DI AZACARBAZOLES AND METHODS OF USE [0001] This

application clains the benefit of U S. Provisiona
wa@ppbitsei on No. 61/ 060, 746, filed June 11, 20P8T/@RZH09/003607

U S. Provisional Application No. 61/148,001, filed

January 28, 2009, the disclosure of both are

i ncorporated herein by reference in their entirety.

[0002] The invention relates to 1, 7-di azacarbazol e

conmpounds whi ch are useful as kinase inhibitors, nore

specifically useful as checkpoi nt kinase 1 (chkl)

inhibitors, thus usef as _cancer therageutlcs The

| FRARERSR OF E%I%ZQP%\tDé’J&IY%F TEHHOS THohs Y 825 Hifrozrons

specifically pharmaceutical conpositions conprising

t hese conpounds and nethods of using the sane to treat

various forms of cancer and hyperproliferative

di sorders, as I R Ogs compounds
for in vitro, i i is or

[o001]t r eﬂidﬁﬁﬁhdﬁfnommﬁklhadé CEBKp ,is Of faRiBOI alied kinases that phosphorylate
atholoqlcal cond 0003 I ndi vi dual. cells

phosphe}tlgﬂn}oelé qlat @9 Sr@%p}ﬁ)@ eé& )}’I%Ff 1stq9g1ppsed of several classes of genes,
1ncludnfghCE§33§©nIB$ I aid I haa sBRQITaRdse Ndhstdie®atain Ve AP Bafodhe (reviewed in

EngeinG gl NPT BERIF L EEFONOMEE PLURAL ORMIGE bR GEPRERLY of thisfamily i

the fact\tak PI3Ks fliRtiGedsl heiehﬂl‘imﬂﬂ,l cﬁﬁ@hﬁng heataytedoniin 4nldQ r&du®idSy domain. The

R AL T RER R SR L B AR A —
the phcﬁﬁﬁﬁkﬁmbﬂbs 3(Kiledst Wk | kiise A (PIKKSS i vaHiéte alstNancludds DMNBPK, ATM, ATR,
%%&&&93 )... 9-34) where cells nay arrest to ensure
éﬂg' chani sms have tine to operate prior to
[0002] CONPIBRUsNgLtik itb® WSAnétR@mC Y€ aridudt MitdBehRStignalsT iR ted Brough receptor
two such checkpoints in the cell cycle - the A./S

tyrosmeclf,}gzgkﬁ3 apchfubﬁmf:nqysst%q:saat %leﬁyofplgglogﬁ?bl quicemess ipgluding increased cell

survival; BACKRRI gabgréHdh, defl gi®ih! lIEHetiblibh EcelhicAbA MERRId3Enesis (reviewed
|né§@ gﬁé%hﬁglnt ki nase 1 (chkl) Ooogﬁ'Chkl g%

in Cant@m%lem 28 tererUr @PP); Hemnessrddl y@emlretﬁfaﬁ“ﬁr%ws;l)lscovew 4:988-1004

(2005); BHSEIARRE BIY SAkre TeAMIW ERRIIRE 7H0HB$E $20865)] VEHuEIPIBR hyper-activation is
response to genotoxic_ stimuli (reV|emed in Bartek et

associatgg w1th|\hpumlp§é\;>f hyBer-preliferatigg, gpf a%g_ry QBFardlgvasE)lHar disorders; including
cancer, &ﬁngﬁﬁén atddaldigndeddtiiseise] ay the checkpoint signals

fromthe ATM and ATR, which phosEhorélate.and activate ]
[0003]; e Rhereir 2 mumber ofiegpttis ahprrtionnthaklsrbiosamstityive Bt tignaling; including

activatildBu@dds u?P‘BlKeitseﬂQHéMﬁgs@@t ABiNRte R¥viAW VDR Elﬁ‘c%p&ESIG)SEQOM (2005);
oubl e-strand DNA br eaks DSle I n contrast

reviewed i Bades cblp ALY BAVIPYS CAISEP 92184700501 BASKEViswahin Bpwnward Nature

Rev1ewpb§§§:€153 11-2 (20699 BREu GeaQN%cﬁﬁém sindKilidsed @eviewed in Zwick et al., Trends
oryl at ed and g%tlvate b g%TMATR resulting in

h

in MOI%%‘F“I 181@9*&% 84712842042 %Shvzée“saSa}ﬁ%ft@m IHations i the 4mey suppressor PTEN

(reviewt®in CEPBREL al ONaINARSABRY CafideL 618400 (hD65ANABEISR! ih each of these gene
Bart ek and Lukas, Volune 3, Issue b, May 2003, Pages

classes haye proyen tojbs|opengenis Andare commonly doysddima ¥HIIPCANSEr ogat e

[0004] cel ’th&i‘@ll&&l@ﬁiEﬁ% wiBRHIhRdn RSN ARG Btk atcHﬁB'r of‘?ﬂlt aH& BeRfore may be
ol | om ng DNAdamage by a range of chenot herapeuti cs.

useful femhleérepta@m efgprphifesative. nflanpyaatpiy o peasdigyascyba disopdersar ¢apes where PI3K

pathwa§:j ﬁﬂﬁlﬂgﬁsnﬁavg 'Bee% Alidd @éMlx@ﬁ%Qﬁ’éofﬁe& @H&ie ﬁ{eem&ggflé%f&ﬁﬁed within this
expect ed be nore sensitive to chenot her apeut i C

inventiqnrrazyt a2 theﬁap@mc penelitdpeladegfenign apg mafigianpiumers angifancsessfrom diverse

lineage, rﬁ%lﬂ@h% B@(Ho? llWﬁtE(h tdc &t dteQ@(l frgn c%ib%%mw& & a\{\’oyélgnc@%04 :554 (2004);

redicted to undergo | ess ce
reVIewed in Karakas et al., British Journal of Cancer 94 455 59 (2006)) liver (reviewed in Karakas et al.,

British Journal of Cancer 94: 455-59 (2006)), intestine (reviewed in Hennessy et al., Nature Reviews



[ 0005] The invention relates to 1, 7-di azacarbazol es of

Formula (1), (l-a), and/or (l-b) (and/or sol vates,
whyapasest and/ or salts thereof) with kinase i nbCbUSm0%003607

activity, nore specificallywth chkl inhibitory

activity. The conpounds of the present invention are

al so useful as inhibitors of dycogen Synthase

Ki nase-3 (GSK-3), KDR kinase, and FM5-1ike tyrosine

ki nase 3 (FLT3). Accordlngly, t he conpounds of the

i.nventi o SItIO her eof useful in ) )
Drug iR aS JP0h R Br SPIRET GO i aby SePices Ao 2080: reviewed in
Karaka< at"d1€ Britith JeurkdRof WadNcer 04 35559 (200ksh), &sophagulR (PHillik et al., International

J oumall%ﬁgzi/rlggﬁgl 8&%%—6?2@%; Sz}qtcpegg rqueevta%fm é‘ggn&a%%atée IR%qyw? k@cer 3:11-22
(2003))Zskinlr&Gevaddkiy Henne@{y(ét ll‘ %atﬁije imélu):ws Dﬁg@im@e@' 4998) 1009£2005)), prostate

(revxeweé(ncéenpe% et 281, %Iﬁgl.re Be\p%wsd)rug ijcozery ,QLPSiS SIO% (#QQ?)& lux@\(Samuels et al.,

801ence@63554 Qb4 3 revgd«ed 'uNQal%kas(ét:Bl lﬂrﬁﬂsﬁh&ﬁ;ﬁﬂ%f tﬂ%eﬂ-%ﬂ- 455{581R006)), breast
(CR 14R15) nNR1

(Samuegfm) §%0e12204 5?&&2@4}@1133]?5@(@)36 g Res (6@-\10992 100% (2005); reviewed in

Karakaslé{BﬁEBrnNRl&EﬁﬁXf Chhcdr d4: 455- W(zbé@i th&%laﬁﬁ T¥da €01 1CahRes 65:10669-
NNR12C(=Y" ) NR CR. 14R15) nNR12SC2R

CR 14R15
73 (20% 1revxetv 1%}1{%_rgjas‘a(cﬁ(alyN)aperq_ Riwewi eRxglgﬁcq_méé@&-\}«Ogﬁ\QOOS)) cervix
(reviewdd. R1Henness{ €Rall 4Rwyré) ﬁé@}:@Nﬁﬁi’gﬁi@cov@ﬁbeSS B0k &2005)); ovary (Shayesteh et
al., Nat%}el geggt%{:’s ?égllﬁsl i(,(%él%'ép\ﬁéwﬁe rf?lg@%ﬁ%az{lylgyegl{)%ﬂﬁ%}e of 8ancer 94: 455-59

(2006)netiey ay@ley lal., Ends GIRGnEOMEes @aﬂic)éf SQOQ-ISRUSIZI)EaIDi Yizio et al., Oncogene

24:1882 ﬁ%@b@bé’ﬁ?‘?‘é\q"t@%‘oﬂﬁg {rgwe;_\'\?e Hn, %\? fz,i%nusﬁgﬂfn%; o?@a_ilcer 94: 455-59

(2006); -Hépheksy =f &R Mﬁiﬁ)d@ﬂw‘sm&l@dcolery 4633 - I0bBR1BI0Y, PXncrddR (reviewed in

, R15 14R15) nNR1
DownWﬂQJ}l%ure Re(v&ysl(i@ig)%eg% i&)&B%&yTMS\Jlﬁ\S?%np%wawar}d (I%Qre Reviews
Cancer B4R1D) M)la'g(le%d) QQanﬂe,ss eCH., 1XR1R) RW )j}Boaery 4:988-1004

(2005))1§am(@p3n %f R&% R%&{?%% ’); Ee%gge«%im %z{\%%): a}.};\l@tis Journal of

Cancer ?112 455-89 K%(boé))albl@eae,fl (LopéKymyles 61y 8ll, O@zldéyﬂ Research 66| 7((101-7404 (2006);
etero t eroar re s ai a R
Hennes%ﬂ %éillfy atugﬁy k?‘ﬁ y i)agclsla%ﬂv&w 4}/ L%W{bgft 6%@}{5 )y| 1dn8¥ EVigHef in Downward

Nature [R@ViEWO &alider B: H - zmuoolf;ldnu ISé&BSdntltNéc(RCi(eréWdeiﬂeEﬁg@hﬁthét al., Nature

ro , -CF 3, -OCF 3, hal o,
Re‘“eWSRéE“%C% @5616@26‘%())% )NR 11R 12 , -OR 1 1, -0C(=Y')R 1
[0005]1, OB dastélot dlsord%B vaiﬁl%cﬁ(arbt Ri3k ﬁathwdyalgllaﬁ( herd\Re molecules defined
UR12 -NR 12S( 0O q -SR 1. 1, -5 OE -S(O 2R 1

within tius mﬁetlorynvaNﬁa@ qﬁ?peutlcﬁmﬁtzmjydf iy atoraq Wpardxovascular diseases,

mcludn%I k&nybt, llﬂﬁtkd’ nyl alleﬁ‘glé‘sl’a(ﬂaéﬂs']bbus hﬁl%@Yﬁ'Hﬁrﬁmﬁr i&’t' al.,ONature Reviews
ete a n

Immunglogy 6A$}<§?1 (}@Fg; g%lif‘i IP!?A gﬂﬂé‘llﬂm%ﬁgp’e@%vgﬁvmd ig Ruckle et al., Nature

Rev1ew9 ﬂﬂrbé) Dﬁ’dcb%rﬁ 8 %BJ 12 L(!Zﬁ%) bﬁév@fi@d i Rb@wdel B3l mﬂtﬂ@%evﬁ@s Immunology
(C 1- al k or Cl- al k wher ei n

7 191-2@5@90&)&%&1&]@@@ a‘i‘%"“&f{ﬁ"lﬁ’ﬁﬁg pryRommel et al,, Nature)ﬁewews Immunology 7:191-

201 (2007)); autoimmunity disorders (reviewed in Ruckle et al., Nature Reviews Drug Discovery 5:903-
12 (2006)), thrombosis (Jackson et al., Nature Medicine 11:507-14 (2005); reviewed in Ruckle et al.,
Nature Reviews Drug Discovery 5:903-12 (2006)), hypertension (reviewed in Ruckle et al., Nature
Reviews Drug Discovery 5:903-12 (2006)), cardiac hypertrophy (reviewed in Proud et al., Cardiovascular
Research 63:403-13 (2004)), and heart failure (reviewed in Mocanu et al., British Journal of
Pharmacology 150:833-8 (2007)).



substituted with one to three groups independently

selected fromhalo, N(R 22)2 or OR22; R8 is H, hal o,
WEIMER41 N(R 22)2, OH, 0(G -C 3 al kyl), or Clp@BUS2009/003607

al kyl, wherein each said alkyl is optionally

substituted with one to three fluoro groups; each R9

is independently al kyl, al kenyl, alkynyl, cycl oal kyl,

het erocyclyl, aryl, heteroaryl, wherein each nmenber of

RO is independently substituted with one to three R10
[0006] g N EE@ ﬁ%ﬁ@%e&)%géfim{l rt]cg%oglgg ngyel}\é3f’2@g§r’@r§ g&:lﬁ_g@sesg;i;d therapeutic
propertlas2 %E(E i’ﬂﬂﬂf})ﬁhé tréatmeﬁ{%f %Q)hﬂrg)ve Ci%iarﬂmato@%r]caﬂdlovamlal disorders.

0Xxo0, - C(=Y')NR 1 1R12 , -S(O gR

-NR 12 R U -NR 12C(=Y')NR n R12
=) R 1% BLEM?E,S@MML%M IR 12

each ¢ |ndependently islor 2; RL1and R 12 are
[0007]i ndbpkndem&synpi;onaiflcy)thowcbﬁhé leyéntiomet er ocycl yl, aryl

[0008] h et %121;%%%%( pfog%fe g%uﬁ%{t&z}t %%ﬁ&}lblé(}?%&lﬁ[?*g%lg iaF%prdingly are useful for
the treatfighisdfiptdlife@ative) fnflarametotyg of @indioichlgdibfdsss. BheEahpouhdeof this

m nal re optionally taken together with
‘nve“mgﬁéerg?rBSr‘ﬁ"lﬂgb%cirﬂ‘ﬁatlﬁey are attached to forma 3-6
nmenbered ring havi ng addigi onal 0-2 heteroatons
selected fromQ, S, and N\ said,ring being optionally
substituted with one to f groups; Rl 1 and R12
are optionally taken &6 hefl with the attached N atom
to forma 4-7 nenbered ring, addi tional 0-2
het ercoatons selected fromO S,| a okzN said ring being
optionally substituted with or'T@" )Q four R13 groups;
each R 13 is independently halo, CN, CF3, -OCF 3, -NO
2, oxo, -(CR 14R15) nC(=Y" ) R 16, (CR 14R15) nC(=Y" ) OR
oraphailrﬁaceutrc(lﬂspaolé{ﬁﬁtﬁé &@(tﬁeY‘eéfoelﬁRl7 , - ( CR14R15) nNR

. 14R1 14R15) nSR1 .
1”3?1’53 ﬁN(R%{é(fL hi‘?ge R  Cord ﬁﬁ\%fsé(lgmf@%efﬁdoahpham
wherein: (CR 14R15) nNRL7C(=Y" ) NR 16R17, -(CR 14R15) nNRL7SO2R16

, CR 14 5 . - 14R15 =Y' ) NR N
T TP RE Y AT SN
-(CR léﬁfﬂ)ﬁ) 138019, 20MRDE REB,-, WORNK'S, NR“ AN NRIHCOS-£-S(O),NR ", -

ot or S8 SRR SPCTONTR st STy BN ke K EIL8) & P 0C0-

cycl oal kyl ,R"r‘iehgadreg:eyxcdryh optafnylﬂy abdithed e[ Qaipldticpdnd
optionally substitu

f
0B hnd R 3R B AN ) BpuP I RIS T G, 3 T0-membered

het er Gy?dé‘dh)éhatlc&f YO-n2imbbBet GEetydlyl hivied ei5smekaatbnalikdependently

cycl oal kyl hetero cl het r a

oot ORIFG bSO Gt U - PEUpeRA Sl b L meppbered

16 andetBodrl RdvéngOP$ herBidhioyhs liralkndéndig @élbﬁéd fibrh itfdgen, oxygen, or
attached N atomto forma 5-6 nenbered ring having

addit?@ 0-2 heteroatons selected fromQ, S, and N,
a&isd{,mbl@gerbew:g QpLRYMAkleln: substitut ed vvith one to

four R189 ups h R18.is in H, al kyl 22
cycl oa ey W R 6L e oppiy SHSRERE Sy ipe Jaiag- NRE) -

CF , S-, -S0)-, -S(O)z-, -C(0)-, -CO,-, -C(O)NR?-, N(RZ“)C(O)-, -N(R*)CO,-, -S(0),NR*-,
-N(R*)S(0),-, -OC(O)N(R*)-, -N(R*)C(O)NR?-, -N(R*)S(0),N(R*)-, or -OC(O)-.

R* is hydrogen or an optionally substituted C,_4aliphatic, and

R’ is an optionally substituted group selected from C, aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 heteroatoms independently

selected from nitrogen, oxygen, or sulfur, 6-10-membered aryl, or 5-10-membered



-OCF 3, -NO 2, oxo, -(CR 19R20)nC(=Y')R 23, -(CR
19R20)n C(=Y' ) OR 23, -(CR 19R20) nC(=Y' )NR 23R24, -(CR

WA AR2AF4TNR23R24, - (CR 19R20) nOR23, - (CR 19R20)pPcBRS289/003607

X, X2

- (CR 19R20) nNR24C( =Y' ) R 23,4 - (CR 19R20) nNR24C( =Y" ) OR
23, -(CR 19R20) nNR22C(=Y' ) NR 23R24, -(CR

19R20) NNR24SCRR23, - (CR 19R20) nOC(=Y' )R 23, -(CR
19R20) p OC(=Y' ) NR 23R24, -(CR 19R20)nS(O R23, - (CR
19R20) nS(O)2R23 or -(CR 19R20) nS(O)2NR23R24 wher ei n

Pt or Dattain FEagolh Beiontd s TR e frosh Bpogen. gyeem. o

R2 1 gueups; R 19 and R20 are i ndependently H, alKkyl,

U5 e SR SEA P e B oL et et 0ot e STl B

hydrogd@ICN, Baloydn, aV£R70<p,tGlauﬁmtlhyorswb&hmwmyu\romtph@tﬁw whérefnour

R25 groups; R23 and 4 are.independentl|y k .
Cycl oal Kyl v REPBRGLGENgH obierglh BOHEPLF eI oy NR®)- -
sai d aLs@b“’ S5k, °@¢®V'~C09¢1@09NW NRT)-, BK)COy-, -SO)NR™, -

het er Qar y. substituted wt,

Bl Ol SRR R AR S ke RN Deeciepeor-
vvi t h the atgag Ingeaiogénairaﬁbp@nfamy mbau&e@cmrbmﬁdanﬂl ng
havi ng addi t,i,onal 0-2 heteroatons sele

: ed fromO, g,
and N, sai &' ﬂb"%‘@’i‘ﬂ’@[ SEPFUSGEaTPYP S§l§5‘§$ ?rf"ﬂhgéﬂ aliphatic, gﬂg'membefed
to f owpclsbalpﬁat@[ DUPShendRFA hEQro]:ydlﬁ hatide menﬁerﬁatoyhshhdependemly

AR LR T R o T T —
- C( =Y'hpteRRar® havidy FYhétBiBaIEEBZ’@,e pentdEhtR3EH2Eed fréMR nfogen, SRy gen, or
25, -NR_26C(=Y")R 25, -NR 26C(=Y")OR 25, -NR
22C( =Y"'NR 25R26, -NR 26S2R25, -OC(=Y')R 25,

=Y' ) NR 25{2§, O; 3(1(5) R/hékein iﬁ(l@)hﬂ@&) oPran- §itichally substituted C,.
2NR25R% wherein said al kyl, cycloal kyl,
heterd S,PJBF aryl, and het er oaryl are opti onal |y
substi t ut edyzvm';t:hNone to four R25 groups; each R25 and
R26 is i ndependent I y H, al kyl, cycl oal kyl,
het er aryI 1? he oaryl, [ ;’Sal d al kyl,
cyclo rocyc ryl 0P het eF o

opti onal sTf tute Wi t, r§e to\\ Q gr oups
selectedcﬁjnwz\halo - CN) , -NO 2, -CGC6
&Ydigl , - oH™ oxo, -SH, -o("c 1- C@f aﬁnkyn - S(:C 1-C6

al kyl), -NH 2, -NH(Cl al kyl), -N(C 1-C6 al kyl) 2,
-SO 2(C1- 06 al kyl),,-00 2H, -00 2(CL-0g, al kyl),
whergjmgacipoceurgroy KR Os indegendeny- R or () Nipnhereings al ky ! )

2, -N(C 1- Q@cl%é&ﬁjra gé 9 ﬁC ab v%n@}l 0y lsr)ablllf%@& ﬁdgbeﬁdemly fluorine,
al kyl), -NHSO 2(C C N(C |k3/| .
6 al kO =S s@*lz NN, -R§o mﬁ%)@- ©R". aSRw yS(0 cB 6C(0)OR®,

al kyl )c% O) '\"s‘(o% O)(BH%SSN@R@ al K\Y(k)?C(O)R“b NR*)SOR*, -
&I% NH kyl) -

- NHC( (D}( @(@)@R al ) )GL(O)N(I‘B( @r SNQVT@@) NPY( @ocgurrences of R

al kyI kaken ¥ Cléétﬁcr %tl@l kﬁ(lh))&?ﬁ(%cfocwﬁlcﬁlthw )1re2l|)ou§1d form an optionally

HC( O) NH(
- NHC( @l]{%l@t&pfe@ I@Wre}i heggaresycl (r,ng:h@vlr@ Q-}Ha}igclg}z(lxh@e@ag)ms selected

al kyl )onRéiRo@ndoxyebn, 3F St i onal | y taken together with
the attached N atomto fogma 5-6 nenbered ring havin

addi ti onal egchpossurrenceaf dis issiaerendaptly hydrogsn &, anam}wﬂpl?y substituted
sai d rg'r&x% RedcRd ARG @n@J L\lthatlc, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms

independently selected from nitrogen, oxygen, or sulfur;



substituted with one to four groups selected from
hal o, -CN, -OCF3, CF3, -NO 2, - Cl-C6 al kyl, -OH oxo,
WO 8M9/150¢C-C 6 al kyl), -S(C-C 6 al kyl), -NH 2, PENMHSIB0L03607
6 al kyl), -N(CC 6 alkyl) 2,5-SO 2(C-C 6 al kyl), -CO
2H, -CO 2(CG-C 6 alkyl), -CCONH 2, -C(ONH(CC 6
alkyl), -C(ONCGC®6 alkyl) 2, -N(GC 6 alkyl)C(O(CC
6 alkyl), -NHC(O (C 1-C6 al kyl), -NHSO 2(Cl-C6 al kyl),
-N(C-C 6 alkyl)SO 2(C,-C 6 al kyl), -SO 2NH2, -SO
Z?III_:'E 8) ﬁI:H?C%!(l,c caqnw?? olegK 1@%@2&@&)opgbnal]%bgimgd%g’roup selected

al kyl )fl%m' N INHE, G- 10-£8mBKY Eycloatipiatt, @) M faerhbéréd heterocyclyl having

al kyl), 2 i @%c e k}/lm%ﬂ (t)%dI}IH(m C 1-Cp al @%‘C%S NG 10-memberea

al kyl Jaryl, lele@Q)lM&réh'l@ﬁ:r@r%)hb\)m 1 S'tlguéﬁ(a@)'rglﬁ er%ntly selected from
alkyl'), and -N(C 1- aIkyI)C(OO(ClOGaIky) Y

i's i nQURERYERYEY: sy or S; and each R22 is

i ndependentehh ddc@tentd oﬁ54d al 1kd€lpendk:ﬁlQQ@hro-§91€ ofdnsp@bially substituted
i nvention_ includes a conposition

e.g., a .

phar mitoaut Caemberes wltahammc‘bm)megtﬂ@d Betergrsbil ey ing 1-5

For mulhgtefoatoms (ildeponder ke REted froﬁ)mtfdgeld/oﬂygeiod)r\/satfﬁsé 10-membered
hydrates and/or salts there and a carrier

phar n&&yétﬂrécl&rwn%@é&feaw%ew X érhfteromglswfl@geh*enﬂy selected from
I nventitRedlosprehsilsligi@s a conposition (e.g., a

h |
Eofhun}agel('l} I)e(a:gh(qccg}' n‘@%‘ ‘gps)ltlcfep delttgr %B)ragelggqr%g&upggr’la?lg substituted C,.

hydr at, ggphaiéigroip; aad t S thereof) and a carrier (a

phar maceut i cal ly acc bl e rther
conpri si ng a lssaél(ﬁgﬂami]& é%{ %éj?{kéleﬁﬁéﬁp whﬂrleén the alkylene chain
pr ese@btl&ﬁﬂ%ﬁhtﬁﬂr@l& WN(RH)%I@‘ 08¢ -8(887, W(0hLr-C(0)-, -C(0)0-,

i nhibitin nor el | owt Lrea ”
hyper p?@)glﬂ%r)at ﬁ%)%&s q)HrbaQ) I)& "g‘.ﬁ,(R h)éh)ﬁ"h),
such ﬁﬁgvagmﬁ -Iig@{%@'doﬁtlé PI- HaéF)S(lclb)m(w‘f‘bJ ﬁm(icnc bHARO)NR™)-O- or
a nmethod of inhibitin normel ce ovvt or
t r eat igre FyPépprtion .ﬂ?eéerogppwa@x Pt gl An APHeHiy pubsituted 3-7
(€. 9. membeRa cydsiliphak ot ABeRLydtyMag] SI ng adm ni stering
tQ gjd manmmal a therapeutically effective anount of a

hfg' und of Formula (1), (l-a), and/or (l-b) (and/or
soisMakes, hydrates and/or salts thereof) or a

ositjon thereof, alone or in conbination with a

Qég@rtdor enot her apeuti ¢ agent. [0008] The present
I=rvEntrefesents 6 kingle or doubkd buad; 4ld usi ng the pr esent

provide& ?ngFt?lg g(?rfslr;‘)ec{\tg ] 8# {AHBMPS oéllﬁ:rr] E'EIP ﬁ\/gorp}t?? g-% er?)%n?-ﬁgrr%dazol-}yl)-

2-thieny@ssoci at ed pat hol ogi cal conditions. AI so | ncI uded are
met hods for making the present conpounds. [0009]

Ref erence will now be made in detail to certain
[0009]enbpcboma&,azsgﬁdpgﬁ,mment| on, exanples of which are
illustrated in the acco ng structures and
[0010] f or Germeaunds pfi this ipysatiomipe Ztﬁsquwlbs% gens&dlyifpiefprinpla I above, and are

further FQ5tAdATY RO bk sﬁlt@as?é@u%r@E&'gs BRRE RBBRSAs LdedWeteln, the following
be understood t hat they are not intended to limt t he

definitigng shatk4pply “t’b’sst%b@é“sé edents. On the contrary, the

[0011] ' nvﬁyhésglqbédsheter“ %Bﬁilﬁgurtdg O'P méelhveﬂ en ﬁllla)tr Bé B@ﬁdnﬁﬁ)s substltuted with one or
|cat|ons eqU|va ents I ncl

more SWStIWPIﬁStWéh saécmse ﬂdmtr@tqé gﬁneslésmabctvmemat @ﬁerashftféf lpméwwular classes,

subclas&y atnaﬁ% ‘e@'omhe iR Ilt Lvﬁfjbés iib{#&ﬁneﬂrthat%é ﬂhrﬁs@oeﬁ%ﬂﬁf substituted” is

ds and naterla S [ ar or e ul val ent
used mqatq:bgr@ge@}‘ég cvpthﬁ@quhrase ‘substituted or unsubstituted.” In general, the term “substituted”,

whether preceded by the term “optionally” or not, means that a hydrogen radical of the designated moiety



herein, which could be used in the practice of the
present invention. The present invention is in no way

wo pevptiei4t 0 t he net hods and materials descri beRCT/US20041€03607
event that one or nore of té4e incorporated |literature,
patents, and simlar materials differs fromor
contradicts this application,including but not limted
to defined ternms, term usage, described techni ques, or
the like, this application controls. [0010] The term

used her, refers to ated. | i near
s replag e PR DRSS SRRSO Lo B TGS i a stabe o
chemicdll§ ttmleV@mfpanm NTid @AB “sub¥i@tiable’s vilen akddyin refe@ugsSto a designated atom,
but are no%yllnlte

means tbinﬁvp %G%Ito the atorpyis g q_ro%ernolaglFal(o thﬁ I'}1 ogérbw%?qn-cg;' b)e 'replaced with the
radical ofGHAEEC D) tituedre P URRYY othérwite, mdlcaEHde/ foptiokatly Ghisklihted” group may have

a substi%ub&%%%chgspli)sg&italﬁé ggét%/ﬂln: of:t%%%g%g 'rr?_%%ﬁ]taél EXJ{ éclgsgt?’n in any given
structur8 -nidyt id su&@d{e@'@)tmﬁhan 3ne R@dshnbnt2seicR@PYfrohta Bpkcified group, the

substltue%% aqu]@ép@y or élffﬁ%ﬁ{] %}?Qve(ry Béﬁ_‘(cg_éy@p@m%jubsmuems envisioned
by this 3ne@fidny hre( prefef4biy2 Hddd Aar rdsulteih ¢ femBuby lof stable or chemically feasible
u% C(CH3) 2CH2CH3), 3- nethyl -2-butyl (-CH(CH
compo ?SCH( CH3)2), 3-nethyl-1 -butyl (-CH2CH2CH(CH3) 2),
[0012] 2- m?ts{':l}iﬂe cbm BiHdYdr cﬁem%%é @Iﬁ‘%%ﬁa is &reh@@hhch(th&ﬁermcal structure
hexyl
is not s@sﬁ@;@}ly aktergg_xvmnp l)?@,‘_g)a(tgqu@p@é‘:@) ?boug—%ﬁﬁ? pbout ﬁ‘éd‘lt iy the absence of
mmsturé ofdthdidhafckfyH 4T3 coﬁhtléﬁﬁtfbb/ Jit le?a’sp@a'teéﬂ of a €6¥fdnd which maintains its

