and
benzyltriethylammonium chloride (0.198 g, 0.868 mmol). The reaction mixturc 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
vacno. The crude oil was used without additional purification (1.26 g, 83% yicld).
[00380] MS (ESI) m/z 249.2 (M-Cy4HsCOs)

20 [00381] 1H NMR (400 MHz, CHLOROFORM-d) as a mixture of rotomers & ppm
[H NMR (400 MHz, CHLOROFORM-d) d ppm 7.86 - 7.94 (m, 2 H), 7.73 - 7.82 (m,
2 H), 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 rert-butyl 1-(Z-isopropoxvethybhydrazinecarboxylate

I

HoNN,

Boc

- 117 -



2.78 - 2.87 (m 2 H, 2.34 (s, 3 H, 1.87 (dq, 3 1-1,./=14.49, 7.30 Hz),
1.50 (t, 3 H J= 257.15 Hz), 0.96 (t, 3 H J = 7 40 Hz), 0.83 -0.89 (m 4
H, 0.72 - 0.79 (m 4 El) Exanple 80 F N 141 NN

NA- di cycl oyPapy28884 - (2, 2-di f | uor oet hy0- 5- nethyl1F+pyr%ﬁﬁﬂﬂﬂ"3myMEM1no) 6-
ethyll ethyl-1,6-d ihyd rohnidazo [4,5-dlpyrrolo[2,3-b 1pyridin e-7-carboxa
m de 580APreparation of tert-butyl 2 2-difluoroethyl (1, 3-di oxoi soi ndol i n-2-
vl)carbarnate 0O .Boc NN-N F O [004001 The title conpound was prepared using
a met hod anal of¥38&? it ola dratutiiseddert-betyridpdiveiseindeiptZey(27A 10 80BPrepar ati on of
tert-butyl 1-( %oﬁomxﬁét]%@;ﬁﬁ h%'tc)(t%q{pﬁzﬁﬂ C%I'ZQO-}( j tﬁFn@l) 1:1@&1{(1“%{:: a[\ 004011 The

title conpound was prepared using anal ogous used to
prepare exanpl 447gil) at 0 °C was blOle dddud muhyihydrdzmc (O 89 mL, 5.43 mmol). The

reaction mixture was stireed at 0 °C for 3 h. The reaction mixture was filtered to
5 remove the white precipitate and the filtrate was concentrated in vacuo. The
sernisolid was triturated with ethyl acetate (2 x) and the triturant was concentrated /n
vacuo. This process was repeated to ultimately provide ter-butyl 1-(2-
1sopropoxyethyhhydrazinecarboxylate ((.665 g, 84% yield) as a yellow oil.
[00383] |H NMR (400 MHz, CHLOROFORM-d} 8 ppm 3.52 - 3.65 (m, § H), 1.48
10 (s, 9H), 1.15(d, 6 11, J=6.27 Hz)

77 Preparation of N V-dicyclopropyl-6-ethyl-4-( 1 -(2-isopropoxyethyl)-5-

methyl-1H-pyrazol-3-ylamino)--methvl-1,6-dihvdroimidazo[4,5-dIpyrroto[2.3-

blpvridine-7-carboxamide

15 108384] This compound way prepared according to example 73 using rert-butyt 1-
(2-isopropoxyethyDhydrazinecarboxylate (example 77C, 29.8 mg, 0.137 mmol) to
provide N N-dicyclopropyl-6-cthyl-d-(1-(2-isopropoxyethyD-5-methyl- [ H-pyrazot-3-
ylamino)-I-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-blpyridine-7-carboxamide
(16.72 mg, 48.7% yicld) as a white solid,

20 100385] MS (EST) m/z 505.4 (M+H)
[00386] |H NMR (400 MHz, CHLOROFORM-d) 8 ppm 7.89 (s, [ H), 6.99 (s, 1
M), 6.88 (s, LH), 4.65 (q, 2 ¥, /= 7.03 Hz), 4.22 (t, 2H, J = 5.27 Hz), 4.06 (s, 3 H),
378 (4, 2H, S=527 Hz), 3.52 (dt, 1H,./=12.11, 6.12 Hz), 2.79 - 2.88 (m, 2 H), 2.41
{s,3H), 1.50 (¢, 3 H,/=7.03 Hz), 1.09 (d, 6H, ./ =6.27 Hz), 0.82 - 0.91 (m, 4 H),

25 0.71-0.81{m, 4 H)

Example 78
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151004021 1H NWR (400 MHz, CHLOROFORMd) 8: 5.94 (t J = 56.3, 4.4 Hz,
11-1), 3.74 (td, J = 13.8, 4.4 Hz, 2I-1), 1.48 (s, 911) 80OPreparation of
AT, N-di cycl opropyl-4-(1-(2,2-di fl uoroethyl)-5-nethyl -

1/ 1- pyr azoMW @200 1/82884640) - 6- et hy1- 1- met hyl - 1, 6- di hydr oi ni #&Z3B21%5099%yr r ol or 2,
3- 20bl pyri di ne-7-carboxam de [004031 The title conpound was prepared
using a nethod anal ogous to that used to prepare exanple 73 1004041 NS
(ESI) mz 483.3 (MrH). WD 20111028864PCT/ US2010/ 047621 [ 004051' H NVR 500

MHz, (CHLOROFORM-d) 6: 8 17 (br. s., 111), 7.66 (s—~Q¥), 7.01 (s, 1H), 6.85
(s, IFl'), 6.05 (tt, J =56.0, 4.4 Hz, H, 4.6%H¢q, J =6.9 H, 2H), 4.30
(td, J = 13.2, 4.3 Hz, 2H), 3.99 s, 3N 27%—1 2.86 (m 2H), 2.36 (s,
3H), 1.49 (t, J = 7.1 Hz, 3H»N. = ([\qmm—l) 0.72 - 0.79 (m 4H).
Exanpl e 81 B

4- (1-cycl obut y1-5-net hyl - 1H pyr@zo IN3 Tyl alitr no) NA- di eyel opr opyl - 6- et hyl -
10met hyl - 1, 6-di kydr oi m dazo[ 4, 5- tl’r/pyrrol 012, 3- bl pyri di ne-7- ear boxam de
81APr epar ati on t r it

[ 004061 [0040619%51%@0[‘){ @”Yl‘ "g"d ﬁ b(g '%‘thm;‘gétg‘é‘!y@% ab%y,gla{]ﬁ ﬁ(r)lg%lgdur e
descri bed by Soyidbi@k)-Parxthyet, 6dil\y€lrmmazc{13€)ﬁ‘ki]py0w®ﬁ 3-blpyr 13&13-7322830@0@9
81Preparation of 4-( | -cyclobutyl-5-nethyl-1H pyrazol-3-ylam no)- N\

di cycl opropyl-6-ethyl-1-nmethy |-i hyd r oi mdazof_ 4 5-61pyrrolor2

3-bi pyridine>7- caftbxdgpdeationy 2 pidindodigddnd was prepar ed

usi ng a net hod anAl0gQNS 10 u}gm‘{maltgsed to prepare exanple 73. [004081 M5
(ESI) mz 473. 4‘(‘NFF!FT8618§HH’NIVR (500 MHz, CHLORCFORM-d) 8: 8.05 (s,

IFI), 6.91 (s, 111), OMe
QO /__/OI
Boc
O

[00387] The compound was prepared according to Example 778 using 1-bromo-2-
(2-methoxyethoxy)ethane (0.259 mL., 1.906 mmol) to provide tert-butyl |,3-
10 dioxoisoindolin-2-yl(2-(2-methoxycthoxy)ethybcarbamate (0.583 g, 84 % yield) as a
pale yellow oil.
[00388] MS (ESI) m/z 265.2 (M-CyHsCO2)
[00389] IH NMR (400 MHz, CHLOROFORM-d} as a mixture of rotomers & 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, 2 H),3.30-3.43 (m,2 H),3.16-3.28 (m, 3 H), 1.29 - 1.55 (m, 9 H)

T8B  Preparation of tert-butyl 1-(2-(2-ethoxvethoxy)ethyDhvdrazinecarboxylate

OIOMC
f.J

H.N-N,

Boc
[00390] The compound was preparcd according to example 77C using terz-butyl

20 1,3-dioxoisoindolin-2-yl(2-(2-methoxyethoxy)ethylcarbamate (0.583 g, 1.600 mmol)
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6.79 (s, 1H, 4.68 (quin, J = 8.4 Hz, | H)
(s, 3H, 2.80 - 252.87 (m 2H), 2.69 - 2.7 2.37 - 2.47 (m 2H),
2.32 (s, 31-1), 1.78- 1.98 (m 2H), 1. 47( , J =7.1 H, 3H), 0.82 -0.91
On, 41-0, BORLL2EKSEO (m 4H). N-\\ - 123 - Exanpl e FLIUS2M0N47621, | 4} - -
iNNN\H

N, N- di cycl opr opyl-6-et hyl-4-(1-(1-nmethoxypropan-2-yl)-5-nethyl-1H pyrazol -3
- ylamino)-1-nethyl-1, 6-di hydro itnidazo [4,5-d) pyrrolo [2, 3-b]

pyri di ne-7- 5cé&risoxdredbutf 004 1D rPhepathed aky s eritickrakbxiyte ékaapl0@s 77.

[ 004111M5 (ESI 1004121 1H NWVR (400 MHz, CHLOROFORM d)5 ppm
8.18 (M s 3”Cifd%“zlf”%%Wég/rF 101 El) 6.93 (s, | H 6.85 (s, | El) 4,66 (q,
J=7.04 Hz, Hj003,9129 LH Mmswwﬂaﬂr@@p%%i%g)b:@@ﬂ . 7PAmg H),3.38) 4. 00 (s,
3 H 3.55 - 37&§H)1213H)93[)29(s 3 H 232 -2.92 (m 2 H 2.36 (s, 3 H
1.49 ((, J=7.04 Hz, 46 (d, J=6.82 Hz, 2 H 0.68 - 0.93 (m 8 H. 15
Exanpl e 83 SN

, 4.61 (q, J = 7.1 Hz, 2H), 4.07
9 ( :
t

78 Preparation of &, N-dicyclopropyl-6-cthyl-4-(1-(2+(2-

methoxyvethoxylethyD-5-methvl- | H-pyr

dihvdroimidazo[4,5-d1pvrrolo[2.3-blpyridine-7-carboxamide

[00392]  This compound was prepared according to example 74 using tert-butyl 1-
10 (2-(2-methoxyethoxy)ethybhhydrazinecarboxylate (cxample 788, 43.2 mg, 0.184
mmol) to provide N, N-dicyclopropyl-6-cthyl-4-( -(2-(2-methoxyethoxy)ethyl)-5-
methyl-1H-pyrazol-3-ylamino)- I -methyl- 1,6-dikydroimidazo[4,5-d]pyrrotof2,3-
blpyridine-7-carboxamide (17.34 mg, 36% yicld) as a white solid.
[00393] MS (EST) m/z 521.4 (M+H)
15 {06394} 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.85 (brs, 1 H), 6.91 (s,
1), 6.87 (s, 1), 4.65(q, 2 H, J=7.03 Hz), 4.20 (t, 2H, J= 5.27 Hz), 4.05 (s, 3 1),
387 (1, 2H, J = 5.65 Hz), 3.53 - 3.59 (m, 2H), 3.50 (ddd, 2H, /= 540, 2.89, 2.76
Hz), 2,77 -2.87 (m, 2 H), 2.38 (5, 3H), .50 (t, 3H, ./=7.03 Hz), 0.82 - 0.91 (m, 4
H), 0.71 - 0.79 (m, 4 H)

20
Example 79
AN
P N f’/
D"N Vi = N NN
‘ . l'/
O N° N N
A H
Preparation of ¥, N-dicyclopropyl-6-ethyl-t-methyl-4-(5-methyl-1-propyl-1 -
25 pyrazel-3-ylamino)-1,6-dihydroimidazo[4,5-d|pyrrolo[2,3-b]pyridine-7-

carboxamide

79A  Preparation of fert-butyl [-propylhydrazinecarboxvlate




NN O NNN

2§)N, N- di cycl opropyl-6-et hyl-1-nethyl-4-(5-nethyl-1-(tetrahydro-2H pyran-4-y

1) -

1H- pyr azol Y@ JU1uMs#d) - 1, 6- di hydr oi mi dazo[ 4, 5- di pyrr ol ofPETASHIHPAI ne- 7-

car boxam de 1004131Prepared using simlar procedure as for exanple 77. -

124 - WD 2011/ 028864PCT/ US2010/ 047621 [004141M5 (ESI) mz 503 (M E-H).

10041511 H NWR (500 MHz, CHLOROFORMd) 6 ppm 8.12 (s, 1 14) 7.64 (s, 1 F-)

6.95 (s, 1 14) 6.86 (s, 1 H 4.66 (q, J=7.21/Hz, 2 FI) 4.09 - 4.23 (m 3

FI) 4.01 (s, 3 FE) 3.55 (td, .1=12.00, 1.80 Hz, 2 FO2.73 -2.89 (m 2 H)

2.37 (s, 3 Ft) 2.25 -2.36 (m 2 5H) 1.%344’8‘{%39, J=12.76, 2.22 Hz, 2 H 1.50

(t, J=7.07 Hz, 3 14) 0.71 -0.92 (m 8 H). anple 84 7.5 >-NN 2/ 0 NN H

NA- Idi eyel ;)pr opybe3ds( 176 B-slhtidiet hiyphdhfdraiet dylic)zchlsaietiyd, 3.DHopyhazol - 3-

10yl am no) - 6- et hyl - 1- hyl -1, 6-di hydr oi m dazo[ 4, 54 rral ol2, 3-bl pyridine

-7- earboxami deCQ%bﬁiﬁgﬁh‘éﬁ%fP%g“‘?Pé? %‘6& g‘i“@ 'I“zi?g%rW(‘)’?:de(éllJJr)%'“qul oF examg%/e 77.
(0.425 mL, 3.05 mmol). The reaction mixture was cooled to 0 °C and BOC,0 (0.707

5  mL, 3.05 mmol) dissolved in ethanol (1 mL) was added dropwise over 10 min. The
reaction mixture was allowed to warm to room temperature for £6h, Ethanol was
removed by concentration in vacuo. The residuc was taken up in water and cthyl
acetate. The aqueous layer was extracted with ethyl acctate (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
(dg, 3 H, J=14.40,7.33 Hz), 1.48 (s, 9 H), 0.88 (1, 3 H, J=7.40 Hz)

79 Preparation of MN-dicyclopropyl-6-ethyl- [-methyl-4-(5-methvi-1-propyl-
rrolo[2,3-b

15 yyrazol-3-ylamino)-1.6-dihvdroimidazof4.5-d]g ridine-7-carboxamide

{00397}  This compound was prepared according to cxample 74 using tert-butyl 1-

propythydrazinecarboxylate (example 79A, 19.87 mg, 0.114 mmol) to provide N V-

dicyclopropyl-6-ethyl- [ -methyl-4-(5-methyl-1-propy|- 1 H-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) & ppm 7.74 (brs, 1 H), 6.92 (s,

1 H), 6.86 (s, | H),4.66(q, 2H, /=711 Hz), 4.03 (s, 3 H), 3.95 (1, 2H, /= 7.15 Hz),

2.78-2.87(m, 2 H),2.34 (s, 3 H), 1.87 (dq, 3 H, /= 14.49, 730 Hz), .50 (t, 3 H, /=
25 T.15Hz),096(t, 3 H, /=740 Hz), 0.83 - 0.89 (m, 4 H), 0.72 - 0.79 (m, 4 H)

Example 80



1004171 Ms (ES1) tn/z 490 (M+H). 151004181 IH NWR (500 MHz, CHLOROFORM d) 6
ppm8.08 (s, 1 H 7.64 (s, 1 H 6.96 (s, 1 H 6.86 (s, 1 14)4.65 (g, J=7.21
Hz, 2 H 4.24 (ft s., 2 14) 4.01 (s, 3 14)3.01 -3.22 (m 2 H 2.70 - 2.89
(m 2 H ZWQGG’(IE?SS(‘ , 6 H 2.37 (s, 3 11) 1.49 (1, JFCIQR2HL0478211-1) 0.71
-0.91 (m 8 H. 20Exarrp|e 85 OH N -NN N--""N;-"NH- 125-

N, N- di eyel opr opyl- 6-et hyl -4-(1-(2-hydroxyet hyl)-5-net hyl -111/-pyrazol - 3-

yl am no) - 1- et hyl - 1, 6- di hydr oi m dazo[ 4, 5- 411pyrro|o[2 3-b[ pyri di ne-7-

ear boxam de 51004191Pr epared usi %m mN procedgure as for exanple 77.
1004201 Ms (ES1) mfz 463 (MFHE & ﬂr?‘ O MHz, MeOD) 6 ppm 7.93
(s, I H 7.16 (s, | H 6.88 ( q\!'/N 1Hz 2 H 4.09 (t,
1=5.55 Hz, 2 H 4.05 (s, 3H)3 NER N 288-300(m2
1-1) 2.37 (s, 3 1-1) 1.43 (t,./- 07\Hz 3uH 0. 62 - 0 98 (m 8 H). 10
Exanpl e 86
N N- di eyel opr opy,b-dicycloptedry-iNRE2bTRTHARY-EnRUBEL YN da-8=-11Rhikby-d-1/ - pyr azol -

yI ani no) - 6- et hy st bA-dgudreidpenldr-dipy ke B3-BIpgying spesamidpy r i di ne- 7-

15ear boxam de

5 80A  Preparation of tert-butyl 2.2-difluorpethyi(1,3-dioxoisoindolin-2-
ylcarbamate
8]
Boc
N-N F
Q F

[00400]  The title compound was prepared using a method analogous to that used to
prepare example 77A
10
808  Preparation of tert-butyl 1-(2,2-difluorccthyDhvdrazinecarboxylate

Boce
HoN-N F

F
[0040t] The title compound was prepared using a method analogous to that used to
prepare example 77B.
15 [06402] 'H NMR (400 MHz, CHLOROFORM-d) 8: 5.94 (it, ] = 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-difluorocthvD-5-methyl-

FH-pyrazol-3-vlamino}-6-ethyl-1-methyl-1.6-dihvdroimidaze{4 5-dlpvirolo[2,3-

20 blpvridine-7-carboxamide

[00403]  The title compound was prepared using a method analogous to that used to
prepare example 73.

[60404] MS (ESI) m/z 483.3 (M+H).