CH CH %éﬁ; ZCQ%é 4- et h penty
1ntegr1t)( ow ep_itf 5 t@j:rap%mc ﬁ’élelﬁw}’ agtlb éqﬂuy}stratlon to a patient.
[0013]( - Gf%a(sm}IQe substitBaY! asdrsBERdrdth, refers to a number of substituents that
CH3)CH(CH3) 2), 2, 3- dlnethyI-Z butyl (-C(CH
equals 9r2@|qe @_@)ezylamgmgl glplﬁ@rmﬂsugsnwmﬂp%&@q(be}qd Mgmy@er of available
bondmg]sn@se BFoVided fhiat AE hdve cBRidnR Bf dthtiRy ahPEhbical REsibififyBre met.
enyl" refers to |inear or branched-chain
[0014] oy Bied ercy aheeam B hadingilslopied pes b smribfeent valucs
may be QR fW I‘IllhtlﬂE u{s@aﬂéés S@ng%h Lﬁlagfe 1H5]§1§§19 c8hb&Aa. ! - a
car bon-car bon, sp2 dou wherein the alkenyl
[0015] r adhe a$ed|h¢cﬂnudes3 ¥-angimbated Sh*&(ﬂﬂﬂ‘ig pargally’ urggnmratqdr Qngfomatic monocyclic
ring hagﬂhF Zﬂ% gltteflegﬁgyms&dﬁlpfnggnﬂ tée}é@ gX frcbnlllj-tmtgc{%e . tygftn, or suéfur or an 8-10-
membered partialhy inspiyfatedy onarpphtiq bx@&cm; syggm yang @IﬁZ@Hﬂ@ml)S, independently
selectedﬁ?}ﬁrlegpg%érr), %@g?{% %g rlrltr) nlgég{le% ?gl%ﬁigb%dgairl erf)@)rcﬁé SAE)II ?ncg?eteroaryl rings.
[0016] t woA$ @sadwhbéreie, teer lrom “Sramaticili 1n¢1u®s drxelasttd bw:texosnyt grops as described

i.e., a carbon-carbon, sp triple bond.
gmmmﬂ%%?%&ﬁé@h&%@lude but are not limted to, ethynyl

[0017] ( - CCﬂd)t,emp) t“alfphatyd” c(rprahlﬂmtlg)gquup- Gid26eHheremn chebuksean d)}k&nally substituted
stralght-[cgam gJ branct%ecs %, ey &?Q%atré’od, oxy ac ar]f ngzshydrocarg?n wﬁlvﬁ 115 comﬁ)letely saturated

u or Ursatur at
or whlch] ammgs cﬁletom nib2e tshb mnanmmnalmta/hmhnonqtcalmmtm(ﬂgo ra:ferﬁd to herein as
al Q

carbocEge cegc/: g@laﬂ %:l%lﬁiy c:é'cloaﬁ(en a:}ggor eannge sudtabllg, aliphatic groups

include expaomlle, sulasltlaecblllﬂgatl brabéh,e&]qr qybliGhlkyl, 5Jl&}1yloralkb'6yl6groups and hybrids

thereof, 5%@1 a8 racyg @%B%Jlg%adﬁécclgﬁg gl%){ Cc?rs(r:)g: gjﬂ%%nyﬁ Ié](?%f OHIQI'WISC specified,

in vanoey@ﬁlﬁﬂ]me@ts ﬂ&)hhﬂd g‘igm hsyts[—éﬁsl—su Clh—8als-6 14, 1-3, or 1-2 carbon atoms.

[0018] B: g .{ng“aik I r’l’é cgnee %b?léc i 8EL ga'fgze'r %]o?e%yt s 30 an optionally substituted

stralghtrﬁanmyh‘ddl chamr ﬂi}@l@(}tﬁ*b@ﬁ gréup hidéhg bup, arie, na, 1-6mit4ed-3,00r 1-2 carbon
cycl opropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-

atoms.



enyl, |-cyclopent-2-enyl, |-cyclopent-3-enyl,
cycl ohexyl, 1-cycl ohex-1-enyl, |-cycl ohex-2-enyl,
wo 2eyasohex- 3- enyl, cycl ohexadi enyl, cycl oheptB¢T/US2009/003607

cycl ooctyl, cyclononyl, cyclodecyl, cycloundecyl,

cycl ododecyl, and the like. [0014] "Aryl" neans a
nmonoval ent aromati ¢ hydrocarbon radi cal of 6-14 carbon
atons derived by the renoval of one hydrogen atom from

a single carbon atom of a parent aromatic ring system

Song aryl groups are represented in the exe
[0019] 5  Lg trirms alienyliy used sglghe phas paRsOfh? dyyasr o bt an optionaly

subsmucearmﬁngﬁﬂ dDradbhedl REM HyBrotArBéh fre8SHaviy R 1681 dHeoBBle bond and having 2-
ally unsaturated ring, or aromatic carbocyclic or

12,2- l‘ﬁétge?@c%i ore-3 fankPn atQ/ps- cal aryl groups include, but

[0020]ar eTl'iEotenln' ""Qllgy%?l g Qsedr ﬁg:'lec 8t 8s ek &eg 1&@&%@%&2 &E¥ers to an optionally
( , substi t ut ed enzenes nap ht h ene

substltusaeltsmra@aﬁ branghed shain hydraesshep] group, havige nylaa!so AegpTinlg/bepdand having 2-12,

2-10, 2% 2634, o*r§113fc%méﬁmﬂépt hyl, and the like. [0015] The
terns "heterocycle, heterocyclyl and heterocycllc

[0021]1 i nBhe germs (f'sysibaliphatic s hapocysley. Fientwicrelplid “cagfoeycle’s aa “carbocyclic”,

used aloﬁlr@gygsaﬁaﬁg) Eﬁr% Erﬁ)[ieg)é flexy tﬁl’m% dﬁ'ﬁﬁ); SH) t tllteg B%%%%? Iblglgar@aﬁ@ unsaturated

nore Wt e ring car )
cyclic alighfitic aingofystgmthaving franng tatabers h4mnm¢acbpna¢tom@éstsomn embodiments, the

cycloal%heﬂig eg%ugrn% 'aIZa Jﬁgltl)eg L] %ns%ﬁg h% rgmr&)!ntﬂ’aglg? 668 %f, 3-6 ring carbon

Xygen a| e remal ni g atons
atoms. (ydeadiplntic gmuvmrcéldm wighout Hmgation, emqn@hlnambyntst@@srqlmom cyclobutyl,

eonFASFALDY 037, o6 TSNS, SERHSY oo

cycloocpamgonssbeneiaI Theget bpriops: MFbacstis” 4 tbocyelyl” “carbocycla”

or carl%@%cq’i@oﬁg@mﬁluﬁgbﬁt%gl‘#y gl{?glﬁlltléh E)Qd%eﬁ%g f&d ch%&cm %ﬁ&\ﬁndg 6-12, 6-10, or

ers carbon ato
6-8 ringtcarb@n h@ﬁ@rmwwmd@@védlngnmme licyclic sypigm®ps 3-8 wing carbon atoms.

eX | i1] y ] ~ g, H ]
[0022] 2’?@6 t@rm %?QLO gfg g%&fgztg n f%)t?dn?gy E\;b%jlt’glefi é?tgr.age? ng\% system of about 3 to
about 1p3mg czibOByL(;QO Exdatpéary oyoobasliacyladigt rinpethclude cyclopropyl, cyclobutyl,
L oheoRl1i NCi pl es of Mobdern Heterocyclic
°y°1°pegﬁggf°t“§h%"yl %\%ﬁ “"'é%’r?{"am n, New York, 1968),
[0023] par Tlnectsekmr feyclGlilepy EBr &fe]:s tcS an lb,pu&ally substigit& nod-drbmatic monocyclic or

multicycTic rm&rSést%m ggn(t%_llg ﬂgr &f%/sg oneéa%)n-ca A Sond | ecglbav%né about 3 to about 10

carbon proaasse ntBxemplaryp mdw@uheircy&loblknml; rih§$ 111c4ude1 6ycldpdntylingyclohexenyl, and
cydmm% ]and J. Am Chem Soc. (1960) 82:5566.

erocyclyl™ also includes radicals where
[0024] het Eifenetnesl ‘aloaltfihadd s “letalKyU's Eichloalitehyla asdthalcatiegly” refer to an aliphatic,

alkyl, aﬁ«ér%yi o0 %ll(%)ﬁyu%nglg %sr t%g E'gsgr%alyq)g %élcﬁ éstsgﬁs&&}%cf Y%{El?&?ynodgnore Ralogen atoms.

As used He&lnual&:, teﬂmjl‘ha&fgen hat“hbloTrimkad R C], ByysrI0[Tihel teiyil' fluoroallphatlc" refers to a

haloahp%w%tf Eér%l?l%%% :&%ﬁé‘%ﬁ lsgh%%j/glt lglfﬁﬁ'l}?lggylefﬂl}orel%gtg({] de gh%gch Igreouiés Examples of
ﬂuoroati;ﬁhuicalgyﬁipotnlmlmymanhyht hmitﬂmm d]uﬁi;dmethjinr difledromythyl, trifluoromethyl, 2-

ﬂuoroethgln%ggﬁp ﬁlé(g?%l 1 ;g ?vﬁnyl H oggfrﬁﬁvr&éthph iaré(l %QH%ﬂuoroethyl

[0025] honDi eah i“detehtomOXxefeanysl anetdti ﬁ&é@bxygb)ﬁallﬂﬂir,nmlrogen phosphorus, or

silicon grlffg,éil? g:,]gl?/yl 6@4_@%&%&& P thr&g‘e_npﬁxﬁé\rﬁ ;gﬁowawyspl}%rr) ot e qa/atemxzed form of

any basik, nitr6Hef 9] zﬂfh)bkt;t@tﬁblabﬁﬂ'dgﬁry bf a dbt&ﬂbbﬁfﬂwrmgdfoﬁ' Bkamhpd Ml (as in 3,4-dihydro-

2H-PWSW§E*|°<F%J an%?‘.tﬂ"avé& %ﬁiﬂﬁs m%l&é&*&iﬂf‘ ayweijdinyD).

[0026] 3- @l@teﬁﬁ@o‘hﬁl Latll hgxanykd alone or as part of a larger moiety, e.g., “aralkyl”,
. 3-,azabi cycl o[ 4, 1. 0] hept anyl, an
aralkoxy;'s 9F c?‘é’?/"éw Y qufFéx‘Qn?l °P"§tﬂapb Sﬁhﬁt‘ét‘?deg&aﬂa@"gp‘éd‘ydmcarbon moiety
included within the scope of this definition. Exanples
of a heterocyclic group wherein ring atons are
substituted with oxo (=0) noieties are



pyrim di nonyl and 1, 1-di oxo-thi onorpholinyl. [0016]
The term "heteroaryl” refers to a nonoval ent aromatic
wo a2vasd740f 5- or 6- nmenbered rings, and i ncl UREBUS2908%0D3607
ring systenms (at |east one ®©f which is aromatic) of
5-16 atons, containing one or nore heteroatons
i ndependently sel ected from nitrogen, oxygen, and
sul fur. Exanples of heteroaryl groups are pyridinyl
(including, for exanple, 2- hydroxypyridinyl),

i mdazolyl, imdazopyridin rimdinyl (including
°°mp“sf"§r°"§x‘3 e% “OA“a%ﬁfﬂﬁggxfﬁ%f?%Wﬂ%M g‘?}y’%/'éz’gf:grloary‘ grotp. Aryl groups
include t\ﬁltlﬂﬁﬂhrﬁlltatxoﬁyd'pﬁalhd]ﬂy|substlﬁﬁdd%@l|l)bl|naplﬁtﬂijl}/bn antmaceﬁml The terms “aryl” and

|soxazol t.hi azol yl oxazolyl I sot hi az

abysfe es;zlm &allpﬁwqergpups i d\a)tﬁ 79 qryllqug is f %S );cp one or more cycloaliphatic

rings to tf&l?nz hﬂbﬁﬁ)ﬁﬂlyyiubstbﬁgd @fclliE @fﬂlydture @hdlm@ |l t&YAhydﬂoﬂﬂﬂm@i Yhdenyl, or indanyl
in oI|Z|nYI pht hal azi ny| , p ridazinyl, tr|a2|nyl

ring.  The Jprmoryl” may e wiechymterchangrably withyheiterms ‘gyyl group”, “aryl ring”, and

mmnmknh@zolyl t hi adi azol yl, furazanyl, benzofurazanyl
benzoth|ophenyl benzothlazolyl benzoxazol

[0027] qui %z@ﬂkv&mor amla,l]lgy* ABTOHY pommﬁww (grqlilmcovagﬁﬁly attached to an alkyl

group, EitfeP POFT lwﬂicﬂylndel{eg%?lll Ihgptﬁﬁﬁlﬁf Qﬁ’%ﬁlu?edo rPré}%tagfyo"’lﬁé’ laralkyl group is

rou‘?(Qj Y be carbon” (carbon-| ﬁ&ﬂ nltro
Ce-10 arﬁ‘ﬁw s qdmwal)ouahma@w@dbmr @eg 3ng gﬂw wp@yl By
[0028] e yrif te%@npét@roﬁ'g]d 4t He{emal' at LRR- aGRT HOR B&H‘@?‘i larger moiety, e.g.,
het erocycl es or heteroaryls are bonded at p05|t|on25
“heteroagalky]”’, of “heserograllpxyy’, pefaritel greaps kaydigtJ ont43ingsmtoms, pmferg)lbﬁ 6,9, or 10
p e i
ring atoglcsi S%{Jv!ir%a@ 216 %r Pégﬁ eiécggnszsg)argd F1)1)513 'Fl é: clghﬁ:ea goé}dﬂyagin@ gll @mon to carbon
atoms, frpm onpe t§ fiye heteroatomms. A heteroarlyl/gioag ey be mpmg- olphelmeor polycychc preferably
mono-, %@,t cE{atp%gcrhg,t %?x%glﬂ@%%glgg%gﬂoo'o? bg:r cl yrélrhg lrté ! ‘Irllgtzegf%?o?hlxt }e%}s to nitrogen,
oxygen,.px’g §i1]iﬁ:promct3i,nc]4c,iesmny Bxgfized fornsofxazitregen or pyhflazmdeany(quatemlzed form of a
basic m’ig‘g%ghf:cgfe%fﬁ%lf,pag%{rg g?ilt(%? gfé ??ethEa:?ﬂn%?i%J 4 gésﬂ:emtrgge% 'idn? Bnd may also
be opticm’pll)g ;)x\jﬂizai @pjﬂnc;:lorrnqpomimg)bécpmdeo nWhen 3 heterodsyl 16 subptituggd l&l a hydroxy
n
group, II? ls@tqnét:lécg:g l‘“snti%ltn'lre ndeg Qgtg(lr&gh e’p?eytoeg{}sc | ﬁe(egé?%lrﬁ aagg Jﬂ@t{aroar- , as used
herein, 4isst in¢loder grbepsan e/hb:b radedtrcatrorms iring anfudedgb opmorampreiagilmycloaliphatic, or
heteroc%fo%%él@u? No'hﬁ QX&{:@H %‘aﬂ%%’r %¥1%¥6Jpg 1Acﬂﬁla aﬂ%]g yl, furanyl pyrrolyl,
imidazofyl,j mrd@bdl |tr|tv@01ybytmfzz@lyé oxpgelalz oboxaenlyl2-oxpdiazaiydl thmolyl isothiazolyl,

thladlazg’l%gﬁpéﬁq ﬂ)’ill_fzuﬂga rinﬁénﬂgl gﬁﬁﬂﬁ)ﬁa&lhﬂﬁh y’ d:}%ﬁh% raallprl]ltél’yri%ipyl, pteridinyl,

indolyl, soidelyl, bm@ﬂm} bp}ﬁpfmmyb dibgozoifuramyh, IQda@fﬂyh bmyérmddzﬁl)é,, benzthiazolyl,
" p r . . .

qumolylg soht?lﬂblgp Qk Pﬁngl C@lﬁ%%’;llézzo qugﬂ;az@ ngfg rq&h‘f&%&iﬁlg@ O%?_gl]ungllﬁényl, carbazolyl,

acridiny{, ephanazinyl, phenathiazinyly ghqﬁox@in,yl Bqatrqbydquunﬂtﬂ@yh deteahydroispquinolinyl, and

pyrldo[ﬂ S]S? 4t éﬁ%i'no ?ﬁsmggt%:]we t% ‘k}%le?(%?flygl(ﬁ%lbe uﬁ g%ﬁsh%lbg%ably with the terms

heteroa[rﬂm] Theteroazylngroupt’r emt Hetexpatomatic aanyeeft Whick flemstincligdet Hings that are
optlonal%%b%ﬁ{éﬁl ®hd [e%t m@{%}oa?aglgfl pFe‘Pé}DYJ, %talll%\/ g{ouBrsﬁgﬁ & 'by G heteroaryl,

asur es ereln SOJeCt Is to pr t"or s
whereindlagky Iaectb@maralrpmemdpmd@ﬁlygrqﬂmgnaﬂalsuwan@e or

[0029] di S&J qx%éd h%}'ia(f‘rh %% I;]rgs d%gt%{oggc%gnt“hg{e¥o%ggl§lad Rétar%@?}?g rI‘adlcal’ and

poses Of thi's 1nven
heteroqyblncmu@larer ssd ﬁrtt@changéabtj/e;nd efer taracstabiet3-[t¢ Bintemtbeted, monocyclic or 7-10-

t f dj
membergé lb%g&l% ﬁe?e{}acg'cﬂlcs Xl%%{ m%t is éltl%r sa%urggcp E)r ﬁir}ngly Sliltatupated and having, in
addition to carbon atoms, one or more, preferably one to four heteroatoms as defined above. When used

in reference to a ring atom of a heterocycle, the term "nitrogen” includes a substituted nitrogen. As an



of di sease, delay or slow ng of disease progression,
anelioration or palliation of the disease state, and
WO 200p88479h (whet her partial or total), whet herPCT/US2009/003607

detectabl e or undetectable.9"Treatnent” can al so nean

prol ongi ng survival as conpared to expected survival

if not receiving treatnent. Those in need of treatnent

i nclude those already with the condition or disorder

as well as those prone to have the condition or

di.sor der those in whi h the.copdition or d sor der
exampl, 4§ e PR AT G | e T e SEECIES Ay cpyeen. sulfur
or nitrogdnf @6 hitegerdMBMUBY N (AXBABS-ARydRGRH Hyrrofyl) ANHQA @ pIFokfinyl)@r NR* (as in
ent invention that (i) treats or prevents the
’V“mﬁgﬂ?$P¥ﬁngy@lsease condition, or disorder, (ii)

[0030] at t RMHeRtRFalicAH R daf bR LB Fohe@ o ﬁ:l bdd AR teSupOR @nyP het@%ﬁt@m or carbon atom
nptons of the particul ar disease, condition,

that resifsgp dable stgretyrs prd) any of therting atamscrap by ption@lheitoted. Egamples of such
saturate@ ror RFRNS WM @R d CH‘ete;‘ clRafbican! ig¢ludl SARSE: liARDnt k®Ahydrofuranyl,
i sorder describ erein. In the case of cancer,
tetrahydtr?f@emep%@@rwlcaﬂepa}w@pﬂ'@e?hrvb avaRlisinybf PPR@ZigYl flignayy!l, dioxolanyl,
dlazepu{'ﬁdék(ﬁﬁ‘epmyﬁ tﬂl‘diﬁ?ﬁ{yl qﬁorﬁﬁd’lﬁ@f ah& khiSmorpREIGE khﬁetéerslafyl group may be
si ze; inhibi e., slowto sone extent and
mono-, Birclfin (05 BPIYCYstid pyeferalply @onge bi-» Prrifigyclis.apere Arefasaly mono- or bicyclic. The

term “hBRFIcPIMALIRY T QEBANS Jan! AW Bikdup(dubitute s bpW Hefér EI?I %ta%m the alkyl and
and preferably stop) tunor netastasis; .inhi

heterocgc@ﬂé)ogﬂ@mdepq@%}y ye M1ﬂnallar§aps(9futqde| ,Ag‘i}lgon@aélyserpéterocychc ring also

mcludeﬁgﬁ)ﬁﬁtm Wheh Q{e h@iéfd%yélfc ﬂn%@s ﬁlk’ém& @H@ox@ﬁ&@ alypfigd. Wi th the

ancer. To the extent t revent growth
[0031] andAspseft ihpreing the e, partiaty élpsagggtp(g F efs igfinganoiety that includes at least
one dou%lét(ﬁ’%tl;ﬁé bénd@efeh riny hOhRXTike ter%prpagtﬁaﬁw @hsab?RERBY intended to encompass

fficacy can be neasured, for exanplé, by assessing
rings hatvp?g multiple sitgs off Lg]éﬁgl@tl?ﬂ- Qgtrlé ggt,lr@}ﬁnd@q'qujlclaql&gr@matlc (e.g., aryl or heteroary!)
mmmwggggﬁghgangdthe response rate (RR). [0022] The terns

“abnormal cell growth" and "hyperproliferative

[0032] g sBiregemt "alifyleng Seefers it abivdlem gabgrpup. iint Talkylene chain” is a polymethylene
pp ti f

ou. EPHERL e TP Gl A 1o WBATIEA ey 1 .o

1to?2, qr§roph2{j@|§e reentionsllysybstityted @@X]?I@t‘-‘biﬂy ifepdlynithyiene groipsin which one or

more m'et'ﬂﬁeﬁ’éj cfgfeﬁr tO%quklgorﬁlhf Ceph ﬂﬁla b e, @funat{lél-lubstltuents include

tuhor ce tunors erate y expressing a
those daseribede deloyr tosi i sulsitipwgese abphagc;/ @r@;pp prts glspninglfidey those described in the

specxﬁcﬁt%%é?ﬂ tIty\R/ﬁlsben onp}féc' 'zﬁ&?tha( g)o Q}%Q‘it%t@@fdthgﬁllléywﬂ@%oup may be taken
I's of other [1ferative diseases In

togetheraﬁg é@rmamma SysleR) ﬁ@ cmqarasreb@em%t%mb@@m@s ca(l@)% takay together to form a

37-melp bRl gt ARk LA CEAR Rind SHEBE Brclckf AShAC ki nases,

ytumnsthm proliferate by aberrant

[0033] se rAm elkylpmeechninradsolcam b eptippaliwiateirapted bindfupstjonalegrpem Aaradkylene chain

. i t i

s imefiRe L LRSI Bond WIE oKL HAIAE SIAPIRERRIA by the functiona

group. Examples of Juil@iilg] intehruptingr frsctivna geaps” s destriled de thegpecification and claims

refer to or describe the physiological condition in

manmmal s that is typically characterized by unregul at ed

[0034] cel Forgmqwsets of Acldritynalt bivakenqagrbsmssdm@ed) therebr, énchadingge regusthe alkylene

chain lu&%rs d%Fcr;ggm%Hoged:,ﬁigeglkl’élgﬁ%qs t8 8e reaggrt%mlale@ lflonré htt u\»m co&retspondmg left-to-right

nmdmgoﬂmcmnmnmorMyuphonumeiaswmmwku$aan®na nyelona and

| eukem gnanci e
o KSR PR, POt By cocnio
heteroar@kkygand @mrdidﬂyﬂhlka)ly &mumﬁmks) grelp magRrRo/Eh, onlaualngnc@amlﬁﬁtuents and thus
Jun

may be Or%‘g‘}a”?gﬁﬁé@‘ﬁﬁ% ﬁré &18%]618% &tﬁgcebsgﬁueretﬁ éis F’H eﬁigabova and Lilegem suitable

squanous

herein.



carci noma of the lung, cancer of the peritoneum
hepat ocel | ul ar cancer, gastric or stomach cancer
WO p@basi7my gastroi ntestinal cancer, pancreati CPCEOS209/003607

gl i obl astoma, cervical cander, ovarian cancer, |iver

cancer, bl adder cancer, hepatoma, breast cancer, colon

cancer, rectal cancer, colorectal cancer, nmalignant

brain tunors, nelanoma, endonetrial or uterine

car ci nong, salivary gl and carci nong, kidney or rena

ncer
substltugrggglg[r,he %18%%1[? ?xgzgtﬁlrar?g\e{rlil lgli\,g(gpr lgegqrgz{?ﬂmp %Sé)nlpcflgde and are generally
selectedCREf I -RABBNCIEAN, aer gRrR= cemze tc-@R* VIR, ER°ABUOR", -SOZR° -SO;R*,
| ogenous Ieukenla (LAML) . [ 0024] A chenothe{ape .

-SOZN(‘%em “N&a chdff PR onpolRCERE ul MR EHINE gat rrewlﬂR CSNR,,

-N(R+)GILNR8>Q¢@P ENW(%N RS hﬁ@‘t@kﬂp@mﬂs@ @geJNR&somktlee -O-C(O)R*,

Iot|n|b ch/ OSl Pharm ) . .
-0- Coz%f)r fQGEHN MEE@S&}BE( r fJ’(S)Bﬁ rfé% unCERE@R . -COONRY:, -C(SNR™:,,
-C(O)Nﬁvb Vﬁ@t r afo W'N RHAS N{SM )R SULC(=NR*")-NR"Y,,

Pfizer zol e (r). vartls .
-C(—NRl }19& Ul b‘@éé‘i{? @E\)é&&r)JOR Nov &R 1=y ORBTIPENB e, -P(O)XORM:,
-O—P(O)zéﬁssén({ W(NRﬁN(R@é(atvh&Eﬁt RA {nﬁlel%%@éd'{/g( 9 shy DR 'o} ran optionally

eucovori n, myci n (Slrollnus RAPAMUNE( r eth),

S“bsmulfépé‘tﬂhﬁ‘i“b qwmwl GERIPPBHG, OGRSt BFORPsi f)two  independent
occurrehe@83f RT &k BikESiIge 833 theipH i @M aréBAY o2 Qr@opt%ﬂyl!_?’ substituted 5-7-

Labs), and Geftinib (1 RESSA(r), AstraZeneca G1478,
memberﬁ@af@’?‘ 1he(“39}‘r5‘2 pacloadiphatis) or QFtR’;?FyC%)dI tfign aEack Rjispngeptionally substituted
ahphatn&J lalﬁj-l‘ | He@Poaryil TEYEI0R1InAAY) oARerbBd RS ol@n; aziridi nes such

s benzodopa, carboquone, neturedopa, and uredopa;

[0036] o héh aliphatineshezaienligbatisyerenpeprmiqResomatisl cathypglic o heterocyclic ring may
contain ¥nf 'of il Sébstifubic® by ltlﬁl@%ﬂ?yl @Jn dPtionally substituted”. Unless otherwise defined

triethyl enephosphoram de, “triethyl enethio hosphoran1de
above apghbrerein; Syisetls FUbREPEN prethe satwpis éﬁ%?rsowsa&e tiglor peteroaliphatic group, or

ofa noxpéfblln%ca&l'ﬁ?)c?d"ig oP Hét!zx%& ﬁb HQ? Sob ’selpcrté’(pﬁ‘&ﬁﬁﬂoge listed above for the unsaturated
lystatin, CC (inclTuding its adozel esin,

carbon e%arz entsr ﬁetawermgzcéwe@rirﬁdéylﬁv%t ingludm Hiedglgwing: =0, =8, =C(R*),, =N-

N(R*),, CIN’MP thﬁé%d)Raf LNQWHEOIR N XRISeRRY 6 ONRARfere R° is defined above,
pt ophyci n dol astati n; duocarnycin(including the

and eac% § ftiadqpendgnty %sré%ted Kaprpygoogsm ar opptipnglly substisiadi{ars ghphatic group.
[0037] panﬁra"a&'uéﬁ & thd sutRiRal S 8ined ¥odve ﬁ@ﬂaﬁh S(;p"ﬁt)hﬂ sutis@lubits on the nitrogen

aci d anal ogs such as denopterin, ot r exat . .
of a nopparematig hfmrncycthe ringalse ingluse apd prergenesallyl ssipsted lf@m &/’ -NR"),, -C(O)R",

-C(0)OR} Ueah RO %36519'9%(@92% IROARILH,), DESNR™,, C=NH)-N(R"), or

. t hi oguani ne: i ne anal ogs such as anci t abi

-NR)H4OBRI; twf@rqweeacgﬁam@nﬁnw ghove. cérrmfmtirogee yoar efta h?éeroawl Or non-aromatic

heterocy@'hg FiAag MKb 'ngﬂyrlfé oxfif2ekifd 'f'(;rhfjﬂhg @on&ﬂ&ﬁhﬁg@b'h?@nxy or N-oxide compound. A

| oxuri di ne; androgens such as cal usterone,
nonllmlﬂmm@p&rvé seshea hetespsnd hatieg awldlmsrmrwrogemtpws Ysaxigdopyridyl.
[0038] t eSAg) hégﬂegr}i%o eam Lon@e%r@ﬂ@krﬁen?y ?\Do e 4R glzéﬁ%ﬁ&h% ﬁe (or any other
t ot ane, £r1] ost ane: I'c acid replenisher such as

vanab]efsprglllqrm d@ﬁm in the@@ggﬁcamgm and cdinie peromp remtirkim tgdeyheo with gheir intervening

atom(s)atH] 1’3% eaviﬁloh&:' dllcag} %l 8%‘ “lg @?lt:éted l?r%ﬁlt §algurﬁ+xllbered cycloaliphatic, 3-12-
bl sant r ene; raxag d am ne; denecol ci ne;

memberg{l hetergaysind ; haeing drhet¢roaiems eﬂdbpepﬂemﬂw yetectekframaitragen, oxygen, or sulfur,

] 1 n . r .

o10-mFRR L0 S0 A BN  lB0geyscs o

nitrogena AXYEIN;too il s n1toguazone it oxant rone; nopi dannol ;

[0039] ni t]:rh%%{ ?a?g’ﬁlélgse Maf)%;eaito <Iédn ?'Egngg?/nggﬂdﬁgentd%{t nglud}eg%ﬁs dpf R* (or any other

varnableplmmwbhﬁnerdep tH%SKmejcaporh yngiacdmmahelda) Caomak®)¢oge.ﬂ‘rd.8w1th their intervening

atom(s)éN?ciﬁﬁ]rpatLut EFe n%\‘l ﬁPn?léd E %gepoqrowqé) a) t 219&% endent g]: r?e?ﬁlc&’ of R* (or any other

iran; sp



t enuazoni c acid; triazi quone;
2,2",2"-trichlorotriethylamne; trichothecenes
w@ewpasizal |y T-2 toxin, verracurin A, roridi nPGI/ESIH09/003607
angui di ne); urethan; dacarB&azi ne; mannonusti ne;
m tobronitol; mtol actol; pipobroman; gacytosine;
ar abi noside ("Ara-C'); chlorannbucil; 6-thioguani ne;
nmer capt opuri ne; ifosfanm de; mtoxantrone; novantrone;
edat rexat e; daunonyci n; aninopterin capeci t abi ne

( XELLODA( r. andr gnat e;
varabl i By RO I B THEE PP CORBLTE DS (o rnirapg s Bgsppe atom and are
taken toR@BE&@MithhR afoRl tosfonﬂ@ kiflg fanstagiple] N}, \Weler®botR eycuafendeh 8f R* are taken
abov gﬁ [ 0025] ? included in the definition of
together: yitfy, Pﬁ@ﬂﬁ'béta‘["l qgehpiperigined-yh ipjperazing L-jly Ph’é‘ﬁ‘é’lh"'é[b‘éﬁf group; and b)
two md&d’éﬂ&ena&cuﬁ@hcéﬁgﬂﬂ%ﬁ af)f othdtRiaRatle Bﬁﬁlﬁﬂ)ﬁ@efﬂn@& irOfRe @ﬁbmﬁcatlon or claims
rs such as antl-estr%%yga sel ectlve estrog

herein) PhébaefﬁPB‘f“drfB difesgns ploms gpky p ﬁ%ae@aﬁ ygh bpthof swawp@s to form a ring,
tanmoxi fen (including NOLVADEX(r); tanoxifen C|trzte?@R+

ral oxi fene, drol oxifene, 4-hydroxytanoxifen,
trioxifene, keoxifene, LYl 17018, onapriston

for exarfpMEBHOAIPhny( Lrong ivishbstientai wittatwe)acciriengesaf ORAL ase " these two
i nhi Ior t hat . nhi t he en VB A9 ase
occurrer}cga o Rt es% ekse{n ?o&a{her WR#]{ Scotxy%e a% ms( tﬁ whi giatthﬁ%?fe t10unci: t% form a fused 6-

such as, for exanple n1dazo|es
aninoglutethinide ({9 (negestrol acet ate),
berBRGR e NoA | Z&Iill b Oa{gg?%ékéﬁltﬁat ty of oth
membe ea rsole Rln\%)g%gi)r) (vor 070 e)l e 1 a variety of other rings
(e-g-» sitogand drigeest Tingsy aan e Yormash avhamitwp EJEb‘(P?")deI(ta??a@Terné%oq’feR (or any other

vanable%%ﬁﬂa@@%ﬁﬁéﬁ) in the épb()lﬁ@éﬁt)h GRS LgTaTeT ReremY G tA%n ft&éégh@mvgﬁ their intervening
utam de, bicalutam de, |euprolide, and goserelin;

atom(s)asd thed the examples defailadabpyrearg ot intendad Ends) lawenm ucl eosi de

[0040] Cytelgle%eotﬁe@@lsg gﬁateg( 'styactlﬂgso&&ﬁ&edkl’lt{xléﬁ earé ng(l: memrt% 1nél¥3e all isomeric
i pl i nase s; (vr) antise

(e-g., enﬂntigromldemqr@e@rlc,pm g@Qﬂl@mq yort m@a;rrrmhwb) forms of the structure; for

examplé rtmtl lblaﬁéa §§B§§ﬁl&eﬁﬁn9¥orgg&e§yﬁ1&e§1 g:?l?tlsll 3 Q‘Bt(ﬁ lﬁ)éesbond isomers, and

| cate errant ce pro erati on,
V4] andf(E} cmu@al PBR@ers| ﬂ}harefqmmingmrﬂacmgrcal(xwmqs as well as enantiomeric,

d tn, fic b6 SikRifes! HthO ipkellk bfipSund ithin th

SISy Y 87 AR 0125 sy v i

scope of/the @ivnet@ns UdHesa othgeyiee stited, abyaummﬂcwfe@ns Cffcslne @m@rpmctis of the invention

are w1tlﬁH‘hQé/ E:)nvel'n%r{v E@&'ﬂ&l(aﬁl}’ ur@é}g otHEXSl; Q(s'i ed structures depicted herein are
PROLEUKI topoi sonmerase 1 inhibitor suc

also meart tp Uwh@mlpr)ds tlmgA@[ loxdyrin theyRegengd &f) one or more isotopically enriched

atoms. ?&t éxal‘a ' %@hﬁﬁs%g@né ﬁme%ﬁ‘é&&t%&u&ﬁ%{?% : rf@lk}he reglacerr)x/ent of hydrogen by

Genent ech maceut |
deuterwat@réptuabl qa.i tlyﬁarleplecenﬁei @fsa carbgn @Em \(Capr v€§n@¢hedﬁ9‘b9ﬁ arg fydthin the scope
of this APQYiSn. &Q&?@Jmﬁll?@sf arg)ﬁgéml for qumplg hﬁ%ﬁl@ﬁéa@%&t 6lcprobes in biological
agents" that can be used In conbination wth
assays. pr esent conpounds include inhibitors of MEK (NAP
Ki | Sy ; .
[0041] @Zsetzf l%egsﬁfd?)as%ogﬁte{gg) @ﬁer?%ﬁ%gltoéerﬁ)%%l‘rk&ﬁglf hz!sgag(l: astgtglg chiral center, the
present )(Lv@gmn(eﬁx@hpaxspes on¢ n(;an)lomEIL()Ml@mEltc(rFﬂ@xfmm @hq:) corrgspdnding optical isomer,
racerrucI rﬁxé?elgilzgléllﬁﬂét?nog Qﬁﬁ F%%tg%g eﬁl‘%hﬁg in é‘%ﬁ%@%i 6%%&1/\@-8"“5 corresponding
optical ma5%elq mlatdreﬁh anmcdic it q>rt¢alnsr)t;ontee reddtiveo ke iuepticljiedrhers, the mixture

: s
conn CRLTIRASARR e BERCEL: COPYGE 168 el IS
[0042] ( PI Bi¢ anmhtiolietsoof theﬁamﬁnneenﬁhmmbewml&al l&f) metBEE-kBBEN to those skilled
in the aE(florSé&a:mn € IF n)natlon (6] adr&ﬁlﬁs%lﬁ‘?[(‘%’(‘%%n% A eChf}lay Insgzlp%gttred for example, by
of cMet, such as PHA665752 (Pfizer), XL-880 (Eer|X|s
Inc.), ARQ- 197 (ArQule), and CE-



355621; and pharnaceutically acceptable salts, acids
and derivatives of any of the above. [0027] Exanpl es
w@booa/150menot her apeuti ¢ agent” al so i nclude a BI¥EUS2009/003607

damagi ng agent such as thidzepa and CYTOXAN(r)

cycl osphospham de; al kyl ati ng agents (for exanple

cisplatin; carboplatin; cycl ophospham de; nitrogen

nmust ards such as chl oranbucil, chl ornaphazi ne,

chl orophospham de, estranustine, ifosfam de,

mechl gr et ham ne, nechl or et hanm pe oxi de hydrochl ori
nystalhﬁaéloah%r@hmn %‘C@ﬁ%‘?"é‘ﬂf‘ﬂ‘}e”ﬁ RHEdtet PhEOMPIPE n‘Y'HEféf’}ahg’e separated, for

exampld, 9T Dpctalilaliéh, gdé-BGlid oflighiardhronkidspdphiadtlectivd fe@@RMI T ahe enantiomer
such as carmnusti ne, chloroz tocin, fotenustine,

with an smg?mefespe% wgatgpﬁe oraﬁ)ban? %leﬁﬁ’ﬂ?flf; rFéterl fagion; or gas-liquid or liquid

chromalbgﬁpliyoihQ%Qﬁ)enw%iﬁﬂeﬂﬁ&&@hﬂmﬁl@%n (afcﬂﬁal@ ]]ﬁ}ﬁ?ﬁ' f6r example silica with a bound
ant| fol ates such fl uorgpyrinm di nes

chiral l]garfd' ‘efo‘lnotﬁ? gﬁqsence 5>f p@hlrghaowe@@ aM}ere thﬁepquegpéatlomer is converted into

another '&'Eérﬁl@il reﬁﬁ(tﬁub? on& ¥ @8 hé})@raﬂ&@pﬂoe&ﬁfe@ QescRAYEN oY) agartidRtep is required to
enti tabine); antitunour _antibiotics such

liberate atge tdFISéreg ﬁémqﬂ?ﬁ@“ﬁrf?mbl d%lfeégan(gygspec@gﬁnew@gmsc gy be synthesized by

asymmed§PSmtnabik Msif@bpidaRP Bl ifle tepRATBubstARY, GaddlyEN@FBVeh, or by converting
omegal | % % w Chem Intl. Ed. Engl. (1994)

one e“a%‘?“f?sg‘“l g Plhenby 3ty RMGHIcitaagormakan adr i anyci n:

[0043] dY NRES 1N distiBSddU ebriigbutl NIRRT & Meadh twcblcﬁﬁmowle&@ altRSpresent invention
such as cl odronate; an esperamicin; as well as

encompASEc Ar SRS | frPechll SHSpKEIETeamETsT 8| Baieal CisiSHOPItst Bps from other

diasteroRRAEpMREmARIrEVF Qfa%@ro%{bﬁ'@ FRARRE 6-diaste?sthétfcl pARIMSkfifes of diasteromers in
actinonycin, auth mg0|n azaserine, bl eonycins,

which qag diastgesaipes 18 eneﬁresaﬁ fiyg, @a‘P‘FrPWéW‘éﬁ“ﬁeOTE%?SEP%HM‘PrPh of diasteromeric

pairs mc\mlé}mféytﬁhé%r&meg@%irng’ @¥§dhBd rdlANR Q5 Wi §thét diastereomeric pair(s). When a
det orubi ci n, 6-di azo- 5-o0xo0-L-norl eucine,

mixture ApRITIRITNGe) diTsREsaEnen 9F diasipreomBrm PRI slatvsor the PleTdiastereomers or

diastereSMEHIO BRIk E)) Othé NAXERX Q5 UddriShed: with P3HE F @pictR- 8P%efeihédl Biastereomer or
and_deoxydoxor ubi ci n, epirubicin, esorubicin,

dlastereplagmbqlgsprfelaﬁﬁr Epeptpgng,aﬁtﬁeorﬁer@ @ﬁf@ptﬁ@o% pgg(s) for the compound, for

examplérby @P6%r Bxdess STUERRRS0! 75%,300 05 OB} SO,
ci ns, peplonyC|n porflronyC|n pur omycin
[0044] queT‘m%%ﬁitqﬂiemﬁ‘)G@B? aRiFscinRY bes saparsted iy grathpds dpewptaodesi shilled in the art,

for exaﬁlﬂg %B&hgiograph‘)b 81”&%%“12%]'09 QR4 ‘me 1Hd1vi%ﬂg ARl Within each pair may be
antimtotic agent sg& or exanple vinca al kaloids |ike
13

separated; 3gcdepasibeh@bovgi ntneaidie | riecedyn s sthrrmnatoesepryselty BipRiRfipg diastereomeric
pairs of(ﬁﬂacnxpsro?sl ll%'e@er) &%eﬂa%f%h% cbln%@uﬁd@’&%hﬂ%d {ferdn are! ASEHEd dhe examples
(paclitaxel; Bristol-Mers Squibb Oncol ogy, Princeton,
herein. N J. )| ABRAXANE(t m (Crenophor-free),
alb | e formul ati ons of
[0045] pac jifbepc)(rg;;ilgh %ﬁggﬁﬂg@ r?%lésgut i cal Partners,
[0046] Sc hianetsain gmbbdhment@,l o) compaimINXCEERE[ formplddix eneseinore substituents are
qu Poul enc Rorer, Antony, France); topoisonerase
I'bitors (for exanple RFS 2000, epi podophyl | ot oxi ns
K@kﬁ1@§0p03|de and teni posi de, ansacrine, a
@qug &hecin (including the synthetic anal og
p tecan) and irinotecan and SN 38) and
@9t%ds€$@néht|at|ng agents (for exanple retinoids such
[
?@nr ellts al‘in Bgﬁel[yas%éﬁgﬂgdr ﬁ-gg-glbetn}%grae é/l o?tS 1'6% tge?ésda e%pﬁryl having 1-5
heteroatguis ihelependntyseievied frvesxitocfgea,rwygﬁn lefmbove [ 0028] A
&é&gg@t. grapeutic agent” also includes an agent that
tés the apoptotic response including inhibitors
émliﬁﬁﬂwlnhlbltor of apoptosis proteins) such as
AEG40826 (Aegera Therapeutics); and inhibitors of
bcl -2 such as GX 15-070 (Gem n X Bi ot echnol ogi es),
CNDO 103

selected



(Apogossypol ; Coronado Biosciences), HA 14-1 (ethyl
2-am no- 6- br ono- 4- (| - cyano- 2- et hoxy- 2-

W@ x@etiswrkd - 4H- chr onmene- 3- car boxyl ate), ATI A (PASDEHL089/003607
Ther apeuti cs), ABT-737 and1ABT-263 (Abbott); and
pharmaceutically acceptable salts, acids and
derivatives of any of the above. [0029] The term
"prodrug" as used in this application refers to a
precursor or derivative formof a conmpound of the
invention that is capable of being enzymatically or

[0047] py gnsppe prBeqipenis, @ compamd of fepplad is warepented Whe mor e
active parent form See,gie.g., Wl man, "Prodrugg in
Cancer Chenot herapy" Bi oghem cal Society Transagtion
14, Rop. 375-382, 615th § Bel fast (1986) a

. A| Cheni cal Appro

CTar Drug Delivery," tedl Drug Delivery,s N
éor ¥ al., (ed.), pp. 247- 6 Humana Press
(1985). srodrugs of thi sHNevgntion i ncl ude, butHN\<(
are not m4ed to, ester-contai %ng pr odr ugs, 5
phosphat e- cbhtalnlng pr odr ugs, R”,
t hi ophosphat e- cont ai ni ng prodr ugs, sulfate-containing
prodrugs, peptide-containing prodrugs, D-am no

aci d-feAli fi ed prodrugs, gl¥Bosyl ated prodrugs, I-C

b-1 act am confai ni ngpr odrugs, optionally substituted
phenoxyacet anj de- cont ai ni ng prodrugs, optionally
substituted p cet am de- containRhg prodrugs,

5-fl uor ogy
whi ch can be>g erted into the nor
free drug. Exanple CytOtOXI%
derivatized into HNJV/ drug form for
invention include, bt are not limted t
of the invention andlf%gﬁntherapeutic agentd¥ such as

descri bed above. [0030] A "netabolite" is a product

produced through nmetabolismin the body of a specified
conpound or sal tl-Dhereof. Metabolites ofFEa conpound

may be identified using routine techniques known in

the art and their activities determ ned using tests

In yet osheuodmlmdnrmdncssﬁz tﬂe§em inexdbcnet eycloalifBatd) 4pli0erderstesedt@ierocyclyl having 1-5

heteroatPréla bn(c:l{: entlﬁ ségmfae from nr{}ot el?ne og)?(ggrq aotr Ialglgurrn 6- drglgé eredt ar)(/)anr 5-10-

membered heexioﬁnyblaivmgri -5 hkeersdtems mdq&hdemdy s@ﬂzqdfactm mtr@gmava@en, or sulfur,

optiona subgtgueteé TNKR ’1—401];1detpgr\l(:;\deelp]fj r@c@rlre%n%sloug;gv%gqy Ed1s—ltl9a -T%)?% or —V,-T,-R%,

and: conpounds of the invention, including conpounds
g:; OSEF§d| ﬁzeé’l} Qgcgg'gnsc o? 1s 1 dﬁpg?&gﬁ)ga%glglger}lg éN C%@O‘Jﬁﬂ NR™),, -
suf fi €RSht -SR)9°y| ét@z&* rreCﬁb)Blg‘i c @@@B&‘t t(E(@r)E(ff%)z, -S(0>2N(R9")2, -

[ 0031 % 9S % 9C| b Ok % 9
vari O]lE)SCQP Q}@“? NFR Bbgo)% pﬂ%@i Rgﬁ? bi dﬁ(ﬁ%ﬁB?ﬁg’ NER¥ICONR™,,
sur f aet aNtRWOﬁﬁ(RI 3,, osefoudcclrencesaifiR7 rtgkemtogathdxr wigh a nitrogen atom to
(such as.c 0, |sc d

opti o r‘lﬁl tlﬂ aa%hhbeorlrxgcﬁ hfré’?ré %g Sphe; 8naﬁ shl?s)tl?l.{t%i fg 9 membered hﬁ;]erocyclyl ring
c onpomenngodfaddnhendl hge@ammS mi@tezddmmmltrygar oayzgedr suifug;

bi | ayer forn t|on Si.ml a

bi ol ogi cal crcgar%nsce 191:].eﬁe§c%en lfnhgdr%%{(a&gg\l n(ﬂloné]]:y substituted
is usgobuposeﬂeefeer from CnGd nlmbtlmcorﬁ-:vl(busn‘baad|dyyloulmbhude=tilO -membered
in co | cka eut ct t

cont arg%{o%}/cgw PP%mgnlg? E\Stg{oa{owe 1{1 ende tl)g né;fgcltlel? éOm nrh%gen oxygen, or
dosageMﬁadN}N}mmnaﬁubmeconﬁFH}mdnUaui¢msnandﬂmwmg 1-5 heteroatoms

war ni nr%%pe%(agxﬁﬁtrsglegtgd {frgr% n%?o%er? oxygen or sulfur;

So

gs t hat /can be
o .



t herapeutic products. [0033] The term"chiral" refers
to nol ecul es whi ch have the property of

wmoevsapei nposabi lity of the mrror inage partPEr/PS2009/003607
while the term"achiral™ réd#ers to nol ecul es which are
superinposable on their mrror inmage partner. [0034]
The term "stereoisoner"” refers to conpounds which have
i dentical chemi cal constitution and connectivity, but
different orientations of their atonms in space that
cannot be interconvert by i on abqut  singl.e
bonds. [ 00883" OCHEICRP H“JCP%%E‘P‘EY af‘cS’PQO'?{‘éF@%}‘%'E?ﬁéFO“P selected

Wi It h Er}bﬁl O CanpiEALE, em(errﬁmeére@&ycroargpﬁauc , A0D- Mﬁﬁ&@ed heterocyclyl having
nmol ecul es are not mr [ es. of one anot her

D ast ArREOREDAePaRdePLl selie eﬂﬁsper RUPESP OB EEY. Q5 Sulfyr. §-10-membered
mel ti agl, rwrsrlt)snexﬂs&édl Hegerd0y! Mbing 55 B6tefodlomBiiRBérde @Sy selected from
and reactivities. ﬁtures of dlastereoners may

separ 3tOHhA%YeeRi YU s ol uti on anal ytical procedures

such as cr )ém&lhr?e%&é 6’1"R9d iy 1ﬁﬁbérﬂﬁﬂﬁﬂf§@f$e@&‘$n optionally substituted

chromat o [ 0036] "Enant]oners”

st er edio g%hé(? gleB‘nperad & iphatcy i Q-pempered heterocyclyl havmg 1-5

NONS UREkioRidAS %meﬁenﬂhrftfy%élebtg&l&% nRfogel) @x ARA} di&hHur| @Qa?dembered
Stereochenrcal definitions and conventi ons used here

gener Ay Pr P dOrpgnberedhetegparyl giavm gbd he mlr’_qependently selected from

Di cti @ik, 6kydehedriseidlr; Ter ns (1984) I\/bGr aw H| Il Book
Cbnpany, New York; and ElL] el

" St er eocherfidt (}C{]‘Ufg?fm@fg% n }Sdn@gmwwdgdrog%wﬁnﬂppwll&substltuted Ci.
Sons, ¢Aliphatic dep; Yor k, 1994. The conpounds of the

i nvention may contain rrmetrl Chgre te

and t her ef 6#€ EKYECY ‘Ff"gF@ﬁ e“é'i’er\’é% )soF?evrg #@r)

It is s((gu)zendend)-,t-b@)cal Ic(omerey, SSPUEN'(E*)f COTEON(RERE- NR*)C(0)-,
conmpounas,

. t he i.nv i an, .i.ncl udi.ng bu of
o et 25 Qori& R TR SR R A st b0 - or
wel | a@«nN&?qmesa&hereof such as racem c m xtures,
|nven i on ani.c

form part t he ent or
conmpounds x,l$§fl qpﬁ Qj% is %?P‘"V tqs @,Igylpreﬁ%g legein the ﬁggylene chain
have bﬂ%nah’r 15'1ﬁt¥rrﬁﬁecf wt-atR™1-he-psarg 0 -S(0),, -C(0)-.-C(0)0~

pl ane Zed || . crihing an optical,l
acti ve(“p ﬁb%dndﬁq)%é( q?efqg@i g dlg@ >GS£B ?H‘f )é02are
used m(wﬁc(ﬂ)@ LR e EONRS- cnm)so@)m(R@rl chcohe or -C(O)N(R™)-O- or

nol ecul e a its. chiral cent
and 18R 3aﬂ‘ia ppripn Qreéeoéﬂeroafz@d&r%s Rfé‘s‘r‘%@ﬁalftém?ﬁ% ‘E’F‘g‘H‘e" 37
of r oh@hibered efclgliphaic/o® hettdozgtyl kinght by the conpound,
with (-) or 1 neaning that the conpound is
| evorotatory. A conpound prefixed with (+) or dis
[0048] deXthisN 6ihai &¥ibodinkedls, &, BiSY &1 isah &l thddonfPolittCis WpReseitB@B¥formula II:
stereoi soners are identi cal except that they are
mrror imges of one anot heR’ A specific stereoi soner
may al so be referred as an.e iomer, and a
m xture of such |so call ed an
enanti oneric nrxture\_ xture of enantioners
is referred to as a rﬂgﬁgrc m xt Xpr a racemate,
whi ch may occur where re hasylyeenyno
st ereosel ection or stereospecrfrcrky In a chem ca
reactlon or process. The terns "racem c m xture" and
"racemate" refer to an equi Ml ar mi xture of two

wherein@ & ENQPRr | C speci es, devoid of optical activity.




[0038] The term"tautoner” or "tautoneric form' refers
to structural isoners of different energies which are
WO paoensomverti ble via a | ow energy barrier. FoPCT/US2009/003607
exanpl e, proton tautoners (l&l so known as prototropic
tautoners) include interconversions via mgration of a
proton, such as keto-enol and im ne-enan ne
i somerizations. Val ence tautoners include
i nterconversions by reorgani zati on of sone of the
bondlng el ectrons. For exanp| e, reference to a
P

[0049] 5  Inoteliptherggmbedinieptsy By s PRYCRRIY; Sﬁg?‘ud"éi 319-membersrgycloaliphatic, 4-

10- men%e@a%&ro%yaylhyadh@pvsl mé@@atoxﬂé Fefen o %éxe&e@wohﬁam% en, oxygen, or
dvice versa. Simlarly, npounds o¥ Formula (I-

sulfur, q I’Q‘Smﬁlﬁéer?q']@'y]t aid- é@rﬂep}peqeg ,hﬁt{:ropryéhavanolrthro%tp@j; 1r51ﬁaendently selected
ﬁmnn“g%gpqg &fsuf@r mul a (1-b) include the tautoneric
9g§., Formula (1-d). (1-c) (I-d) [0039] The
Eh%&éémdpharnaceutlcally acceptable salt" as used
Retern, refers to pharmaceutically acceptable organic
or inorganic salts of a conpound of the invention.
Exenplary salts include, but are not limted, to
(0050] SU! 3iff oth rfiRhfinenC £ Litfoun @S Plofthta 1 abstskied ppr om de,
e, trate, bisulfate, phosphate, acid phosphate,
|son|cot|nate | actate, salicylate, acid citrate,
tartrate, ol eate, tannat 4 pantothenate, bitartrat
ascorbate succi nat e, ate, gentisinate, funarate,

=

gl uc nat e, gl ucur e, at e, fornatgr—benzo R?
gl ut ayrat eRr2net hapesul i "mesylate", 0O N |
C/_—“ﬁg fonate, \gnZenesy LR, N s _
\_ -1 | f onat ‘) panpate (. e)—pRe (R4 N
=11 - 6w { 2-"hydr oxy-HN-a@pht hoat e) ) ngts, HN\<€
RYal kal i IoNe g., sodium and padtassiun) salts, .
al kal i ne ear¥h, met al (e.g., magnddiun), salts, and R”,

amoni um salts. A pharmaceutically acceptable salt may

i nvol ve the inclusion of another nol ecule such as an
adkfate ion, a succinate i oH-Br other counter ion. THEC
counter ion ARY be any organic or inorganic noiety

that stabilizes thg charge on the parent conpound

Furt@ernQre, maceutical ly accepta e salt may

havep nor eNn ne charged atomi ts sfiructmg?e.

| nst anged wh Kpl e chargegfg?éﬁﬁ e part pf the
- phar utlcally Cceln abl e sal t\C.

counter Tons. He 7 pharnaceutlially ékcep
salt can have one ord%ore char ged BYons and/ g _o
nore counter ion. 0] If the conpound of theN
invention is a base the desi red pharnmaceutically
acceptable salt nay be prepared by any suitable nethod
available in tHePart, for exanple, treathdnt of the
fr [ hi.qr
[0051] elg splﬁ%gn W%liﬁgor?ﬁ\@edé% qslrg&%lﬂ%%l% déscg?%@ire%ﬁ{/ Eycg)égﬁ Ja% 3-F0-membered
cycloallpllrws,pHoerrroeralmr@i andrqcmlyll ihkeng of-5 vietdroaemorindepérslentdy delected from
nitrogen, %Q%eﬂsoﬁs%ﬁ{nl §- la%e beftd nglsyllt)%%ln% éﬁlhgtercﬁgjl %ggmg 1-5 heteroatoms
, succl ni ¢ acid, nandellc aci Fumaric
independeitly rselectad ifpm pynogcm ex3igdang or exlfri optimildy, subisitotsdi with 1-4 independent
occurretﬂlggnggsail\érnglig ds—ﬁm q" d yr‘én? kﬁy4n830| d, such as

ucur oni c aci &l act ur oh acl an al pha hydroxy o
aci d, such eagh (J,qcmrrqzrm:eauflR:? @rmtl@etl@mtl:c haloged, @N HPneR™, -NR™),,

aci d, 9“,“@@#1@ a (9)1?‘ gb @gpnc Q?(@N(R"iz S(O)ZN(R%)Z )

aronatlc ac d, as benzbi ¢ ac or’cin Jdcid, "
asul f (KON &, -E(R:gf’)cé@)lﬁg‘tl N(ﬂgﬁbéﬁégﬁl N E@IRT OIN(R JCO)N(R™),,

et hangg ulf Oxf‘}bﬁ I\ﬁﬁn 7 oPbwt QEurkdnb&s of[@‘)%% nggt‘i’SlPlf\g ith a nitrogen atom to

compound ntion 1's an aci
phar maceutical |y



acceptabl e salt may be prepared by any suitable

nmet hod, for exanple, treatnent of the free acid with
WwW@eoovndt7gani ¢ or organi ¢ base, such as an am nRBCT/US2009/003607