[ 00422] Prepared using simlar procedure as for exanple 77. [00423] MsS (ES1)
mz 504 (MtH), [00424] NMR (500 MHz, MeOD) 6 ppm 7.93 (s, | H) 7.16(s, | H
6.99 (s, 1 20H) 4.97 (s, 2 H 4.61 (q, 1=6.94 Hz, 2 H 4.05 (s, 3 H 3.15
(s, 3 H 2VaB0agm88+H) 2.79 -2.97 (m 2 H 2.29 (s, 3 IﬂljfotUS%’AW‘(%mi 7.07 Hz,
3 H 0.72- 091 (m 8 H). Exanple 87 25 - 126 -

4-(1- (eyanomet hyO- 5- met hyl - 1H pyr azol - 3-yl am no) - N, N-di cycl opropyl-6-etliyl
- 1-methyl-1, 6-di hydr0| m dazo[ 4, 5- 01pyrrol o[ 2, 3- bl pyri di ne-7- car boxam de

[ 004251Pr epar ed0483Ing '1$ NMR 00 Mz (SR ROERR ¥iah Sl &, ). 7-€1004061 M5
(ESE) mz 458 ( 7 0 M ppm8 17
(o) 1T e 72’1#"0 ﬁ%%%f\ojr %%sMVRLSM @4%{-{)%3@@@5%% LQ P e
1=7.04 Hz, 2 H)43@(@11f§°33w)z QH)7699 Qs,w M QB(H)H 243,36 &, 31, Hf¥ 4. 50
0,./=7.04 Hz, %Wlﬁz@ﬁm@l%xéfﬂu Ap7 WoBranphe 88

N, N-d| cycl opropyl-6-eth met hoxypr opy1)™- 5- et hyl - | H pyr azol - 3-

yl ami no) - 1- et hyl - 1, 6-di t t ydroi m dat o[ 4, 5- (11pyrrol 012, 3- 14pyri di ne- 7-

car boxam de 15 1004281Pr epared using E%M’Hk%’i procedure as for exanple 77.
1004291 Ms (ESL) miz 491 (M+H). [004301 1H NMR (400 MHz, CHLOROFORMId) TM
ppm 8.11 (s, 1 H) 7.62 (s, | F1) 6}}2 (s 14) 78 -6.89 (m 1 14) 4.66

(gq"./=7.04 Hz, 2 H 4.06 O, 1‘?»_91

0]

§ \. NN
P W
N ];[;/K)\

/‘2\

4-(1-cyclobutyl-S-methyl-1H-pyrazol-3-ylaminoe)-V.N-dicyclopropyl-6-ethyl-1-

10 methyl-1,6-dihydreimidazo|4,5-d|pyrrolo]2,3-b]pyridine-7-carboxamide

81A  Preparation of tere-butyl 1-cyelobutylhydrazingcarboxylate
Boc
D/ N NH-
[00406] The title compound was prepared following the procedure described by So
15 Ok Parketal inJ Comb. Chem, 11, 315-326, 2009

81 Preparation of 4-(1-cyclobutyl-5-methyl-1 H-pyrazol-3-viamine}-¥, V-

dicyclopropyl-6-ethyl-i -methyl-1,6-dihydroimidazo[4.5-d]pyrrotol2, 3-blpyridine-7-

carboxamide
20 |06407] 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, LED), 4.68 (quin, J = 8.4 Hz, [H), 4.61 (q, J =7.1 Hz, 2H), 4.07 (s, 3H), 2.80 -
25 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,
2HY, 1.47 (t, 1= 7.1 Hz, 3H), 0.82 - 0.91 {1, 4H), 0.72 - 0.80 (m, 4H).



203.98 (s, 3 H 3.29 - 3.39 (m 4H 2.75- 2912 (m 2 H 2.34 (s, 3 H
2.08 (dg, J=6.38, 6.16 Hz, 2 H 1.50 0"./=7.04 Hz, 3 H 0.70 -0.94 (m 8
H . Exanple 89 N - 127- N, N-dicyclop

ropyl- 6- et W204028864 sopr opyl - 5- met hyl - 111- pyr azol - 3- y| REGHY$EY L0/047621

met hyl- 1, 6-di hydrohn bl aze [4,5-dl py rrolo [2,3-bl pyridine-7-carboxam de

[ 00431] Prepared using simlar procedure as for exanple 77. 5[004321M5 (ESL)
rniz 461 (MFH). 1004331 1H NWR (400 MHz, CHLOROFORMd)8 ppm 8.15 (s, | H)
7.62 (s, 1 H 6.91 (s, | H 6.85 (s,Edanifjed® 66 (q, 3=7.19 Hz, 2 H) 4.25
-4.48 (m | H) 3.99 (s, 3 H) 2.;%_02.90 (m 3=7.43, 7.13, 3.85, 3.47 Hz, 2
H 2.34 (s, 3 H 1.38- 1.58 (m 0.%8 - O. (m 8 H. 10 Exanple 90
N-N N N N, N-di cycl opropyl- 6- Bp-hyl- 4, i.sobu t&1-5-net hyl - |

H pyr azol - 3-yl ani no) - 1- A o

met hy1- 1, 6-di kydr oi mi dazo[ 4, 5- dopyr N6D o2, 3< b¥pyr i di ne- 7- car boxani de 15

[ 004341Prepared using simlar procedqure adifor exanple 77. [00435] Ms (ES
) mz 475 (MtH). 1004361 1H NWR (400 MHz, CHLOROFORMd) 6 ppm 8.11 (s, 1
H 7.62 (s, 1 WN@gicggofrgpylH-dtyl-8-(85l-hsthodyprpas-268)-F-qrethy EVH-Qaraan;3-2 H) 3. 99
(s, 3 H 3.74 (A 375dn4E 1%, v 2 LA e ; .2.-33 (s, 3 H)
2.18 - 2.29 (m 1"’Eﬁ')l'?“ﬁg'é%ll"li?:‘é%@" f‘”@“ﬁ)‘ﬁpﬁ%l&% e

carboxamide

[00410] Prepared as described in example 77.

[00481]  MS (ESD) m/z 491 (M+H).

(00412} 1H NMR (400 MHz, CHLOROFORM-/} 8 ppm 8.18 (br. &, 1 H) 7.63 (s,
10 1H)Y6.93 (s, 1 H) 6.85 (s, | H) 4.66 (q, /=7.04 Hz, 2 H) 4.29 - 4.48 (m, J=13.31,

6.82,6.82,6.71 Hz, F H) 4.00 (5,3 H)3.55-3.79 (m, 2 H)3.29 (s, 3 H)2.72 - 2.92

(m, 21H)2.36 (s, 3 H) 1.49 (t, /=7.04 Hz, 3 H) 1.46 (d, /=6.82 Fz,2 H) 0.68 - 0.93

{m, 8 H).

15

Example 83
O
N
)> N—q

| i
FAAE NN /[\/)\
N H
20 N, N-dicyclopropyt-6-ethyl-1-methyl-4-(5-methyl-1-(tetrahydro-2 H-pyran-d-yl)-
LH-pyrazol-3-ylamino)-1,6-dihydroimidaze[4,5-d|pyrrolo{2,3-b|pyridine-7-

carboxamide
[00413]  Prepared using similar procedure as for example 77.

-124 -



0.94 (d, ,J=6.60 Hz, 6 11) 0.72 -0.88 (m 8 H). Exanmple 91

N NNH " 25 Preparation of

N'M Iicycl opropyl-6-ethyl-1-nmethyl -4-(5-nethyl-1H pyrazol - 3-

yl ami no) - 118> Wil H2886ei mi dazo[ 4, 5-dlpyrrol o[ 2, 34) 1pyri di RETVPSWAYHERANi de -
128- WD 2011/ 028864PCT/ US2010/ 047621 1004371Prepared using simlar
protocol as for exanple 72 from hydrazine. 1004381 M5 (ES!') mz 419.3 (MH)
1004391 Iif NWR (400 MHz, CHLOROFORMd) 6 ppm 8.70 (br s, 1 F1), 7.91 (Ix
5s, 1 1d), 6.87004a4] 1MI)(ESBr@AS03HM+E). F1), 4.64 (q, 2 H J= 7.03 Hz), 4.08

0781 -0, 65 (m W5l 4y iy G fRopdhlly skl 130 78 T 10077
N, N- di eyel opr orfy)ﬂﬁ—lét)lﬁyiﬁ{il lhléﬂlﬁ?[% 4=708-Hrel Ay #.09 - ¢ 22 (metth 08 (i § Oy pet hyl ) - 1
H PYyrazol - %85’%14@0)—130@ 1%2&0'59 ﬁ"}ﬁazzﬁl)'(ﬂm §Iﬁb@yw9h%é’s 3% @ysi dine-7-

ear boxam de 15 O1Prepared Using dure as used for exanple
77. 1004411 5VB P()E§'4)(dfwff12 82622317, R/IHH)! ‘SQOOEZMI'H NN/F@UCMC)‘)“ 8Hppm 8. 25 (Ix
s, [El), 7.75 (s, 1El), 6.86 (s, 11-0, 6.77

Example 84

N, N-dicyclopropyl-4-(1-(2-(dimethylamino)ethyl)-5-methyl-1f-pyrazol-3-
10 ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrole{2,3-b]pyridine-7-

carboxamide

[00416] Prepared using similar procedure as for cxample 77.
[00417]  MS (ESD) mn/z 490 (M+H).

15 [00418] 1H NMR (500 MHz, CHLOROFORM-d) & ppm 8.08 (s, | H) 7.64 (s, 1 H)
6.96 (s, 1 H) 6.86 (s, | H) 4.65 (q, /=7.21 Hz, 2 H)4.24 (br.s., 2 H) 4.01 (s, 3 H) 3.01
-322(m, 2 H)Y2.70 - 2.89 (m, 2 H) 2.50 (br. s., 6 H) 2.37 (s, 3 H) 1.49 {t, /=7.07 Hz,
3H)YO0.71-0.91 (m, 8 H).

20 Example 85



(s, 1H), 4.54 (q, 2H, J = 8 Hz), 4.36 (t, 21-1, J = 8 Hz), 3.97 (s, 31-1),
3.58 (t, 211, J = 8 Liz), 2.71-2.77 (m 211), 2.44 (s, 3El), 2.34 (s,
31-1), 1.41 (t, 31-1, J = 8 Hz), 0.75-0.78 20(m 411), 0.67-0.71 (m 41-1).
Exanpl e O3WONOTINEASSi 0 N N ..o, " oo, "N Ol - - [POU/USABN476129-

N, N-di cycl opr opy1- 6- et hyl -
| -3- yOam no) - 1-net hyl -1,

44(1 (els 4- hydr oxycycl ohexyl ) -5-nmet hyl -1t hpyrazo
6- di hydr oi m dazo[ 4, 5-dl pyrrol o[ 2, 3-b[ pyri di ne-7-

ear boxam de 5[00443]Prepared usi ng the sane procedure as used for exanple
77. [00444] Ms (ESIY)di'rchmp@Wl—Methl(l)(Z 1POH 4 YBFS-INMRYICEDEM33 016 - ppm 8. 14 (br

s, 1H), 7.56 (s,

4 01-4.02 (m IN) W%i’ ok '%t@” & 3%"%8‘“5‘%&“ "”"ﬂ%’“”é .. EH"H'Z( m 2F1),

2.28 (s, 3H), 2. 25233(m 21 1),

ag@xam@es (m 2H),

8 Hz),

1.59-1.73 (in, 104H),

1.42 0,31-1, J =8 Hz), 0.73-0.78 (n, 41-1), 0.66-0.70 (n), 4H). Exanple 94
N--\\al sg [2 NN

[00419]  Prepared using similar procedure as for example 77.

[00420f MS (ESI) m/z 463 (M+H),

[0042%] 1H NMR (500 MHz, MeOD} 8 ppm 7.93 (5, | H) 7.16 (s, 1 H) 6.88 (s, 1

H) 4.60 (q, /=7.21 Hz, 2 H) 4.09 (t, f=5.55 Hz, 2 H) 4.05 (s, 3 H) 3.88 (t, /=5.55 Hz,
2H)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).
10
Example 86

N, N-dicyclopropyl-4-(1-(2-(dimethylamino)-2-oxoethyl)-5-methyl-LH-pyrazol-3-
ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d| pyrrolo[2,3-b]pyridine-7-

I5 carbexamide -

{00422]  Prepared using similar procedure as for example 77.
[00423] MS (ESD vz 504 (M-+H),
[00424]  [H NMR (500 MHz, MeOD) 8 ppm 7.93 {5, 1 HY 7,16 (5, 1 HY6.99 (s, |

20 Y497 (s,2H)4.61(q, /=694 Hz, 2 H}4.05 (s, 3H}3.15 (s, 3 H) 298 (5, 3H) 2.79
-297(m, 2HY2.29 (s, 3 H) L44 (1, J=7.07 Hz, 3 H)0.72 - 0.91 (m, 8 H).

Example 87
N
J> N NC>
I>_N N N-N
F — ! Y

7
N
28 \



NN/ H

15N, N-di cycl opropyl- 6-et hyl - 1- net hyl - 44( 5- net hyl - 1- (et hyl sul fony1l) - 111- pyr
azol - 3-

yDamni no) - | Y& &hithy2886di mi dazo[ 4, 5-d[ pyrrol o[ 2, 3- b[ pyri di RETESEUIHGKAni de
1004461 Prepared using the sane procedure as used for exanple 77. [00447]
M5 (ESI) inh. 497.3 (M+H) 20[ 00448]IF1 NWR (CDCI3) 6 ppm8.46 (M s, 1H),
7.75 (s, 111), 7.16 (s, 1H), 6.78 (s, LH), 4.54 (q, 211, J= 8 Hz), 3.97 (s,
3H), 3.19 (s, 3Hjl-(cupmeyFE-taethylAH-pyrazobd-ylamin@Hy, N-dicyglep@pyldi-pthe- 8 Hz) ,

0.72-0.78 (n, 4H), 4,5- lo®2, 2RipgRdine-7-carboxamid
Ar, N-di cycl opropylm thgphgflﬁlgd'(oghdﬁ r%@‘?r@ Oﬁle ﬁ&}’? “I'—]f pf?%%]"[“é?yl am no) - 1-
met hy14, 6- di hydr oi m dazo[4 5- Olpyrrol o[ 2, 3-bl pyri di ne-7-car boxam' de

295APr epar at | Oq()@té%clam%mq u&u nta!a%w&%umt ohk%pﬁrwn 3-one o s" [004491

The title conpoun usihg a ne d anal ogous to that used to
prepar e Exarfpl dﬂfmﬂl WEEDIMFMWIVRH(MOO MHz, CDC13) 6.08 (s, 1H), 2.47 (s,

314), 2.46 1 4 3 f
(Z))N 2. 4 C§/§| Qél\M% aﬁ)owﬁiz ané[{g?_??f&?{ 4 me QPPRr e @tdan o

1- (met hyl t hi 0) 13)-7d>@dpérﬂ)6§7éml'lﬂam9hé)2 i) GﬁﬁthWr(HlPhq AHy P UGB ) B3 r ol of
2,3- bl pyridine-gsnas RPXRLC 8 No\d, =N Hz, 3 1) 0.68 - 0.93 (m, 8 H).

10 Example 88

N,N-dicyclopropyl-6-ethyl-4-(1-(3-methoxyprepyl)-5-methyl-1H-pyrazol-3-
ylamino)-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo]2,3-b[pyridine-7-

carboxamide

{00428]  Prepared using similar procedure as for example 77.

[00429] MS (ESE) m/z 491 (M+H).

{00430]  H NMR (400 MHz, CHLOROFORM-¢/) ™ ppm 8.11 (s, | H) 7.62 (s, |

H) 6.92 (s, 1 H) 6.78 - 6.89 (m, | H) 4.66 (q, /=7.04 Hz, 2 H) 4.06 (t, J=6.60 Hz, 2 H}
20 3.98(s,3H)3.29-3.39 (m, 4 H)2.75-2.91 (m, 2 H) 2.34 (s, 3 H) 2.08 (dq, /=6.38,

6.16 Hz, 2 H) 1.50(t, /=7.04 Hz, 3 H) 0.70 - 0.94 {m, & H).

Example §9
N
PN
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S 0 0/ 15 [00451] The title conpound was prepared using a nethod anal ogous
to that used to prepare exanple 70B. [00452] Ms (ES!) mz 481.4 (MH).
2095Pr eparati on of N, N-di cycl opropyl-6-ethyl-445-isopropyl -1-nethyl -

1/ 1- pyr azoWORH03¥6ho) - 1- met hyl - 1, 6- di hydr oi ni dazor 4 R OHEGEL 2

3- bl pyridi ne-7- earboxam de 1004531 The title conpound was prepared using a
nmet hod anal ogous to that used to prepare exanple 73. - 131- 1004541 M5
(ES1) mz 461.4 (MrH). 1004551NMR (500 MHz, CDC/13) 6: 7.80 (s, 1H), 7.07
(s, IF1l), 6.86 @N-dicyglopropy-66Qhylg;{(1-IsopropylFS-idethyPHl-pyriz@3-yapin®H)-, 3.79 (s,

‘;’H)35 (2d93J- :3603 &@hy%{%—thhgdnéﬁnlil%faﬁtgﬁgtq]?%r%%%—ﬁg?%&&“ﬁ—g% bg}g«ni(](}e HZExaﬁlrjl) e 96

10Ar, N-di cycl opr opyl - 4- (5- cycl opropyl- 1-et hyl -1 H pyrazol - 3-yl am no) - 6- et hyl

-1- et hyl - 1, 6qgdisd )y dp ol I yri di ne- 7- ear boxani de
96APr epar ati on of lll 1@5&[&!‘2\% éllé;}ﬂk&%wa?ré‘(?%gqnﬁgo?pr op- 2-en-1|-one 15

1004561 TheSti iqoé”donﬁd UWP%§5b%Wr ed using a nmethod anal ogous to that

:J|S_I)ed t2058r(egar f@B@?WiE@N@[&ﬁ%OWQ%m&{OM L PRaMeigs (GG 611 18 23 (s,
o ’ 91(s fH)GBS(s 1 H) 4.66 (q, J=7.19 Hz, 2 H) 4.25 - 4.48 (m, | H) 3.99 (s, 3 H)
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, & H),

{0

Example 90

o~
I

N, N-dicycloprepyl-6-ethyl-4-(1-isobutyl-5-metlryl-1 H-pyrazol-3-ylamino}-1-
methyl-1,6-dihydroimidazo{4,5-d[pyrrelo]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) & ppm &.11 (s, 1 ) 7.62 (s, 1 H)
6.93 (s, | HY 6.85(s, | ) 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, 3H)2.18 - 2.29 (m, 1 H) 1.50 (t, /=7.04 Hz, 3 H)
0.94 (d, J=6.60 Hz, 6 H) 0.72 - 0.88 (m, 8 H).

Example 91

[>—N /T N-NH
i
d NN NJ\/——
H
25 Preparation of N, V-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyl-1 H-pyrazol-3-

yiamino)-1,6-dihydroimidazo[4,5-¢]pyrrolo}2,3-b|pyridine-7-carboxamide
- 128 -



201.86- 1.94 (m 1+1), 1.09 (quin, J = 3.7 Hz, 2H), 0.82 - 0.88 (m 2H)
96B Preparation of (Z)-N, N-dicyclopropyl-4-(3-cycl opropyl -

(et hyl t hi 0) - 3- oxopr op- | - enyl am no) - 6- et hyl -

- et hy1- 1, S«uioiml/s#im dazol4d, 5- dlpyrm or 2, 3- bl pyri di n@CYUSEMBONEN de -
132- N S 0 0 1004581 The title conpound was prepared using a nmethod

anal ogous to that used to prepare exanple 728. 1004591 Ms (ESI) mz 479.3

, 7.75 (s, | Fl),
6.85 (s, 114), 5.58 (s, 1H), 4. 62 d, = 7.0 Ffz, 214), 4.00 (s, 311),
w46 (t, J = 7.0
reparation of

(NI +H). 510046011H NMR (400 MHz, CDClS) 8: 14.81 (s, | H

o oy, 117, 0 pEndR big: %é"a?ma‘%@%@* by i PRl

N'Ai-dicycloprdﬁ%1ﬂ4 @Euﬁﬁbmépﬂ@ﬁymﬁiwethyl 1 H

pyrazol - 3-yl am 6-¢ i olol2, 3-
bl pyri di ne-7- c &E%Qanlg %@HSI ?ﬁ%OEP? gmgg% gh%?%?&% ?gghgygg using a
met hod analéQOUSEHDG@ﬁ&t1Hﬁé&9ﬁ®%pkﬁbéKéﬁeiéh¢F§0?3b)f@FOO&EQ@NB (BSI) mz

473.3 (M 1-1-1h.95fx2001] € 497 § i 1'\_4'}‘ 3 H,J=7.15 Hz), 0.81 - 0.95 {m, 4
N, AT- dlcyclopro)%}](l l IF1- 9 R£4 (1- nethii 7o

d|hydr0|n1dazoP§15mdﬁ%yrroI012 3 pryrldlne 7- car boxami de
Preparation of 4-brono-N, N-di cycl opropyl-6-ethyl-1-nethyl -

4H- pyrazol -

H), 0.70

1, 6-

di hydr oi m dazol4, 5-cfl pyrrol oi 2, 3- bInyrldlne 7- car boxam de -

Example 92

0sf

m -

-yl am no) -1, 6-

97A

133 -

N, N-dicyclepropyi-6-ethyi-1-methyl-4-((5-methyl-1-(2-(methylsulfonyDethyl)-1LH-

pyrazol-3-yl)amino)-1,6-dihydroimidaze{4,5-d|pyrrolof2,3-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] 1H NMR (CDCI3) & ppm 8.25 (brs, LH), 7.75 (s, H), 6.86 (s, iH), 6.77
(s, 1H), 4.54 (q, 2H, J = 8 Hz), 4.36 (1, 2H, ) =8 Hz), 3.97 (s, 3H), 3.58 (1, 2H, I = 8
Hz), 2.71-2.77 (m, 2H), 2.44 (s, 3H), 2.34 (s, 3H), 1.41 (¢, 3H, J =8 Hz), 0.75-0.78

20 (m, 4H), 0.67-0.71 (m, 4H).

Example 93



1004631A round bottom fl ask charged with

4-am no- N, N-di cycl opropyl-6-ethyl -1 -

met hyl - 1, 6- di hydr oi m dazo[ 4, 5-dl pyrrol o[ 2, 3-b] pyri di ne-7- car boxam de (134.4
nmg, 0.397 WASI)OgHeer an at nosphere of nitrogen was t riediledoypdmazt

di brononmet hane (397 5 pL). I|Isoanyl nitrate (107 pL, 0.794 mml) was added
and the reaction mxture was heated at 60 C 3.5 h and cooled to rt. The
reaction mxture was diluted with ethyl acetate and washed with saturated
agueous sodi umMiVeheyolopape-6-Ehd-4ei ganidly dnevyeycthheedtS-ovbrl- Hhbydrads sodi um
sulfite, filtered C t R e

4- Br onoN, N- di cycl og'?%fo%nl lﬁgﬁl 19 @%h%@eﬁrﬂgﬁl}? f4,5- cg%n&lo%z bipyridine-7

i dazo[ 4, 5-d] pyrrolo[ 2,3 - 10b] pyrl di WELb?xm1ﬂboxam de (0.156 g, 0.388 mmol,
98% yi el d) was isolated as a brown gl assy solid. The product was used

i mredi ately in the next reaction. [00464] M5 (ES 1) ink 404.2 (NH—l)
97Preparati dn B4R  ATensiséwinoihe wpyp progedsrdny used fyreraple W41- met hy1- 1 H-
15pyrazol - 3-yI ayghdap! -wks Bedi Avdi-pd dazof 4, 5-dl pyrrol 012, 3- bl pyri di ne-7-carb
oxam de 1004651To a vial containing 1-nethyl-1H razol 3-am ne (11.89 ngy,
0.122 mol ), PESHEI ba‘)HNP(’[E\(@?CH@;bplBﬂﬁ@“t(bmoYF});7Xa t3hostX(8.1960 6§, 10. 20

tt | d t 3
e oo ﬁ?wﬁ?@' I £20 QOnRY S Seko.0TH023n AP, TP ?}i’d@@?&ﬁﬁazomé 4] pyrr ol of 2
Dl a2k ol

, 3-b] pyri di ne-% %:&17 ded(ex hﬁﬁé%@@/\%mmﬂe g m. 8629wl i n DVE
(1020 ttL) .0 Thexy, @aﬂdﬁmmg)ﬁﬂ)”()@ﬂ(ﬁ%(&ﬁﬁhﬁ@@h WWd d, afrgon for 5 min, the vial
was capped, and the reaction m xture was heated at 60 C for 4 h and 80C for
16h. The reactl on m xture was concentrated in WCL110. The crude residue was
purified by 'flash col um chromat ogr aptnsesng an Isco 40 g col um el uting
with 0 - 5% MOH CHdA 2 foll owed by additional Burlflcatlon W th

25preparative EIPLC. N, N-Dicycl opt. \N,.\ N

opyl - 6-et hyl-1- et hyl - 441- et hyd. - | IN 3- Eém no) - |

, 6-cl i hydroi m dazol[ 4, 5-d] pyrrolo[ yriydi Me<7- car boxam de (13 ng, 0.030
mmol " 29.5% vyield) was isol ated a@ a i 00466] Ms (PSI) nmlz

419.3 (M+H) - 134 - 1004671 1H NVR (40 M—g CHLOROFORM d) 6 ppm 8. 17 (s,
| H, 7.64 (s, 1 H, 7.31 (d, 1H = 2.96 Hz), 7.16 (d, 1 H, J= 2.26 Hz),
6.86 (s, 1H),465(q,2Hi=703Hz)401(s 3 E), 3.85 (s, 3H), 2.78

- 2.87 1.4 1 7. Hz 4 1-1 .71
-0. 88 (gnm AS I%N%%ﬁélép@é—ethyl-l rﬁ]ethyl 4~((3~mel)hyl- —(n?ethylsulfonyl)nlrplnpynaiol- - 0

yhamino)-Lo-dihydroimidazol4,5-dlpyrrolo[2,3-b|pyridine-7-carboxamide

[60446]  Prepared using the same procedure as used for example 77.
[00447]  MS (ESD m/z 4973 (M+H)

20 [00448] H NMR (CDCI3) d ppm 846 (brs, 1H), 7.75 (s, 1H), 7.16 (s, 1H), 6.78
(s, LH), 4.54 (q, 2H, /=8 Hz), 3.97 (s, 3H), 3.19 (s, 3H), 2.72-2.76 (m, 2H), 2.51 (s,
3H), 1.41 {1, 3H, J=§ Hz), 0.72-0.78 (m, 4H), 0.66-0.69 {m, 4H).

Example 95
25
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N, N- di cycl opr opyl- 6- et hyl - 4- net hyl - 4- (1- et hyl AH pyrazol - 4-yl am no) - 11, 6-
10di hydr oi m dazol[ 4, 5-dl pyrrol o] 2, 3- bl pyri di ne-7-car boxam de 1004681Pr epar ed
using simlar procedure as used for exanple 97. 004691 111 NWR (500 MHz,
CHLOROFORNVMY) 2081/0288635 (s, 111.), 7.72 (s, 7.67 (s, 1H) PCrggippo2zls. = 1H),
6.85 (s, tH), 4.65 (g, J = 7.2 Hz, 211), 4.01 (s, 31-1), 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). Exanple 99 20/V, N-di eyel opropyl-6-ethyl-4-((5-(2-furyl)-1-m
ethyl-1 H pyrazol -3-yl)am no)-1I- hyl\ -di hydr oi m dazo [4, 5-dl pyrrolo

[ 2, 3-bj pyri di ne-7-car boxam de 0) Prepa red ih a simlar method used for
exanple 73. (00471 1 MS (ESL) mH)N’ - 10047211 FI NWR
(CDCI3) 6 ppm 8.03 (br s, 111), 7@58»( Wl 1), 7.35 (s, 111),
6.79 (s, 1 H, 6.54 (d, 11-1"1 = 3. BKHZ) 6t47 (m 1H), 4.58 (q, 2 H J=
7.04 Hz), 3.94 (s, 3H), 3.93 (s, 3H), '2.74 (in, 2H), 1.44 (t, 3H),
0.69-0.79 (m 8Hy,NadixahplapyL00thyl-NE-Rip rbpyI-F-@ethyNHF-py razol-3-ylamine)-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolof2,3-b]pyridine-7-carbexamide

5 05A  Preparation of 4-methyl-1, 1-bis(methylthio)pent-1-en-3-one

\Hj\/'\s/

[00449]  The title compound was prepared using a method analogous to that used to

prepare Example 70A.
[00450]  'H NMR (400 MHz, CDCl3) 8: 6.08 (s, 1H), 2.47 (s, 3H), 2.46 (s, 3H),
10 114 (s, JH), 1.12 (s, 3H).

958 Preparation of (Z2)-N N-dicyclopropyl-G-etlyl-1-methyl-4-(4-methyl-

1-(methylihio)-3-oxopent- [-enviamino)-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-

oS!

bipvridine-7-carboxamide

7 S
O N N )\)H/
s \
[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.AN-dicvelopropyl-6-ethyl-4-(5-isopropyl-1-methyl-

| H-pvrazol-3-vlamino)- [-methvi-1.6-diliydroimidazof4, 3-d]pyrrolof2,3-blpyridine-7-

carboxamide
[00433}  The title compound was prepared using 4 method analogous to that used to

prepare example 73
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N, N-di cycl opropyl -6-etkyl -1 -methyl -4-((1-methyl-5-(trifluoronethy0-1H
pyrazol - 3-yl)am no) - 1, 6- di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3- blpyri di ne- 7-
car boxam de 10 1004731Prepared in a simlar method used for exanple 73.
1004741 NVEWOREIHO2§8AY 7 487.3 (MrH) 10047511 H NVR ( CDCIEI/ @28 78241 (s, |

H, 7.12 (s, 1H), 6.78 (s, 1 H), 4.52 (q, 2H'/ = 7.04 Hz), 4.11 (s,
31-), 3.86(s, 3H), 2.74 (m 2H), 1.42 (t, 31-1, 1= 7.15 15Hz), 0.67-0.80
(m 8H) Exanple 101 N-kx NNN O N NOH 3-(7-(dicycl opropyl carba

nmoy0- 6- et hy1- 110934y 1M3 (@Idinhy*éi%(l\rﬁﬁﬂ)azo

14, 520dI| pyrr ol bl ) et e car boxylic
acid 101@1%?1’%#2%%?@@ RI?J%(CIIQ#O%H_ P%{ ?ﬁ@ H% et hoxy- 1-
(met hyl t hi o) - 346%Bbut 6-9|Hz, %?Hy‘!%fprﬂ@) X796, D, 2.93 - 3.01 (m, 1H), 2.79 - 2.86 _
-nethyl-1, 6-di m{f% Q'.%‘(QN%Z%H‘MZ?;H), f34 RYTL8b oL 25 P2 ol Al 119y 7 £ar boxam de

N - 136- N- - k\
5 078(m 4H).

Example 96

10 N, N-dicyclopropyl-4-(5-cyclopropyl-1-ethyl-1H-pyrazol-3-ylamino)}-6-ethyl-1-

methyl-1,6-dihydroimidazo[4,5-d]pyrrolof2,3-b}pyridine-7-carboxamide

96A  Preparation of 1-cvclopropyl-3.3-bis(methylthio)prop-2-en-1-one

5

[60456]  The title compound was preparcd using a method analogous to that used to

prepare example 72A,
[00457]  'H NMR (400 MHz, CDCLy) 8: 6.23 (s, 1H), 2.50 (s, 3H), 2.48 (s, 3H),
20 1.86-1.94 (m, tH), 1.0Y {quin, J = 3.7 Hz, 2H), 0.82 - 0.88 (m, 2I0).

96B  Preparation of (£)-N N-dicvclopropyl-4-(3-cvelopropyl-1-

(methylthio)-3-oxoprop-1-envlamine)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-

dlpyrrolo[2.3-blpyridine-7-carboxamide
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[ 004761 Sodi um hydride (142 ng, 3.55 mmmol) was added to

4- am no- AOvdi cycl opropyl-6-et hyl-1-net hyl -1, 6-di hydroi m dazo[ 4, 5-d] pyrrol o
2,3-b] pyridine-7- 5carboxam de (exanmple 1J, 400 ng, 1.182 nmol) in DIVIF (7
m) at rooMYQ ¥HpeBstture and the mixture stirred for 30 PETS2010/047621

1, 1- di met hoxy-4, 4- bi s(nethyl thio)but-3-en-2-one (394 tug, 1.773 mol) was
added and stirring continued overnight. The reaction m xture was dil uted
with ethyl acetate and washed with water, 10% | ithium chloride and water.
The organic | ayer was dried over gnéﬁi—\pm sulfate, filtered and
concentrated in vactto. The C[PQFT‘\I product was, purified by flash

chromat ography on silica gel usin utomabed?® SCO system (80 g col um,
eluting with 2-5% net hanol / dic = A N- Di cycl opropyl- 4-

(4, 4-di met hoxy- 1- (net hyl t hi 0) - 3- oxobyt - | - erty/l am no) - 6- et hyl - 1- net hyl - 1, 6-
di hydr ohni dazo[ 4, 5-d] pyrrol o[ 2, 3- bl pyri di ne-7-car boxam de (484 ng, 0, 944
nmol , 1580 % yiletdd¥] wasc olibtcainpedidass prepeedd voing 8 oleihdd anbBiBPrepanaddton of
(7.1-tert-butyl 2-(147-(di.cyclopropyl carbamoyl) -

6- et hyl - | - met hﬁ“:%i‘%i“ﬁ‘i”ﬁ%/?%i mi dazol4, 5-dl pyrrol 012, 3- bi pyri di n- 4-yl ani no) -
4, 4-  di met hox 0@k obil ERhHemy #79-31(MetHy| hydr azi necar boxyl ate >-N <f NNBoc
/ 0 NAN'-"N 2 77 ] o) <N i . - - di met hoxy-
| -(nethylt % oagégglgxo%@t% égﬁ%azhé%o@%}déﬁ% ﬁMc},%O(_LHW,]m% (g’A}Hﬁ

-met hy1- 1, 6- di Hyidr(eilbi.de€26§.4 =5-Cp i 6106 (f 21132.7h1 YT indiZHe27AS ¢apbBbxam de
(exanmpl e 101A, 160 ey i )] ernt~byt Yy @reazi.necar boxyl at e
(125 ngy, 0.780 ’h&néiq?“ﬁ“’n[@&:g‘t‘macﬁ'@ﬁ%23@1_1)]7\/\/3‘3%?‘?&’?’?(1%? B C

overni ght. Sol viéh?- was evaporated and the crude product was purified by
flash chromat ography on silica gel using an automated | SCO system (40 g
colum, eluting - 137 - wth 2-8% net hanoli di chl oronmet hane). O-serf-Butyl
2-(1-(7- 10 9% Preparation of N N-dicyclopropyl-4-(5-cyclopropyl-I-ethyl-1 H-

(di cycl opr _Op_yl %FaQﬁWMih@:@émJ1:A1e11{§¢-t1 Rydiinvhrofnidd DM OhyHHaz e[ 4, 5-d] pyrrol of
2, 3- b] pyridin-4-ylainino)-4,4-dimethoxy-3- oxobut-I-enyl)-

- et hyl hydr azi nddaridasyicabexamids ng, 0.312 mol, 100%yi el d) was obtained as
a yell ow sol i d-[G(ﬁkploél%gé-titmoﬁ]E@n)f witl &'C%'léiﬂ%%‘lod AAILERL ep@satdan of

N, N- di cycl opropyl- 6- et h){l- 4-(1-cthyl-5-formyl-

1H pyr azol - 3- yIBEPR§SFamlg Ret hyl - 1

6- di hydr oi mjydazei25- diysnhel/os2,33vpdpyri di ne-7- car boxam de

Example 97
AN
P A
N /

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(1-methyl-1H-pyrazol-3-ylamino)-1,6-
20 dihydroimidaze|4,5-d]pyrrole|2,3-b]pyridine-7-carboxamide

¥7A  Preparation of 4-bromeo-N N-dicyciopropyl-6-ethyl- [ -methy]-1,6-

dihivdroimidazo [4.5-d]pvrrolo[ 2,.3-blpyridine-7-carboxamide
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-N uN N NH 10 [00479] A mi xture of (Z)-tert-butyl

2-(1-(7-(dicycl opropyl carbanoyO- 6-et hyl - 1-

met hyl- 1, 6- di hydroi m dazo[ 4, 5411pyrm o[ 2, 3-b] pyri di n-4-yl am no) - 4, 4-di

met hoxy- 3 WOgRUHRE864 1 - eny1l) - 1- et hyl hydr azi necar boxy| @/ (Se@POHEG2E 0. 299
mmol ) and TFA (25%in dichloroethane, 1.0 nt.., 2.99 mvl) was heated at 60
00 for 0.5h and LC M5 15showed conpl etion of reaction. Sol vent was
evaporated and the residue was partitioned between saturated sodi um

bi carbonat e and di chl or omet hane. The | yer s\\were separated and aqueous

| ayer was extracted with dichl oro&h R{\ﬁgre ti mes. The conbi ned
organic | ayer was dried over nmagn , filtered and concentrated

i n vacuo. The crude product was puriffe h chr omat ogr aphy on
20silica gel using an autonmated 1500 syﬁem (2 g colum, eluting with 1-5%
met hanol / dichl oronethane). NN-dicycl opropyl-6-ethy |-4-(1-ethyl-5-forny

| - 1Hpyr azol - 3- JoOkedin ndjoutd bmﬁbhlwdak charged with 4- amino-N N- c[icyciopropyi G-cthyl-1-

, 6-di hydroi m d 4, Ladl VLR ) AN r box 80 ng, 0.174
ol 56, 0% yi SA A IRl St BRI R < Bg BT N8 s ) i 2
461.4 (MtH). 28P00D48A]) lukdIVR a(tB@pheld-bf nitCRBDB tkﬁ’rltughﬂBﬂlll(lSmOFﬂdﬂ)am 8925 (s

}llg)Z (Z], 7? (gs u%ﬂl%on%&lﬁbtm j(’l%é 1))’79@?_1‘6\%1) vﬁérélﬁm ?dégqgclc&&zrﬂ%tmc “7%2 (t J 4