(primary, secondary or terttbary), an al kali netal

hydr oxi de or al kaline earth netal hydroxide, or the

like. Illustrative exanples of suitable salts include,

but are not limted to, organic salts derived from

am no acids, such as glycine and argi nine, annonia

prlnar¥ secondary, and tertlarﬁhan1nes and cycl

am ne&hich ihey are bopprb fpiam AR optigha évErSH@teérfbmea&e%*ﬁ@rocydyl ring
and i pgVigBevl @dcﬁa&taﬁhaebatyﬁﬂseﬂacemfmlﬂsgencelygwm sulfur

pOt assi um magneS| um malgbg nese, 1ron pper, zi

al umi num afeFh PemTEF of Bom]mdﬂeeldﬁhtbab@mgen or'an’optionally substituted

" phar grup WeleeRl | forRCC AR Alph&ic, I30M-mahb&ed Q?&loilﬁ)ﬁatlc 4-10-membered
substance or conposition nust be conpatible chen1ca||y

and/ oPePIKTAE1MaYPE drY Potesppioms irfepedprity seifgted Jrammyrogen, oxygen, or
conpr kfifihd 63 of Bkt h(j{n 02BAGherhldfed TREERLryP&laldg 1-5 heteroatoms
treated therew th. A "solvate" refers to an
associnepeadensly selg @stm@ftroa% opYZeRT suléw} vent

nol ecul es aRGh RoGFRAROMTE: Qﬁndeb&dbrﬂ&eaﬂtobﬁ&allﬁ\%lﬁﬁ%a gfup selected

sol vents that form sol vates includé, but are not

i ni t &@m . Coptiphatic. 3r Komembraprhgycloakinhatio4- 10membsies heterocyclyl having

DMVSO, 1@&){%@&@4@&%@9 §§e¢ecé@ iffbm Ia{ag%eet &%&1 ammﬁr 6-10-membered
The tern1 ydrate" refers to the co ere

sol veA®! r%ﬁé@uveénhesedmmary b 51‘ﬁ‘ér°P@F’f§1mdﬁP?jld@8{y| sgigcted from

gr oupnhido@éLbRydeR, R sAfiRst i tuent that is commonly
enpl oyed to bl ock or prqgect a particular

funct i onal PRSP SRAHTEECT Wit IsRfleBtHERMYFYAOBPOAFAN GHEiY substituted

on t heoﬁmrnphheﬂhberE@éycﬁssﬁpﬂahe 4- BNmeABRrEPhd¥rBEyREBA hi\Gng 1-5
group” is substituent attached to an am no grou

t hat BF%@R@“‘@ indgpepdlently seleed Hom RToRem CKYESALD] Stﬂ}urr gfl?msmbered

CONMPOYAM or é‘zuotxﬁé;ﬁ&reame{ammheﬁﬁg Y et dnsi 1 Okéaﬂenuy selected from
acetyl, trifluoroacetyl, t-butoxycarbonyl

benzy PERGERPEERYIOF 6EhT) |
2- (trimet hghdhi dedineatd épr? ”ﬁﬁﬁ&é})en@mhyaﬂ% n or an o tlonally substituted C,_
9 fIuorenylnethylenoxycarbony (Froc) imlar a

" hydr oX{Phpicot @yt i ng group” refers to a substltuent of
a hydroxy gﬁ&t&caﬁ&&eéﬁ\@qmda{mw@y esyr™y-) h@ hsdtsxw
functlonalltéatSU|table 8rot§ct 8 grqus %
acet y (@t FHAyCEMRst FYPRIRY - -S40 Qf‘b)Ox?C}S(PH(gc?‘r RYR CO)-,
gr OUP N(REHSO S, -NERDYROIGT IN RECLOMRTNENGRTBOIN(EFFHOUOC(O)-, or
that bl ocks jor protects the carboxy functionality.
Cbnnnﬁcgﬁygﬁﬁﬁgp?%ﬂectlng groups i ncl ude

phenyl sul f apyl a‘ﬂtoPMJ)nallSi Y@R@@ted)d, Cq alkylene chain wherein the alkylene chain
2-(trinethylsi

2- (t r PR ¥§|‘W‘§/F3Pé€ldfﬂ¥x§>'ﬁ%7f)rryp' -5 (YO t¥ RS uFF Yy HO0-
et hyl rC(Z»N(R“)m snphriryl w(b@mcﬂ’betrhcﬂ”’)am ‘N(R7a)302-

2- (di phen; hosphl% thyl, nitroeth aand he | i .
For a Iﬁ@%)é? Ogel, 9)139%4 af, t)%@hl%g o T HH-C(O)N(R7 )-O- or

t hei r wsRin ﬁeeaisomw tHefeR€ 10nﬂfyoﬂ)ﬁﬁ§ parieof @h Qpltﬁlﬁxall)ﬂsubstltuted 3-7

Organic Synthesis, John W & Sons, NEM/Ybrk 1991.
[OO45PR¢WQE9éWW%mP@%ﬁﬁ%bﬁﬁoﬂF>ﬂHP% i nvention, " and
conpounds of the presentlnventlon conpounds of

a), ar " and conpounds of
[0052] Fo rlnﬂpfaotbqr)embecilmsyts %m‘éil‘ @Penc/l groyP subghifpied &vilnd mpregdent occurrences

of halogeﬂdlcfwt ﬂd) IRl ngenye Q@R@U N> OTS((EBRWJG%OW} c(d))@)% -@(O)N(R%)z -

%o and st gr eol sgne i C I somgr o
S(0)N&o P2y 2PNt lab ¥ Re é‘é(o) |t1§(%?‘é3%zR phek ﬂ&é@m oaN(S/ YCONR™),,
or -N(REGSTBR(@D),e salts) and prodrugs thereof Unl ess

ot herwi se stated, structures depicted herein are al so

meant to include conpounds that differ only in the

presence of one or nore isotopically



enriched atons. For exanple, conpounds of Formula (1),
(l-a), or (I-b), wherein one or nore hydrogen atons
wa@e@onsphaced deuteriumor tritium or one or POI/ES2009/003607
carbon atons are replaced By a 13C or 14C-enriched
carbon are within the scope of this invention. [0046]
The present invention provides 1,7-diazacarbazol es of
Formula (1), (l-a), and/or (1-b) (and/or solvates,
hydrates and/or salts thereof) as described above wth

se inhibitory it h as chkl, GSK-3, KDR
§1 rdrng‘T ﬁﬂﬂlb‘?r?gi‘{lf’ Q"%{lfyv’ es. The present
@agpounds are particularly useful as chkl kinase
i nhibitors. [0047] In certain enbodinents of the
present invention, X is CR2, and all other variables

[0053] ar elr%ﬁll@ﬁfef E}ﬁﬁbd'nﬂerh_'@ |Rm)s| @pl{ewl grdup isé‘l)stltu&rd »(dh' 9% -mdleﬁbndent occurrences
resen I nvent

of halo &3 alkm Ctis CaW&?PIkylo ro%(selkyl G} hajeafkyl, aN&ICé@}Cloﬁ'l#& NHO©ONHC,
alkyl, NEB(OBE] fskyRioe -@oHdef i ned in Formula (1), (I-a), or
. (I-b? In certain enbodi nents of the present
invention, RR is H CF3, Cl-C3 alkyl, or (QC 1-C3
[0054]al kﬂt)le 1 ﬁélgw @EﬂlctQEJ}f&'in é&@ﬁubﬁ@ &%p@ﬁrﬁis %§fo¢xﬁfnlh ped in
Formul a (I In certain enbodi nents
Table 157K 1 “ 31 is H and all other
vari ables are as defined in Formula (1), (l-a), or
(I-b). [0048] In certain enbodi mrents of the present
invention, Xis N, and all other variables ar@
defined in Forrgfla (), (1-a), or (I-b). [2949] In

certain enbogiients of the present i nvefirt Yis
CR4, and € her variables are as det\ngd I n Fornul a
(r)y, (l1-a (I-b), or as define 4 Ne_gf, the
embogenl s in. I'n certain enbodi wmenfs pfdt he

preseqQtyi nYenpjioh, R4 is H and all other variables
are as defined in Formula (1), (l-a), or @l-b), or as
defined inpany one of the enbodi nents herein. [0050]
In certain enbodi nents of thé(hédeblorophenyd2-morphoh-#gl-5-
4-[N(2.4ddhlatdphatyhe-(4Fat.R4bl es ar e [&strifledromediyl)-i HRoridazbla2-
triaz0l-}-yD{ ll,3-thjazole2-y(inetpholiner as def i netthiapheney3-cameongfilet he
enbodi nents herein. [0051] In certain enbodi nents of
the present invention, Zis CR8, and all other
vari abl es are aﬁa defined in Fornula (1), (l-a), or
(I-b), or as ined in any one of the enbodi nments
her ei n.(ﬂ?ﬁ' ai n enbodi nents of the present g
i nventi O is H and all other variables e as

def i neth a(l), (1-a), or (l-b)ycor defi ned
in aﬁune ofy\the enbodi ments herein. [ 00 In certain
enbodinents of the present inventionf J4 ,,“étnd al |

ot her eeyiabl es are as defined in Fdhadl a (I 1-a),
or (I-b), or as defined in any one of the enbodi nments
her ei n. [0@53] In certai n enbodi nents of #®he present
i nvention, H. and all other varlables are as
44 ﬂ'éB‘OTOthﬁdP-r?u <%§>( ), (1-af b %ﬁml&e W& 2 qearphiplin-4-
ethy'wmhﬂwbﬂé— It -gimseldt-rrent s Yhaf .112 X xllﬁhlophene -3-
ce¥¥@PW“€ﬁﬁdﬁ#ﬁ%W?§ of the present invEHPPWRIE R3 s
halo, -OR 9, -N(R 22)-R9, - S(OP-R9, or R9; and all
ot her variables are as defined in Fornmula (1), (l-a),
or (I-b), or as defined in any one of the enbodi nments
herein. [0055] In certain enbodi nents of the present
invention, R3 is halo, and all other variables



are as defined in Formula (1), (l-a), or (I-b), or as
defined in any one of the enbodi nents herein. In
we@eswas414enbodi mrents of the present invention, PRBUSR09/003607
Br, and all other variabled8are as defined in Formula
(1), (1-a), or (I-b), or as defined in any one of the
enbodi nents herein. In In certain enbodi nents of the
present invention, R3is F or O, and all other
vari ables are as defined in Formula (1), (l-a), or
(I-b), or as defined in any one of the enbodi ments
herein. [0056] Jn certain enbodi ments of the present
invention, Rg—s CN, and all other variables are as
defined i 1!9 la (1), (I-a), or (I-b), or as defined

i n any Ste_gFt he enbodi nents her ei n. [0057] In
cert g™\ et 'N%nts of the present inv I RO is
al kyb. y\-# cycl oal kyl , heterocy / N., or

heteroaryl and wherein each nenber ﬁsfm_N
i ndependerg |y substituted with one to three R10
groups; and all other variables are as degined in

4-(2 folaiplgrepheyl)-2(teuaydroedH-(1 - b) , or as defined in any one
pofantdnd)-8itdiddi2veniagolider ei n. [ B0&GB]2-inprphelin-&iyhS-(1H-tetrazol-5-
emthslpphene-3-cabonitide pr esent i nvent ylthiopR@ei3scadpn@ile
al kyl, C2-C al kynyl, C6 cycl oal kyl, 5-6-nenbered
het erocyclyl having 1 to 2 nitrogen ring atons, C
aryl, or 5-6 ngybered nonocyclic or 8-10-nenbered
bi cyclic het aryl and wherein each nenber of R9 is

indepenﬂgﬂt ubstituted with one to two R10O groups;
and al | r variables are as defined in Formula (1),
(1-a) oKL MYN\or as defined in any one of the

enbo@(nEnt% 1) Lbln [0059] In certain qgpodjnents of
the pfesent invention, RO is Cl1-C algxl, - C al kynyl ,
C6 aryF, or 5-6 nenbered nonocyclic or \8~L6* ered
bi cyclic heteroaryl having 1 to 2 ri%g/at onsidl ect ed
fromN O7and S; and wherein each nenber of RO is
i-ftuted with one to two8R10 groups;

qﬁg%} : are efined in For
“ﬂgé?,ﬁ i 333671 nddoi i gt g—g ok ol
R " EP N 9060] I1n cert GAICALRYE IS¢
the present invention, RO is isopropyl, propynyl,
phenyl , pyrazolyl, furanyl, t hi enyl, pyridyl,
i m dazol yl, pymim dinyl, benzothienyl,

t hi azol yl hydr ot hi enopyri di nyl, HsG

t et r ahygeot ol opyridinyl, isothiazolyl,

tetrah dr i nyl, tetrahydroi soquinol ic

tria ~g U Wrobenzod|OX|nyI di hydrwg nd ,

oxaz , wheNe n each menber of RO is i peqfently
subst tuted wWth one to two RLO groyps;N-a N ot her
varlab are as defined in Formul a bkf,

dgs defined in any one of the e odlnents
hereln 61] In certain enbodi ments of e present

4-2, 4'dib\€ﬁ>?$ﬂh@;§yl)-ﬁ?z-étﬁ mbAh h'?xy' 2f-BiRER] u'in!y heRS.2-morpholin-
4yl)-\§4?&3ﬁqun4 &A% -3U>"F] %Eheg IS gLy Q@ﬁ”.l m a%ol%i loﬁ; N
Wi t OQ%'FBUIMD groups; and grla
are as Ined in Formula (1), (I- a) or (I b or as

defined in any one of the enbodi nents herein. [0062]
In certain enbodi nents of the present invention, R3 is
RO and RO is as defined in any one of the enbodi nents
herein, and all other variables are as defined in
Formula (1), (1-a) or



(1-b), or as defined in any one of the enbodi ments
herein. [0063] In certain enbodi nents of the present
w0 posens47en, R3 is ORI, and all other vari abl esP@r/EsSag9/003607
defined in Fornula (1), (14a) or (I-b), or as defined
in any one of the enbodi nents herein. [0064] In
certain enbodi nents of the present invention, R3 is
OR9 and R9 is as defined in any one of the enbodi nents
herein, and all other variables are as defined in
Formula (I), (l-a) or (l-b), or as defined in any one
of the enbodi nents herein. [0065] In certain |
enbodi ments of the present invention, R3is and RO
i s phenyl op 'oﬂally substituted with %%én ree R
'G;»all ot her vari abl es aref Ined in

For nful a NG -a) or (lI-b), or as deft S8y one
of t enffod nents herein. [0066] | rPg rtéinHMﬂ
enboae; ;;ﬁhe present inventiop,:, R3 is OR9, and

RO is al kyl or heterocyclyl wherein said al kyl or

heterocychyl is optionally substituted wi{h one to

three R10 groups; and all other variables are as

def(2 acithiotogherynutge-(1), (1-a) arR@ididhorofiends2deRined

(fluorbrietBylynd@ptedliaf4-§1h e-(e1 4 -me nidindtignQomholindDGils-MH-1,2 4-triazol-

trig-Bailhiephondd a@bositid t he pr esentyljtfivgithe-8RarbBaitrils

OR9, and RO is Cl1-C2 alkyl optionally substituted with

one to two R10O groups selected fromN(Me) 2, NHEt

Nmet hyl pi peridinyl and OCH ; and all other variables

are as defined in Formula (1), (l-a) or (I-b r as
defined in ap§' one of the enbodi ments her €f 0068]
In cert&-~n¢eNpodi ments of the present i n, RBis
OR9, & s piperidinyl or pyrroli®H enei n

' rolidinyl is optiooallky 8u fJNLned

e s i

Wi \agh ee”R10 groups; and alt &her vari abl es

are as defi'fféd in Fornul a (1), (1-a) or {I-b), or as
defined igzanyone of the enbodiments herejn. [0069] In
certain en%odinents of the present invention, R3 is

4-(2;AN(iEH b piRAy 1 3NE-nidhylardef i ned i n4gny dRARr&PhedyME2-(2,2-

imidaZ8MRQ N 0BG Rolhes-GitKloptRAs3 al | dGhiIRNmYPhoIRPA-§5-59UB- BS4-triazol-
def i nedaiBnikge mul a (1), (1-a) or 3(iykbpheré-32arbd@ithioed
in any one of the enbodi nents herein. [0070] In
certain enbodi nents of the present invention, R3 is
-N(R22)-R9, and RO is al kyl optionally substituted
with one to thrge RLO groups; and all other Viables
are as defin r'n Formula (1), (l-a) or (I- or as
defined i f ne of the enbodi nents hersi 0071]
In cert odi nents of the present i n, R3is

- N( R/Z2)= RO is Cl1-C2 al kyl opt+
substj tuit ed wi one to two RLO grougps Ligd/ from
0XO, 1R 12 ; and all other vari ablTes are as

defined igsFormula (1), (1-a) or (I-b), ofg as defined

in any one of the enbodinments herein. In certain
4-(2,4dibhidiopkanty B-20(1 4t bxazepasdent | nveEtdhitne-4Rethaxyplidnel)5y(IL H-
y1)- 0@ HNHICA-@)dzb- Py hthidphelierdt ) ;  amidlazdi2-ydf-hatorptdtin-dhlitaphene-3-

as def icabdnitrile Formul a (1), (1-a) or (I edodgniteite as

defined in any one of the enbodi nents herein. [0072]

In certain enbodi nents of the present invention, R3 is

hydr ogen, fluoro, chloro,




brono, cyano, trifluoronethyl, nethyl, (2-propyl),
(2- hydr oxy-2-propyl), (2-fluoro-2 -propyl),
weysboprrepyl , net hoxy, ethoxy, difiuoronet hoxyPCT/US2009/003607
trifluoromethoxy, (2-hydrox¢ethyl)oxy, (2,2, 2-
trifluoroethyl)oxy, methylsulfonyl, or am nosulfonyl;
all other variables are as defined in Fornmula (1),
(I-a) or (I-b), or as defined in any one of the
enbodi ments herein. [0073] In certain enbodi nents of
the present invention, Ris R wherein Ris alkyl,
al kynyl, cycloal kyl, heterocyclyl, aryl, or heteroaryl
and wher ei n each menber of R9 is |ndependen 3
substitute i tlgugne to three RI1O gr oups®

ot her vari are as defined in Formmc- , (1-a)

or (I- § r as defined in any one ¢ _sabddi nent s

her n/ N certain enbodi ment f §h¢{pyesent
nth ore ’sR9\/\here|nR9|sC1CaIkyI C2-C

alkynyl, C4-C6 cycloalkyl, Caryl, 4-6 neubered

het erocyclhyl or 5-6 nenbered nnnocyclic or

8- 10- nenber ed bi cycli c het er dal2ydhlona¢i(migludrometh@)phengl]-2-
4-(3-ngetlergpleeyie e expHotiod it S-@ and Snorpboeiu-4apler-@ital ,2dahazol-3-
H-1,2 denvdzel-3-gDthR@hére-I-cadmpérient | y  subglthiophene-3vdattonivrle t o

two RL1O groups; and all other variables are as defined

in Formula (1), (l-a) or (I-b), or as defined in any

one of the enbodiments herein. [0075] In certagn

enbodi nents of the present invention, R3 |s RY mhereln

RO is Cl1-C al kyl, C2-C al kynyl, C6 aryl '

o

menber ed nonocyml i c or 8-10-nenbered bicC
het er oar y}, ng 1to 2 ring atoms sgeiy

and S; apd ein each nember of ROLdin ently
substitut \Wi Eh one to two R10 group} and all other
var i defined in Fornula (IoH, -a) or

(1- bfxzér as ﬂlned in any one of the enbodlnents

her ei n. [0076] In certain enbodlnents of e present
i nventi on19R3 |s R9 wherein RO | 9%§

yPS- Qo

4-2, 43 goi)gf 330 ﬁ By'b Q?% { r%og Acyl)-5-(4H-
2- m(f ghéty)& d(pﬂ - 6@1}4 enzl 1az<¥l 3- yl 10p ene% carbonitrile

tetrahydrothlazolopyrldlnyI i sot hi azol yl,

t et rahydropyri di nyl , tetrahydroisoquinolinyl

triazolyl, dihydrobenzodi oxinyl, dlhydr0|ndoly ]

oxazol yl, ¢ trahydrobenzothlenyl wher ch

menber afc R9 i ndependent |y substltutﬂﬂ one to

t wo RlO g s; and all other variables defi ned

inF ZH(1-a) or (1-b), or ’I any

one ﬂ/{he ertoli nents herein. [007 \+n cert

enbodi nents of the present invention, R3 is R9 whereln

RO is cycléhexyl or piperidinyl, wher ei n Zach menber

4-(2, 4ochhlorophen | qe enlg?ntl SSUbStbl(tZlZitaegﬂoro herﬁig ? n;uwgzoR% =yb)-
(1H- Eyr Qo ? a'l)?" Sphg el3 93r omtr{eiar Ib? 2e§10§8 1} in-d-y h 3 carbomtrlle

of the enbodi ments herein. [0078] In certaln

enbodi ments of the present invention, R10 is H, halo,
R11, -OR 11, CN, -CF 3, -OCF 3, -NR 12C(=O Rl 1, -NR
12S(OgR1 1, -SR1 1, -NR1 1R12 , -C(=ONR 1 1R12 ,
oxo, -S(O gR 11, -S(O 2NR1 1R12, or -C(OOR 1 1,
wherein R1L 1 and R12 are optionally taken together
with the attached N atomto forma 4-7 nenbered ring
havi ng addi ti onal 0-2 heteroatons

\a



selected fromQO S, and N, said ring being optionally
substituted with one to four R13 groups; and all other
wo2000apd7és are as defined in Formula (1), (I-apCODS2009/003607
(I-b), or as defined in anglone of the enbodi ments
herein. [0079] In certain enbodi nents of the present
invention, R1I0 is halo, R1 1, -CR 1 1, CN, -CF 3,
-OCF 3, -NR 12C(=0)R 1 1, -NR 12S5(OqgR1 1, -SR 1 1,
-NR1 1R12 , -C(=ONR 11R12 , ox0, -S(O gR 1 1, -S(O
2NR1 1R12 , or-C(=OOR 1 1, wherein Rl 1 and R12 are
optional Iy taken together vvlth the attached N gomto
forma 4-7 nmenbered ring having additional O
het eroatons selected fromO S, and N,
optionally substituted with one to four gr oups;
and all other variables are as defi ngd™y
(I-a) or (lI-b),gor as defined in any

enbodi nMeng.s ein. [0080] In certain/enbodi nents of
t he preggnt ention, R10 is halo; y -CF 3;-CCF 3;
-NR 12 \11\/\,here|nR12|s Han8}F€L1|sClC4

al kylr™ Ny MO 2R1 1 wherein RlHs Hand R1 1 is

Cl-CAad kyT; inSR 1 1 wherein RL 1 is Hor Cl1-C4 al kyl;
-NR 1 1R 12 wherein R1 1 and R12 are i ndependently H
or Cl1-C alkkyl and R1 1 and R12 are tionally taken
ether with the attached 'Cﬁ"b“of‘g@ﬁ -dichlofpphgruP(4H-
R o LA i o BHEREY Sl ER PP >
(1H-gjrazgl-5yhhiqghenexi-garbonitgilenei ng opt i onal MHptedpstats ut ed
wWith one R22 group; -C(=Y")NR 1 1R12 wherein Rl 1 and
R12 are independently H or CL-C4 al kyl; oxo; -S(O 2Rl
1 wherein RL 1 is C1-C4 alkyl, C5-C6 cycloal kyg; or a
5-6 nmenbered _hgterocyclyl having 1 to 2 het at ons
sel ected ¢ and O or -S(O 2NR1l 1 ' ein RL 1
and R12Ngye dependently H or ClL-C4 : and al |
other,)(ar'/aleﬁ are as defined in F ,QI a),
}()', f Ndefined in any one € e i ments
her ei [OOSI']‘"fn certain enbodi nents o t he present
inventlon,2 RIO is F, d, CN, -CF 3, -
-NHC(O) CH?3, -NHS(O) 2CH3, -SCH 3 NH2 (Et) 2
4-(2.4 &Xh@)rbgeg 1)-2 S Sy 15t hOXbedel&hloro Q)ME@){ s?s) 3,5-
(A9 4- zQi heﬂd SIRNPY 11BYUH-1,2,4-triazol-

N- pi perchibo le pi per azi nyl or 3 hlopRRd 3akiboitdIer
vari ables are as defined in Fornula (|5’, (I-a) or

(I-b), or as defined in any one of the enbodi nents

herein. [0082] In certain enbodi nents of the present
i nventi on, 0/4s R1L 1, and all other variab
[ la (1), (I-a) or (I-Db),

certq.l/n e di gents of the present ifwenl , \R10 is

RL 1owhgresh BLM is al kyl or heteraegcyglyls; jl‘eln

said kyl aHH_neter ocyclyl are optignally stbsti t ut ed

with opg to four R13 groups, wherein gem nal R13
groups are optionally taken together with the atomto
whi ch theg7are attached to forma 3-6 nentgred ring
havi ng additional 0-2 heteroatom selected fromO S,
afd2 A dicbigrephenyiy2 621 ng opt i onal #42.4disblorentemd)-WM@H)-Bne

(hydrexyfmsthyDRe®hglirodyd:S- @%d al | othhidrexyragthyinasshading -y 5-(4H-

124de$2iohédDFhﬂPPP@IreIﬁ:P?HhQﬂltfﬂe (| - a)l. 2t-triapel Py Dibiopkesedechibaaigile
in any one of the enbodi ments herein.