7.1 Hz, 311), ncamm(qo °CP.5h and 2oqld to gHThe Qac@gn mixQu@ay(dafuted wjth ¢yi73 - 0. 79 (m
4H) - 138' WO %Qt]agc/ dqggrgx@éf q” \u§?an’]dQ1/qRAizc.6\%&m1%Q)ch rbgipa% afthb Of, 9& were
3-(7-(dicycl opropyl car banoy1l) hvar oi i dazo [4
5-d] nyrrol of 2, Srddiogranktdioss wﬂvllmaﬁfﬁ@))fﬂmw areltcnwut&dFﬁvdpfyrfazrolﬂeB@mo— car boxylic
acid [00482f ANR-XtyeloBro ﬁj‘n G- cthyl 1 mcthyl 16—d1h (1101m1(lc120 5 d}pyuoio{23
tV, N-di cycl opr Ofyl 6- et -(1-eth razo 53-ylam no) - |
-met hyl - 1,'8- cPiPkirdieot- C%Oﬂ@&téf@@ﬁéﬂwﬂmw %%ysfkapﬁw?ia%@ arover boxani de
(exanpl e 101C, gdsky FWid. @h&5&iums).lqcﬁnlqmmu{tﬁegneﬂgcdc@orlzg mrol ) in DVF was
stirred at roomtenperat u Wat er was added and the m xture was

extract ed wit h{%fe4hi oM%ﬁEeSt[H&ﬁé%z Wﬁ%)s The organic layer was dried over

magnesi um sul fate, filtered and concentrated in vacua. The crude product
was 10 purified Wlt’h pg e aratl

3-(7-(clicycl opr opy-car B&H vy s methylgd-(lymothyl- L
hycl r oi m cilazopdabt-tlpymimopl.6-djl t3rnb Isailprrd o), B me-A-cart@kdnyitic 1

e ; : YR
Hpyrazol e-5 Cafo%?&%Y' I'lco aav(%filgon(tegl(}]lngpnnwa?[—/?#;)yerltzg?—}—amine (11.89 mg, 0.122
mmol), Pdx(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-i-
methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2.3-b]pyridine-7-carboxamide (exampile
20 97A,41.0 mg, 0.102 mmol) in DME (1020 uyl.). 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 hand 80 °C for 16h. The reaction mixture was concentrated in vecuo. The
crude residue was purified by flash column chromatography using an Isco 40 ¢
column cluting with 0 — 5% McOH/ CH,Cl, followed by additional puritication with
25  preparative HPLC. M A-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% yicld) was isolated as & white solid.
[00466] MS (ESI)m/z 419.3 (M-+H)
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[00483] MS (ESI) nmiz 477.4 (MrH). 10048411F1- NVR (500 MHz, METHANOL-4) 6:
7.96 (5, IN, 7.48 (s, 1H), 7.18 15(s, 1H), 4.70(q, J =6.9 Hz, 214), 4.60
(g, J =7.2 Hz, 2H), 4.09(s, 3H), 2.94 - 3.00 (m 2H), 1.45 (t, J = 6.94 Hz,
3H), 1.44 WQ201428%6421 Hz, 3H), 0.85 -0.92 (m 4H), 0. PCTAB2@Y0{TH, 4H)
Exanpl e 102 20 OE1

NA- di eyel opropyl - 6-et hyl -4- (1. -et hyl - 5- (hydroxynet hyl ) - 1H pyrazol - 3-yl am no
)- 1-methyl -1, 6-di hydroi m dazo[ 4, 5-d[ pyrrol o[ 2, 3- b[ pyri di ne- 7- ear boxam de
1004851 Sodi um [B&4+6GhhyldiriidB (40001 ki, 7.0 RAIFORIMA), ¢ 1981 -LW (Rg,H)O7.086. Impl ) was
25added to , - - : .

NA- di cycl opr opy}i)-’ %‘-3 %a{dhwt'ﬁ-2('2_L()-He%)h7yl(}-(g’-%‘%’r'[ny%?()lw)b?/?ﬁa(ﬁ’oll @)3‘_1‘{}? (éin‘% F\Eb'g -0 -

met hyl - 46-cl i hy@dpbHmi d8ze] 463 dF pyitol.of 22.8L bl pyh.i lcdvi(hé 7 /cdribdlkkam de
(exanple 1.01C, 6 4@, 0 TRl thanol (1 nL) at roomtenperature
and the reacti oor'léle'0[':%%“635tL g{?)’?ﬁm's?@’rho@gh. The solid alumna was filtered
off and the filtrate was concentrated in vacua. The crude product was
purified by flash chronat ography on ‘E&.ﬁxi;]e()sSi lica gel using an autonated

| SCO system (4 g colum, eluting with 2-10% net hanol / dichl oronet hane).

N, N-di cycl opropyl- 6-et hyl-4-(1-ethyl-5-(hydroxynethyl)-1

Hpyrazol - 3-yl am no) - 1-net hyl -1 , 6-di~hydroi m cl azo [4,5-d] pyrro lo [2, 3-Db]
pyri di ne-7- carboxam de (14 ng, 86%>yi el d¥ Was obtained as a white solid.
51004861M5 (ES1) mz 563.4 (4+HP—[\’00 N00 MHz, CDC13) 6: 8.09 (s,
11-1), 7.59 (s, 114), 7.08 (s, 1H) 4 g (sh. LGN 4.72 (d, J =4.7 H, 2H),
4.57 (q, J =7,2 Hz, 2H), 4.15 (q, " 7.3NH}N 21-1), 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, 31-1), 0.81

-0.87 (m 4H), 0N?J‘J‘-(IECQCEZpQOIQWG—eﬁm-[-anet@fﬁqp-ln’?etﬁ]ﬁgHlerazol-4-ylamin0)—1,6-

10 dihydroimidazo|4,5-d|pyrrelo[2,3-b]pyridine-7-carboxamide

[00468]  Preparcd using similar procedurc as used for example 97.

[00469] 'H NMR (500 MHz, CHLOROFORM-d) &: 8.15 (s, 1H), 7.72 (s, LH),

7.67 (s, 1H), 7.66 (br. 5., 1H), 6.85 (s, 1H), 4.65 (¢, ] = 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, 4ED.
Example 99
N\
P A
>N NN

08P =

O N N/ N / \ I
K H

20 N, N-dicyclopropyl-6-ethyl-4-((5-(2-furyl)-1-methyl-1 H-pyrazol-3-yDamino)- -

methyl-1,6-dihydreimidazo}4,5-d|pyrrolo[2,3-bpyridine-7-carboxamide

[60470] Prepared in a similar method used for example 73.

[60471) MS (ESI) m/z 4854 (M+H)

-135-



NNWWNL.-NNNO XILT ---",...""N. """./ NN\ cH NA-dicyclopropyl-4-(5-(d

i met hyl ear banoyl) - 1-et hyl-111-pyrazol-3-ylam no)-6- ethyl-1-m
ethyl-1,6-4111yd roimd azo [4,5-d] pyrrolo [2,3-b | pyrid e-7-earboxa m de
15 [ 004881WOorputgaset of 3- (7- (di cycl opropyl car banoyl) - @EYUspep4mHt hyl - | 6-
di hydroi midazo[4,5-d] pyrro Io[2,3-b]pyridin-4-ylamno)- | -ethyl- |I H
-pyrazol e-5- carboxylic acid (exanple 101,28 ng, 0.059 nmol), HATU (26.8
ng, 0.071 mmol) and dinethylamne (2Min THE, 59 pL, 0.118 mmol) in DVF ( |
m.) was stirre{P04iz] 201 NE8DERPEpat BB (bror 1IDh7.5804L i), Ttig matkdled3&nd t he
reacti on m xtufe, 1 hih, e ten 3 & The, conbi ned
organic | ayer sf“mg\r{%%ﬁgg\hfegﬂ(’%qé@%&'{ hg'?%ﬂ%’???hﬁuﬁ)’éh%gémf r'|4ed over
magnesi um sul f Hele3.94 {sl 3Br 2% ard) coltdaniliat ¢t 3 a@Ua’Y (Fhgtcr ude was
purified by preparative HP LC (Phenonencx Luna 5u C18 col umm, 21.2x250 nm
columm, retention tine 15.317 mn, 30-100% gradi ent aqueous 25net hanol over
20 minutes éontaining 10 nmM anmoni uhxaeeledf®, flow rate 20 nml/nin and
nonitoring at 254 nm.

N
NIN- di cycl opropyl-4- (5-(di met hyl rbanDNI)-l-e}hylIF#pyrazoI-B-yIanino)-6-e
-8l ofF2, 3-
9{gf s obtai ned as an

thyl-1 -methyl -1, 6-di hydro i prdaizo[ 4
b] pyricline-7-carboxam de (20 6.9 %yi
of f-white solid. [004891 M5 (ES z 4. - 140- WO

2011/ 028864PCT/ US2010/ 047021 [ 00490%EH NVR! (500 MHz, CDCI3) 6: 8.38 (br. S,
1H), 7.75 (s, 1H), 7.28 (s, 111%, 6.86 (s, 1H%, 4,61 (q, J = 7.2 H, 2H),
4.27 (q, J = 7.0 Vf-digglepropylgLthl-1-mgthyl-dl iethyl-5-Gpifluorgigthyp-d H-31p " > 79’ .
2.86 (m 2H), 1. 4fridel-33N)amito)lB6-thydididillazold, 3@ pitrolo, b pyddinddz, 3H), 0.83
-0.89 (in, 4H), 0.73 -0.78 (m 4H) %qﬁ%gﬂﬁle 104 NI-NIO

de

10
[00473] Prepared in a similar method used for cxample 73,
[00474] MS (ESD m/z 487.3 (M+H)
[00475] TH NMR (CDCI3) 6 ppm 7.41 (s, LH), 7.12 (s, 1H), 6.78 (s, 1 H), 4.52
(q,2H,.J="T7.04 Hz), 4.11 (s, 3H), 3.86 (s, 3H), 2.74 (m, 2H), 1.42 (t, 3H, /= 7.15
15 Hz), 0.67-0.80 {m, 8H)

Example 101

\
P )
>N N
/] = /r{N)\{o
P V
0] NN N OH
Q\ H
3-{7-(dicyclopropylcarbamoyl)-6-ethyl-1-methyl-1,6-dihydreimidazo[4,5-

20 djpyrrolo[2,3-b]pyridin-4-ylamino)-l-ethyl- 1 H-pyrazele-5-carboxylic acid

161A Preparation of (Z»-NMN-dicvclopropyl-4-{4. 4-dimethoxy-1-

(mcthylthio)-3-oxobut-[-enylamino)-6-ethvl- 1 -methyl-1.6-dihydroimidazo[4.5-

dipvrrelo[2.3-blpyridine-7-carboxamide
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LNIT , NNO

N, N- di cycl opr opyl - -et hyl -4-(1-et hyl-5- (norphol i ne-4-carbonyl)-1H pyrazol - 3-
yl am no) - 1-met hy1- 1, 6-di | rydroi mi dazo[ 4, 5-d] pyrrol op, 3-bl pyri di ne-7-

10car boxamv@ 21002486 The title conmpound was prepared WBSITAF2HYAEHOd

anal ogous to that used to prepare exanple 103. [00492] MS (ESI) mz 546.5
(MtH) . 1S[004931' 14 NWR (500 MHz, CDC13) 6: 7.95 (s, 1H), 7.19 (s, 1H

6.87 (s, 1H, 4.60 (q, J = 6.9 Hz, 2H), 4.28 (q, J = 7.2 Hz, 5H), 4.07 (s,
3H), 3.82 (br. s., 5H), 3.76 (br.[s., 2.74 - 2.93 (m 4H), 1.48 (t, J
= 7.14 Hz, 3H), 1.47 (t, J = 14 Hz, 3H),n0.84 -0.90 (m 4H), 0.74 -0.78
(m 4H). 20Exanple 105 7> N ,“N s O

N, N-di cycl opropyl - o- et hyl-4-(1- eghyln5>{| b

- 4-car bonyl ) - 1H pyr azol - 3-yl am no) - X- met hyH- 1, 6- @i hydr oi m dazol 4, 5-

dl pyrrol 012, 3- bl pyri di ne-7- car boxam de - 141 - 004941 The title conpound
was prepared using a nethod anal ogous to that used to Prepare exanple 103.

1004951 Ms ( ES]'[}](}J%F %%fﬁu;% hgfcli\{'rc-l'é')( {42 mg, 3.55 mmol) was added to 4-amino-N, V-

dicyclopropyl-6-cthyl-1-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-

4.ne 1, 1-di oxi de

5  carboxamide {example 1.J, 400 mg, 1.182 mmol) in DMF {7 mL} atroom
temperature and the mixture stirred for 30 min, 1,1-dimethoxy-4,4-
bis(methylthio)but-3-cu-2-one (394 mg, 1.773 mmol) was added and stirring
continued overnight. The reaction mixture was diluted with ethyl acetate and washed
with water, 10% lithium chloride and water. The organic layer was dried over

10 magnesium sulfate, filtered and concentrated in vacuo. The crude product was
purified by flash chromatography on silica gel using an automated ISCO system (80 g
column, cluting with 2-3% mcthanol / dichloromethane). (Z)-N, N-Dicyclopropyl-4-
(4,4-dimethoxy- I-(methylthio)-3-oxobut-1-enylamino)-6-ethyl-1-methyl-1,6-
dihydroimidazo[4,5-dpyrrolo[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)-

O-ethyl-1-methyl-16-dihydroimidazo[4.5-dpyrrolof2,3-blpyridin-4-ylamino)-4.4-

dimethoxy-3-oxobut--envl)-1-cthvihvdrazinecarboxylate
\
P
<

~Boc
NN )\)'K(O\

O N
20 K H (O
[00477] A mixture of (Z)-N, N-dicyclopropyl-4-(4,4-dimethoxy- 1 -(methylthio)-3-
oxobut-1-enylamino)-6-cthyl- L-methyl-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
blpyridine-7-carboxamide (example 10T A, 160 mg, 0.312 mmol) and tert-butyl 1-
cthylhydrazinecarboxylate (125 mg, 0.780 mmol) in acetic acid (2 mL) wan stirred at
25 35 °C overnight. Solvent was cvaporated and the crude product was purified by flash

chromatography on silica gel using an automated ISCO system (40 g column, cluting
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1004961111 NWR (500 MHz, CDC13) 6: 7.95 (s, IIl), 7.19 (s, 11-1), 6.83 (s,
54.55 (g, J - 7.03 Hz, 21-), 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), 0.82 WQ.288/04%p+ 4AH), 0.72 - 0.77(m 4H). Exanpl e REB/US2Q108PR2110

N, N- di eyel opr opyl- 6- et hyl - 4- (1- et hyl - 5- (2- nor phol i noet hyl ear banoy1) - 1H
pyrazol - 3-yl am no) - 1- net hyl - 1, 6- di hydr oi m dazol4, 5- (11pyrrol 012, 3- bl pyridi n
e- 7-earboxam de 151004971 The title conpound was prepared using a nethod
anal ogous to that 218%ienlctlmol@1ri@b>an®t%@mantﬂ)eer&B@yl[%mé(%] M5 (ESI) mz 589.6

(M) 1004991 .l MR, (200, M GRS Bhy 0y Bl kB ifybsy ) 1) 7. 45
(s, 1H), 6.87 (&Y Y ﬁz o r4r 2
4.03 (s, 3H), Q]_{)Yl?tiu( 61yiamg@:§4 4 dm:,q)thoxg 3@$0E(uh|{ -eny)- l Ltﬂmycllcglng@:boxﬂa@? (m 2|—|)

2.67 (h o v vidiwas ided clBrw so 1.53 (t, J =7.1
Hz. 3|(_|),r 184 0(2"9%111 20513 n(rml 10?:')43/?1!1'9 a %thi‘x (J\)?%lﬁ) t?f(H) 22 -0, (79 (m aH.

Exarrpl e 107525100478} 1MQ(ESI) miz 623.5 (M+H),

161C Preparation of M N-dicvelopropyl-6-ethyl-4-( 1 -ethyl-5-formyl-

L H-pyrazol-3-vlamino)-1-methyl- Lo-dihydroimidazo[4.5-dlpvrrolo]2.3-blpyridine-7-

Y
m I‘f'i‘f

[00479] A mixture of (Z)-tert-butyl 2-(1-(7-{dicyclopropylcarbamoy)-6-ethyl-1-

carboxamide

methyl-1,6-dihydroimidazol4,5-d]pyrroto[2,3-blpyridin-4-ylamino)-4,4-dimethoxy-3-
oxobut-1-eny])-1-ethylhydrazinecarboxylate (187 mg, 0.299 mmol) and TFA (25% in
dichloroethane, 1.0 méf., 2.99 mmol) was heated at 60 °C for 0.5h and LC/MS

15 showed completion of reaction. Solvent was evaporated and the residue was
pattitioned 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
concetntrated in vacno. The crude product was puritied by flash chromatography on

20 silica gel using an automated 1SCO system (24 g column, eluting with 1-5%
methanol / dichloromethane). N, N-dicyclopropyt-6-ethyl-4-(1-cthyl-5-formyl-1H-
pyrazol-3-ylamino)- 1-methyl-{ ,6-dihydroimidazo[4,5-d]pyrrolo2,3-bipyridine-7-
carboxamide (80 mg, 0.174 mmol, 58.0 % yicld) was obtained as a yellow solid.
[06480] MS (ESD m/z 461 4 {M-+H).

25 [00481] 'HL NMR (500 MHz, CDCL;) 8: 9.88 (s, 1), 8.25 (s, 1H), 7.76 (s, 1H),
T.67 {s, LH), 6.87 (s, 1H), 4.67 (d, ] = 7.2 Hz, 2H), 4.52 (q, ] = 7.1 Hz, 2H), 4.02 (s,
3H}, 2.80 - 2,86 (rn, 2H), 1.52 (1, J = 7.1 Hz, 3H), 1.44 (1, ] = 7.2 Hz, 3H), 0.83 - 0.89
(m, 4H), 0.73 - 0.79 (m, 4H)
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N NIN/ O NNN

N, N- di cyclopropyl - 6-et hyl -4-(1-etb. yl -5-(4-net hyl pi perazi ne-1-carbonyl)-1H

pyrazol - 3-ylam no) - 1- net hyl

-1, 6-di hydroi mi dazo[ 4, 5-dj pyrrol o[ 2, 3- b[ pyri di ne

- 7-car boxav® da/B8p@0500] The titl e conpound was preparP€d/usaiimgi7e2tmet hod
anal ogous to that used to prepare exanple 103 1005011 M5 (ES1) mz 559.5

(MtH) . 1005021 11 NMR (500 MHz, CDC13) 6: 8.19 (s, 111), 7.66 (s, | H),
7.26 (s, 1H), 106.87 (s, | H), 4.63 (q, J = 6 9 Hz, 21 1), 4.26 (g, J =7.2
Hz, 2H), 4.02 (s 6 J-(8- ; .54 (br.

s., 41-1), J =71
Hz, 3H), N-\\ N NN
NN dlboxxhc acid

15

20

25

[00482} A mixture of M N-dicyclopropyl-0-ethyl-4-( 1-ethyl-5-formyl-1 H-pyrazol-
3-ylamine)-t-methyl-1,6-dihydroimidazo[4,5-d|pyrrolo[ 2,3-b]pyridine-7-
carboxamide {example 101C, 27 mg, 0.059 mmol) and OXONE (79 mg, 0.129 mmol)
in DMF was stirred at room temperature for 20 hrs. Water was added and the mixture
was extracted with dichloromethane 3 times. The organic layer was dried over
magnesium sulfate, filtered and concentrated in vacuo. The crude product was
purified with preparative HPLC to give 3-(7-(dicyclopropylcarbamoyl)-6-cthyl-1-
methyl-1,6-dihydroimidazo[4,5-d}pyrrolo {2,3-b]pyridin-4-ylamino)-1-ethyl-1H-
pyrazole-S-carboxylic acid (20 mg, 98% yield)

[00483]  MS (EST) m/z 477.4 (M+H).

[00484] 'H NMR (500 MHz, METHANOL-dy) &: 7.96 (s, 1H), 7.48 (s, 1H), 7.18
(s, 1H), 4.70 (q, J = 6.9 Hz, 2H), 4.60 (q, ) = 7.2 Hz, 2H), 4.09 (s, 3H), 2.94 - 3.00
(m, 2H), 1.45 (t, J = 6.94 Hz, 3H), 1.44 (1, ] = 7.21 Hz, 3H), 0.85 - 0.92 (m, 4H), 0.77
- 0.82 (m, 4H)

Example 102
AN
P )
N
Y i
t
§ K N M‘\
N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(hydroxymethyl)-1 H-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-d-( 1 -cthyl-5-formyl-1 F-pyrazol-3-ylamino)-1-
methyl-1,6-dibydroimidazo[4,5-d]pyrrela[2,3-b]pyridine-7-carboxamide (example
101C, 16 mg, 0.035 mmol) in methanol (1 mL) at room temperature and the reaction
mixture stiered for 0.5h, The solid alumina was filtered off and the filtrate was

concentrated in vacuyo. The crude product was purified by flash chromatography on
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4- (54(cyanonet hyl ) (net hypcar banoyl) - 1- et hyl -1t hpyrazol - 3-yl am no) - N, N-

di cycl opropyl - 6- et hyl - 1- et hyl - 1, 6-di hydr oi m dazo[ 4, 5-dj pyrrol o[ 2, 3-

b] pyri di ne- 7- car boxam de 20100503] The title conpound was prepared using a

met hod anaWvegou®286t t hat used to prepare exanple 103. PLOOBOYINBRI(ESI) m z

529.3 (M+H). 100505111-1 NN4R (500 MHz, CDC13) 8:8.37 (hr. s., | H, 7.77

(s, 1E1), 7.39 (s, 1H), 6.86 (s, 111), 4.62 (g, J = 7.2 Hz, 2H), 4.54 (hr.

s., 2H), 4.27 - 4.34 (m 111), 4.04 (s, - 143- 3H), 3.41 (hr. s., 314),

2.79 - 2.86 (nyilikyl usibg 4y artdmatedl 1ISCT s@tehd (2 g cBlkdnp, C@ltiB@witﬁ)Zg@/)(nmhdlﬁ}H), 0.73

-0.7%$ (m 4H).

4- ((54( 2- acet amzc 2B h&lla)ng NA\/ dlcvkpzofyl(owwwu'\el Lthy S%B'_dl_méymcltl}ygm 0)-N, N-

di cycl opropyl - ﬁylwb%ﬂamuu@t hl}ﬂhl\/lEﬁﬁ-dithnmldm[ﬂé:zih)@ﬁl?IBQdElﬁWK{GﬂLGE 2, 3-

bl pyri di ne-7-c 0 6 { ound was prepared

usi ng a net hod@a;l%g%(@g%ﬂg % 5 /’5%%%9 ‘}btgm%béwnﬁrggﬁgganpl e 103. [005071Ms

(ES!) m z 561 BO4494-- 1\}IS(FJ?IDD’6’®8<1314LWNNR (500 MHz, CDC13) 7.77 (hr. s., 2H),
.40 (s, | : (NN~ 4 : Syy3H), 3.61

_3 86 (' 20 [0@4@% ﬁNMf{)(SOOM[-éz 66%55%‘%0?@3 7‘35%\ b@ 9@3& w3 o

= 7.1 Hz, 31 1§81(:h 8@5(1'2(dJ1—4BP %453%9»'“1722%2(25 411§|qu67832{2150 90 (m

4H), 0.70 - O. 7H), §.9% (s23k1)10 76 - 2.84 (m, 3H), 1.46 (1, ] = 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
Evample 103
m C
W
N N
N, NV-dicyclopropyl-4-(5-(dimethylcarbamoy!)-1-ethyl-1 H-pyrazol-3-ylamine)-6-
ethyl-1-methyl-1,0-dihydroimidazo[4,5-d]pyrroto][2,3-b|pyridine-7-carboxamide
15

[00488] A mixture of 3-(7-(dicyclopropylcarbamoyl)-6-cthyl- | -methyl-1,6-
dihydroimidazo{4,5-d]pyrroto[2,3-blpyridin-4-ylamino)- I -ethyl- | H-pyrazole-5-
carboxylic acid (cxample 101, 28 mg, 0.059 mmol), HATU (26.8 mg, 0.071 mmol)
and dimethylamine (2M in THF, 59 pL, 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
vacio. 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 mimites containing 10 mM ammonium acetate, flow rate 20 ml/min
and monitoring at 254 nm). N N-dicyclopropyl-4-(5-(dimethylcarbamoyl)-1-ethyl-
| H-pyrazol-3-ylamino)-6-ethyi- 1 -methyi- | ,0-dihydro imidazof4,5-d]pyrrolo[2,3-
blpyriding-7-catboxamide (20 mg, 66.9 % yield) was obtained as an off-white solid.
[00489] MS (EST) m/z 504.5 {M-+H).
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Exanple 110 N, N-1INO NThS N H

NA- di cycl opropy1-4-05- ((liethyl carbamyl)-1-ethyl-1H pyrazol - 3-ypam n o) - 6-
20et hy1- 1- et hyl - E6- di hydr oi m dazol4, 5-dl pyrrol 012, 3- bl pyri di ne- 7- car boxam
de (005091 Wiha01¢/pa8BeE conpound was prepared using a net F6d/EAHMBHOUs to t hat
used to prepare exanple 103 [005101Ms (ESI) trilz 532.4 (MtH). - 144- WO
2011/ 028864PCT/ US2010/ 047621 [ 005111 H NMR (500 MHz, CDCI3) 6 8.29 (hr. S.,
IF1), 7.70 (s, Il11), 7.23 (s, | H, 6.85 (s, 1H),462 = 6.9 Hz, 2H),
4.20 (q, J = 7.[20498] é&H)\IMM(SO@N‘(I&,CBEMwa(bIQS 6. (P (h4H)l) 728(2571H)2 85 (m
21-1), 1.40- 1. 2T - 3 (m 4H),
g (m@f&@%q@é ,]Jliei% lﬁ%sz‘iﬂrQﬂq,%‘ 2y 1838, 4,09 Sy, 9288,

N, N- di cycl opr opyl-AL74§. 5&5()(22132 -@SP L@, Bdi-feltt.Hy1- 4-Hrp b bH6 iyl ) Tt Bony 1) - 1-

et hyl - 1H pyraz 3p¥t) hy! hyl - 1, 6- di hydr oi m dazo
(4,510d1pyrrol 84%[),20%& ?@} yr| ?%)g&?Mggglbgﬁ;#&m de [005121 The title conpound
was prepared using a nethod anal ogous to that used to prepare exanple 103.
[005131 M5 (ESI) nik 574.4 (M+H), 15[EQQ§%,41{,H NIVR (500 MHz, CDCI3) 6: 8.30

(br. S., 11-1), 7.72 (s, 111), 7.21 (s (s | H), 4.62 (q, J =
6.9 Hz, 2H), 4.21 428(m 2H) 07 h 20 4.01 (s, 3H), 3.61
(hr. s, 2H), 2.91 (hr. s, N79 -2 85m 2.60 (hr. S. 1H), 1.47
(t, J =7.2 Hz, 3H), 145(t 3_2(/2];\{42813 7- 1.36 (m 6H), 0.81

-0.88 (m 4H), 0.72 -0.78 (m 4H))

b &‘>

N, N-dicyclopropyl-6-ethyl-4-(1-ethykS-{morpholine-d-carbonyl)-LI-pyrazol-3-
ylamino)-t-methyl-1,6~dihydroimidazo}4,5-d|pyrrolo}2,3-b]pyridine-7-

10 carboxamide

[00491]  The title compound was prepared using 2 method analogous to that used to
prepare cxample 103
[00492] MS (ESI) m/z 546.5 (M+H).

15 [00493] 'H NMR (500 MHz, CDCh) &: 7.95 (s, 1H), 7.19 (s, 1H), 6.87 (s, [H),
4.60 (q. J = 6.9 Hz, 2H), 4.28 (q. J = 7.2 Hz, 5H), 4.07 (s, 3H), 3.82 (br. 5., SH), 3.76
(br. s., 3H), 2.74 - 2.93 (m, 4H), 1.48 (1, J =7.14 Hz, 3H), 1.47 {t, ] = 7.14 Hz, JH),
0.84 - 0.90 (m, 4H), 0.74 - 0.78 (m, 4H).

20 Example 105

S=0

N, N-dicyclopropyl-6-ethyl-4-(1-ethyl-5-(thiemerpholine 1,1-djoxide
-d-carbonyh)-1H-pyrazol-3-ylamine)-1-methyl-1,6-dihydroimidazo(4,5-

d[pyrrelo]2,3-b]pyridine-7-carboxamide
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20 Exanple 112 - 145-

N, N- di cycl opr opyl-4- (5-(di nmet hyl car banoyO- 1- net hykl t hpyrazol - 3-yl am no) -

6- et hyl - 1- met hyl - 1, 6- di hydr oi m dazo[ 4, 5-d[ pyrrol o] 2, 3-b] pyricline-7-

car boxami dWORtUAMBEbar ati on of (2)-tert-butyl 2-( |  PCT/US2010/047621

474cl i cycl opr opyl car banoyl) -

6- et hyl - 1-net hyl -1, 6- di hydw m dazo[ 4, 5-di pyrrol 012, 3-bl ridin 4 lam no 4 4-
di met hoxy- 3- oxobut -1 - enyl ) - 1- met hyl hydr azi necar boxyl at e N--\\ N, NBoc HN
0 [ 00515]004%4¢ tTheltide cumowuings waprph epgreattud ingpgausretihodednal ogous to
that used to 1[g&§g§%g eXgypl e 10 [00516] M5 (ESL) raiz 611.7 (MH).
112BPreparatio Rﬁlcyclopropyl 6-ethyl-4-(5-forinyl- | -

met hyl - | 1/ Hplp04ih6| -18S (Elant Sirb) (Mttiet hy |- 46-di hycl roi ni dazoi 4

5-clipyrrol 012 03:19(}5*3{[9&’\4!{?06%72 EBLROXaTLE, ?Ili\l'f% k9, Beltdfinl 005171 The

title conpound was prepared usin ana ous to
prepare Exaﬁ'p| é‘ﬁl@l.b’?{):; Hz, 2H) 420 4.34 (m, GH) 4.06 (\ 3H) 313 (br. s 4H) 2.77 -

2.89(m, 2H), 146 (¢, } =7.21 Hz, 3H), 1.43 (t, J = 7.21 Hz, 3H), 0.82 - 0.88 (m, 4H),
0.72 - 0.77(m, 4H).

Example 106

P D

N
FIN
H
N \\\Nf“})
10 v
N, N-dieyclepropyl-6-ethyl-4-(1-ethyl-5-(2-morpholinoethylcarbameyh-14-
pyrazol-3-ylamino)-1-methyl-1,6-dihydreimidazel4,5-d[pyrrolo[2,3-b|pyridine-

T-earboxamide

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-+E).
[00499]  'H NMR (500 MHz, CDCI3) &: 8.18 (s, [H), 7.68 (s, [H), 7.45 (s, 1H),
6.87 (s, [H), 4.64 (q, ] = 6.9 Hz, 2H), 4.54 (q, J = 7.2 Hz, 2H), 4.03 (s, 3H), 3.77 (br.
20 s, 4k, 3.61 (br. s, 2H), 2.80 - 2.87 (m, 2H), 2.67 (br. s., 2H), 2.57 (br. ., 3H), 1.71
(br.s., 3HD), 153 (t, J=7.1 Hz, 3H), 1.46 (t, J = 7.1 Hz, 3H), 0.84 - 0.90 (m, 4H), 0.74
- 0,79 {m, 4H).

Example 107
25



20[ 00518] MS (ES1) inlz 447.3 (MrH). 112CPreparati on of

3-(7-(dicycl opropyl carbanoyl)-6-ethyl-1- nethyl-1,6-di hydro i m dazol 4
5-dlpyrrol 012, 3- bl pyri di n-4-yl am no) - 1- net hyl - 1Hpyr azol e- 5- carboxylic acid
- 146- (0GBABLUMPKE4tit] e conpound was prepared using XCHEBHBYEHAI ogous to
that used to prepare exanple 101. 5[00520] M5 (ES1) nmlz 463.3 (M+H).
112Preparation of A/ Ar-dicycl opropyl-4-(5-(dinmet hyI car banovl) - 1-

met hyl - 1 B pyrazol - 3-yl am no) - 6-et hyl - | -nethyl - 6-d i hydroi m dazol | 4, 5-
dl pyrrol 012. 3-bl pvri di ne- 7- car box de‘&ﬂ&OOSﬁ] A m xture of 3-(7-(dicyc

| opr opyI carbanoyl) - 6-ethyl-1- %Nyl ohni dazo[ 4, 5-d] pyrro

| o[ 2, 3-b] pyriclin-4-ylam no) - f hy py 5- carboxylic acid (39.8
ng, 0.086 mmol ), HATU (49.0 ng, &. 1: i d imethylamne, 2Min TI-IF
(0.086 m., 0.172 minol) in DVF (2 was 1stirr at roomtenperature for
2h. Water was added and the reaction m xture was\extracted 15with et hyl
acetate 3 tinmes. The conbi ned organic layers were washed twice with 10%
l'ithium chl oride 0 centrated
in vactio The orgibeiuPyRHoTREReEL LS Bl Ryl fEFfuAaRy Eon

AR- di cycl opr opy pyrazqlB-ylamino)-1-methyl-1,6- (hhy(lroumd‘l/o[tl S-djpyrrolo[2,3- blpyrldme-

(di mot hyl car bam)yl) 1- et hyl - 1H pyra,zcc‘)lLbog,lM](@m no) - 6- et hyl- 1- net hyl - 1, 6-

di hydr oi t ni dazo[ 4, 5-d] pyrrol of 2, 3- b] pyri di ne-7-carboxam de (23 ny, 54.1 %
yi el d) 20as an off-white solid. [00522] M5 (ES 1) mz 490.2 (M+H). [005231l
H NIVIR (400 I\/'_%OGG%DC’]EI??Q tithe coﬁpgd%d (3 Q-M}ca uZmQZle%od %H)omu?‘t@tﬁat(lﬁed w1 1)
6.86(s, El), 4.61 SH (s, 31-1), 3.29
(s, 3H), 3.16 (Dswd@lei}dml’fkcmg 2 86 (m 2H) 1 47 (t J = 7 0 Hz, 3H) 0 82

- 0.89 (M 4H) ;o072 V& E96M sR54hed). Exanple 113 - 147- \N--\\ /0
[00502] 'H NMR (500 MEz, CDCly) &: 8.19 (s, 1H), 7.66 (s, 1H), 7.26 (s, 11D),
F0 687 (s, tH), 4.63 (q, ] = 6.9 Hz, 2H), 4.26 (q, J = 7.2 Hz, 2H), 4.02 (s, 3H), 3.88(br.
s., 4H), 2.80 - 2.86 (m, 2H), 2.54 {br. 5., 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 168

N
PN,
NPy,
O NNT'N N
K H /\\\N

4-{5-((cyanomethyl)(methyDcarbamoyD-E-ethyl- L H-pyrazol-3-ylamino)-V,/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 (ESD) m/z 529.3 (M-+H).
[00505] 'H NMR (500 MHz, CDCI;) 8: 8.37 (br. s., 1H), 7.77 (s, [H), 7.39 (s, 1H),
6.86 (s, 1H), 4.62 (q, ] = 7.2 Hz, 2H), 4.54 (br. 5., 2H), 4.27 - 4.34 (m, [H), 4.04 (s,
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O N*NNN N, N-di cycl opropy1l-6-et hyl -4-(1-nmet hyl-5-(thi onorpholine 1, 1-dioxide
-4-carbonyl) - 1H pyrazol - 3-yl am no) - 1- net hyl - 1, 6- di hydr oi m dazo [ 4, 5-

d] pyrrol o[ 2, 3- bl pyri di ne-7-carb oxamide 5 1005241 The title conpound was
prepar ed u¥POR§t142%6t hod anal ogous to that used to prefgfiTeseiafproal 112,
1005251 M5 (ESL) nfz 580.3 (MtH). 10052611H NWR (400 MHz, CDC13) 6: 8.29
(s., 1H), 7.69 (s, IH, 7.30 (s, 1H, 106,83 (s, 114), 4.57 (g, J = 6.8 Hz,
2H), 4.31 (hr. s., 4H), 4.00 (s, 3H), 3.93 (s, 311), 3.15 (hr. s., 4H),
2.77 - 2.88 (nﬁﬁnﬁwlﬂ&\45H(Q793236GEGHEMfwﬁwﬂf7@&80ﬁ®J®&91M@ﬁm,41-I), 0. 69

- 080 (m 4F) qrofampbos ddgutS A N--t N NINO N NN
N, N-dlcyclopropy]?S & dlfluoroethyl) 5- (di net hyl car banoyO- 1H pyrazol -

3-
yl am no) - 6-et hyl - 1- et hyl - 1, 6- d|hydqggﬂbgqg@14 5-dl pyrrol of 2, 3- bl pyri di ne-7

- car boxam de
m N'N

H HNl »\

4-((5-((2-acetamidoethyl)carbameyl)-1-ethyl-1 H-pyrazol-3-yl)amino)-, V-
dicyclopropyl-6-ethyl-1-methyl-1,6-dihydroimidazo{4,5-d{pyrrolo{2,3-
b|pyridine-7-carboxamide

(06506}  The title compound was prepared using a method analogous to that used to
16 prepare example 103,

[00507] MS (EST) m/z 561.5 (M+H).