[0084] In certain enbodi nents of the present
invention, R1I0O is RL 1 wherein RL 1 is Cl1-C al kyl, or

wa2@nsttivered (e.g., 5-6 nenbered) nonocyclic BET/US2009/003607

8- 10- menber ed bicyclic hetétocyclyl having 1 to 2

het eroatons selected fromN and O wherein said al kyl
and heterocyclyl are optionally substituted with one
to four R13 groups, wherein two gemi nal R13 groups are
optionally taken together with the atomto which they
are attached to forma sixnmenbered ring having 0-2
heteroatom sel gcted from O, S, and N, said ringdbeing
optionally s tituted with one to four R18 ;

and all ot ariabl es are as defined ip a (1),
(la) or N ,cay as defined in any one f

enbod in. [0085] In certdi i of
the gresen? ifuéntion, RO is RL 1 renn Rl s

Cl-C6 al kyl, or 4-6 menbered (e.g., 5- nenbeped)
nmonocycl i @gor 8-10- menbered bi cyclic hetegpcyclyl
having 1 to 2 heteroatons selected fromN and O
4-Quhdrigonopayi-Saldkapdthydridhet er ocycl yA-Cat-dicidproploamal)12y(2-
pyrazaltfopld-R tmrrpleblmi4t:-yithaopberies3-t wo RIBugrmeathg)momghelines-gil1-(1H-
each Rk3rbositiladependent | y hal omidargl-2GABhiopl@ae-33arboritrile
-(CR 14R15)nC(O OR16 , -(CR 14R15)nC(O NR16R17 , -(CR
14R15) nNR16R17, -(CR 14R15)nOR16 , -(CR
14R15) nNR16C(O) RL7 , -(CR 14R15)nS(0O) 2NRL6R17 , or RI16

; and all ot vari ables are as defined in Formul a
(ry, (I-a%CI -b), or as defined in any one Bf the
enbodi mel erein. [0086] In certain e ' ts of

the p yanti on, R10 is Rl 1 whermgn
Cl- C®@alkylS pherein alkyl is optionally JFdbsttuted
wWth oghe to two RL3 groups and wherein '
i ndepefmlent |y hal o, CN, CF3, -OCF 3, o, -(@RJ
14RO OR16 , - (CR 14R15)nC(O N 7, -(CR
14R15) nNR16R17, - (CR 14R15)nOR16, - (
14R15) nNRE§C( O R17 , -(CR 14R15)nS( O 2NR1gR17, or RI16
; and all other variables are as defined in Fornul a
{4-[3(dyino-4-(28dicBlbropherly)),5-@H-as def i ng2l4idichRinyphemd)-p{(28h2-
1,2, 4etmibadiz el -thidig T Riofpholi0087] | (luc@idetiymertbotii-awstit 5(4ef-1,2,4-
t he pypsanyl ataament i on, R10 i s RidzoMbrghtaiophdRk-3tcarisonitrile
nmet hyl, ethyl, i-butyl, t-butyl, CH2R27 wherein R27 is
N(rmet hyl )2, OH, OCH3, CH2CH, piperazinyl, piperidinyl,
mor phol i nyl, px&jolyl, azetidinyl, C(CH

) 2-pi peridin wher ei n pi perazi nyl or 'nyl is
optional | ¥~<Ub%tituted with one to two sel ect ed
from metRyl /€t hyl, hydoxy or (CH2)20H; ot her
vari q.b-l\e/a\e as defined in Fornul a J( 1\ a)N.or
(1-Dbp, r as e_ﬂnedin any one of td jent s

herein. [0088] In certain enbodi ments of the present
inventiongzzR10 is RL 1 wherein Rl11 is 5-634renbered
nmonocyclic or 8-10-nenbered bicyclic heterocyclyl
4-(2-chvé-igydrok phenyhe2-afoggtotins - s e M geatichiorophety 1p243,0dihydro-2H-
4-yl-ShieHa-ai20-sakd-3ay 1 thioplasnd-3het er ocy pyry-43i)es-@ipt-1,0datihapl-3-
subst i tadtbediniiet h one to two R13 gybhihpphaiee3-vdrsonitrite
each R13 is independently halo, CN, CF3, -OCF 3, oxo,
-(CR 14R15)nC(O OR16 , -(CR 14R15)nC(O NR16R17, - (
CR14R15) nNR16R17 , -(CR 14R15)nOR16, -(CR
14R15) nNR16C( Q) R17, -(CR 14R15)nS(0) 2NR16R17, or R16 ;
and all other variables are as



defined in Fornula (1), (l-a) or (I-b), or as defined
in any one of the enbodinents herein. [0089] In
w@erwas414enbodi nents of the present invention, PRL0S1089/003607
-OR 1 1; and all other vari2dbles are as defined in
Formula (1), (l1-a) or (l-b), or as defined in any one
of the enbodinents herein. [0090] In certain
enbodi ments of the present invention, RIO is -OR 1 1
wherein RL 1 is H, alkyl or heterocyclyl, wherein said
al kyl or heterocyclyl is optionally substituted with
one to four R13 groups and all other vari abl es are as
defined in Formgla (1), (I-a) or (I-b), or gs Hef i ned
in any ongI he enbodi nents herein.[OOgi_él} certain
S

enmbodi ngQ the present invention, ¢ -OR11
wherein is H Cl- Calkyl, or 4-6\yeipered (e.g.
5-6 EMR ocyclic or 8-10-neQered i dyeli c
het ef: clyl HRa¥1ng 1 to 2 nitrogen ons, wherein

said & kyl or heterocyclyl is optionaNl'y substituted
with ofesto four R13 groups; and all Hot her vari abl es
are as defined in Formula (1), (la) or (l-b), or as

defined i 83 any one of the enbodi nents her%ﬁrw [0092]

J 4C t ophen --S of the prf 4{] lgop en 8—-
ethylmg %ﬁ? l ) g%ol#oer g%lydmxﬁ/ ?nb célm-%yl % %]é
ﬁ% bt st YY1 havi ng 1“500% gl i

mhereln said al kyl or heterocyclyl is optlonally

substituted with one to two R13 groups, wherein each

R13 is independently halo, CN, CF3, -OCF 3, oxo, -(CR
[0055]14R«15§eﬂ%g 58 MetHo G kiR Py dUidiE) NR 16R17, - (

R15) nNR16R17 , -(CR 14R15)nOR16 , -(CR

[0056] 14R115=:) PANRPETLsOpiRUTE  preseTRINYFTIPE ) G855 (be) TNRIGIRLY meghodRkgown to one of
ordmar}aglgll ?\l tl'le 8’% M / of BY 'r&prleﬁc% t8ife s%n@?gﬁme‘l& Eﬁftﬁylﬁa{ehé examples that

b), Oor as defined in any one of
follow. mmdarvrémﬂsetlh eousgsrire sehfostbrin d¢hemesrbyd dpetewt and HR!@ Exampips.
or a v a e .
[0057] %e'mve (1 r@en?Hl g%)tucli}f ﬁ'(zrl iﬂ[)e') ?ﬂéﬁ&ls Etg gf%ﬁlr)]ggilfleﬁ lgﬁ%ﬁghsémorpholm-&
yltthPbtfnetZamaedb&)dl ments herein. [0093] In certain
enbodi nents of the present invention, R3 is selected
from F, d, Br, iPr or CO2CH3; and all other
vari ables are as defined in Forrmula (1), (l-a) or
(I-b), or as defined in any one of the enbodi nments
herein. [0094] In certain enbodi nents of the present
invention, R4 is H and all other variables are as
defined in Fornula (1), (l-a) or (I-b), or as defined
in any one of the enbodi nents herein. [0095] In
certain enbodi nents of the present invention, R5 is H,
hal 0, - (CR 14R15)nC(O NR1L 1R12 , -(CR 14R15)nNR12C(O R1
1, -(CR 14R15)nNR1 1R12, -(CR 14R15)nOR1 1, -(CR 14R
)nSR1" , al kyl, heterocyclyl or heteroaryl, wherein
the said al kyl, heterocyclyl or heteroaryl is
optionally substituted with one to four R13 groups;
and all other variables are as defined in Fornula (1),
(I-a) or (I-b), or as defined in any one of the
enbodi nents herein. [0096] In certain enbodi nents of
the present invention, R5 is H halo, -(CR
14R15) nC(O) NR11R12 , -(CR 14R15)nNR12C(ORL 1 , -(CR
14R15) nNR11R12, -(CR 14R15)nOR1 1, -(CR 14R )nSR1' ,
al kyl, or heterocyclyl, wherein the said al kyl or
heterocyclyl is optionally



substituted wth one to four R groups; and all other
vari ables are as defined in Forrmula (1), (la) or
W@ koob)is47er as defined in any one of the enbodi PERUS2009/003607
herein. [0097] In certain é#bodi nents of the present
invention, R5 is halo or C2-C6 al kenyl; and all other
vari ables are as defined in Formula (1), (l-a) or
(I-b), or as defined in any one of the enbodi nents
herein. [0098] In certain enbodi nents of the present
invention, R5 is H and all other variables are as
defined in Formula (1), (1-a) or (1-b)Rief as defined o)
i NCgny one of the enbodi memcs herein. [@99] In NC
r in ewbm&nnents of the p§E§ent in tign, RS is
t hef ) arﬁables_éﬁgfgg_d;LJnedrTTN
OFG%nuIa (I) (I-a) or (Ic’e.)«i)I or as defined in any dhe)
of; the enbodi ments herein. [00100] In certain
enbodinents of the present invention, RS is -(CR 14R
O NR11R12 , -(CR 14R )nNR1I2C(OR1l' , -(CR
| NNR11R12 , -(CR 14R15)nOR1 1, -(CR 14R )nSR1
G- C6 al kyl, or 4-6 nmenmbepgelqce 9., 5-6 rrerrbered)
Metwr &gyl i ¢ oNC7 5] nenbeLgﬂﬁbquclicNﬁ t efocycl yl
ﬁaV|§% 1t I\rogen atons, wherei ’Egggﬁglkyl or
het er ocy INl sopfionally SUbStlg:EEF th one to two
R13 group§“J erei A~R14 and R15 areH n i "0-2; each
Rl 1 is independently H Cl1-C4 al kyl or ,5-6 nmenbered
monocycl i c het¥rocyclyl having 1to 2 nitrogen atons,
wherein said al kyl or heterocyclyl is optionally
substituted with one to two R13 groups; and all other
vari ables are as defined in Formula (1), (l-a) or
|-b), or as defined in ampy,ghe of the enbadi ments

RZ

@PE} . [00NGY] fh certaln_emhogi ments e present
I nve 14R15)nC(O N N
14R15) n 1, -(CR 14R15)nN 2,5
14R15) n . - (CRM24R15)nSRL 1, C1-06 al kyI or 4-6

nenbered (e.g.vi 5-6 nenbered) nnnocycllc‘@r 7 10
nbered bicyclic heterocy cl¥ having 1 to n|tr09
[0058] 5 &?@emﬁﬁép@r%hgw & 28f1ok3) Irows T Pre@pits campounds of formula (vii). As shown

in Sche@P ] Q@AM rii¥n §Pi9§1tié i H)ttﬁi@al\‘ﬂdt:hi &ﬂ Be B&oh‘ﬁ@sh& gsﬂé Q%Hinble reagent, such as
wherein R14 and R15 are H s 0-2; each

Lawessqnds ‘ﬁ%ﬁé HHEHF |(¥eqt]od &) ’I@g{oag}uj@yl' candqe cgulge%ﬁlbg:ryé@llorldes in the presence

of an apPRIPAGY GhdeCsRRLEDAHYL |iY A ANOWIIELAIB | 8 affofdl dohipOEHYs BF RIFBula iii, that can
wherej n said aIkX or heterocyclyl Is optionally

be subggayently: (roupjedyi WD ode sp@abﬂwa—[:agacg;a@u [Fster, Rpuach Sasc].qodoethylacetate or

bromoetﬁlﬁgée'teﬁg ir2h loMd-pot ﬂ?éce@lus@% AlckKlave %ﬁ‘ﬂiuﬁioh t©hf¥6:d substituted thiophenes iv

bl es are as defi in Formula ( |-a) or
(Methoct qI)_ E}tersd}z cancbedwdiolyzed psfmgaah%pltalﬂ@ bgse. slu‘;ll'éa inAgyeQus conditions using
cosolveft§sBéHas "l[I@QQ-IQJZﬂ/Ied)H t& fo&xﬁ'cﬂrb@)@?ﬁ@bﬂ? Ri®Iedbd D) EA RIS ®tan be obtained
invention, R5is -(CR 14R15)n0OR1 1 , Cl1-C6 alkyl, C-C
by couplipg @hSAMPOBRASHAMh apgnia|ueing pifkitablesdualitesagse Sdgh as EDCI and HOBT
in DCI\/Fj eViEhEH Eb. NTrEQmBM! & c()l'nboul{dls ~Vwi@ DMFDMA ulderasticRfald @fhdiation gives

in any one of the enbodi nents hereln [00103] . In
intermeiale t XRTUNEHHINAY 35S fransffrmeg, do Id’fl t Vij rWl@ﬁthyéﬁ,\ZlnRsml acetic acid under
mwqu&}g&hémnand aII ot her variables are as defined in

For mul a -a) or (I- 2, or as defined in any one
[0059] of Scoheme @d;eﬁ@mvg spiathgsis,of 3-substituted 4-cyano-5-morpholin-4-ylthiophene-2-

triazoles



[00104] In certain enbodi nents of the present

invention, RS is -NR 1 1; and all other variables are
w@goodas4med in Formula (1), (l1-a) or (1-b), orP@®US2009/003607

defined in any one of the @mbodi nents herein. [00105]

In certain enbodi nents of the present invention, R5 is

Cl-C6 al kyl, or 4-6 nenbered (e.g., 5-6 nenbered)

nonocyclic or 7-10 menbered bicyclic heterocyclyl

having 1 to 2 nitrogen atons wherein the point of

attachnent is via 2 carbon atom on said heterocyclyl,

wher ei n saldHarkw1‘0f heterocyclyl is optionally

sulstjeNt ed wit hOone to t v Hgroups; and al |l 8€hep!
va(i abl gs ar eMetBodd®f i ned { n jF a (WethodH - a3) Qr’Z/_g\(
(1-B),50r a5 geTTned™n any e of t7e e menss s

herein. [00106] In certain enbod?mEents of the pr esent 0\\
i nvent on, R5 is 5-6 nenbered hete oaryl; and all X

ot her varlabl es are as defined in Forrmula (I), (l-a)

or (I-b), or as defined in any one of the enbodi nents
herein. In certain enbodi nents, R5 &% i m dazolyl; and

al | other variables are as definetin Fornul a (I

(I-a) or (lI-b), d¥cas,/defined iWN_j@ one of the

enbodbtmnts her & n< ESOOJ&?] I'n G&kdydi N enbo I&‘(
t ke—presem- | nv [ |s et h

Q( CH2) 20H, O(pyrr8I|d| , @

Q(CH2) 2CCH3, and al’ othe varlables are as def i né¥d |n
Formula (I), (l-a) or (l-b), or as defined in any one

of th l_;en‘oodiments herein. [00108] In certain

enbﬁdgnents of the present invention R5 is troplnyl

quinuahideinyl pyey ol R4di nyl erldlnyl

p| pethagk nyl !?I%tho or a&"é‘f‘? ne vvh@t‘e 'ﬂ%

roprmyt®qui , pyrro 1 di

plpera2|nyl nanEollnyp or azetidine |s o) onaIIyOH

substituted with on& or re F; and all other v

vari ables are as defined in Formula (1), (l-a) or

(I'b), or as defined in any one of the enbodi nents

herei n.[00109] In certain enbodi ments of the present

invention, R5 is selected fromthe follow ng; and and

al heulyBEr Vvari abl apé as defmempdri n For mul angl ) ,R?

(L=2)—Opp(1-B o%@qilned—m—a-n’one f the Y N

enbodi ment s hgr el I, OH ethoxy, LN

and [00110] In\cértaln Mibodi nents of the Present HN

invention, R6 is H yand all other variables are g@s

def i ned in Formula (1), (l-a) or (l-b), or as defined
[0060]i n Smnymaﬁeb@/k shdves egdnecil roertisr freyaeing corp@@idsidf foumula (@v). As shown in

Schemegl ii I&Ee eqp w&%‘?’lnf t%hog etgt nd?r S%'Seg 6%? 9_1“ 3 u1tafa? %%se) w&h 3s TEA in MeOH

under eleyReP tqmpe(mrd_ td affer@Gk :(Me)}ﬁd 1G)1 whidNRs sulfjRRi&l (o SdNBmeyer reaction using

approprha?ecée&gn%@%h %glr&)&le%g %ﬁ?ﬁ%&n&v@%é:m :A@ i@gh%]—ﬁ ﬂ?e product x is
then odeIiRllZ;o suo®) xiZNRhgldﬁlﬁpprqirlayal pxiddnitesugh , asankGRABA ,in DCM (Method I).
Dlsplacg%gné% l@{l:fdne I'}?e Ec %X ?4% morﬁ)%ylféey ! T]!'i‘g ﬁlte {,lgvaartéél tex\'ﬂh eergtglren(Method NHto
give xménaﬂ(ocgupliérg of Eheylhttcamdmipeureir il }abroalceicmlptls achad vey usmg an appropriate
catalystsé’lulgﬁ't F’c%?ﬁ' g}lnatgle 8eefs| ne a sﬁ%a%legl; % ﬁ]" aasns?)filaulné ca% N&E in DME-water

ornmu
mnxture(dndd:r)qucmpvaascondmons to afford compounds of formula iv (Method I\) Transformation of

esters iv to triazoles vii is carried out as described in Scheme 1.



defined in any one of the enbodi nents herein. [00112]
In certain enbodi nents of the present invention, R6 is
WEMN0ITHB41 - OCF 3, halo, -C(OOR 1 1, -C(O NR 1PARIU2009/003607
-OR11, -NR11R12, -NR 12¢(O Rl 1, -NR 12C(=NR12) R1
1, -NR 12S(O2R1 1, -SR1 1, -S(O 2Rl 1, alkyl
cycl oal kyl, heterocyclyl, aryl, or heteroaryl wherein
said alkyl is substituted with one to four R13 groups
except H and said heterocyclyl or heteroaryl is
optionally substituted by one to four R13 groups; and
[0061],] | Seheme 3\ Altertive  Egute for the Fupthesis Fofy siibstitpted 4-cyano-3-aryl-5-
(morpHolin@}-yDhibphehe-2-@FbakamiiREi ned in any one of the
enbodi ments herein. [00113] In certain enbodi nents of
the present invention, R6 is CN, halo, -C(ONR 11R12,
-OR1 4/, -NR1 1R12 , -NR 12C(yR1 1, al kyl,
yl, yheterocyclyl, aryl, \r heteroaryl, wherein

said al k IS substitmétedpM th on o two Rﬂ@thgdﬁggs
excepts 053i d mwrﬁgn A} i |y
substit ut®d ne to two R13 groups; fand all ot her
vari abl esxare as defined in Fornmul , (l-a) or
(I-b), or as defined in any one of the enbodi nments
herein. [00114] In certain enbodi nents of the pHesent
i nventjon, R6 is CN, hal o, -C(O{NR 1 1R12 , -Cﬂs}\rl,

“NR 1 + -NR 12C(ORL 1, C1) I kyl, c3H86

cycl oal k 5-6 het &fedoytl yl Ravi 1 él?l 2 Method M
het er 2aryT, of *5-6 Of; Fed Teterod™yl
having 1 Yo het eroat ons; wh@& @i n sapd al kyl is

substitutsad With one to two R13 gweups except H and
said cycl oal kyl, aryl, heterocyclylor heteroaryl is
optionally substituted by one to two R13 groups;
wherein heteroatons are sghected fromN, @ and S;

wherein ch|§g12is H or C3 al kyl and edch RL 1is
i ndepende H or C1-C3 algﬁl opt i OW ituted
by one ,groups; @ndRhal| ot he S Nier e
as defifed $n a

\Isg orwlaﬁWor (PR, o
defined Tn any®ne of th WA di ment s herein. [ 00115]

In certainnbodi ments of the present inventkdin, R6 is

CN, halo, -C(ONR 11R12 , -OR1 1, -NR1 1R12 , -NR

12C(ORL 1, C1-C3 alkyl, or 5-6 or 9-nenbered

het eroaryl having 1to 4 heter odd@ms R%el ected fromN, O

and S, wher ei nygRddk al kyl BS_subsfTjutag with one to

two R13 groups—Ewhmseein R13/i s erd¥ R16 is H or

al kyl), and said heter oaryIO’k.sJopti orl-&ﬂl-l-ﬂ/ substi tuted

by one to two R13 groups (wherein R13 is OR16 ,

NR16R17 , or Cl1-C2 al kyl optionally substituted with

R18 where each of R16 and R17 is independently H or

al kyl); wherein each R12 is Hor Cl-C3 al kyl and each
[0062] Eﬂl- bé(ih:efsnﬁlt32ag’gge§srﬂld\ﬁvggl %nefh!ivl\g&ﬁéfr (5;?68%:5@ "‘l(o\ll-\l}%gltﬁﬁe R L&?%éulla éxvii). As shown
in SchefdRB6eswh &riehydidyied ukingn s@itaklelbpse, ant aakddiwh hgiroxide inalheess conditions,

RN TN LT NG U —
reagent] such @s ERICL asdribitil TranDEMofolibwed by es@ment witte mfueous, ankfonis (Method E).
. 2CN,. F Br, .- OH,. -C(O Nt -C(O)N 2
Thloeth_ealb)c’ﬂa %_‘b)g&ﬁé,:d t_o%]??)r& Xv %&%Hfdaglwéﬁ&% %1 ’aS ﬁ%&}‘f) ’DCM (Method
L). Thepytteazompbdyndpy subijacebid iy ISuzukk aaupllivg condstinna 20thyan, appropriate combination of
hi Lul . i | A R i v .
ST HE L T T L —
phosphaix adDMEADMIA, sobvelit@hixidpe/urdet mabrowdve irrddfaOphlkdEtffordadvanced intermediate of

formula;a))((/;(ri %ﬁ'\fo%ﬁg %@Q%meﬁ’éh o?rsgf.fcpneg ‘?(de wm{ rniegyslubstft)l}/ter: an%l'p¥nlol’ines under elevated



oxazol yl, isoxazolyl, thiazolyl, imdazolyl,
pyrazi nyl, imdazopyrimdinyl, pyridazinyl, triazolyl,
wao edovazolyl , thiadi azolyl, and oxadi azol yl ar ePCT/US2009/003607

optionally substituted witB71-2 groups selected from

nmet hyl , met hoxy, NH2, and benzyl; and all other

vari ables are as defined in Formula (1), (l-a) or

(I-b), or as defined in any one of the enbodi nents

her ei n. [00117] In certain enbodi nents of the present

i nventi on, CN; and all other variables are as
temperafyirg affpeds ?rﬁ'd@dffl’fﬂrlnﬁllzt 1|{\)n (N{qthog)N)oFramfowanoB pf aridgsxyiLig jriazoles vii is
carried dud ad¥¥crivR@ iP$chtie 1enbodi ments herein. [00118] | n

certain enbodi nents of the present invention, [

[0063] py r§chigmne 4o/Gepgrahzoptel fasptieosyathegis sof bi-sehstituted \/ﬁ ano-s -morpholin-4-
ylthioplBabRVinidBPis @l | other variables are as defined in
Forrmula (I), (l-a) or (l-b), or as defined in any one
of the enbodi nents herein. [00119] In certain
enbodlnenaé of the present invegtiog R7 is H or
opt i omahdd substltut with one to Rph%%
ha bips o@r OH, and_all | es are_as
i rmiTa (1) (I - %;,b ¥ erqq as defined
i n-any one t he enbodi nents herein. 00120] In
certain venbodi ments of the presen®iinvention, R7 is H,
met hyl or ethyl; and al | ot her variables are as defined
in Formula (T), -a) or (lI-b), or as defined in any
one of the enbodlnents herein. [00121] In certain

enbodi nent &§C is nethyl, ethyl or R3OM fined in
For mul a ’25§¥§?v [ 0012279 ¢ mﬂ certal
conpou reso mula (I1): mherelﬁﬂgqls H _hENE
OR THI DERFW | VES AND THEI R USE %8 PI 3K

| NHI Bl TORS BAGKGROUND OF THE | NVENTI ON [ 000
Phosphati dyl i nositol 3-kinase (PBK) is a famly of

l'i pid ki nases that phosphoryl ate phosphatidylinositol

[0064] at $chEmS4 abSeishbwda FéneFa'ﬂ %uieﬂt@ﬁ?k@hm@'cﬁﬁpoﬂhg& foPmula (xx). As shown
npri.sed of several classes o enes |nclud|na Cl ass

in SChe’in%A pad viis trggied yith Bop pradented %#qulﬁ%@@m@“’é%ééane@ tcqpp|ing conditions,
such as BB aad HOH iR DM ( P eWwed oﬁ is E&ﬂ&leﬂaﬁmgtan @bprogxl}aé HEi@, for example

Revi ew CGenetics  7:606-619 (2006)). Adding to.t
TFA in P&l}(b [u8ive g,m]élp XYM (qutl}%q,] q))yCyglz't\tmg of xxii is gefiieviefl 4pag suitable conditions,

for exarhpl) POCR VRl Y BRPAE TBHned dhOIMBInhigAZ08 xx Gadx@li3lit6 imidazole xx using a
onain and a regulatory donmain. The PI3K famly is

suitable oxifafpie megadysych P%\?‘@H“Pb‘d%f‘qné‘?"ﬁ@l" $oup of 1ipid and
serine/threonine protein kinases known as the
phosphati dyl i nositol 3-kinase |ike kinases (PlKKs),
[0065] oy Sehemests Alterratiye sywReip 3-subsituerd-cyapers-myppbelin dyylthiophene-2-
imidazoRWE . [0002] PI3K is activated downstream of vari ous
m t ogeni ¢ signals nediated through receptor tyrosine
ki nases, and subsequently stinulates a variety of
bi ol ogi cal outcones; including increased cel
survival, cell cycle progression, cell growth, cel
nmet abolism cell mgration and angi ogenesis (revi ewed
in Cantl ey, Science 296:1655-57 (2002); Hennessy et
al ., Nature Reviews Drug Discovery 4:988-1004 (2005);
Engel man et al., Nature Review Genetics 7:606-619
(2006)). Thus, PI3K hyper-activation is associ ated
with a nunber of hyper-proliferative, inflammtory, or
car di ovascul ar di sorders; including




cancer, inflammation, and cardiovascul ar di sease.
[ 0003] There are a nunber of genetic aberrations that
WO e@d/1s4g4consti tuti ve Pl 3K signaling; includi neCT/US2009/003607

activating nutations in PI3X itself (Hennessy et al.

Nat ure Revi ews Drug Di scovery 4:988-1004 (2005);

reviewed in Bader et al., Nature Revi ews Cancer

5:921-9 (2005)); RAS (reviewed in Downward Nature

Revi ews Cancer 3:1 1-22 (2003)) and upstream receptor

tyrosi ne kinases (reviewed in Zwi ck et al., Trends in

Mol ecul ar Medicine 8:17-23 (2002)) as well as

i nactivating mutations in the tumor suppre ;ﬁ—ﬂ@IEN

(reviewed in Qylly et al., Nature Reyiews ncer

6:184-92 N g\ ). Muteabdrons in MachPof thesgggne

cl asse a rgven to bg el ansl are commmgly

foundé?ﬂh N VAT | ty of canceps é!?4 The nol ecul es

defi ned™wi t hi n PHi s |nvent|oh’Jnh|b|t Hthe activity of

Pl 3K, and therefore may be useful xfjor the treatnent of

proliferative, inflammatory, or cardiovascul ar

di sorders. Cases where PI 3K pat hway nutati ons have

been linked to proliferative disorders where the

mol ecul es defired Wk hin this inventi oMCGuayRhave a

t herapeutic benej |Qplude H@ﬂ]ﬁﬂ a é%?ﬁgggm

tunors and fane verse |lin ggﬁ, sACTV ng but

not |imted~te thosé* rived fromco ( Sanfii¥Ts

al ., Science 304: 354 (2004); reviewed in Karakas et

al., British Journal of Cancer 94:. 455-59 (2006)),

liver (reviewed in Karakas et al., British Journal of

[0066] Can§c%5mg 4 abééﬁssh%%s (a?loaq)t@l)nzmvel I%Lésﬁnl g&@%la{r{ngvc'oﬁl ds 3 formula (xx). As
nessy et ture Revi ewsDr ove K'
shown iz Sg!wleﬁo@md myt)o,rmei tonnellelySansing 8 suitablg|synthetisisequeace, for example

through?hocdbuﬁérfh %%lg O-dinhé i@ﬁi%g!a%g% gsg)ﬁseﬁﬁen@l'educt%’n' Jf' tﬁ@ formed Weinreb

Jour ncer esophagus
amide wifAHPIBALYYegtod R). Aldpide xuicis then dkatgbuitindinmike aghpdime (Method S) to form
: 11.8: 2644- 6 ' '
citydrofghr S s ik VbR AT SIS SfltP PR, mehod. sueh as
Swern gxpdatiemiMiatod @t al ., Nature Revi ews Drug Di scovery

4 988- 1004 (2005)), prostate (reviewed in Hennessy et

. Nature Reviews Drug Discovery 4:988-1004 (ZOOSﬁéﬂ

[0067]| un@chelsaﬁué?’r@eal rgute foxc they synthysis: of53-spbstituted 4-gxpneiegorpholin-4-
ylthiophdhe53hAlARIest al ., British Journal of Cancer 94:

455-59 (2006)), breast (Sanmuels et al., Science

304: 554 (2004); Isakoff et al., Can Res 65:10992- 1000

(2005); reviewed in Karakas et al., British Journgk ofR2

Cancer 34 4§gg§§ (2006)NC enﬂonetrlunr(Cda et a

d“‘i
I£él %ﬁrﬁr e Reviews @\r r eél 7 nze@(J?)S) ?
essy

\edrV|x (PEvi ewed in Nature Revi ews
Drug i scovery 4:988-1004 ,&25‘05)) ovary (Shayestehxxbt
al ., Nature Genetics 21:99-102 (1999): reviewed in
Karakas et al., British Journal of Cancer 94: 455-59
(2006)), testes (Mwul et al., Genes Chronobsones Cancer
5:109-18 (1992); Di Vizio et al., Oncogene 24:1882-94
(2005)), henatologiﬁgl cells (reviewed in Karakas et

al., British Journa ancer 94: 455 59 (2006);
Hennessy et al.éijfﬁ M Rewi ews Dry cover ,271L14LN
4: 988M#B@4 (200®)) » pancr gas (revreme E

Nat ore Revrews Cancer 3R¢T-82 (2003)), yrord
(reviewed i n Downwar dxNat ure Revi ews Cancer 3:11- 2&v
(2003); reviewed in Hennessy et al., Nature Reviews
Drug Di scovery 4:988-1004 (2005)); brain (Sanuels et
al ., Science 304:554 (2004); reviewed in Karakas et
al., British Journal of Cancer 94:. 455-59 (2006)),

bl adder (Lopez-Knowl es et al., Cancer Research

66: 7401- 7404 (2006); Hennessy et al., Nature Reviews
Drug Discovery 4:988-1004 (2005)); kidney (reviewed in




Nat ure Reviews Cancer 3:11-22 (2003)) and Head and
Neck (reviewed in Engelman et al., Nature Revi ews
w@Rwens4s1 7: 606- 619 (2006)). [0005] O her cl asReBEU8F009/003607
di sorders with aberrant PI3K pathway signaling where
the nol ecul es defined within this invention may have a
t herapeutic benefit include inflammtory and
cardi ovascul ar di seases, including but not limted to
aIIergies/anaphyIaxis (reviewed in Rommel et al.
re Reviews | nmuno 7:191-201 (2007)), acute an
100681 ¢y S frAboHohats O akt?f%rvsv@wel FoF RigRAID® CQrppogds of foffula (zm). As

shown iNScHérfle Beacienss Hn@@anﬁ]:cﬁ@@ﬁt%e&sﬁl@?a shidat{| Hehetic sequence for example
revi ewed Nat ure Revi ews | nmunol

throughza &wﬂsﬁow*@ é’o@f‘jwemﬁm LaghiEE 41 HPIeALE (PRI BRIGHT fprmed Weinreh

amide WRNIIBALitBlumAttagent\NBetiod TRERtEWSKxki MBI &8 WithlftdmindGrlacetic acid under
2007)) aut0|nnun|ty di sorders (reV|emed i n Ruckl e et

rmcrowél\fe ra %r(é/leﬁlé\ﬂ}ﬂ&@ glbm%t@gﬁ: yxng, \gblg 1slr2 l(cgg)%yx)omoketone Xxiv

using atsﬁﬁ[a@[mﬁ&h@d @J@%Sﬁé@hﬁtphaéphate hiad W ibseMagh Gk TEALMERbE- LY Treatment of
2005) reviewed i n Ruckle et al Nat ure Revi ews EXH%

xxiv wi fg@@%ﬁ‘%/“"éefg‘e@mmvi srsgBsion alfRrithe Bpad imidazoleopsvdiisthod
[0069] Ru Cg(!h‘%m@h henerdolone £7C WieC Y th¥siéOofOB SGRN R - %o%crphohn-&
6)), cardiac hypertrophy (reviewed in Proud ‘et
ylthwplaqne Z'EHPEH ®¥vascul ar Research 63:403-13 (2004)), and
heart failure (reviewed in Mdcanu et al., British
Jour nal of Pharmacol ogy 150: 833-8 (2007)) [ 0006]
d early, Nﬁ moBFd be benefjcial to provi deNRoveR® Rs3K
i nhi bit t possess gﬁ% Q%erapeutl r tie
espec'all e treatment of'brollféraﬂlv ‘/,
infla ory, cardi ovascul ar di sor déxe? DETAIHNED
DESCRI PTI ON . OFR‘THE | N\VENTI ON [ 0007] 1. Gener B
Descri pti ofbf Conmpounds of the Invention: % 68] Thi s
i nvention provides conpounds that are |nh|b|tors of

Pl 3 cco di ng e useful for the tre tnen
[0070) o7 JKShe B G abe Shew § eehrral B TG raiPie SRubds o formla Rovi. As shown
in Schediesnn&&fns xxiﬂ'le te B8P MUMAIBDMFDMAI 6 Affoseid idéimadidte enamine followed by
farmul a har ceutlca y

reaction @égly gélged Qé rateIp & %tlaglemglprétr |fl£ SYAPR erlfetllcSa tcpflvespyrazole xXxvi
(Nhﬂm&k) CN, halogen, -Z-R 3, 6 aliphatic, or 3-10- nenbered
cycl oali phatic, wherein: Zis selected from an
optionally substituted Cl.3 al kyl ene chain, -0,
[0071] - N( $ibamne 8: -General - Bufd) for tHe( SYnthesis- 6 DsubstitiieR -4-cyano-5-morpholin-4-
. N -N(Ra)C(O-, -N(Rla)C®2-, -S(O2NrR1"-, -
y““"’l’ﬁ\i’(%ag) El B OO NR 1°)-, -N(Ra)C(0)NR | a-.
-N(RIa)S(C»ZN(R la)-, or -OC(O-; R ais hydrogen or
an optionally substituted Ci 4 aliphatic,and 433 is an
opti onal | yNqubsa? t ut ed gr Qi F Iected from
al i phat nber ed cyc oa=|phat| red
heterog&sT nt 1-5 heteroatons iRAde end%nh'ggf
sel ect 884 om ni HOpgen, oxygen, or sulfur
6- 10- nenbereg; aryl, or 5-10-nenbered heteroarvq havi ng
1-5 heteroatons i ndependently selected from nitrogen,
[0072] ox y§phame @r atoumt khivws Rgenesal Hputh dbiogreparing \WbRpbyndsrof -foflttla (xxvii). As

shown 1W'§cﬁeme 8, amide vi is treated with an azide source, for example sodium azide using a suitable

Lewis acid, for example silicon tetrachloride in an appropriate solvent, such as acetonitrile to give

tetrazole xxvii (Method Y).