[00508] 'H NMR (500 MHz, CDCL) 8: 7.77 (br. s., 2H), 7.40 (s, 1H), 6.72 (s, IH),

4.48 - 4.56 {(m, 4H), 3.99 (5, 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 (1, ] = 6.9 Hz, 3H), 1.26 (s, 1H), 0.82
IS —0.90(m, 4H),0.70 - 0.77 (m, 4H)

Example 110

ol v

m i
"/

N
N, N-dicyclopropyl-4-((§-(diethylcarbameyl)-1-ethyl- | H-pyrazol-3-yl}amino)-6-
20 ethyl-l-methyl-1,6-dihydroimidaze{4,5-d[pyrrolo[2,3-b]pyridine-7-carboxamide

[00509] The title compound was prepared using a method analogous 1o that used to
preparc example 103,

[00510]  MS (ESI) m/z 532.4 (M+11).
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20[ 00527] The title conmpound was prepared using a nethod anal ogous to that
used to prepare Exanple 112; except utilizing exanple 80A. [005281 M5 (ESI)
m z 540. 4(M+11). 1005291NWVR (400 MHz, CHLOROFORMd) 6: 8.41 (br. s., IH),
7.73 (s, 1Myo20uaB8¢s, 14), 6.86 (s, IH, 6.17 (tt, J POEBSQUMHIRIHZ, 1H),
4.57 - 4.72 (m 411), 4.01 (s, - 148- 314), 3.30 (s, 3H), 3.16 (s, M),
2.78 - 2.86 (m 2H), 1.47 (t, J =7.0 Hz, 31-1), 0.80 - 0.89 (m 4H), 0.71
-0.80 (m 4H).

N, N- di cycl opr opipa516} et' HYWNMR¢308 MRy AD6Kk yivétzhyir) S. et Hyk.- 111/ =Bys.azol - 3-

yl am nc)-1-nmeth Y, d - yr o bl i.di ne-7-
car boxam de 10 %0%@“(1"[:“1[&"2%80@ %ﬁ%%v@édlgj%garé%é{gﬁhé4%’3?%%‘59/;3% lar to
that used for exa¥ime4i10277 1DOGEL 2HME 40 BLY7 . 6HA4R 73t ( FFH)HZ1QGO588A 1H NVR

CDC: 13) 6 1 7.16 (s, 1 H), 6.88 15(s, 1
I(-i), 25 (d?prznﬁ'figg](m(%)ggqizwﬂﬂ’és? (,S B L 7.2gsst),F21. 03 (s, 3I(-|)S,

3.89 (s, 3H)35 2.84 (m 2H), 1.68 (t, 3H, /-616 Hz) 1.50 (t, 3H, J=7.15
Hz), 0.75-0.89 (m 8H) 20Exanple 116 g‘mﬁe NNNN H

N, N- di cycl opr opyI 6-et hyl - 1- et hyl - t - 5- (nmor phol i nonet hyO- | Hpyr azo
| - 3-yl am no) - 1, 6- di hydr oi m dazo Jét ]\ﬂ.ﬁ\pyr r\S)I of 2,3-b] pyridine-7-

25car boxam de

ONNN

N,N-dicyclopropyl-4-((3-(((2R,68)-2,6-dimethyl-4-morpholinyljcarbonyl)-1-
ethyl-1 H-pyrazol-3-yl)amino)-6-ethyl-1-methyl-1,6-dihydreimidazo[4,5-
10 d]pyrrole[2,3-b|pyridine-7-carboxamide

[00512] The title compound was preparcd using a method analogous to that uscd to
prepare example 103,
[00513] MS (ESD) m/z 574.4 (M+H).

15 [00514] 'H NMR (500 MHz, CDCly) &: 8.30 (br. S., 1H), 7.72 (s, 1H), 7.21 (s,
1H), 6.86 (s, [H), 4.62 {q, ] = 6.9 Hz, 2H), 4.21 — 4.28 (m, 2, 4.07 - 4.20 (m, 2H),
401 (s, 3H). 3.61 (br. 8, 2H), 2.91 (br. s, 1H}, 2.79 - 2,85 (m, 2H), 2.60 {br. 5. I1H),
1.47 (t, = 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 - .78 (m, 4H)

20

Example 112
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- 149- WD 2011/ 028864PCT/ US2010/ 047621 1005331To a stirred sol ution of

N, Hdi cycl opr opyl-6-ethyl -4-(5-fornyl - 1H pyrazo |-3-ylam no)-

-nmet hyl-1, 6-di hydro i m dazo [4,5-cl]pyrro lo [2,3-b] pyridine-7-

car boxam d&O(exaasske 11 2B, 22 ngy, 0.049 mmol ) and nol SOV gedvss 4A (30
mg) in MeO1l-1 (2 mb) was added norpholine (0.017 niL, 0.197 mnol). After
the solution 5was stirred at roomtenperature for 12 hrs, sodium
borohydride (7.46 ng, 0.197 mmol) was then added and stirred for 3 hrs. The
sol ution was bréieghtyclopropsll-da{St(dinl ehhyM@GlhampgDitraéthgddd/-mirtvl-3atamiad)ed aqueous
sodi um bi car bonat e hinagl.e 2CL ic |layer was
dried over anhydroﬁgﬁggbﬁgg uﬁ]éﬂ Ieygdgﬁg gF{%ﬂ% @ﬁyTﬁgggcua The

resi due was purified by silica-gel khd@hnmhconatography 10 using an Isco 40
g colum eluting fromO0-10% MeOH CH2C12 to yield

N, Ndi cycl opr opyl- 6- ethyl-l-nethyl 4-(1- nethyl 5- (nDrphollnonethyO 1H pyrazo
| -3- ylamninb)-1, G(ﬂladr0| it of p7-@3lidy )

(14.3 ny, §UM§(ESI) m z

518.3 (MAl) 15 ; 7 (s, 1H),
6.99 (s, gy 0 215 metlisd ol Hz), 3.93 (s, 3H), 3.77
(s, 3H), 364(m 4H) '3.48 (s, , &75(m 2H), 2.45 (m 411), 1.42 (t,

3H = 7.02 Hz), 0.66-0.80 (m _8H)/20 ﬂ@le\l&?NNNNNNH
25N, N-di cycl opr opyl- 6- et hyl - £t h e 544- net hyl pi per azi n- 1-

g NN N&)’\ro\
O " o
[06515]  The title compound was prepared using a method analogous to that used to
10 prepare cxample 10EB.
[08516] MS (ESDm/z 611.7 (M+H).

1128 Preparation of N N-dicvclopropyl-6-cthyl-4-{5-formyl- I -

methyl-1 H-pyrazol-3-yvlamino)- 1 -methyi- 1 6-dibydroimidazo[4,5-dpvirolo] 2.3-

15  blpyridine-7-carboxamide

D‘q N 7 ~ N-N O

[00517] The title compound was prepared using a method analogous to that used to
prepare Example 101C.
20 [00518] MS (EST)m/z 447.3 (M+H).

112C Preparation of 3-(7-(dicyelopropylcarbamoyl)-6-ethyl-1-

methyl-1.6-dihydro imidazo[4.5-dIpyrrole[2,3-bIpyridin-4-ylamino)- 1 -methy -1 H-

pyrazoke-S-carboxylic acid
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yOret hyl ) - 1H pyrazol - 3-yl am no) -1, 6-d i hydroi m dazo [4,5-d jpyrrolo [2,3- b
pyridine-7-earbox amd e - 150- WD 2011/028864PCT/ US2010/ 047621
1005361Synt hesi zed usi ng a net hod anal ogous to that used to prepare exanple
116. [ 0053 MO MSIOBBM i z 531.4 (N4+H) [ 0053811 Et NVR (PEBESH/BpEmM 8. 05
(br s, 1 E), 7.60 (s, 1 E), 7.00 (s, I FI), 6.78 5 (s, 1 H, 4.56 (q, 2

El 1= 6.75 Hz), 3.95 (s, 3H), 3.72 (s, 3H), 3.61 (s, 2H), 2.96 (m 4E1),
2.76 (m 414), 2.74 (m 2H), 2.71 (s, 3H), 1.42 (t, 31-1"1= 7.04 Hz),
0.67-0.80 (m 81-1) Exanpl e 3}8 Ny
\N /
P e
{
o a N EA/)\/{)H

[00519]  The titic compound was prepared using a method analogous to that used to
prepatre example 101,
5 |60520]  MS (ESI)m/iz 463.3 (M+H).

112 Preparation of N.N-dicvclopropyl-4-(5-(dimethylcarbamoyl)-1-

methyl- 1 H-pyrazol-3-vlamine)-6-ethyl- [ -methyl- 1,0-dikvdroimidazof4,5-

dlpyreolo[2.3-blpyridine-7-carboxamide

10 [00521] A mixture of 3-(7-(dicyclopropylcarbamoyl)-6-ethyl-t-methyl-1,6~
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridin-4-ylamino)-1-methyk- TH-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 cthyl acctate 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-1H-pyrazol-3-ylamino)-6-cthyi-1-methyl-1,6-
dihydroimidazo[4,5-d]pyrroto[2,3-bipyridine-7-carboxamide (23 mg, 54.1 % yield)

20 asan off-white solid.

[80522] MS (ESI) m/z 490.2 (M+H).

[00523] 'H NMR (400 MHz, CDCly) &: 8.28 (s, 1H), 7.67 (s, 1H), 7.34 (s, 1H),

6.86 (s, 1H), 4.61 (g, T = 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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10 M N NN

N, N- di cycl opropyl-4-(5-((di met hyl am no) net hyl ) -1-net hyl - 11/ - pyrazol - 3-

yl am no) - 6- et hyl - | - net hyl - 1, 6- di hydr oi m dazo[ 4, 5-dl pyrrol o[ 2, 3- bi pyridi ne-7
- ear boxanV@201B2$8605391Synt hesi zed usi ng a net hod anat@ggusionersehat used
to prepare exanple 116. [005401 M5 (ES1) mz 476.4 (M-11) [0054111H NWMR
(CDC13) 6 ppm 7.45 (s, | H), 7.33 (s, 114), 6.84 (s, 1 H, 4.52 20(q,
214,1= 7.04 Hz), 4.25 (s, 21-0, 3.98 (s, 3H), 3.90 (s, 31-1), 2.80 (s,
61-0, 2.77 (m 2H), 1.37 (t, 313)1 6282, Hz), 0.64-0.87 (m 814)

N, N- di cycl opr opyl- 6-et hyl-4- [§_ hyI Z\E\A mafthyl pi perazin-1- Aret hyl ) - 1H

O N

& Rel

N, N-dicyclopropyl-6-ethyl-4-{1-methyl-S-(thiomorpholine 1,1-dioxide
-4-carbonyl)-1H-pyrazol-3-ylamino)-1-methyl-1,6-dihydroimidazo[4,5-
d]pyrrolo{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, CDCL:} 8: 8.29 (s.. 1H), 7.69 (s, 1H), 7.30 (s, 1H),

10 6.83 (s, 1), 4.57 (q, ] = 6.8 Iz, 2H), 4.31 (br. s., 4H), 4.00 (s, 3D, 3.93 (s, 3H), 3.15
(br.s., 4H), 2.77 - 2.88 (m, 2H), 1.45 (1, J = 7.0 Hz, 3H), 0.80 - 0.91 (m, 4H), 0.69 -
0.80 (m, 4H).

Example 114

N
H /
15 K
N, N-dicyclopropyl-4-(1-(2,2-difluoroethyl)-5-(dimethylcarbamoyl)-1H-pyrazol-3-

ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-d ] pyrrole][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-+EH).
[00529]  'H NMR (400 MHz, CHLOROFORM-d) 8: 8.41 (br. s., 1H), 7.73 (s, 1H),
743 (s, 1H), 6.86 (s, IH), 6.17 (¢, ] =55.9, 4.2 Hz, 1H), 4.57 - 4.72 (m, 4H), 4.01 (s,
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pyrazol - 3-yl am no) - 1-net hy1l-1, 6-di |l ydroi m tl azol 4, 5-di pyrrol o[ 2, 3-b
pyri di ne- 7-carboxam de 5[ 00542] Prepared using interenediate 101B and
procedure as used for exanple 116. 1005431 M5 (ESI)nlz 545.4 (M 10054411H
NVR ( CDCl 3Wo po1ppass@. 03 (s, 1 H), 7.57 (s, 1 El'), 7.00 BCa/usyiep4768. 78 (s,
1 H, 4.55(q, 2 Ft, J=7.04 Hz), 4.03 (q, 2H, = 5.72 Hz), 3.94 (s, 31-1),
3.60 (s, 2H), 102.93 (br s, 314), 2.63-2.84 (br in, 1011), 1.42 (t, 31-1,
J=7.04 Hz), 1.35 (t. 31-1"1I = 7.26 Hz), 0.69-0.79 (in, 81-1) Exanple 120
[>. N/ N'=\ \WHck3(Ss, 3H), 3.16 (s, 3H), 2.78 - 2.86 {(m, 2H), 1.47 (t, ] = 7.0 Hz, 3H), 0.80 -

15N,N—dicycIoprQ%%{QHihpy;Gﬁzgghﬂyl-4-(2-nethy|thiazol-4-y|anino)-1,6-
Ly LD T

di hydr oi m dazo[ 4,5-dl pyrrol o yri di ne-7-car boxam de 120APr epar ati on
of 4-(2-chl oroacetam do)-N, N-di cycl opropyl -6-ethyl- 1-nethyl-1
6-dilryclroimclazof4 5-(11lpyrrol of 253:hl.\M4 di ne-7-carboxan cl e 20

[ 00545] To a round bottom fl ask chargeﬁgb#?ﬁ

4-am no- N, N-di cycl opr opyl- 6- et hyl - \N ]

1-net hyl- 1, 6-di hydroi mi dazo[ 4;5-d] pyrro dFE,S- ] pyri di ne-7-car boxam i de
(exanpl e 1,1, 47.2 ny, 0.139 S| aded_di chl or omet hane (697 pL)
and triethylamne (35.0 M., 0.25% mml)§? Bac yl chloride (12.20 pL,
0.153 mml ) was added 25dropwi se. T reactHi on m Xture was stirred at rt
for 16h. Additi onal chl oroacetyl chloride (12.20 pL, 0.153 mml) was added.
The reaction mxture was diluted with

N,N-dicyclopropyl-6-ethyl-4-(5-(hydroxymethyl)-1-methyl-1 H-pyrazol-3-
ylamino)-I-methyl-1,6-dihydroimidazo{4,5-d|pyrrole[2,3-b]pyridine-7-
carboxamide
10
[00530] Title compound was prepared by a method similar to that used for cxample
102,
[00531] MS (ESI) m/z 449.3 (M+H)
[00532] THNMR (CDCI3)dppm 811 (brs, 1H), 7.67 (s, | H), 7.16 (s, 1 H), 6.88
15 (s, 1 H),4.75(d, 2 H,.J=5.94 Hz), 4.67 (q, 2H, J=7.26 Hz), 4.03 (s, 3H), 3.89 (s,
3H), 2.84 (m, 2H), L.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-¢thyl-1-methyl-4-(1-methyl-5-(morpholinemethyl)-LH-
pyrazol-3-ylamine)-1,6-dihydroimidazo[4,5-d{pyrrolo|2,3-b]pyridine-7-

25 carboxamide
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di chl oronet hane. The organics were washed with water, dried over anhydrous
sodiumsulfate, filtered and concentrated in vacua.

4- (2- Chl oroacet am do) - N, Ndi cycl opropyl- 6-et hyl - -met hyl - F6- di hydr oi m

i dazo[ 4, 54Worgsspb [ 2, 3-b] pyridi ne-7- carboxam de (B8/B20044762101 %
yield) was isolated as an orange paste. Material was 5used in subsequent
reactions with no further purification. [005461 M5 (ESL) nfz 415.0 ( MtH)
[005471 I H NWMR (400 MHz, CHLOROFORMd) 6 ppm 8.04 (br s, 1H), 6.90 (s,
IH), 5.31 (s, MN6533]4. B tiged 2iytion 45V Mllcydlz)ropyd 6 2ty (4(5-Bid)y - 12uctigl- 2. 88 (m

120p1 epar at  on' A KK e e 83y et s o PO ol .
yl am no) - 1, 6- ckdrbppaingi mXEt‘aLﬂ@!l.HBE)Z?dhg.)@rﬂﬁ%lanB 284 bdlpypkar Ehlweélfgi(lﬂangboxam de
[005481To a soj, é&”(zﬁgu”& 7 el 05 ARGETARLA) pho NILLGY RhORIQBNASE- et iyl - 1 -

met hyl-1, 6-di hydroim I'ne- anicl e
(58.5 ng, 15 Oasigitredsioeon tlumD@WC(%76‘1@L\)Jd'wa§ﬂ@ﬂﬂ@de tMicoacetai de (12, 71

ny, 0.169 !ni n%mhemxﬁ aid(,ma SHRRRGS Eﬁ‘sndrhtchﬁutfo‘?\%t bl hmoﬁﬁw&wms heat ed
at 80 C 3 h. The reaction m xture was concentr at a. The crude

resi due was takBAlCGhpcytmlifad@ith sepated pauedus seflinpy bipg wﬂtﬁl anff then extracted

N, N- Di cycl opr opyl @5 it orehnic [KE& Wld:ﬂd(ogumﬁﬁﬁydut Rh@%@um 4L'Ef¢tc and
yl am no) - 1, 6- di hydr ohni cl azo yrrol of ilrl di ne- 7- car boxam dc

(4.05 ny, 206. BYESTREHY Hies- |%‘o‘l“‘a@‘éd"“aét“%“mW“WﬂL siefirppplogrohs49] M

(ESI) mz 486. GLn{g.,Mhhl)col@@é&%ﬂ-&ﬂnmoﬁﬁﬂQ)WOHm @xcl@ND@m 8 78 (s, 1H),
8.08 (s, 1H), ln[%% (P Jfb%-‘é Hz), 4.03
(s, 3H), 2.87 dwyf“é’é?l’( o lr—*ﬂ)mc“‘! 4Tty mo‘!?é“’é%m(cflyf)éﬁ PR 03 Hz), 0.73
-0.81 (in, 4H) ylafin0R(,6-d0y&Oin{idabo[4,4Kd)pyRbloRcatTPRint 2 lcaBoxamidN-(1A3 nreNN O

e 0 NE}IW mmol, _Jiéi 9« %;ylclci) as a white solid.
[00534]  MS (ESD) nv/z 518.3 (M+H)
15 [00535] IH NMR (CDCI3)dppm 7.99 (brs, | H), 7.57 (s, 1 H), 6.99 (s, 1 H),
6.78 (s, TH), 4.56 (q, 2 H /= 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 (1, 3H ./ = 7.02 Hz), 0.66-0.80 (m, §H)

20
Example £17
\ /
N N
)> N )
!
d N NJ\/)“/
N H
25 N.N-dicyclopropyl-6-¢thyl-1-methyl-4-(1-methyl-5-((4-methylpiperazin-1-

ylimethy)-1Fl-pyrazol-3-ylamino}-1,6-dihydroimidazo[4,5-d}pyrrolo[2,3-

bjpyridine-7-carboxamide
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N, N- di cycl opropyl- 6-et hyl- 1- met hyl - 4- (5- net hyl oxazol - 2-yla m no)-1, 6-
diltyd roimidazo [4,5-di pyrrol012,3-b | pyridine-7-ea rboxam de WO

2011/ 028864PCT/ US2010/ 047621 121APreparati on of 1-azi dopropan-2-one
[005511To avediiwpise of chl oroacetone (0. 680 inL, 8.53 ReFAISHIP/ATIAYet one (10
m.) 5and water (5,00 nL) was added sodi um azide (0.555 g, 8.53 mmol ). The
reaction mxture was stirred at rt 3.5 It The reaction m xture was
concentrated under reduced pressure. The renai ni ng aqueous sol uti on was
extracted w th [(053R] oSgmbtshrahesing2 mthod Rhdogoontbitineded ogaprc sxamele washed
with brine, dri over anhydrous sodiumsulfate, filtered and concentrated
in mewto yield 1I-azidopropan-2-one (0.641 g, 6.47 mol, 1076%yield) as a
brown oil. Thi sioémter iMS (Badisn/aSEcH Mtthout any purification. [005521 1H NWR
(400 MHz, CHLO?%: ., , e P . 3k B ation of
Al N-di cycl opr pys‘???@/t g%[h‘\w?ﬁ@@lgfﬁ’%iﬁgﬁg%& 1251)2%%‘& ﬁ@?%ﬁ%\ ThERH

. 6- di hydr oi rini dazdi44.56 @l pir/rol Bfi22) 3Bl (pH.cl i2e 370, @l boXdhiZ de(m15 \ N---\\

/ 0 [00553]To ' e 1,NQ- - di | py.L -

et byl -1 6 i B o L R A R B I b i e
(exanple LI, 1%D5 ng, 0.575 mmol) in dichl oronet hane (2874 pL) in a round
bottom fl ask under nitrogen 20was added 1, P-thi ocarbonyl di-2(1H)-pyri done
(133 ng, 0.575 mol ). The reaction m xture was stirred at rt for 16 h. The
reaction mxture was concentrated und&tmpledifced pressure.

AT, M Di cycl gpropyl-6-ethyl -4-isot hi ocyanat o-1-net hyl -1, 6-

di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-bl pyri di ne-7-carboxam de (180 ng, 94%
yield) was isolated as a yell ow sj}cky hid. The material was used as is
i n subsequent 25reactions. >N ; /o

| X N NN N—
O NTW NU\/
K H
N, N-dicyclopropyl-4-(5-((dimethylamino)methyl)-1-methyl- L H-pyrazol-3-
ylamino)-6-ethyl-1-methyl-1,6-dihydroimidazo|4,5-dipyrrolo[2,3-bjpyridine-7-
carboxamide
5
[00539] Synthesized using 2 method analogous to that used to prepare example
116
[06540] MS (ESI) m/z 476.4 (M+H)
[00541] IH NMR (CDCI3)d ppm 7.45 (s, | H), 7.33 (s, 1H}, 6.84 (s, [ H), 4.52
20 (q, 2H,./=7.04 Hz), 4.25 (s, 2H), 3.98 (s, 3H), 3.90 {3, 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
> N N
N7
D“‘Htﬁ\N o
|
NEN Vot

4
O s I;'I{
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1005541 Ms (ESI) mz 381.1 (MtH) - 154 - WD 2011/ 028864PCT/ US2010/ 047621
121Preparation of A/l/V-dicyclopropyl-6-ethyl-1-nethyl-4-(5-nethyl oxazol -2-
vl am i no) -1, 6-di hydroi m dazol | 4,5-dl pyrro 1o 12, 3-bi pyri di ne-7-carbox am

i de [ 00555WD@0E/08BHUt i on of PCT/US2010/047621

N, N- di cycl opr opyl- 6-et hyl-4-i sot hi ocyanat o-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
121B, 545.7 ng, 0.120 nmol) in dioxane (343 M.) was added

1- azi dopr opan- ZJ‘OMdiwtiid{n@Byl{ﬁg:th&@‘lIMthnhi)(G-nB:ndrImpdrgﬂirewl)platwphiHHe (37.8 ny,
0.144 mol ). se reheated oil
bath for 35 m H% gm glg{n%]c??fl'lﬁegﬁorﬁ te vlﬁte%“ﬁmgmﬂey ndeioé?t’»%g)ynglsneal | ut ed
with ethyl acetate and quenched w thcts‘mumateed aqueous sodi um bi car bonat e.
The aqueous |ayer was extracted with ethyl acetate. 10The conbi ned organics
were washed with brine, dried over anhydrous sodiumsulfate, filtered and
concentrat efl i WO¥RE U rerTivd usridieremediptd 48] Byad Ppm(iufqaed\bbwf%@mk

chromat ogr aphyygn an Isco 12 g colum eluting with 1 - 10% MeOH CH2C12. The
pal e yellow solid was taken up in Me01-1 and further purified by

preparative HPIO8343N, NE (Fdypz 5454 (MHID
| opr opy1- 6- et hylgsdas nEltPhMbm‘}Cb@rﬂE [QM'SQ%?Z(?'E—DZTW(@WIBO)o()](,\ﬁ-[glquo

15i m dazo[ 4, 5- dl rroI o[ i ne car boxami de was isol ated (10 ng,
oottt e s G0 80 v T s P T 5B (M 505571 10
NVR (400 Mg, Md@}r)om@w%a&@ 16@) 11 t;3!rBfQ5/ Sz hé)(n 3[1 A87 46, 1H),
6.66 (d, | H J= 1 (q, f 2 (s, 3H), 2.85 -
2.98 20(m 2H) H?&"étm%("?éf*ém 314), 1. 27 (t, 314, J= 7.15 Hz), 0.71 -0.80
(m 4H), 0.60 - 0.70 (m 4H) Exanple 122

Example 120
P
2
N
9 TeoNs
0 NN g/&’

15 N, N-dicyclapropyl-0-¢thyl-1-methyl-4-(Z-methylthiazol-4-ylamino)~1,6-

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

120A Preparation of 4-(2-chloroacetamido)-N. N-dicvclopropyl-6-cthyi-

1-methyl-1.6-dihvdroimidazo[4.5-dIpyrrolo[2,3-blpyridine-7-carboxamide
N
P
3 NN NJ\/C[
A H

20
[06545]  To a round bottont flask charged with 4-amino-V, M-dicyclopropyl-6-ethyl-

I-methyl-1,6-dihydroimidazo[4,5-dpyrrolo[2.3-b]pyridine-7-carboxamide (cxample

LE, 47.2 mg, 0.139 mmol) was added dichloromethane (697 uL) and triethylamine

(35.0 uL, 0.251 mmol). Chloroacetyl chioride (12.20 pb, 0.153 mmob) was added
25  dropwise. The reaction mixture was stirred at rt for 16h. Additional chloroacetyl

chloride (12.20 uL, 0.153 mmol} was added. The reaction mixture was diluted with
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VNs- N /1 ONNNN

25N, N-di cycl opropyl-6-ethyl -1l -nmethyl-4-(3-nmethyl-1, 2, 4-thiadi azol -5-yl am no
)-1,6- tlihydroi m dazo[ 4, 5-dlpyrrol o[ 2, 3-blpyridi ne-7-earboxan de [ 005581A
m xture of WO 2N2888Ac| opr opyl- 6- et hyl - 4-i sot hi ocyanat o-BCIHEREH)H47$21 6-

di hydr oi m dazo[ 4, 5-cl ] pyrrol o[ 2, 3- b] pyri di ne-7- car boxar ni de (exanple 121B,
0.042 - 155- g, 0.111 mmol), acetam dine hydrochloride (10.49 ng, 0.111
mol ), and Hi |l nig sBase (0.058 nL, 0.333 mmol) in DVF (0.617 ral..) was
stirred at rt Chthldbretthapk. Erodgoms ox pasice with wag8s diigilovenR2®uamol ) was
added and stirring,copki ?Hﬁi}ﬁ 4 A DR m-akgm&,ﬁg W.e. éh@&oa%édlﬂxaoﬁﬁﬁ/ reaction

m xture was concentr at ed e reS| taken up and purified
by preparative $RicCprofy!N-dindy chtipi-oylhygwireitdryld->- CI]PY!lolO [2,3- b]inildmb 7-

-met hyl-4-(3-ne ; G} G m dazo
[4,5- dl pyrrol o{ QX’ %“%j%@ﬁ?é‘?ngﬁ# ggrﬁi %?(\alﬁd%d 9@% Gl% Clp,aéc %??éﬁ@g? was

i sol ated as & pakeingeispawntseicias W[ttbeggetmcrw%%gm mkt. 437.1 (MFH)

10[ 0056011H N MpRm 8. 10 (s, t H) 7.28 (s, | H, 4.73
(g, 2 H, J7¥56%§EWES§%@P §¢(293 -3.01 %Pg 2.5383,3
1.53 (t, 3J- 7.008547) 1HGVER (409 1\9122 (CrHLOMEPRNbd)mm VBB itH): 640F) 15
Exanple 123 | > (ghy: Nor N 7)) 4.68 (PNeLA=7.11 Hz), 4.24 (5, 3H), 2.77 - 2.88 (m, 2H), 1.47

(t, 3H, /= 7.03 Hz), 0.83 - 0.92 (m, 4H), 0.71 ~ 0.80 (m, 4H)

10

£26  Preparation of N N-dicvelopropyl-6-ethyvl-1-methyl-4-(2-methylthiazol-4-

vlamino)-1,6-dihvdroimidazo[4,5-d]pyrrolo[2 3-blpyridine-7-carboxamide

[00548] To a solution of 4-(2-chloroacetamido)-V, N-dicyclopropyl-6-cthyl-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 rcaction mixture was heated at 80 °C 3 h, The reaction
mixture was concentrated in vacuo. The crude residue was taken up in MeOH and
purtficd by prep-HPLC. N N-Dicyclopropyl-6-ethyl-I-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+1H)
[00550]  |H NMR (400 MHz, DMSO-dg) 8 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 (1, 3H, J = 7.03 Hz)}, 0.73 ~ 0.81 (m, 4H), 0.62 - 0.69 (m, 4H)
25
Example 121

P
>—N SN 0’\€

7
ON”&“

N,N-dicyclopropyl-6-ethyl-1-methyl-4-(5-methyloxazol-2-ylamino)-1,6-

dihydroimidaze[4,5-d]pyrrole{2,3-b|pyridine-7-carboxamide
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Preparati on of N, N-di eyel opropyl - 6-et hyl -4-(3-isopropyl -1, 2, 4-thi adi azol - 5-
yl am no) - 1- net hyl -1, 6- di hydr oi m dazol4, 5411pyrrol 012, 3- bl pyri di ne-7- car boxa
m de [ 005611 This conpound was prepared according to exanple 122 using

20i sobut yr Wei 20ei2#e+ hydr ochl ori de (15.08 ng, 0.1.23 mHaVys2eui+d@esopr opyl
azodi carboxyl ate (47.8 4,, 0.246 mol ).

N, N- Di cycl opr opyl-6-et hyl-4-(3-isopropyl L2, 4-thi adi azol - 5-yl am no) - 1- net hyl
-1, 6-di hydroi mi dazo[ 4, 5-d] pyrrol o[ 2, 3- b] pyricline-7-carboxam de (21 ng,
34.9 %yield) was isolated as an off-white 1005621 M5 (ESI) mlz 465.3 (MtH)
2510056311H NWVR (4 _ el , (s, 1H), 8.18 (s, 1H), 7.28
(s, 1H), 4.64 (q, OM 6. 9 26 & f %,““’3 10 (chid, 1H, J= 13.93,
6.90, 6.78 Hz), 2.86 - 3.00 (m 2H) 1.a2 (t, 314, J=7.03 Hz), 1.32 (s,

3, 1.31 (s, 3M), 0.72 - 0.81 (i1, 400N, 0.63 - 0.71 (m 41-1) Exanpl e
124 éﬁlj 2,4-th
i adi azol - 5- yI afOBH) - NI sobiitienyefichlorosgnyne GLGSOmY, 5.53 metohyl acgtoge (10 mL)

5di hydr oi mi dat gdvade g4, W{ﬁ[)‘%d@E&ic@:,(pllufﬂye{ﬂcg'(@%S gaf B%ﬁmfﬂ,guegcgg564lp‘ m xture
of N, N-dicyclopropyl-6-ethyl-I-tnethyl-4-thi ourel clo-1, 6-

di hydr oi ni dazo[SaVPpNFEOH S 13- Bigpctien %m\&fmcmlarﬁcéwed% edupl e 2B, 30

nmg, 0.075 mol hreand TndrfhiiRE h(QRéUu'sN)iﬁhd-ﬁ'\mthwbt@@%h@ﬂ@%rﬁﬁctﬁd]m 8. 39 m"rDI)
was l1lOheated a 2h. Excess 1, 1-di met hoxy- N, N-di net hyI met hanam ne

was evapor at edtfllwoo@t“&ﬁa S “iché“é‘i‘cﬂd"ét“@%&%‘l < Oeran By pagdairt Sufate,
di chl or onet haneiitd 4t o@erald Givesioty Lisu 1 f-enymbyud oy keem Res § 2dmdi, g, 0. 113

tnnol ) was add reaction xture was stirred at roomterrperaturefor
3h. Water v{g Z%é”e‘féfkgﬁﬁd ?ﬂgn 'é[yﬂ]}“sm\?@r‘aéw%“éb%{i‘é‘fl@ﬂt any H@‘Fﬁ?ﬁ’ém c layer was
dried over nagpesszym SUNKM&t(e0 Wik (@RS end coneents @ted, i.n (vaeno. The
crude residue was purified by preparative 1-1PLC to give
4-(1, 2, 4-thi adi azol -5-yl am no) - N, N-di cycl opropyl - 6-et hyl-1-net hyl -1, 6-
di hydr0| m dazo[ 4, 5-1 1@yrro| @[@41&1@_}@%#:‘!—(1&&%%@1@&hm&mdﬂeoo(v%arml. 19. 20%
yield) as a yell B Z. g I\/HJ—i) 20[ 00566) NVR
(500 MHz, CD30 3. , J 4.4 Hz, 1H),
7.28 (s, 1By, 4.74 (q, J = 7.0 Hz 2H), 4.15 (s, 3H), 2.94 - 3.00 (m 2H),
1.53 (t, J =7.0 Hz, 31-1), 0.82 - 0,89 (m 4H), 0.75 -0.82 (m 41-1)

P A

N

=Ny ] s
0 N NN

[08553]  To a mixture of 4-amino-N,N-dicyclopropyl-6-cthyl- | -methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo{2,3-bipyridine-7-carboxamide (example LJ, 194.5 mg,
0.575 mmol) in dichloromethane (2874 uL) in a round bottom flask under nitrogen

20 was added 1,1'-thiocarbonyldi-2(1 H)-pyridone (133 mg, 0.575 mmol). The reaction
mixture was stirred at rt for 16 k. The reaction mixture was concentrated under
reduced pressure. N N-Dicyclopropyl-6-ethyl-d-isothiocyanato- 1 -methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide (180 mg, 94% vield)
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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Exanple 125 N N1\1, AO /N NN N - 157 -

N, N-di cycl opropyl1-441,5-dinethyl -1H 1, 2,4-tri azol -3-yl am no)-6-ethyl-1-neth
yl - 1, 6-di hydroi m dazo[ 4, 5-d[ pyrrol o] 2, 3- b[ pyri di ne- 7- car boxam de

125APr epar a0 ¥nml/eBsed- ( 3- acet yl t hi our ei do) - N, N-cl i cycl ofEdpaigL476dt hyl - |
-met hyl - | 6-di hydroi m dazol 4, 5411pyrrol oi 2 3-bl pyridinc-7-carboxamdc S
0O N NANA' HR [00567] To a sol ution of

4- am no- N, N-di cycl opropyl- 6- et hyI 1- rret hyl -1, 6-

cl i hydroi m dazo[ 4, 53] p ailaty ALY -gthy ] 385

my, 100.177 ml;)mmoq EQ‘CL?ISNOII0%11&191‘709218‘)2(11[11‘1)0“@% lﬁlg’qgg{} %‘E%Eé&amuﬁm hl Ocyanat e
(0.020 m., 0.2 .~ e reac Was Stirred at

t enper at ure forlO(ElSSI LEbWB)lsthmwéd f‘édic)tCIOthWf@@ﬁylﬁhwtlsmcamtdtm’gmmler| al left.
Anot her 0.5 equi t t he reaction
m xt ure was he;tl[t’(\é@L ({]&@gm@%%%ku& ?3*}%@5{- M%Ea} C\%ﬁé\@%\@qg@apﬁggg\d t he crude
product was Spurdsf7ineg 0430 gl fn (bwmn(éﬁbagfr)azplhyddﬁgd)ﬁﬂé@ﬂ!@i’@@ﬂg’étr (l48fng an

automat ed | SCO rs?gfat@m&%f}daz G HProsSlitkt BN ¢ 11420 8¥5 rt hanals o

60

di chl or onet han
4- (3- Acet yl t hi dherfsisldeyre Nneretidante k ofshesgpyl Dil Gate £y F mimied lgyeledito g0 hydr oi mi dazo
[4,5-d] pyrrol O[tgm%l dla]t@yfﬂcqéxﬂl[%c 4al @rﬁlQ@%\@tﬂ"@ﬁtgl antéltt, B o cb;él%h&i v/ﬁl_l{a)ﬂa@dd@al was

obt ai ned as a yellow solid
aqueous sodium blCdlbDlldtL [‘11(, aquwm Edy(:i was (,thdCtLd with Lth_\/'l acetate.

10 The combined organics were washed with brine, dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo. The crude residue was purified by flash
chromatography on an Isco 12 g column eluting with 1 -~ 10% MeOH/CH,Cl,. The
pale yeHow solid was taken up in McOH and further putified by preparative HPLC.
N, N-Dicyclopropyi-6-ethyl-1-methyi-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 Mz, DMSO-dg} & ppm 9.86 (s, 1H), 8.05 (s, 1), 7.18 (s,
tH), 6.66 (d, 1H, J=1.51 Hz), 4.41 (q, 2H, /=728 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
J> N“\\N
N = ~N
Y
O NN N N
P, i

25 N,N-dicyclopropyl-6-ethyl-1-methyl-4-(3-methyl-1,2,4-thiadiazol-5-ylamino}-1,6-

dihydroimidaze{4,5-d|pyrrolo]2,3-bfpyridine-7-carboxamide

[00558] A mixture of &, N-dicyclopropyl-6-¢cthyl-4-isothiocyanato- [ -methyl-1,6-
dihydroimidazo[4,5-d]pyrrolo[2,3-b]pyridine-7-carboxamide {example 121B, 0.042
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125Preparation of N N-dicyclopropyl-4-(1,5-dinmethyl-1H | 2 4- triazol-3
-yl am no)-6-ethyl-1-nethyl-1,6-d i hydro i m dazol4, 5-dl pyrrol ol 2, 3-

bl pyri di ne-7- car boxam de [00569] A m xture of

4- ( 3- acet yWORPUIRBH4H0) - N, N- di cycl opropyl-6-et hyl -1 - neRGIyIS2016/047621

251, 6-di hydr oi m dazo[ 4, 5-d] pyrrol o[ 2, 3-b] pyri di ne- 7- car boxam de (exanpl e
125A, 17 ng, 0.039 mmol) and net hyl hydrazine (2.486 pL, 0.046 mmol) in
acetic acid (0.5 nm.) was heated at 80 C for 4h, LC/ M5 showed starting

mat eri al still gréerdinmahgacciaadiiteibpdrathlongt ﬁjblétay@r@tiinmmél)ZaﬁBG j.L, 0.046

mmol ) was addeg[m%g%dbgﬁtd‘i@glhc(?ﬁ"&lnqg&ﬁgmf% (%Q’%’ 91% st x’u;fnl:dazg?ttdl\gm COITpl ete.