Wis selected froman optionally substituted Cl1.3

al kyl ene chain, -0, -N(R2")-, - S, -S(O-, -S5O 2-,

WO B{oD)15474 CO2-, - C(O0)NR 2a-, -N(R2a) C(0)-, -NIRZHYL009/003607
-S(O 2NR2"-, -N(R2a) S(O 2-30-OC(O N(R 2") -,
-N(R2a) C(O NR2"-, -N(R") S(O 2N(R2")-, or -OC(O-. R2a

i s hydrogen or an optionally substituted Q -4

aliphatic, and R5 is an optionally substituted group

selected fromC 6 aliphatic, 3-10-nenbered

cycl oaliphatic, 4-10-nmenbered heterocyclyl having_1-5
[0073] &1t SAPERE Girib el pawadnr the yathess ofi3ehbshtited Aefgang-5-dihydropyran-4-
ylthiopRen¥Qeitiazéles sul fur, 6- 10-nenbered aryl, or

5- 10- nenber edhet eroaryl having 1-5 heteroat ons

i ndependently sel ected from nitrogen, oxygen, or

sul fur; X, X2, and X3>q@re each independently N or

CR6, -wherei n each OCWQ of R6 is iyepeRgent!ly
s

hydsfiges, -GN, hal og@l®-V-R 7, C .6 al j[phati
3- 1Z-Me cycl oal i phatic, wher ig@k&m t edet
from tionally suMstdtZyted C . 3@ ne cheasd™n,
-0, “N(RBa) -, -S ,—-51'@%-5(0)2-, -C(O) -, -Cm9,
-C(ONRY -, -N(R6a)C(O) -, -N(R6a)C2-, -S(«aviaNR6a-, -
N(R6a) S(O) 2-, -OC(OQ N(R6 )-, -N(R6a)C(O NR6a-,
-N(R6a) S(O) 2N(R6a) -, or -OC(O-. R6a is hydrogen or an
optional Igy substituted C 4~aliphigtic, and R7 is an
optiogalf y substituted grouf sel &xteg® rom G _6

al i phati ¥, 3-10-menber ed fys ]| i phaY i € g4~ 10- menber ed
het erqg &Wl havi ng 1- Bk oafy ependent | Yethod AA
sel ecte ro?nitrogen, oxygen, or sulour, —_—
6- 10- menbered aryl, or 5-10-nggpered heteroaryl having
1-5 heteroatons i ndependently selected from nitrogen,
oxygen, or sulfur; Yis S O NR8, wherein R8 is
hydrogen or an optionally substituted G - 4aliphatic;

Y2 isNg N wherein each occurrence of R4 isyy \

i ndepenNeny¥y-R 4a or -T -R4*1, wherein: eac R
occurre of oR4a, as vaI“@WS‘ilH and stabili tY eMm torti S
i ndefdndes fluorine =0 =5, ™-CN, -N®, ~-R4”,
-N(R4b) 2, -OR 4b, -SR40 , -S(O)2R4 , -C(OR4R, . O

-C(O OR4AB* - C(O N(R4b) 2, -S(O 2N(R4b) 2,
-OC(ON(R4b)2, -N(RMYC(OR 4, -N(R") SO 2R40 , -
N(RANC(OOR 4 , -N(R4gC(O N(R4b)2, or -N(R
4e) SO2N(R4b) 2, or two curgences of R4b, taken
toget,\;‘ﬁe%rodsvg];h a nitroge omto which they are bound,
forman optionally su t HA- 7- memb &PBf T

et erOat ons

het erocycty® i ng havi ng - Naddi t i onal heterta

sel ected fromnitrogen, oxygen, or sulfur; each
occurrence of R4b is indedendently hydrogen or an
optionally substituted group selected fromC C6

al i phatic, 3-10-nenbered cycloaliphatic, 4-10-nenbered
het erocycl yl having 1-5 heteroatons i ndependently

sel ected from nitrogen, oxygen, or




sul fur, 6-10-nenbered aryl, or 5-10-nenbered

heteroaryl having 1-5 heteroatons independently
wa@edoeasedl from ni trogen, oxygen, or sul fur; eachCT/US2009/003607

occurrence of R40 is indepéhdently an optionally

substituted group selected fromGC -C6 aliphatic,

3-10- nenbered cycl oal i phatic, 4-10-nenbered

het erocycl yl having 1-5 heteroatons i ndependently

sel ected fromnitrogen, oxygen, or sulfur,

6- 10- menbered aryl, or 5-10-nenbered heteroaryl having

1-5 heteroato i ndependent |y sel ed from nitrogen,
oxygen, or sul NJry each occurre sk i S
i ndependent |y If¥ ogey) or an opt| |1y substituted

from 3- 10- nerbetssd oal i phat i cvetdodld®- menber ed

het erocycl yl havi ngiNt=’5 het er oat orrs—t+r#ependent | y

sel ected from nixkiiogen, oxygen, or sulfur,

6- 10- menbered aryl, or 5-10-nenbered heteroaryl having
1-5 heteroatons i ndependently selected from nitrogen,
oxygen, or sulfur; each occurrence of R4 i

i ndepend ly r;ydr ogen or an optionally subgti tl#tzed
C - 6 alipkat group; and Tl is an optional
subst | | @ne

. O _al kyl engeglipid wher ei g
B-pi-agmb

(
“S(ON-5(0 240 -, -0, -q(Q
'S(O)ZN(RA',&W -OC(O N(R4 ) -, -N(Rda)(O) -, XXXV
- N( R4a) SOZ7-N(R43) (O O, -NR4a C(O N(R43)-, -N(R4
S(O)2N(R4) -0C(O -, or -C(O)N(R 4a)-0- or wherein
r a portlon t her eof ptio art. of an

ally forns
[0074]opt PRRPIY 2 h sttt é&l@gﬁfows&ﬁrepéaarwmﬁ?mm frmyla Cooxdv). - As
shown REBEHeRRYS; | ilfodel £idis theate8 OittD dinBthokyBen@ylandine fusing sUitable conditions, for
examplt? Jli;]glg’irtl &ggégﬁggﬁ%?dga;éf‘]ﬂgﬁﬂﬁ%ﬁ)zékﬂd‘:%ggllmgﬁg g‘lﬁq.’ftﬁggodm un(\{ w1tﬁ %oromc acids
is achieM&d @d’hﬁg irﬂ@prdbnht@-c@lﬁly@r dudhhe rBa(PHhLY i 1mtm§r9§en&_-(yﬂ 3 suitable base, such as
sodlum[ce%flleﬂ?g &%\L{OOO xtl{riz1 Iugﬁ)qr ﬁ&é%%?&igq%ﬁ@%g%g atfh)gtg gc')mpounds of formula
xxix (Md€d n{)bbdprgteaejhaif |djﬁn<§t&fxyf)ﬁfz9luér&1ﬂ isabiased vamch witeble acid, such as TFA
in DC]\’L@\&%{P&A% lf&?%és%%%@? $1su Rgteg ganﬂglggqeﬁéagﬁq%glilng apgroprlate reagents,
such asflﬂé(;h)ﬂélbiengdlwﬁﬁmirhleflSI(tjeSiﬂanlgé’(g&t]MdLHD[ E&rs Qkﬁed’amb‘éﬂ}ydrolyzed using a
I Ca As descr.i be erelrn, u 0
S““ablet%ée i %ﬂ? fPa%ﬂ“B‘é’sch{‘ Hons WS&P%B%YCPFUT“@ a@ﬁ?‘% a3f} dMeOH to afford
carboxydit acias @/Iahkbﬁlb) follewddshy cuplingasith hfniohialsing alks@ichble coupling reagent, such
ener ab or .as exenplif a |cula . .
as EDh g Bop", fio BB o8 A6 D Bt ol B ool i, amiges ot it
DMFDMAl lindae nﬁtpﬁ\w%i i digtidnngives iﬂ&:niﬂ@thﬂs @narmipés minadre yransformed to triazoles
.. substituted" is used inter chan
ol SR B Brete HTCOMER PuvRe Fipece gueted P Repigs rodi can be
then colietO®ith VinyBEnnanes under suitable conditions, for example Pd(PPhs),, Cul, LiCl in dioxane

under elevated temperature to give dihydropyrans xxxiv (Method AB). Hydrogenation of the latter

ef/aN
sO

compounds (Method AC) can afford tetrahydropyrans xxxv.
[0075] Scheme 10: General route for the synthesis 4-substituted-5-(4H-1,2,4-triazol-3-yl)-1,3-
thiazol-2-ylJmorpholines



whet her preceded by the term"optionally" or not,
nmeans that a hydrogen radical of the designated

worpioetly47¢1 repl aced with the radi cal of a speciPCBUS2009/003607
substituent, provided that 32he substitution results in
a stable or chemcally feasible conpound. The term
"substitutable", when used in reference to a
desi gnated atom neans that attached to the atomis a
hydr ogen radi cal, which hydrogen atom can be repl aced
with the radical of a suitable substituent. Unl ess
ot herwi se indicated, an "optionally §ugg?ituted" gr oup
may have a substituent at each substit upgbl e position
of &he group, and when nore th@n one p05|t|on in any

"g' en strucMehd APay be sybs ;ggted wMetedfor e t hap—er j(

cl &t uent—setecred f eNfi éa group, the
substituent may be eith the sane or different a »
eV&EY position. Conbinatigggiiof substituents xxxvi
envi si oned by this invention are preferably those that
result in the formation of stable or chemcally
f easi bl e conpounds. [0012] A stable conmpound or
chem cally feasible conmpound is one in which the
chem cal structure is not.substantially altered when g2
kept at a tenperatureN-om about -80 0C to about +4ON
in gp%Agbsence of pi-4t Ntz othermahﬁmlcally N N
r condi ti®as{ for | east -a—week or a°
conpound which maintgi.ns its integrity |ong enough tOﬂ
be useful for therapeu ic or prophylactic

[0076] adn$dhesit 1@bbova shawsoa gatiabntte fHi}d@}ing bempiunasel foomda @f). As shown

in SChelalF l§u%¥?l°“?é elgzto?%%far ?mtélfedls her sﬁ?xgﬁg rt% %)%{VS ty?rtée%mﬂﬁrjlhwnrl morpholine

(MethodhADBevhied inquthst bibjeeridso SoAki bduplibpeeidr ﬂﬁbrb\hﬁlerttmdafwns afing standard

B POPPLTESS 0 S T Al RV 10
afford compoundOflféimuAs xxxviitl Hydrodysis, of tHeamitrieer g‘n) p @deﬁeﬁ&d ﬁmhg y strong acid, such

| dy t hat .th t
oGRS R R AR D oo
procedukeNin@o 5 inggteatntampat MOMFDBOY DhdeAsniv®edvd ﬁfadlanpn fallowed by hydrazine in

. 3-7-nmenbered t t Il t ted,
st ) 0 PR TERSAgt T o PRUPRE| ng 0- 3 het or oat o

[0077] 1 ndsyhendani Gynersl rottedor fhemthidiy sf3abstitated G@anesdnd pyrroles
sul fur, or an 8-10- nenbered partially unsat urated, or
aromatic bicyclic ring system having 0-5 heteroatons

|ndepe selecoed from nBCH Bt oxygen, QOf

o sulfur b)meﬁ }\/&8 ani phat%‘%"'@g@ter ocy&f QzaryI

,J_ard heteroary- rlngs [ 0016] her ei nf/ Yheot erm
"aromatic" |ncludesSar§r and heteroaryl gfou@s

xlidescrlbed generally bel ow and hereln [0017] Th
‘al i phatic" or "alipWatic group", as used Hérein,
means an optionally Iubstltuted stralght chai n or

R?

branched C 2 hydroca ggg’ clic C 2 hydrocarbon
which is conpletely r5¥ed or which contains one or

nore units of unsaturation, but which is not aromatic
(al so referred toNEere$p as "carbocycle",

"cycl oal i phatic” oal kyl ", or "cycl oal kenyl ").
For exanple, suit le\ Ohati ¢ groups include
optionally substi ut@d Iy nhear, branched or cyclic

al kyl, al kenyl, al kyRyl jﬂoups and hybrids thereof,
such as (cycloalkyIL@kal, (cycl oal kenyl ) al kyl , or
(cycl oal kyl ) al kenyl . Unl ess otherw se specified, in
vari ous enbodi nents, aliphatic groups have 1-12, 1-10,
1-8, 1-6, 1-4, 1-3, or 1-2 carbon atons. [0018] The
term"al kyl", used alone or as part of a |arger

noi ety, refers to an optionally substituted straight
or branched chai n hydrocarbon group having 1-12, 1-10,
1-8, 1-6, 1-4, 1-3, or 1-2 carbon



atons. [ 0019] The term "al kenyl", used al one or as part
of a larger noiety, refers to an optionally
W@ awstis47et ed strai ght or branched chai n hydr ocBeG82009/003607
group having at |east one @uble bond and havi ng 2-
12, 2-10, 2-8, 2-6, 2-4, or 2-3 carbon atons. [0020]
The term "al kynyl ", used alone or as part of a |arger
noiety, refers to an optionally substituted straight
or branched chai n hydrocarbon group having at | east
one triple bond and having 2-12, 2-10, 2-8, 2-6, 2-4,
[0078] 5y ©ompouadyefifomnune), v[l@(pz)g]: OrpeX =&Y (g can be prepared from compounds xliii.

The syntﬁé‘a’lg |oPé$d1;FHﬁﬂ&é & formmﬁéa{dhp§3f&;0$ted in ﬁ@in@%@ (Wdmandez, M. C Castano, A.;
car bocyC| o' or car OCYC 1 C used al one or as par

Domingyz, &E.| Ecgibanarph-efigng, 2t dimeper. #h; Hees, @aﬁpylbsqkbéY ¥4 igggbaum, E.S.;
Rankl, ﬁatw&ﬂfc%i 87 RRbh & ZhriRaknrat %Mé/&lah CD%'mlaé‘,tg' Wed. Chem. Let.,

ring stem’having from 3 to about ring carbon

2006, 64¢ 6%’ Oph). godnis eythiendi refvheme tlhquy@tp@aaton p%@mmorgtrléﬁﬁpdl followed by
condenéaﬁonﬁaltﬁ E%Qrp ﬂishlfﬁdg‘ H%Edb@éﬁ&l&qt H&%aﬁé{g Lvlltﬁ nlfbx l %mes compounds of

having 3-8 or 3-6 ring carbon atons. Cycl I phat
formulag xhi, pEheisey domp@uncw t:qmogyg furthert genveried dpt ﬂumapqhyl carboxylates xliii by
cyclocoﬁwﬂfefn'og E{%lgﬁ bﬁ%ﬂb’eﬁ’ﬂ'] gagéét%(te ?Mﬁlaﬂ? &%al)?g%rgyc?fl %ggxl}%lyg\halk)fl glycine esters
affords @ ]a@ﬁgpq‘r@h:yf;thyl Wﬂqogﬂgtpg, Kliv. R@g@{isequfprmldqt xliii and xliv can be further
elaborafed & &Q&Ib@&ﬂneﬁ%lame NG ab&ks "cycl oal i phati c”

"car bocycl e", "carbocyclyl", "carbocyclo", or

“carbocyclic" also include optionally substituted
[00791 bri 5’999“ qForInEEzﬁgn DAENShihSirbdp9S having 6-12, 6-10, or

-8 ring carbon atons, ereln any individual ring in
[0080]t heAbdlsgusted@bS\y:s the Iprelsers irSe@iani pioyidea chropouatiotrst aré G@AR s inhibitors of
PI3K enzyﬁ'ls% glﬂé ytﬁe ?)ﬁersé;r%( ecampgunﬁg %re sg%p (t; Fg'egp Iilﬁ prgy Feratlvg m{lammatory or
cardiovdsQular digprdseas imoh agtuo1vs w@rea@emuy ca’rtgrowghchad@at@yby 3Kk ynh particular, the
compounds ?r% ﬁxé(;;(l“ﬁ ﬁ’lldt%e gx)égtm%[’? ??fg Celrs %8@3@%&/ lﬂﬁd&%l ge% Rt n&yhmlted to, lung and
bronchdbcymsmwl Idnrc’!a}t pamerfew SCOﬂQDI amd opnunonayﬂogd slives tand unne@hepatlc bile duct,

- a ti n ld C Y,

o DTSR S APRASNSLIG, ol NBLl o DB YBAST g, winar
bladderh atering c@tmlal ugrihe @bwut ovkly, canltiple atyen®ma, Esophqyuar ycute myelogenous

leukemfg;)%h?%ﬁé glo%é/n% %lulées}gx%{ lﬁ/{nl F&ﬁm 'Pe%k%gxg 4%1¥é}%18q? etrexn%a brain, oral cavity,

and phamlal analﬂlilphsamambp-Hddaklo édfrklaﬂoma aﬂdafllllmls kaloryadenemal

[0081] hainos%lmléoen%odlrrr%fn 4 (grrcl) o‘rillgdsaofl [RQ ‘Fflr{:vlercl:t nazlrk¥u1tabl%ltk F‘)é trealment of breast
al koxy group, as t e ase may Ch €Sy tut ed

cancer, \Matlﬁlermascenrcoim:r c&mbﬂil glipam, gtlolmxstoxﬂas lw&edmhaer Mpat,ocetl]mdar cancer, gastric

cancer, me[anom qxl I%%n anc I' n%omema a%ger rehal atice erv1 al ancerh pancreatlc cancer,
'te 1 '00r 6al " pha Fer et 0a Raic ﬁ phafi’

esophaga.hielamer; ptds&tdrahaagﬂmam sarfckrior evariamaherli ng

per I rlna al i phatic groups. .Exanmpl es of.
008217 fy, B8 BRE e OEFLPnd GHare (ERBH: o el o, e weament of
inflamniakaup mmmirchWa,sadarfdlmmtlh&ihg Huk hétl mitedn& tallylgies/Anaphylaxis, acute and

hyl fl t . i . .

chronic ntfRRSionY BTt STSOTHINY ispestnfprombpl. hoperension, cardic
hypertrgpatantl hewt fairay | . [0025] The term "heteroatom' refers

to one gr nore of ox ul fur, .nitrogen,
[0083]ph ngfl?a"ﬁ%y 18ran§§hr3||r 2 ct((? ntg? @Eﬁsﬁﬁ m\gﬂg;orb)ahar%ﬂmfﬁlr(fﬂmposmons are
provide®fwHerdid B@RTtomBusifists coMPASNG biithe cOhpsuntd &Qﬁscribb@herem and optionally

uat erni zed form of any basic. nitrogen E

comprisd 8 bTCRHAUY Ce RS, CHTIoR HEE oty YAl 1 nﬁﬁawo?mbod'mems these
compos@%asightendiy(faghdr dopisednB ¥einbre additibhal thetagdukic adintd as i n
pyrrolidinyl) or NR+ (as in N-substituted
pyrrolidinyl)). [0026] The terns "aryl"™ and "ar-",
used alone or as part of a larger noiety, e.g.,
"aral kyl "



"aral koxy", or "aryloxyal kyl", refer to an optionally
substituted C -uaromati c hydrocar bon noi etyconpri sing
wWer@Ins7shr ee aromatic rings. Preferably, the BEHUS2009/003607

group is a C -ioaryl group34Aryl groups include,

without [imtation, optionally substituted phenyl,

napht hyl, or anthracenyl. The terns "aryl" and "ar-"

as used herein, also include groups in which an aryl

ring is fused to one or nore cycloaliphatic rings to

forman optionally substituted cyclic structure such
[0084] 5 g ntrlégllscaps,mpgﬁq%tth%; [certgim, g%the, FOmpoungs f RERFEN AN VERLIOMTR exist in free
form fok e&anne@rarlwhereaap Rﬁm'a’éeéi d PHaBhEBRRABARIYp I Hertvlaevet tﬁ5r€§f According

“aryl group", rrng and "aromatic rrng 27]
to the msenarrg\[enwn pha-rmag)qugp 5y| accgﬁtgm?, dé@Yﬁﬁ‘P"F drdudgp, blptyqs not limited to,
pharmag{ugé‘a@ly %Q&ﬁtagﬁ grdﬂr@ést ﬁ‘ftg eegtel;so sz@t@ oﬁkd@){ lestEis OdtBny SineP£idu@for derivative
i ndependent | tionally substituted.
which qpprercbma'érrgnontt% patieat tayree(gwargﬁbtesof erqviling: girgitly @a ndirpctly, a compound
as other'wns“éldgghﬂai he\%rﬁ Q)Ph'tnela'bmtte %15 teQidue ERSY! . phenethyl, and
apht hyl net hyl. [0028] The terns heteroaryl" and '
[0085] heAer@drhﬂem d@e@nal"ahvemmeuwllparqep@bleaalll allefpey tonthpsstsplts which are,
within tﬁe gco ﬂ&)tllﬁd 91@51@41!?(& emeft’tr suﬂ@lteq{)rotﬂ[e E?Il %(91 ith %}Te‘%[ sJeg of humans and
avin i ring atomns, W 6
lower agnna]_sowrthqurg uadt@rfgxwlna\}nwglo@; aljedgic mqu_m;e pn@ F}@C}!lqeonlgi are commensurate
with a réznéﬂb %Q: Heﬂefﬂ/rﬁf(? tllocAa‘ ﬁﬁ)ﬁace?ﬁgallp %Xée dble s{ﬂt ’argéyng lngnnothOxw salt or salt
arbon at ons romohe to five” heteroatons.

of an eser of @a]oytpog;dog@thmylvb@thmoﬂ;gt, upy admmrstratlonoto a recipient, is capable of
prov1d1r%o Ie? 1585 c;t/ly r?g:]%ﬁr%gtgbh 8&?%@1& 1se mtvgrgt}%tt ohg%( grlrﬂci)lgttog%)é'cﬁve metabolite
or residpgthenesf. tAs yspd hasgfarthe texpginhibiterilyggtiYeunetabphite draesidyg dlereof” means that
a metabBii¥ oP?%'sHh@t‘BQr Q¢ Qi‘s?gn PhivGasprag. sul fur, and any

quat erni zed form o basi ¢ nitrogen. For exanpl e, a
[0086] ni t Plogesrcenticaty afceptable sdtsaas yell keoynbe tie draEprexampleogel. Berge ez al,
describ@%&mn@&qngﬁx a%kﬁa?ab?e ARy ondlil ¥ h Xbﬁ&;%zﬁgeu%?alt $ences, 1977, 66, 1-19,

correspon OX en a het'eroar 'S
incorpogtdstterainibye d:ffbynca Iﬁ’ymﬁwgalmceptabkatake of thelcampsunids of this invention

include, r &&RQ&‘%H%&%&&B nic Iﬁor&:ﬁrrcnz?cldSQS 78% @r}?')!a %ng pharmaceutlcally
ude” groups |

oar -, ereln, I NC grou
acceptawm rmhtoalcrretdeqddalpo rsdtsr age palty g>f A amueegnowcfom with mgrgemc acids such as
I, . ' O
hydrocrﬁ%)r/]cl a}cﬁ ?.y(’ﬁg@g})?%ﬁd ?ho%‘hg&?%ﬁ% ggr%/f gz?codu%ls?lallﬁe'r&rlrc{rg%ﬁi or with organic
acids such iaepgctic acfldr,rcanlyd acxcbymal@d: y¢1d tantarid azid| grrtnc qulq; gzcginycl acid or malonic acid

or by ugl{l(éagtﬂaz o%th(rdts %Ef{] L Oﬁy Jxrf s&lﬁiﬁg { %}nly éaxtzcl(t) g? )ﬁﬁ{tﬁ é[’rrglg%l.ltwillly acceptable salts

include pdipiatgy hlygmpy:r p@amawy |aspap9rlp4 htprdern:ytilfongy,r benizopyd, | blsulfate borate, butyrate,
ol i ny, ap eri
campho!rz{t]é:i &%ﬁp‘ﬂl&ggllfn le Jltl‘%g nzg%%tﬁtgﬂlégwgéorﬁlz%f ur dgén&?()lnate dodecylsulfate,
ethanesg{lif(m@qqz ofqgmgnw fumam;{:az e@luebheptamatei niloleczerthpiphate, gluconate hemisulfate,
N | ) ; y
heptanogﬁ %E)Fllgg‘%t%y?{)ld’rcag(lﬂg@a%%#dro{rf&g%qeﬁgt(oé{ﬁf n&k{dg%hhg lactate laurate, lauryl
sulfate, J’th gml@tenmalongt&r mattl@rlle;plfona@r R-Qpp’(yhalenpwéfpaam nytotmate nitrate, oleate,
p i OXAZI - i ' Vo ival
oxalate tﬁﬁtgt%]tg d?%rhg%% ul? ?{%Ldg%%, 1 R APSHRAY! PRIHE, : picrate, pivalate,
propionptgy tegfite, Sceipate,, mﬂfgwamrlmat@(miqyy@n@, pTleenesitfppate, undecanoate, valerate
efar be  Us. r n t h
salts, anch%jre {l%’]e%életsr ggiﬁ%ld ﬁorld z&)grdpﬂgtg &lg%r g?lﬁ@é Xlk\gﬁ rnetgl Gikaline earth metal,
ammoniun'epr@d' DAkl salt:an)ﬂ" hasf invhition aley m;vrsupfm mg{e}upl]entg@tron of any basic
= t
mtrogell{ E@Eaélﬁrgé Ig&{d&é gf%el o fﬁ%é gﬁzlggﬁyﬁ@e@r oﬁ?’g’g%ru rS t011 solublceJ or dispersable
productpynay lttrectbem@etrlw sucwrrnlaerrnzatlhe Rekighentativle hikalerop atkgline earth metal salts
POk i nd t | Il R
mclude[%%gr?n%gfu&ég%%ﬁg?@i ﬁ:}{lctﬂl:;lrr? ngéﬂeguﬁ ea%{cé f‘tg%;lg{ lﬁu?tger pharmaceutically
"heterocyclyl", "heterocyclic radical", and
"heterocyclic ring" are used interchangeably and refer
to a stable 3- to 8-nmenbered nonocyclic or 7-10-
menbered bicyclic heterocyclic noiety that is either
saturated or partlally unsaturated and havrng, in