Sol vent was evaporated and th by ‘preparative
HPLC to furni SWINYMZGGEIGW@XMIEW@WML @2215md10ﬁmc1h§ddw okl stirting continued

,2,4-triazol - dty[, F’gélat@mq\?rh%lh Tr.g, rc@%p)ﬁ xufjr ¢ 8ol }{tgc{teg uncsndgo 7 %yi el d)

|dazo[4 5-d] pyrro ricline-7-carboxamc
as an of f - wAi té’défé*qﬂew 1“1@@@?@1%!\}’811(!EBW)P1¢PF\WE\’04§’403 N, MH*chfDQEQG@?ll El NMR

(25?)013)4 817( 260%% r;iéiﬁyj})li»(B ?‘nuﬁgl (§4 t];]ri_(glamlﬁﬁ g?ﬁmﬁé)u A4 L%)l‘l‘ncg;%ﬁg-’ SJ ;H)7 11HZ,8
(t, 3 =72 H’zdipm&ly236)3m9dtn®7%bmmm4 i%msd‘ymcld)ov&wotwdm ¢ - 159 -
CLAI V5. 1. A copprungdipf the formula (1) or a stereoisoner, tautorrer, or

f

phar maceut i cal acceptabl e salt thereof, wherein Xis Cl-4 alkyl; Yis Cl. 4
al ky| : Ris 559 MS (ESI) miz 437.1 (M+H)

10 [00560] 1HNMR (400 MHz, McOD) & ppm 8.106 (s, E H), 7.28 (s, 1 H), 4.73 (q, 2
H,.J=7.19Hz), 4.13 (s, 3 H), 2.93 - 3.01 (m, 2 H), 2.53 (s, 3 ), L33 (4, 3H, /=
T7.03 Hz), 0.83 - 0.92 (mn, 4 H), 0.76 - 0.83 (m, 4 H)

Example 123
N
P
D‘N Y = N SN
DS

O N N N N
H
15

Preparation of N, ¥-dicycloprepyl-6-ethyi-4-(3-isopropyl-1,2,4-thiadiazol-5-

ylamine)-T-methyl-1,6-dihydroimidazo[4,5-d]pyrrole[2,3-b|pyridine-7-carbexamide

[08561] This compound was prepared according to example 122 using

20 isobutyrimidlamide hydrochloride (15.08 mg, 0.123 mmol) and disopropyl
azodicarboxylate (47.8 uL, 0.246 mmol). N.N-Dicyclopropyl-6-cthyl-4-(3-isopropyl-
1,2 4-thiadiazol-5-ylamino)- [ -methyi-1,6-dihydroimidazo[4,5-d]pyrrolo[2,3-
blpyridine-7-carboxamide (21 mg, 34.9 % vield) was isolated as an off-white solid.
[60562] MS (ESI) m/z 465.3 (M+H)

25 [00563] IHNMR (400 MHz, DMSO-ds) & ppm 12.24 (s, 1H), R.18 (s, 1H), 7.28 (s,
1H), 4.64 (q, 2H, ./ = 6.94 Hz), 4.06 (s, 3H), 3.10 (ddd, [H,.J=13.93, 6.90, 6.78 Hz),
2,86 - 3.00 (m, 2H), 1.42 (1, 3H, /= 7.03 Hz), 1.32 (s, 3D, 1.31 (%, 3H), 0.72 - 0.81
{m, 4H), 0.63 - 0.71 (m, 4H)
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any of which are optionally fused with a 5 or 6 nenbered carbocycle or
het erocycl e, said heterocycl e having one heteroatom sel ected fromNR3 or S,
said fused carbocycle or heterocycle being optionally substituted with 0-3

RI . RO raUmssdral o, CN, Cl4 al kyl substituted w t PCFAS2RE047¢HE3, CONaa,
Naa, COORb, S02-Cl4al kyl, C(0)Rd, cycloal kyl substituted with 0-3 Ra,
furanyl, tetrahydropyranyl or pyridinyl; R2 is H Ci1-6 al kyl

substituted with 0-3 Re, C(0)0-Cl. 4al kyl, S02-GCi 4al kyl, cycl oal kyl
substituted with 0-3 Re, tetrahydropgxamyle 124 R2 is absent; R3 is 14,

C(0)0-GC 4al kyl, or R3 is absent; Ra is IT C1.5 alkyl substituted with
0-3 Re, C3.6 cycloal kyl substituted vm'th 0-3 Re tetrahydropyranyl or

di oxot et r ahydr ot hi ophenyl; Rb is Hi\gp ﬁ\é Re is H, halo, CN,
OH, 0-Cl Aal kyl, 0-Cl4al kyI O Cl4al k NN( Cl4 al ky1) 2,

C(0) N( Cl 4al kyl )2 S02- Cl 4al kyl , Tyl SO p| perazi nyl either of

whi ch are optionally substltutedvm hQ Rd is Cl.6 al kyl,

or azeridinyl, azetidinyl, pyrrolidiny pi peri di nyI nmor phol i nyl ,
pi perazi nyl, di oxi dot hi onor phol i nyl or et r ahydr opyr anyl , any of whi ch are
substituted w th 04-2,Rethisligkol-5-ylamie- N, 8-didyclbydo pyl- (Caﬂlvl-@&n{#hﬁ-llklyl CH,

0,1y S02- Ol ML i ot D G0 a1
claiml wherein Xis ethyl; Yis nethyl; and Ris O II NNR NRL ,RL
[00564] A mixture of N, N-dicyclopropyl-6-¢thyl-1-methyl-4-thioureido-1,6-
dihydroimidazo[4,5-dlpyrrolof2,3-bIpyridine-7-carboxamide (example 2B, 30 mg,
0.075 mmol) and 1,1-dimethoxy-&, N-dimethylmethanamine (1 g, 8.39 mmol) was
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-(mesitylsulfonyhhydroxylamine (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 vacus. The crude residue was purified by preparative HPLC to
give 4-(1,2,4-thiadiazol-5~ylamino)-V, 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 [008566] 'H NMR (500 MHz, CD;0D) 8: 8.32 (s, [H), 8.27 (s, 1H), 7.38 (d, J = 4.4
Hz, 1H), 7.28 (s, 1H), 4.74 (q, J = 7.0 Hz, 2H), 4.15 (5, 3H), 2.94 - 3.00 (m, 2H), 1.53
(t, J = 7.0 Iz, 31D), 0.82 - 0.89 (m, 4H), 0.75 - 0.82 (m, 4H)

Example 125
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-sss-rs, N-,...-- SN/ \ IN RIIN- RBN RN=-,-(Nzi RI----R N
any of which are optionally substituted with 0-3 RI; or a stereoisoner,

taut omer, or pharnaceutically acceptable salt thereof. 3. The
conmpound awoeanrdiopggét o claim 2 wherein Ris 4. Tg/semponazt accor di ng
to claim2 wherein Ris any of which are optionally substituted with 0-2
RI 5. The conpound according to claim?2 wherein S NR isR

Rl is H halo, CN, C .6 alkyl substituted with 0-3 Re, CF3, CONRal e, COORb,
S02- C 4al kyl , S{O)iRgklopcypii-ddl ,kdimahpdd -, 2)4-ath 7ok 3-Fia@ind )-RethyBT-npeyhivi-di nyl ;

WI s H G.6 alkyl ?%bﬁh (imunufjm\),vré,g&g)vrroio[ e’t%‘lpﬁ gmg%e ca(r)tia)'l k >$l|eSUbSt I tut ed

with 0-3 Re, tetrahydro 1"0X0

[25A Preparation of 4-{3-acetylthioureido)-V N-dicvelopropyl-6-

5 ethyl-1-methyl-1.6-dihvdroimidazof{4.5-dpyrrolo[2,3-blpyridine-7-carboxamide

[00567] To a solution of 4-amino-N, N-dicyclopropyl-6-ethyl-1-methyl-1,6-
dihydroimidazo{4.,5-d]pyrrolo[2,3-bIpyridine-7-carboxamide (example 1J, 60 mg,
10 0.177 mmol) in acetone (1.182 mL) was added acetyl isothiocyanate (0.020 mL,
0.230 mmol). The reaction mixture was stirred at room temperature for 6h, LC/MS
showed still half of the starting material lefi. Another 0.5 equivalent of acctyl
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-Acetylthiourcido)-N, N-dicyclopropyl-6-¢thyl-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 (ESD m/z 440.1 (M+H).
20
125 Preparation of & N-dicyelopropyl-4-(1,5-dimethyl-15-1.2 4-

triazol-3-vlamino)-6-cthyl-1-methyl-1.6-dihydroimidazo[4,5-d1pyrrolo[2.3-

bipyridine-7-carboxamide

100569] A mixture of 4-(3-acetylthioureido)-V,N-dicyclopropyl-6-cthyl-1-methyl-
25 1,6-dihydroimidazol4,5-d]pyrrolo[2,3-blpyridine-7-carboxamide (example 1254, 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 methylhydrazing (2.486 uL, 0.046 mmol) was added and heating

continued for another 2h, reaction complete. Solvent was evaporated and the crude
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Ro is Hor C1_5 alkyl; Rc is H halo, OH O0-Cl.4al kyl, S02-Cl4al kyl or

nor phol i nyl ; Rd is C1 5 al kyl, or azetidinyl, pyrrolidinyl,

nor phol i nyl , pi perazinyl or dioxidothionorpholinyl, any of which are
substit ut eWaWEHI2B862 Re; and Fe is H, halo, CN, OH, O0-@CTA{IRYP47621

S02- Cl4al kyl , NHC(O0) - CL. 4al kyl or norpholinyl; or a stereoisoner, tautoner,
or pharmaceutically acceptable salt thereof. 6. The conpound
according to claim?2 wherein N R2R Ris Rl is H halo, Cl1.6

al kyl substituh@ﬂpmﬁkhbﬁp@mﬂﬁweﬂpBCt&iﬂﬂ%ﬂﬁﬁvd@@ﬁﬂbwwt%@bﬁ@mNﬁybﬂéalkyI
substituted wt s r l; | substituted
with 0-3 Re, l;h lpti%l I(yBI(?ano)l(l’c u lmlny[ llj[)s'ltﬁ?%lﬁtﬁne {\;\n[%’ﬁ@pdﬂ(%gz'
tetrahydropyrawwﬂdlﬂb17§mt0’@mi®r(5 E:ml 530aﬂ Yeylcld aputdftyhiedold- t h 0- 3 Re RE is
Hor Cl.5 aIkyI CN OH, O0-Cl. 4al kyl,

0- C1aal iyl -0 CHSTW1 MRSV GRIAUFITY S O o) (L dal kyd) 2.

802- Cl1. 4al kySI l@iﬁ?’Hnr p‘hblMﬁq@Dchﬁbpﬁ éb‘»éﬁalim ri/yﬁs (s, 8 Hb. 0P Cof HWRBE 1, AFe
optionally sub%tllﬁyaﬁ%w;hhng) 185 48 kvt 28 (m, sz§4ga §ib, Baglikd . or

mor phol i nyl, pi peraziny ox1 dot hi onor p any of which are
substit ut ed mnﬂﬂfﬁaiHR§79R@3@§“HH)@ﬂ14OdV@V¥“UCN OH, NHC(O) Cl. 4al kyl or
nmor phol i nyl; or a stereoi soner, tautoner, or pharmaceutically acceptable
salt thereof. 7.The conmpound according to claimé wherein R is ClL 6 al kyl
substituted with 0-3 Re; and R2 is Cl1.6 al kyl. S. A pharnmaceuti cal
conposition conprising one or nore conpounds according to claim1l and a

phar maceutically acceptable carrier. 9. A pharnaceutical conposition
conpri sing one or nore conpounds according to claim2 and a
pharmaceutically acceptable carrier. 10. A pharmaceutica

conposition conprising one or nore conpounds according to claim3 and a
phar maceutical ly acceptable carrier.
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I1.A pharmaceutical conposition conprising one or nore conpounds accordi ng
to claim6 and a pharmaceutically acceptable carrier. 12. A

phar maceutical conposition conprising one or nore compounds according to
claim7 and a pharmaceutically acceptable carrier. 13. A conmpound
having the formula or a pharmaceutically acceptable salt, tautoner or

st ereoi soner thereof. 14. A pharmaceutical conposition conprising

t he conpound of claim 13 and a pharmaceutically acceptable carrier.

CLAIMS:

1. A compound of the formula

o

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein

X iS C[.4 alky!;
Y is C4 alkyl;
R is
-~ S ~ 0 -~ s ~
éb\N'r\/kRi §I¢R1 $N| N 5\@0 é\ll\f\s
S —
R R \gf R \g1
~ N —~ N
$ ::fN—RZ-ag _ élgi‘N"Rz
\I§§N—R2 =
R N or R" .

any of which are optionally fused with a 5 or 6 membered carbocyele or heterocycle, said

heterocycle having one heteroatom selected from NR® or S, said fused carbocycle or heterocycle

being optionally substituted with 0-3 R'.
R' is H, halo, CN, C .6 alky! substituted with 0-3 R®, CF;, CONR*R®, NR*R® COOR®,

$0,-C.4alkyl, C(O)RY, cycloalkyl substituted with 0-3 R®, furanyl, tetrahydropyranyl or
pyridinyl;
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R? is I, C1.6 alky! substituted with 0-3 R, C(O)O-Cy.salkyl, SO2-Cy.qalkyl, cycloalkyl
substituted with 0-3 R, tetrahydropyranyl or R? is absent;

R’is H, COYO-Cqalkyl, or R’ is absent;

R*is H, Cy.s alkyl substituted with 0-3 R®, Cs4 cycloalkyl substituted with 0-3 R®,
tetrahydropyranyl or dioxotetrahydrothiophenyl;

R%is Hor Cre alkyl;

R®is H, halo, CN, OH, O-C;4alkyl, O-C,_4alkyl-O-C_salkyl, NHa, N(C .4 alkyl)s,
C(O)N(C|_salkyl), SO,-C4alkyl, or morpholiny! or piperazinyl either of which are optionally
substituted with 0-1 Crqalkyk;

RYis Cps alkyl, or azeridinyl, azetidinyl, pyrrolidinyl, piperidinyi, morpholinyl,
piperazinyl, dioxidothiomorpholinyl or tetrahydropyranyl, any of which are substituted with 0-2
R% and

R%is H, halo, CN, C, 4 alkyl, OH, O-C.salkyl, SO»-C 4alkyl, NHC(O)-C.salkyl,
morpholinyl, OC(O)-C; 4alkyl, C{OIN(C4alkyl);, or O-C,.4alkyl-O-C salkyl.

2. The compound according to claim |
wherein
X is ethyl;

Y is methyl; and
R is

\g\rl\}/}w \g\ﬂi/)‘R‘ \ng'/?\N s _ Do \g\ﬁ\s B N-R?

R! i R? , \% R" R' R* ,
\g\l/s o

5 \5 N|\€_¢ \5 s 0

e WO, RS

=N R’ R1 R gt
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s “‘5#” S

| i R

/ -0 \ Vs

N\{DN\RS \€I__/\\\ F; _ N\{?&j
R1

3
R or

\
T

RN
any of which are optionally substituted with 0-3 R;

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof.

3. The compound according to claim 2
wherein

R is

\g\ll,'/}w \g\ﬂi}w \é\:lrj(‘r\l \gt?o \g\rfi\s = iN‘N—RZ
RU RT R R

R! R’

bl > >

T

\5 _
_ N-R?

N ,or R

4. The compound according to claim 2
wherein

Ris
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"‘§TS ° jN// N\(O

any of which are optionally substituted with 0-2 R

5. The compound according to claim 2

wherein

R is R'

R' is H, halo, CN, C ¢ alkyl substituted with 0-3 R, CF3, CONR®R?, COOR®, SO5-C\.
salkyl, C(ORY, cycloalkyl substituted with 0-3 R®, or pyridinyl;

R is H, C\¢ alkyl substituted with 0-3 R®, C3.6 cycloalky! substituted with 0-3 R®,
tetrahydropyranyl, or dioxotetrahydrothiophenyl;

R"is H or C alkyl;

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

RY is C\.¢ alkyl, or azetidinyl, pyrrolidinyl, morpholinyl, piperazinyl or
dioxidothiomorpholinyl, any of which are substituted with 0-2 R%; and

Rfis H, halo, CN, OH, O-C,.4alkyl, SO»-C|.4alkyl, NHC(O)-C,.salky! or morpholinyl;

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof.

6. The compound according to claim 2
wherein
o
\E{N“Rz
-
R is RV
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R is F, halo, Cy. alkyl substituted with 0-3 R®, CFs, CONR®R?, COOR”, C(O)R®,
cycloalkyl substituted with 0-3 R®, or furanyl;

R%is H, Cs alkyl substituted with 0-3 R, SO,-C,.qalkyl, cycloalkyl substituted with 0-3
R®, or tetrahydropyranyl;

R*is H, or Cy¢ alkyl substituted with 0-3 R%;

R®is H or C1g alkyl;

R® is H, halo, CN, OH, O-C/.salkyl, O-C_4alkyl-O-C_alkyl, NH,, N(C .4 alkyl),,
C(OIN(C.qalkyl)z, SO»-Cysalkyl, or morpholinyl or piperazinyl, either of which are optionally
substituted with 0-1 C|4alkyl;

R is Cy¢ alkyl, or morpholinyl, piperaziny! or dioxidothiomorpholinyl, any of which are
substituted with 0-2 R®;

R%is H, C(4 alkyl, CN, OH, NHC(O)-C .qalkyl or morpholinyl;

or a stereoisoiner, tautomer, or pharmaceutically acceptable salt thereof.

7. The compound according to claim 6
wherein

R' is Cy.¢ alky! substituted with 0-3 R%; and

R%is Cy.6 alkyl.

8. A pharmaceutical composition comprising one or more compounds according to

claim | and a pharmaceutically acceptable carrier.

9. A pharmaceutical composition comprising one or more compounds according to

claim 2 and a pharmaceutically acceptable carrier.

10. A pharmaceutical composition comprising one or more compounds according to

claim 3 and a pharmaceutically acceptable carrier.

tl. A pharmaceutical composition comprising one or more compounds according to

claim 6 and a pharmaceutically acceptable carrier.
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12. A pharmaceutical composition comprising one or more compounds according to

claim 7 and a pharmaceutically acceptable carrier,

13. A compound having the formula
\
Py
A N

Dapey
!
J N/Lﬁ%%—‘

N

N
K H
or a pharmaceutically acceptable salt, tautomer or stereoisomer thereof.

14. A pharmaceutical composition comprising the compound of claim 13 and a

pharmaceutically acceptable cartier.
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