a - oy o o o Y T T o



in reference to a ring atomof a heterocycle, the term
"nitrogen” includes a substituted nitrogen. As
wWa@e@gasgke, in a saturated or partially unsat uPGk/B82009/003607
ring having 0-3 heteroatonsSsel ected from oxygen,
sul fur or nitrogen, the nitrogen may be N (as in
3, 4-di hydro-2Hpyrrolyl), NH (as in pyrrolidinyl), or
NR+ (as in "/ -substituted pyrrolidinyl). [0030] A
heterocyclic ring can be attached to its pendant group
at any heteroatom or carbon atomthat results in a . .
acceptable spifseinglufle; Y RANCARPFAPTIAY NOHLOKiRH SMMARHIY t YIS AR ap@onium, and amine
cations @5¥nk@ ik YeolMbBrdns tb e ds hEXRIMBL&oxias, SrRyRat @ﬁlﬁtt@egmegphate nitrate,
partial |y unsaturated heterocyclic radlcals inclu
lowera"wl sHontte prdarylgulfenste. t et r ahydr of ur anyl _
[0087] etA@fﬂéﬁ%ﬁ&H r},bg\[})/ khe ﬁl‘aﬂﬁz{chlmcglw acc ioHQ l)f Wlpresem invention
oxazo inyl, piperazinyl, dioxan d|o any
additiong]lil)ag@gprﬁyp Jpharagauticallyl accqpmbgzc@mqq,yqd)uvmr ghmh;q}pj pvhicgn@]s used herein,
inc‘lude My?mrﬂllﬁgl\g?%lpoﬁl\)@g{%ii)ﬁéﬂ&y %u? s fiy Pdi n%B@Ym&e Ir@l@&:nswn aids, surface
active agcrm"t&:ys@tqn@ agauis ethiskerfing et¢mulsibing- ag@ntsmrewaitltes THi hl@dem lubricants
th 1 t Gl eyl 1he ; it h I Sci
L S i e
Sixteenth didisioncl). chMapmr(Maeh Bublishing qu &astpry Pag é%fbtd!sehaqswynous carriers used
formHARE phihEbuidl] ! &b ¥ ShELREXGOVE LnRGud &P th
in Onn?nﬁa%ges groﬂpsgln whi ch mﬁamﬁetirocyc%lctrlnguls the preparation
thereof. fEyeepd insefap pramyr cqﬁmm‘sloazrly:prqer ngglum[ @m}npp@blg @ty the compounds of the
inventiol %@t’n A b)l J}Sdlfcﬁx %y Hﬁ&etsi'rﬁhé YoMpEAHeals gthefvﬁgeqlhératcgnﬁn a deleterious
ring noiety that 1ncl udes at Feast one double of
mannertwlﬁmagy trehed oaEtpReai(s) jof g‘h%ltRbh@lvaqﬁléaltYe P?ﬁepﬁﬁhl?t ‘FO&'?HO?‘UO“ its use is
contemﬂi‘ﬁ&ﬁio%ea\l'mn tﬂes‘scb]g:t &nﬂﬁqn\te‘ﬁu@rp %%@%ﬁk@gfsmg@ﬁélp Q'hxch can serve as
I pl e sites of unsaturation, I's not Intended to
pharmaqeht(lgaUﬂ gccgptghlmcp@e(sgn@ude alptyqre mt lh‘@teért@,apy p}chﬁ@geeq pluguina, aluminum
stearate, qgmﬁ'lﬁ{ @érﬂmd;ﬁ'gﬂeﬂg dsuct[ QOR&han J&ﬁmﬁ %%Hﬁnnalbkﬁfér%ﬁstar{c&f &R as phosphates,
bi val ent al kyl group. Kyl ene chain” is a
glycine, Fﬁg{bquchyqr @ﬁ@ssgqn@ @gbatp jartial .g()@me mixturgshefy safupated yegetgble fatty acids,
water, szﬂg%’r He&?ol&t@g 1 pm’tzﬁfuﬁé é\h#aYe E&&Hﬁrﬁ h &}oge Jh'b%tl, ﬂd?aséfium hydrogen
from1to 3, froml to 2, or from?2 “An ' _
phospha@p@tquljhxm ¢lg,0rgigbg1p1‘: tsglfse(go]écplﬁgﬂselﬁe plaghesiupy trigilicate, polyvinyl pyrrolidone,
polyacrﬁeﬁl‘,y ’J&%&&Y b@lgﬁhﬂé%l}d}yﬂmkf&eod'igckoﬂ'ol)‘mé'@ »ﬂ%tl l?z}fl ﬁllg@rs such as lactose,
rogen atons i s optionally replaced
glucose %%F%Eéﬁﬂmheswcﬁa‘mc@ms&ﬁé@t mim@rms stprqi) %B@Of%@ets derivatives such as
sodium gﬁﬁ&h@ﬁ?l &ﬁhlgyg ERY1 RuSHRShE b TuERe adekdt 3bivEertd @4MRCARY malt; gelatin;
al so”i nclude those  described in the specification
talc; ex¢ipipatp juchy gs GRcpp bheerandr wepastien YHgs @iliosush 98 Peanye gilscottonseed oil;

safflowd®foif, REsafekdil; Bf1fe WP WRMTBY 418 JobaER Jllo%@)tcbﬁr sh@ 5%6By%ne glycol or
ring system In certain embodi nents, two substituent

polyeth)d%m gecalaretrs tsogernethyl eleasy aidh Byl Jawstiecrtar byffegng ﬁa@ms such as

magnesﬁhﬁbﬁ%dréﬂ&maﬁd CIIniREm ORy dkrdXGdeS AMEniO T actl; T 28R AreBt WAEr isotonic saline;
ene chain al So can be optionally

Ringer'sj ﬁﬁ’llé‘PF Ul d“@ij‘)‘aa‘mﬂ&sp‘@#ﬁa@f&r Gelgtionanag VK [ae et pep-texic compatible
lubrlcantsssuclli At %cﬁdmtlﬁﬁiyl siMard ahd %tghé%nﬁ{ stgz{r%PasV“Q@m a@boloring agents, releasing
internal nethyl'ene unit is interrupted by the
agents, $Q3HRE PEFAL S\yeewne. Brvariae @gd perfuming ABenss. 'Preseriptivgp Nt gntioxidants can
also be Erb’s‘éﬁttlh‘{’d}%'o EQUHRS accBidingds el jLdenl &F hdRrmReetf i cation
clains herein. [0034] For purposes of clarity, al
[0088] b| \ﬂalyemnogreo aqzvsctdesnszmoﬂefdr teating A prolifernting n@an@a@w o [gardiovascular
r n
dlsorderE\L 5&&@2 5%?']?52"% fﬁrsttgggg %Eﬁ’f&ﬁ ngnet‘ C’og rQrcgrsn Al g gl‘ezijpharmaceutlcal
composntlem tog wbrchmnepda@dren@ oh Ct:mmn f:mbcmymanmf the preseny rrtyeriltwn an "effective
amount 8 Gt EBfipAf &bbﬁrﬁp&ﬁfm cohngf? n ANGAE Y oﬁ§tnsdfé¢qb@ Qor treating a
aral kyl, aral kox aryl oxyal and the
het eroaryl (including heteroaralkyl and
het eroaryl al koxy and the |ike) group may contain one
or nore substituents and thus



may be "optionally substituted”. In addition to the
substituents defined above and herein,
waeiwapi7esubst i t uents on the unsaturated car boPCHUSI0096003607
an aryl or heteroaryl groupgéal so include and are
generally selected from-halo, -NO2, -CN, -R#,
-C(Rt)=C(R+)2, -OC-R +, -OR+, -SR, -S(O R0, -SO2R0,
-SBR+, -SA2N(R+) 2, -N(R+)2, -NR+C(O R+, -NR+C(S) R+,
- NR+C( O N( Rt) 2 = NR+C(S) N(R+) ,, - N(R+) C(=NR+) - N( R+) 2
+) C(=NR+) - R, - NR+CO2R+, - NR+SC2RO, - NR+SO2N( R+
prohferatUe C(l np;na,tory; @{glg\gﬁ_cular &%’@ﬂ\l@@ﬂthat an@(l@)qf{.pctlveé() mng cancer. In
other em%‘hts alp(e@ecﬂe@n%hm c@(aQ‘)OMpamﬂ) i€an 'agl()u-qt)t NEHR) ihibits binding of PI3K
(R+)-OR+, -C(O N(Rt+) C(=NR+) - N(R+) 2
and thereN( ngﬁl@(thq\ﬁ*?‘)lnw Rgx)ah(% e}qudes tl@( leﬂﬁl@g) thN(amg)rQ]al activity of growth factors,
receptor't mh@t%as@'brotelhl(sa'ﬁ)eh%&r h&kinasek, TNR5leidNddpled GR‘Eptors and phospholipid
R)=N-0OR +, -P(O (R+) 2, -P(O)(O?+)2 -0-P(O-OR
kma“SQMdmpﬂ@@¥FNR+) N(R+) 2, wherein R+, independently, is
[0089] hy df&%ﬂlpeﬁndégncpmrﬁﬁ%@ﬁb}lsy a&HM% Lﬂl‘ieexqet%d mﬁé bx“ésen@frﬁ('lentlon may be
het eroaryl, cycloaliphatic, et eroc grou
administoygd YsigeADE AENOHRL 296 Y retrie ef adspinfRiratipneef a‘k‘@rfot G g: éhe disease. The
exact aI\%Jnlf' r Gibd wllﬁ‘tv%nyﬁ&h r&gb]@&qg(sﬁgje&odépgﬁcmléﬁn e E;Q:@éL lane and general
substituted 5-7- nmenbered aryl’, heteroaryl,
conditiogyof Ft@épl’l’lﬁﬂﬁ’éh"? gever@ty of éteevfe@ym @?P parfigyar agggwtspgntpd;; ofjgdministration, and
the likeQ®hd QWAUMdSSHpﬁlte' ihvenG6h atel ﬁgﬁ;dbﬁy- forh¥thted h@tdsga%@rumt form for ease of
cycl oal i phatic, or heterocyclyl “group.
adminisigptiqsand jupifermitycqfedosagei PhratipPEesEpn Lﬁpsa@ru% fﬁtm aw%thp@m refers to a
physicaFPHENEY Ghit 6f HenlVPpRIpRE¥ o the patlHt (3B tfeRiBdl. at BilPBEuRierstood, however,
nore substituents and thus nmay be "optionally
that the g4 slpily ugagejef the geraroyings s cpmpesitipus jof e Pagsentdnvgation will be decided by
the atteﬁ?ﬁ:{g%hs)swﬁﬁ‘ WitRiR e S%H%S(Sfl sBUlﬁf Wh&di ]utdgﬁeﬁaf l&érsfﬁ&gﬂc Q@chogdose level for
an”al i phatic_or teroal i phatic ro%p or. of
any parﬂ%}ﬂaranaaemtqr@rwrssbw;ut F’FR?“@)r“Pﬁ'éPe‘faﬁét)‘Icqfl actprs ngcha#vég the disease being
treated ﬁ@ts@%rlft)r thtemégse,' 'tl%t %vﬁp%’l’ hel Qecifib %ohﬁﬁéﬁltd%n?ﬂl@)@d the specific

carbon of "an aryl or heteroaryl group and additionall
compositige |egployediche agd. dpfln greight) geretal heatirrspp and djig oRthe patient; the time of

admmlstTMio Toute =0t mg}ﬁcon ol MCE%I{\'%%R Qc.rlﬁC‘NSx%ound employed; the

where R is defined above, and each IS |ndepen ent |
durations gf ehtet EreptmesTARAZEl rUserb i GPMBIAEL Po ﬁamwgle% b¥ith it éIdﬂC(fjXé compound
employ&, Md 1RR&hd6rs Well kRowh HORL neliRaladtdi ThORh ©pdifeft”, as used herein, means an
substituents defined above and herein, optlona
animal, gigfesahly y@amsab angd Mest graferalea hbpa non- ar omati ¢
[0090] hetﬁ{eoﬁﬂaﬁhﬁ&uﬁdan% a@ée%&blengédf&%tlgﬁ’sd ofthifis %(r?\l%)ﬁlrlcﬁql Edh be administered to

ted -
humanssag}q g:h@(eglmglg Tr@gg)e@a@x:(p@eﬂtpralLys(n@g%mallys(r@)azzp@rmﬂy pintraperitoneally,
top:cally &Q §)/ gg\ﬁfe}g omtrgn't'é\lbp dr%ﬁ*ﬂu@allyo hs anl\grﬂ'l’))f whs) %B’? ox"\,ﬂ@ flfe' Bepending on

I s defined abové. A ring nitrogen atom of
the seveh@t @frtbmrgfftctlem being tregteshdn Fertainegraladingeats, ghercopgoyds of ﬁ'ﬁynventlon may
be admmsté?eﬂ Qﬂaﬁ% g,greﬁefamtala%o&% NERROSAHAG: b‘oi‘)&fig/@% Fout 50 mg/kg and

N- oxi d nonlimting exanpl e of such
preferattlﬁefrem@aplyll nelse yabont Sk malkgeef subiset hady msish P%Itd@m @ng or more times a
day, to &ha‘?ﬁ({hgggs)ﬁreh thétapedtfeQ3Rle, As detail ed above, in sonme

enbodi ments, two i1 ndependent occurrences of R+ (or any
[0091] ot Heguid apsagh Farms iferi dralradgirdsifatioe ihclude.thybars pechititesdatoi plarmaceutically
acceptaﬁ@gmﬁlls@hmu&%rﬁ $ s, ?Jh?t o'i‘n@ksﬁ eﬁs%}ﬁtﬁ ps‘%&g 1J§el'n addition to the active
erveni ng nnnoc I'c or
23 £ &fe
compoundsn gleslequecbd@d ef foaxm m&&omembeﬂedllmtsl Q@mrmthamed in shei@t such as, for
example!n%v Sl tﬁ%‘?%@l&&ﬁ%’ Cst%lb CIJE@¥ a:%gnt;' a§d Qﬁhﬁffgﬁt QR as ethyl alcohol, isopropyl
ependently sel'ecte 0 trogen, oxygen, or
alcohol,sanlllyﬂ lqarbm@teltathybmmtee@ewy klcolnl, Benay)-benzebier prgpylene glycol, 1,3-butylene

glycol, Iagn{leﬂyaﬁﬁﬁx%gﬁvdﬁl t % gﬁlglﬁgﬁ&gg&?}nggggr Iggb(&ﬁ@ﬁx?,fj&?%g%eéﬁn, olive, castor, and

Exenpl ary rings that are forned when two i ndependent
occurrences of R+ (or any other variable simlarly
defined in the specification and clainms herein), are
taken together with their intervening



aton(s) include, but are not limted to the follow ng:

a) two i ndependent occurrences of R+ (or any
w@rdensesi abl e simlarly defined in the speci fPCHUB29N9/003607

or clains herein) that are3bound to the sanme atom and

are taken together with that atomto forma ring, for

exanpl e, N(R+)2, where both occurrences of R+ are

taken together with the nitrogen atomto forma

pi peridin-1-yl, piperazin-1-yl, or nDrphoIin 4-yl

sesame §ﬁ§ug]§'ﬁgad@§%wtg\&%éf@?#ﬁ$oglg yo]agtg}cf: Hrréetrjge ?C ﬁﬂ’éi fat%k ac(u? esters of sorbitan,
and mn&@@§ ketoftBeRideD et | dAlusms, B¢ Biah orhptaitiond Sanbzﬂbmﬂ)cluﬁe adJuvants such as
fferent _atons and are taken to t er with bot

We“‘“gtaﬁ“d‘ésee'at' Isifng andrsyspepding PEFHLS PASFIERR V%“%é‘i"é’eﬁp UBHSHAFENS-
[0092] 9T OlclaBle Shtbisatdtiond, &6 Whdntpid, V&&nﬂﬁﬁﬁﬁcfaﬁﬁcﬁfée&fs d¥eaginous suspensions
t hese two occurrences of R+ are taken together w th
may be tf?{@“%i‘i@)‘:‘g‘é‘i?r%lt‘%ﬁ?s‘ ¢ knaih hsingeyitabledisRstintg aroveftingmeepts and suspending
agents. ﬁ“h@ﬁ@hl@l &ﬁmﬁfr@ﬁira‘ﬁ&{ 80 a6 BE AisifilRGnjkdidle sdhﬁtlo\ﬁ’I Mspéﬁ@ion or emulsion
i
preciated that a variety of other rlngb
in 2 nopigec trareatsedly racerpiaPlec ditepieOr sl veRd foinenmplio af ﬁdseblé%l & >-butanediol.

Among Qﬁé:wcéﬁm&%hﬁflesanﬁ QbIvaRtY tHat Bay b¥ @Fn:p%péda are| Wltdr@RIn¥er's solution, U.S.P.
defined in the aﬁe0|f|cat|on and clains herein) are

and lsowaweeﬂﬁdwqéw@? spfutien. tIp @fditiph sterilfe Aixerh Okt YRS veatiRnally gmployed as a
solvent Bhﬁlsﬁéﬁafﬁgln?ealu@?tl’@f IhRhURARRY 8nyPB15nd ¥ed lof (BN HE BmplBydatincluding synthetic
%3 0040] Unl ess otherw se stated, structures
mono- ¢f diglycerdrs raé«ihﬂora LA is SYRB AR PleicGcidies had indhe PrepwsaHaniof injectables.
[0093] ( €. Bhe mﬁ@@ﬂt‘:'f&%ﬁdtﬁns Sina! K RHR0E rféxcexaﬁﬁfé gﬁﬁm%hsﬁ @hréu%ﬁ a bacterial-
conformational)) forms of the structure; for exanple
retaining [figeRonbyiinePpeRfintierHizingragets in B Emaef\siami olid cempesitfons which can
be dissdivel o?ﬁg efrslt:e)i 1rg§fé+m: &aRPBbthe Qgﬁfesin e@mﬁe ﬁ@luﬁ%oﬁ Bluse.
conf ornatlona I soners. Theref ore si ngl
[0094] 5t elneasdsnamrbroting theorffersofzascompopndaef tbmmﬁqnbmmt@n it is often desirable to
slow thgI zﬁ)§$ {1 g?rtﬁe corg;gb n@mtsﬁﬁc%tagg us Cchlfnﬁl rqﬁs%hlqp%ééctlon This may be
m xtu 0 esent conpounds are scop
accomplished fhy thmu@mﬁ phquid)shepersiqn p@rwtgjbnespragrg@ph@Mmatenal w1th poor water
a t j. .
solublll{?\rlI 3 {’%Fe[ %gb%g%%g og}hetéég‘lp?x%@gfn?%{f%?eﬁs axh?rﬁtéo ﬁla d’lgglu%nethat, in turn,
may demﬂelwgn eyl siks andserystalline farmy ddtemetivelie ﬁpl@r@dabh@pmrhof a parenterally
admlms?e;&i rﬁ[ﬁ)uﬂ@%ﬁn {s05dcB lél‘tls‘ijl@d ‘riT)g'IHQURI &hﬁfs {L‘dfn She Bhfound in an oil
e presence of o re 1so oplcaP &nri che
vehicle. alnmblepéﬁpotef@wplaee n@éﬁwauﬁ@dsmaammgnqah@lqan@g@m of the compound in
t
blodegr%atég[;r%n?ﬁ?so ?ﬁ??&?tqowcuggﬁolggwﬁﬁg nﬁi{knﬁ%g O 91{a ﬁ%gﬂrﬁtl%ﬁf compound to
polymegypndy theg@iturg rof 1the partichleh @dlymgr @@lnloa¢Cb thg trae reftdempaunspeelease can be
ned. Bxdfnpiel BY Sftet ldd oontBle GRITRHO AR 1AL PolPngbsterf)nd poly(anhydrid
contro exanp lﬂg *as anal t?ca teoo or prob g’g In bi %ero) K po ylanhydrides).
Depot m@}vy f?re@kn!n?nﬂ 1are| glwopl@rear%mdnafr SRteApPIng hike | cwmqnda m liposomes  or
mlcroelﬁulﬁGtLSQEzﬁqre%ﬂnPQanﬁﬁocﬁlnsE\fe@St one chiral center, the
present invention enconpasses one enantioner of
[0095]i nhConpasitions fae réatad rer vhginal @dminsytronieli arg pegferalasuppositasies which can be
prepare& %9 Gk 'Ih@(wﬁop%uf?és 61’“&5 lﬂb‘énﬂbx‘i With At %SBAJ ?angg EXGHERs or carriers
one Enantl omer relative 10 its correspon
such as g(pnoa buatter potyethylens\glypol @r aisyppasitory waxewhich hredolidhat@mdient temperature but
i ORL.i [ ,
liquid & %@% '}e@r%?%ﬁ{rg ﬁ&s lthe ef&rg I‘hél?l ﬁ%‘é rgﬁhrg noZEUl?{r;ﬁl{écﬁvE? ea)rzc(i: erelease the active
compoupdl. at | east 50% 75@6 90@6 95@699@6or 99 5% [0042]
[0096] TheScﬁ%ant I%%O? onpls,]g%rsonigg 8&/[1 ?fgtf nogléﬁgt ICIalf C? ytagfﬁ pl”S powders and
granule§. oln exchimpdle bysagorfnans othe ofctiek astnpowdi $0mexadc with| als least one inert,
pharma%ghhgahlg Igglgtse?glﬁlen of c’arrfeg)gour%: O ngo)cjx%rg tcg.agzo?rsdécr?écxum phosphate and/or a)
derlvatlves or conplexes whi ch may be separated, for
exanpl e, by crystallization, gas-liquid or liquid
chr omat ogr aphy; sel ective reaction of one enantioner
wi th an enantioner-specific reagent, for exanple
enzynatlc esterlflcatlon ~or gas- Iqu|d or I|qU|d

T o o o o



chiral ligand or in the presence of a chiral solvent.
Where the desired enantionmer is converted into another
W@b@siisaklt entity by one of the separation procedUDe209/003607

descri bed above, a further 38tep is required to

i berate the desired enantioneric form Alternatively,
specific enantionmers may be synthesized by asymetric
synthesis using optically active reagents, substrates,

catal ysts or solvents, or by converting one enantioner

fillers o"‘l Aﬁ)&nt ?pdtgrlggpgl{:?sgs;aéa\)é& A gsgﬁ%{:%)gestg agqséglgléﬁ{o:lﬂggg ﬁ]BlFlﬁlacl]d b) binders such

as, for &@MpR! SarbdxlyMelpyREIANdse] iﬂﬁiﬁﬂéd @Elati) GOIYPAS Y Foldinone, sucrose and acacia,
di astereoner free of ot di astereoners, a pair

©) humegjagis susheasralycsTal i I ERTRIBEEFNITiTUsE AR AEATERSE Cﬁ'ai%carbonate potato or

tapioca Biarch UdISiRicQciddlt ha&sregnnfa@erssmdmoaﬁlm &SooRhte d)aBuBHR fBArHdg agents such as
pairs, mxtures of diasteroners in_which one

paraffing) 4b1oBRIESE PEFEISF SO PSR AP BRI VRO EHEPQ €) Wetting agents such as

for exaxﬁm@%&@r AEIMBI {nd)glRBESI MoNbseafife, Rf abdbrB& it £IHTRY k4oliR @hd tentoRite clay, and
one diastereoneric pair is enriched relative to

whi
D '“b“Cta'l‘fé S‘tﬂ‘ﬁél‘al“d caleivEy SIS imaspesiumy dyaratgysalid polysthyleneeslycels, sodium lauryl
sulfate, B4 hXOREk thétesTNR (R &8¢ B RPARSS, @bletd hRBHiRE, AW WIsAde O mbPalso comprise
relative to the other diastereoners or diastereoneric
bufferingagentss) | the mixture is enriched with the depicted or

[0097] ' ef gi@NGRflodiiARIR ARRNRIr tie Hiy2AILHELANMEIR RFAetsSh soft and hard-filled
relative to other diastereoners or diastereoneric

gelatin ﬁg}spl(:ss )usrp &rsughy éxq}@ﬁ?}é @8 dacttpsg r orewghﬁp & Py wgll pg| high molecular weight
polyeth £oﬁfana§he| 1&@SThe2BlA ddsadh foRRY6f 1NER, d9a%e/@so EapdPles) p/i’lls and granules

i ast ereoi soneric palrs may ese arat ed }é“
can be Wéwi it feARRET #ndi fhellesush ips PRIEFG Patings agd othey 6?21%&%}7’5'# own in the

pharma&fi QMBS ABIARL YrtO Théy Mﬁ%}%'p ibrfafty IcOMaidNbhatifBng REtinil £Hdadan also be of a
enantioners Wthin eac air may be separated as

composHier dhatgBey Eelsgsce thegﬁg&q fqgaedtﬁngg)ew ¥ greferentially, in a certain part of the

intestindl faGTBHRARIBP M & AblayedSBRfHeAExRApIE! 854 REAQNE cbmpHRtidns tf can be used
precursors used in the prep ara¥|on of conpounds

include gplypers gitpstrrges apd yﬁé@Sp&é\ﬁ @gmoytlv@s Ok AFPNIES typsmaayplso be employed as
fillers il S84 had- fﬁ)@ﬁgélhtﬁﬁ éa@&l&fusgé SRl eRéiYiehio TP RBESor nhifk0hBdr as well as high

In certain enmbodi nents, for conpounds of genera
moleculpyyeigltgolethylege glyerls ask the lkmst i t uent s are sel ect ed

[0098] f r Ome defve (%]'np'oﬁndgical( Bko y@m'n%cr@-e(le)psm{ed ﬁmg\l'lﬁlr onkbor fridie excipients as
s an ?tlona y substituted 6-10-nenbered aryl, or

noted atg:.vgd[hq'é aeetfemesrab s7bjats, ﬁﬁtgq:qqgcansugsr@{l% aphgrapgles can be prepared with

coatmgé ﬁq%PQEQMH 2% eaeli€ Q(Ba%QgJ Fé?&‘s@é&nﬁ@ﬂiﬁg coa‘ﬁﬁé@eﬁﬂot&? coatmgs well known in
ul fur; (e) nis 0-2; f) is-R 4a.[0047] In sone

the pha@ﬁwrﬁém@lanag é@ﬂﬁéﬂﬁ’@cﬁob d?%gqfﬂﬁas the pcsive eppRABA may be admixed with
at least Qﬂe mlaﬁ ellbengsdch(:;s sucDos!e ECJOEE d&har@ BEER @dl@&dfoﬂﬁ;nﬁﬁy aled comprise, as is

is a 3- menbered cycl oal i phatic, 4-10-nenbered
normal rpéchge@ Ca?éqtlypal wgbqtﬁgesl other, ghaarigert @H-geqtqq dfethe Hleting >}ubrlcants and other

tabletm%gid?_@l%cg%o @@g&gﬂﬁi&&ﬁand?méaﬁrystaqrne%eihhwe In the case of capsules, tablets
and pills, the dosage forms may also comprise buffering agents. They may optionally contain opacifying
agents and can also be of a composition that they release the active ingredient(s) only, or preferentially, in
a certain part of the intestinal tract, optionally, in a delayed manner. Examples of embedding
compositions that can be used include polymeric substances and waxes.

[0099] Dosage forms for topical or transdermal administration of a compound of this invention
include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants or patches. The

active component is admixed under sterile conditions with a pharmaceutically acceptable carrier and any

needed preservatives or buffers as may be required. Ophthalmic formulation, ear drops, and eye drops are



menber ed heteroaryl having 1-5 heteroatons
i ndependently sel ected from nitrogen, oxygen, or
waobas474opti onal |y substituted with 1-4 i ndepreii®s1009/003607
occurrences of R9, wherein3R9 is-R 9a, -T2-R9d, or -
V2-T2-R9d, and: each occurrence of R9a is
i ndependently hal ogen, -CN, -NO, -R9 , -N(R9b)2, -
OR9b, -SR9c, -S(O2R9c , -C(O R9b, -C(O OR9Db,
-C(O N(R9b)2 -S(O)2N(R9b)2 - OC(O N(Rob) 2,
- N(R9e) C( Q -N(R*) SO 2R9 ,. - N(R9e
also comRKnR@g:)ias eNIgRQ’bt)HE‘ thsy SCORY ef 9@5 wwngédzl)moapll)t, \iBe present invention

contem@&E4 (e QRE 86 trsdEq phiak@NwhieB &hteihe Widda A v eQﬂQﬁovndmg controlled
atomto which they are bound, form an optiona

deliverys oy pqraRpuRd) toy the bed el dorRge &Prasyran pp mada gy hiawlﬁ@g@r flispensing the

compoudd dh ttl'leoﬂﬁber hRddRaABIGRptA| @RiRErs fcaPMsBidel REER ifRieME&Lhe flux of the
or sulfu each occurrence of R9b is independently

compogg é?reiféhe Bin- e &3¢ Fhke qoytrgléﬁsa‘/.eftmr@aovg#%br%%f(@érpl@ag membrane or
by dlspérgxﬁ’%m@conﬁﬁ)uﬂh iPDgdI) Mer MadPongirber ed cycl oal i phati c,
nbered heterocyclyl having 1-5 heteroatons
[00100] noWhdechant 9y moed @ft el iNYeHYHicoOmpgEds %y denusedrin an application of
monothég%)f ¥ treaba &Qoﬂﬁﬁﬁﬁéﬁé oﬁE Iantoﬂr th@y 405 Hﬁ?’%@ S in combination therapy, in
eroaryl having 1-5 eroat ons | ndependently
which thepse of ag| infversiye ﬁ:p{np@\g@rpr compeatipn (Hierapeytic ggerdhislgombined with the use of

one or AGE lawe@ma%péaﬁm RO or h@&iﬁg%ﬂ& |a¥d/§1rbt9@tt§lﬂ39 8t di¥orders, symptoms and
substi t ut ed group selected fromC al Ip at IC

diseases3. 1¢pmhinptien d eTRMC |n35:é.pqe§, rdfrinstragon of n&é%b@r@gputlc agents concurrently or
sequentﬁﬁ% er&%'tlyély,h@%' tﬂg‘aﬂeuﬁc I?a%&ﬁ§ eat Q@Qoﬂnﬂﬁlg@%g ok |c}5mposmon which is
selected from nitrogen, oxygen, or sulfur,
adminisgrefgo theppénéd aryl, or 5- 10- nenbered heteroaryl having
[00101} ﬁnh&keén%h%t tHé:j @&ﬁﬁ&ﬁ@g by ﬁ@in@&hi@g afre,r Qééh Nh {cbRBfion with other
oxyge or sul each occurrence of
therapeliltmeptéh deghtas pthqymhtbgteﬁ o PIHq Iypeing n@bwmsm}b@tqmpw of the invention

. 5. [
is admi 1&?@3% )%&PJ}F% \lel?tﬂ gact)][fgljaﬁ’ (lgtbg gltSég?rcééhl— %%n %@%Ponsmtmg of cytotoxic

agents, gadjotherapyl, $ndomminpthegen, Itolgylg@qiistoqglrthgtlptlpqgrcombmatlons may be undertaken
while re%a%%gwmﬁ{h%q n@uﬁv eHvenadd merber ed heteroaryl having
-5 heteroato i ndependent|ly sel ected from nitrogen,
[00102bxygaqther @spestudf fther invention redaesup idviti en g I3 RO tivigy in a biological sample or a
i | . i )
patient, gﬂ%ﬁgﬁ%ﬁ&%%f%@sg?%&g&erﬂ{ tﬁﬂlegﬁhclfn?,rebﬁ glélyt% M%g&l{i %Hﬁo%%al sample with a
compoung ¢é [}:emd]@rltdryl conKpRgey; com[@smg s@id comg()\@d. TheSQx@ ‘tRological sample”, as

used her%xosnﬁ(igf(é%ﬁes zﬁg&? N&Bg? and 'ﬁ(t %%ﬁgls and also includes, without

llmltatnorNQeFm:)t@(aoyl@xtractNtﬁg@C(b@pN@Rng@‘lal obtaN(eR’ﬁ)ogO RhfiRab@)extracts thereof;
and bloo lez “urin® Jec&gs%l a?se }>r ther b%@)dﬂ% (Inséxﬁgl:t tﬂ&ﬂe{;’lﬂal l'y

stitute ene chal’n wnerein t | ene
[00103]:ha$tﬂl optlieo asplettyof| tl=;15|1meen¢mptte(prdyyie aN(i Rcan) pr;smg(teparat@cqntamers in a

single paé{a% Wg( &3 n?vehtl\éﬁ%rmclgu Flo%poh?%%r@éo&tlzng cﬁ salts thereof are

used in fanS@Rion wifkl RaredcSftOpIly acceplbla c(i&ds Mf fReal disorders, symptoms and diseases
where PO El?]gs)e%(a% g&ra) -, -0(Q-, or -AONR 7a)-O or

EXPERIMENTAL PROCEDURES

[00104] 1. PREPARATION OF EXEMPLARY COMPOUNDS:
[00105] Definitions




wherein T3 or a portion thereof optionally forns part
of an optionally substituted 3-7 nenbered

w@ywbosd7ephati c or heterocyclyl ring. [0048] |PCBHEUB1009/003607

AcOH
ACN
ATP
BCA
BSA
BOC

1-5
’”'CPBgeI ected from niT‘Fglﬁg)ﬁ?rbMt%lﬁ

DCE
DCM
DDQ
DIPEA

ot her enbodi nents, Yi is S#0Y2 is C and the conpound
is represented by formula Il: Il wherein RL is CN or
H. [0049] In yet other enbodi nents, R2 is an optionally
substituted 3-10-nenbered cycl oal i phatic, 4-
10- menber ed heterocyclyl having 1-5 heteroatons
i ndependently sel ected from nitrogen, oxygen, or
sul fur, 6-10-mer&ieédidaryl, or 5- 10- nenbered
het er oaryl havi ngednifiibret er oat ons i ndependent |y
sel ected fromnitrogen, ~oxygen, or sulfur; nis 0-2;
and R4 is-R 4a. POSOF UiRRoNae| ot her enbodi ments, a
conpound of forBidikchbnink at@pr esented by: II-AHBII-C
I1-D HE [0051] .In still gther enbodi nents, for
conpounds descr i39¥He PREWPINhove, R2 is a
3-10- menber ed cyeh-balok@ationg, 4- 10- menber ed

eterocyclyl havin het er o%t ons i ndependently

@ or sulfur

6- 10- menber ed ardidhloregthdme 10- nenber ed het eroaryl havi ng
1-5 heteroatons '.qﬁie entgent ly selected fromnitrogen,
oxygen, or sul f¥S OJEIPT’ W81y substituted with 1-4
i ndependent occux,3-dinkles-Hb-dRYanonhé-beaiznguBones- R 9a,
-T2-R9d, or - V2..T2-R9" nd: each occurrence of R9a
i s i ndependent | ydl'ﬁ%r%pdéeﬁl}yq?laﬂe -NO2, -R9c , -N(R9h) 2,

DMEM- OR9b, -SR9c, -IB(@xeroModifief Bf@bMedi@nO) ORI |,

DMF

-C(O N(R9b) 2, - %@_@(g&%@%@de@ O N(R9b) 2,

-N(ROAC(O R 95, > N( RM) C(O) OR 95,

DMFDMR( R9e) C( O) N( ROLY, X-digmethy Nomagad SUpRihR:syal  or two

DMSO
DPPA
DTT
dppf
EDCI
EDTA
EtOAc
EtOH
FA
FBS

h
HATU

HBTU

HEPES
HOBT
HRMS
LAH
LCMS
m/z

occurrences of @Bethh ﬁﬂidgoget her with a nitrogen
atom towhi ch they are bound, forman optionally
substituted 4-7- phaspisylézdeycl yl ring having 0-1
addi tional hetergalaifsitcie! ected from nitrogen, oxygen,

or sul fur; each occurrence of R9Ob is independently
hydrogen or an opeheaylprgsphisefpgedepreit ed group sel ect ed
fromG-C6 al i phatd-gGimedrylBrifBprasnad -&itdapsddliRiRthySrochloride
4-10- menber ed het erocyclyl having 1-5 heteroatons

i ndependent |y seqtté’éﬁné%‘a%ﬁr?ﬂcﬁ‘t‘%ﬁ%, oxygen, or

sul fur, 6-10-merdagi egad yl, or 5-10- menber ed

het eroaryl having 1-5 heteroatons independently

sel ected fromni en, oxygen, or sulfur; each
occurrence of RJoimsic adidependently an optional ly
substituted gro elected fromGC .C aliphatic,

3- 10- menber ed c;}gﬁag%vf“ﬁﬁﬁ?lfnc, 4- 10- menber ed

het er ocycl yl hawiong 1-5 heteroatons i ndependently

sel ected from ni&rogﬁn, ygeny Qf S | fur . .
N ctetrany 1-0-(7-azabenzogriazole-1-yl)uronium
ji‘ NPT SRR

6- 10- nenber ed arlyl af g P.-trrerrber e roary aving

1-5 het er oat ons TAUESERALEITS sel ected from nitrogen,

oxygen, or sul f urbenzotriazol-1-yl-N, N, N, N’-tetramethyluronium
hexafluorophosphate

N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid)
1-hydroxybenztriazole hydrate

high resolution mass spectrum

lithium aluminum hydride

liquid chromatography mass spectrum

mass to charge



each occurrence of R9d is independently hydrogen or an
optionally substituted from 3-10-nenbered
weywbosd7ephati ¢, 4-10- nenbered heterocycl yl hartTygSDHoB003607

het er oat ons i ndependently d9&l ected from nitrogen,
oxygen, or sulfur, 6-10-nmenbered aryl, or
5-10- nenbered heteroaryl having 1-5 heteroatons
i ndependently sel ected from nitrogen, oxygen, or
sul fur; each occurrence of R9e is independently
hydrogen or an optjqnally substituted Q- 6 aliphatic

Me group; each occdﬂe lé)ace of V2 is independently

MeOH - N(R9e) -, - O, -n&thanoS(O) -S(O02-, -C(O-, -C(OO0,
- N(R9 ) -S 2N(R9 ) -, -OC(ON(R9 )-,

min -N(R9e)C(O) '{é‘ gyse-, -N(R)C(QO, -N

MS R96C(O N(R96) ,md‘slé%}@&ZN(R%) -0C(O -, or

-C(ONR9e)-0O; and i S an |onaIIy substituted
MTT G- csal kyl ene cHEHY! &Hé?‘%ﬁeﬁa? aI kyl ene chain
MWI optionally is i nhiefosmapd @addiayonr N(R7")-, -O, -S-,

s XD on e 1 ek DR ot A0
PKA - mg S;a) )Sgb) 2|-\| (I\Ig?lﬂ)-ﬁ:é[ﬁ)ldbm proNR?kn@(sg% (I\)I)( E(T;Q){j o
- or - a or
wherein T3 or a por)rl{dmc})n &r eof optionally forns part
TEA of an optional | yrighyamineut ed 3-7 nenber ed

cycl oal i phatic I ofing. [0052] In yet
TEFA ot her enbodi m=.~n%ﬂ‘rb‘l%a‘%f'ﬁjccz}{{fl riednyl group substituted
THF with 1-3 independeahydiobeawr rences of hal ogen, -CN,

TMB ’Noé(og%g’ NC?9§' Rggsgzﬁ%laxyl%?f?gl\l S(Q2R9 , -C(OR9

WST - OC(O) N( R9b) 2, (N([ )o@() ROh2-(4 N@erl)egy}) 2@95 -tetrazolio-1,3- benzene
-N(ROMC( O) OR 9" dlsumem@ao@mm(tmb) 2, or-N(R 9e) SO
2N(R9b) 2; R3 i s hydrogen, Ci "alkyl, or G .4fl uoroal kyl ;
0106ANAa iR ad-c MOMBhod! Still other embodiments, R2 is a
L0 ?henﬁayt ?ouc|c> subgtltut ed with 1-3 i ndependent
[00107bch¢M§moluhthmfs hal o, C,.3 alkyl, CN, C*hal oal kyI

[00108] CE%(:S al k g ogl %(Ppgnoréﬁg?(a‘%%{ﬂlg{ gﬁg};ﬁ) Cg% _al K ltlmn on a Hewlett-

Packard[ IS 4 usTxegahefonobeigcgmdﬂe&m ct s cert ain exenpl ary
g%ﬁ%ﬁg‘g lAc1cP {F’R‘i gcetomm?; contammg (F?‘ perc\ént%)m fl(J)rrmc acid in water
42.% B\/éirdioe hBediogpbemyl ) - 2- nor phol i n- 4-yl -

?Me?iogj %%%i‘"%ﬁk?crﬁ%%qﬁl%l %éﬁ?%lgtﬁgcl_ogginﬁlﬁg 0 to 100 percent 10 mM ammonium
tacdiag @l watery2.y ml/ndn fdriadzoinu@-1yd)] mor phol i ne
yl ]t hi ophene-3-carbonitrile
4- (2, 4-di chl orophenyl)-2-[(2S)-2-
[00109]1 (Exabfpwm S3nthiesior¢fp h&m,yld)dﬂorﬂ'lplimmﬁ-moﬂrhoﬁhhyleMH -1,2,4-triazol-3-
riazo
thiogpendSearbptie Compnit L350 701 o oene. 3.
yl ) thi ophene-3-carbonitrile
carbonitril e4-(2, 4-dichl orophenyl)-2-(tetrahydro-2Hpyr
an-

t



4-yl)-5-(4H1,2,4-triazol -3- 4-iodo- 2-nof
holin-4-yl-5-(IHtetrazol - 5-

wQ kdowhsophene- 3- car bonitril e PCT/US2009/003607
yl ) thi ophene-3-carbonitril 428
4- (2, 4-di chl orophenyl)-2-[(2R)-2- (fluoronethyl) nof
holin-4-yl]-5-(4H1, 2, 4-
4-iodo- 2- nor pholin-4-yl-5-(4H1,2,4-triazolt
tiazol -3-yl)thi ophene-3-carbonitrile
3- yI)thlophene 3-carbonitrile %

4-di chl or ophenyl ) - 2- (2 ethy hol i n- o cl
NC (2 chl or o- 4- nEthoxyp ) - 2- ¢in- NC
j§ I)IQW§wFPW$@l4 trlazol 3 yl) thiggplene- 3-
| ~5db12 Apir i af O3Syl ) thiophene- 3, N"s cl

carbonltrlle carbonlﬂ%yﬂell 12 o

4- (2, 4-di chl orophenyl ) - 2-[ 2-

4- (2, 4-di chl orophenyl)-2-[(2R)-2,5- (fluoronethyl) nof

hol i n-4-yl]-5-(4H1, 2, 4- dlnethylnnf

hol i n-4-yl]-5-(4H '4 triazoltriazol - cl

3-yl )t hi ophene-@ «@/

ponitrile
/Nmsly*)thlophenGCB-

bonitrile 13 14 C

(2, 4- di chLqr opRknyd) - 5- ( Maget hy1- 1H NG EDCI, HOB
—4—-@9—4 di cgJ’Q opsfeny| ) - 2- (22=3rmi dazph2Ly B mof —on
hol i n-4-yl t¥ophene®3y di nethyl mof ~ o__J S ¢

hol i n-4-yl)-5-(4H1,2,4-triazol carbonitrile
3-yl)thiophene-3-carbonitrile 15 16

4- (2, 4-di chl or ophenyl )-2-( 1, 4- oxazepan-4-

4 (2-ch|oro-41ﬁEthoxyphenyI) 5- (1 Hyl) - cl

5-(4H1, i azol - 3-yl ) t hi ophene- 3-

i m daz - 2- nof hollp MXlthlophene ﬁ

car bonit e carbonltrlﬁ

4- [ FTh Q(trifl uorored y*)phenyl] N Ny

4-(9&n®th%xy fenyl ) - 2- nor phol 1 n-4-yl - Sa(ﬁlno? HN_/

hol i n-4-yl -5-(4H-1,2,4-triazol - 3-
(001101 | Step k- 3-miozphyilin3t- y/ll-é thioxephepagemsitrilar boni tril e
[00111}/ gyél?(gﬁ%ﬁlog ?ogﬁrgﬁo;f{r])% ﬁl{{-%?é?qpﬁr}enitrile (3.0 g, 19.5 mmol) in anhydrous THF
(45 mL)-\('eB addddi Ictvlesnools hwgylht)(45-g( 108 mmaaZbd rebetiph )mixture was allowed to stir at 1t

for 16 hflﬂwagﬁ%f{rgs% qn%)dhtorgo' il voﬁll 1 }x s 15 érgb‘_) Itate:d and was filtered. The solid was

ene-o-C ar
washed |wxm ddeth)rlleehpo lo 9vy B)mcbrphxpinefhxd mmpmommmmle (21270 %). LCMS: (AA)

1 op e |
ES+ 171 2. %vargl(c @ﬁop eﬁ?}é foxgl)r(foil_ggﬁrlnzd %131’)2459 s, 2H) and 3.83-3.81 (m, 6H).
001 IZI | H}tﬂyl awd: - 5- yIPthyii Optﬁﬁ&SRZQ&ﬁ&ﬂﬁobhtdyﬂ Qnﬁﬁﬁhohn-4-ylthlophene 2-
b 3§t||n 4- yIthlophene 3-carbonitril e23
Carboxyalt 4- [ 3- cyano- 4- (2, 4- di chl or ophenyl ) - 5- (4H-
[00113} ( 24 4oMiti6d bﬂBQﬂﬁﬂKbylh%ﬂ IR pameﬁlmué {®150 g, 0.88 mmol) in anhydrous
2. 4-triazo] -3-yl) thlenxl phol i n- 2-

ACN (1 2 mL) was cooled to O C. To this coole solutlon was added of 2,4-dichlorobenzoyl chloride
(0.149 mL, 1.06 mmol) and DIPEA (0.161 mL, 0.93 mmol). The mixture was allowed to stir at rt under
nitrogen for 15 min before ethyl iodoacetate (0.110 mL., 0.93 mmol) and DIPEA (0.161 mL, 0.93 mmol)
were added. The reaction mixture was subjected to MWI at 140 °C for 10 min. The mixture was allowed
to cool and was concentrated. The residue was purified by column chromatography to give ethyl 4-cyano-
3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophene-2-carboxylate (0.1 g, 28 %). LCMS: (AA) ES+ 411.
'H NMR (400 MHz, d;-chloroform) &: 7.49 (d, 1H), 7.33 (dd, 1H), 7.20 (d, 1H), 4.16-4.08 (m, 2H), 3.89-

3.85 (m, 4H), 3.66-3.63 (m, 4H) and 1.12 (t, 3H).



(IHtetrazol -5-yl)thi ophene-3-carbonitrile yl} ethyl
acetate 25 26 -(2, 4-dichlorophenyl)-2-nmgf
Whioons44yl - 5- 4- (2, 4-di chl orophenyl) - 2- [ ( 3R, SB)F/BS09/003607
(4H 1,2,4-triazol-3-yl)th4dphene-3- di net hyl nof
holin-4-yl]-5-(4H1,2,4-triazol carbonitrile
3-yl)thi ophene-3-carbonitrile 27 28
4- (2, 4-di chl orophenyl ) - 2-[ 2-
4- (2, 4-di chl orophenyl)-2-[(2S) - 2-
hydr oxymet hyl ) nor phol i n- 4-y| (
[001 14§ hyJeRkyfreYangt %%@prqphgnx}}-%-mphﬂn-4-ylthlophene-l-carboxyllc acid

[00115{2 4rd rsa%&lm?% o tJempaecﬁsncﬁs gﬂé o Etoh{ 'hér@n S;orpholin-4-ylthiophene-2-

4-triazo t'hi ophene onrtril
carboxykp.te( Q) 0p0dg, &I%mememyTb[E&eQH/mh@ L:R)}¥5 mL) was added sodium hydroxide

(0.061 gp SZméHoH' ‘fﬂ{ %Bcgi%ﬂ%m({])e @as[ egl'owed to stir at rt for 20 h and was concentrated. The

razol - nor phol 1 n-4-yl't hi ophene- 3-
residue vh4 Wﬁf;ﬁg‘{viﬂyll)l Afl ahd pvpﬁeMIaytpq wigh (Et%gﬂkhg i9rganic|selutions were combined,

washed '\'{th)gl{xg | fr2a ¥lar 1\2};&9 hﬁﬂﬁf 1&?{]&9 tr;a{eg & ﬁl%g' 4%§ano 3-(2,4-dichlorophenyl)-

ano- 4- v T
5- morphph(lz ﬂmmpquﬂecﬂ' wmw ycid (. Q@g 6;_2, %). LCMS (FA) ES+ 382.9. '"H NMR (400

e o I AP BT RIS g o 155 .

[001 16]ac eSteyd & 4- rcyaameﬂ 23 §ilchlohiphpind )3 8-nibrphslinofriyithio pleen8 2-Sdtboxamide

[00117h (écihl & 40?1 %grré)ﬁ nypgn%%;{)%o%m%y@{]@hﬁﬁ -2-carboxylic acid (0.050 g, 0.13

mmol), HIQHT ®:067E40.272, rAmb) afZBDEBEGY Ing, D26 p kv Wdere suspended in DCM (6.5 mL).
ca

After 3(51‘\1/1 n tﬁ? Beﬁgg&%t%gsg)bvgg 618%1?1? ths{lllggé gcg%{lo_n wasr H&r& concelng'ated aqueous ammonia

(0.26 mB; €. 2 méndll) £idltigy @pitieiwag alfowed 263tirdrigorously at rt overnight. The reaction mixture

was coré:f:ﬁgmteﬁogislﬁtglre Ior%s? hen%/ %lll(tCAiHV_V}ﬂg §N4HFI1 agc} Sf(trzgted with EtOAc. The organic
solutlonhy\dérSXt}b@fﬂibéH) m&l&hOMtﬂ it Wdﬂ(ﬁh(éﬂnﬂ- bline, dried over MgSO, filtered and

h 3- it
concent A0 23t PIopPr B DB P BEIFAS D Peiosey i B o aive ¢
cyano- 33}2Fltd’ﬂcﬂild»rﬁpHVEjithdﬁorp‘tmIﬁnlMlmidpﬁdieaI-&ﬁboxbﬂﬂﬁﬁd) 0Zhe, 49%). LCMS: (AA)

e 355 SRS O B DNBRYBL) b S 8 LB EH P, 3707

(m, 4H)/an@g 5oy smefeqm@nce to the schenes shovvn bel ow and t he

t heti c exanples that follow gplary synthetic
(00118} ou%eﬁ ‘ar e SyBthesis ofh 4i(H4-dighlorerhenyd 2-Herphplindnd-5r @Hr hg4-triazol-3-

yl)thloﬁgm%on{t;i@?] Schenme 1: General route for the
synthesis of 3-substituted 4-cyano-5-norpholin-4-

[00119];] 1] apHEre-of- trayancd-Et-RichlopophenyBotimerpekindytiophene-2-carboxamide
(L6 m\él lo.doB88] mes NG &.ﬁéﬁ%\k@ ﬁh%etﬂyl%ﬁﬁﬁﬁluné vaemiob 0075 mol) was

preparing conpounds of formula (il
flushed with argon and then irradiated m microwave at 160 °C for 60 mm The reaction mixture was

concentrated to give 4-cyano-3-(2,4-dichlorophenyl)-N-((dimethylamino)methylene)-5-
morpholinothiophene-2-carboxamide as intermediate (31mg, 86%). LCMS: (FA) ES+ 437.13. 'H NMR
(400 MHz, ds-DMSO) &: 8.34 (s, 1H), 7.69 (d, 1H), 7.47 (d, 1H), 7.33 (d, 1H), 3.79-3.74 (m, 4H), 3.59-
3.54 (m, 4H), 3.07 (s, 3H), 2.72 (s, 3H). To the above intermediate in AcOH (1.8 mL, 0.032 mol) was
added hydrazine hydrate (50 mg, 0.001 mol). The mixture was flushed with argon and then irradiated in
microwave at 120 °C for 20 min. The mixture was concentrated to remove most of the solvent. Water was
added to the residue and the precipitate was collected, washed with water, dried to afford 4-(2,4-
dichlorophenyl)-2-morpholino-5-(4H-1,2 4-triazol-3-yl)thiophene-3-carbonitrile (12.8mg, 55%). LCMS:



(FA) ESyr $6 b> E5H.804-

in Schenme 1, conversion of amde i to thioamde ii can
be acconplished using a suitable reagent, such as

woawessomli s reagent, in THF (Method A). Thi oaP@TES1009/003607

can be coupled with acyl cH#éorides in the presence of
an appropri ate base, such as DI PEA, in ACN (Method B)
to afford conpounds of formula iii, that can be
subsequently coupled with a suitable a-hal oacetate
ester, such as iodoethylacetate or bronnethylacetate
in a one-pot frqcess using mcrowave irradiation t

lut BAYIR @GP drPMSBth ot 02N 1R %f‘%(ﬁ yH), 7.74 @,

1H), 7.4088, 118, WOl 7 882 4SieNeh, BH3 Yiseadd 1@nbage. Such as NaCH

in aqueous conditlions using cosol vents, such as THF

[00120} n dCovpimrindsoin dlfief ot ew ing tadtex yeie prepeied grom t@wemm@mla@) starting materials in a
nwﬂmdAﬂ%ﬁ ﬁs%kmﬁQPEﬂxﬁﬂ?Ia'ned by coupling of conpounds v
Wi

anmoni a using a suitable coupling reagent. such

4 as EDCI angcbﬁiiﬁAyEQDQMDQNEthod E) Tr eat ment of
L,UITp'UUIIUb A" lII L}IVI_LJIVH UIIUCI I CT UOWAVTE I L OIUI all UTI
8 gi ves inte?ﬂ%@rg¥gfgﬁéWVﬁgs that _are transforned to
10 triazoles NCMsugqp[)ggshm)Qam ne in acetic acid under
"M orruowavce 11 aw all Ull. OGrgJ SthIIC L II-\\II tel ||ati \"A ~
12 gsynthesis LEMS: G ESH43ed
18 4- cyano- 5k mhmmwmbth ophene 2- tri azul esMet hod |
?v"'c‘t hUd E Pl QbIICIIC L auuvc DHUVVD a QCIICI d.l
26 route for b?@%a?AH§Sé§ﬁﬁounds of formula (iv). As

shown in Schenme 2, viii is treated with ethyl
t hi oacetate in the presence of a suitable base, such

[00121hs Blampien: MECH-dictilerophtepp2-€2i(fluohqeéthy hiherpholind){5o(H-1,2,4- triazol-

cted to Sandneyer reaction

3wDﬂﬁ&gﬁﬁgggﬁg%@ﬁ%ﬂgﬁg“hégﬂgEﬁ' such as nethyl ene i odi de

and anyl nitrite in ACN (thhod H). The product x is
then oxidized to sulfone xi using an appropriate

oxi dant, such as mCPBA in DCM (Method 1I).

Di spl acement of a sulfone is achieved using norpholine
in THF at el evated tenperature (Method J) to give xili
Suzuki coupling of the latter conpound with boronic
acids is achieved using an appropriate catal yst, such
as Pd(PPh3)4, in the presence of a suitable base, such
as sodi um carbonate in DME-water m xture under

m crowave conditions to afford conpounds of fornmula iv
(Method K). Transformation of esters iv to triazoles
vii is carried out as described in Schene 1.[0061]
Schene 3: Alternative route for the synthesis of
substituted 4-cyano-3-aryl -

(rmor phol i ne-4-yl)thi ophene- 2- car boxam des Met hod E

Met hod N xvi xvii Method F VIl [0062] Schene 3 above
shows a general route for preparing conpounds of
formula (xvii). As shown in Schene 3, ester x is
hydrol yzed using a suitable base, such as sodi um

hydr oxi de i n aqueous conditions,




to give carboxylic acid xiii (Method D). Formation of

am de xiv is done using an appropriate coupling
WO ewgas741 such as EDCI and HOBT in DCM f ol | oweBChyS2009/003607

treatment with aqueous ammdhi a (Met hod E). Thi oet her

xiv can be oxidized to sulfone xv using a suitable

oxi dant, such as nCPBA in DCM (Method L). The latter

compound i s subjected to Suzuki coupling conditions

with an appropriate conbination of aryl boronic acid,

Pd source, such_as Pd(dba)2, l|ligand, such as dpePhos,

ar&ﬁ a basems’s‘qpﬂ\és pot a¥&i upHphosphat e in DVE/ DVA NC_ /'

Igg vent mixture under ndcrpwaveoirradi &t''on_to aff{)uzl_ﬁ\fo
Ngadvanced +rterredmat e ofST s xvi T . S7s
Treatnent of sul fones xvi withoneat subsYi"t'lfed O‘\
nor phol i nes under el evat edtenperature affords am des
of forrmula xvii (Method N). Transformation of am des
Xvii to triazoles vii is carried oy as described in
Schenme 1. [0063] Schene 4 : Ceneral Jroute for the
synthesi s of 3-sub¥%tyted 4-cyano=$- norpholin-4- N\ o
yl t hj,@phene- 2- i miqazblles okt hod "B uXviii X X u--g
[ 0064]—Schpwe 4 apyes’shbhws a general gpoute o
prepari ng conpounds of f la (xx). As shown {n \\
Schenme 4, acid v is treated with Boc protectedF
et hyl enedi am ne usi ng standard coupling conditions,
such as EDCI and HOBt in DCM Protective group is
renoved using an appropriate acid, for exanple TFAin _ ¢

NC

DCM 'ooq'i ve am de XVl thod O. Cyclization ofc
cl y ¢S achi eved yg ng Itable conditions, for Nc
e | ®4POCI 3 (Meth ) and thefq med ™\ o

di hydr g%[n i dazol g Xipel di zed_to | %azol e Ixx NISig
a suitable oxid&i er?etfm.g, such as rn oxPyafion OH
(Method Q. [006 Scherme 3: Alternative synthésis of
3-substituted 4-cyano-5- nor phol i n-4-yl t hi ophenef2-

I mdazol esR6 H2ZN r < NH Mveett hhoodd Ss XXI X X XX

[ 0066] Schene 5 above shows an alternative route for
preparing conpounds of fgrmula (xx). A's shown in cl
Schene 5, acid v is gnsfornmed to an al dehyde usin

a suitable synthetF uence, #bwmFeManpl e t hr ougf
€oaipidmg Wi th N, AN yl hydr gkl ne and sub i
TeOmeTPon of the. fdF Negonei nreb—am-ddmwi th DI BAL L 3 N
(MBtHod R). Abjg)\/dé xX|, i s then treated vvitbfam’sneHN_'/

(4

and i odi ne (Meffhod S) to2form di hydroi mi dazol & xi x,
which is oxidi2ged to i mdazole xx using a suiteable
oxi dating nethod, such a s Swern oxidation (Method Q.

[00122] Step 1: Ethyl 3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-carboxylate

[00123] A mixture of [bis(methylsulfanyl)methylene]malononitrile (40 g, 230 mmol),
ethylthioglycolate (29 g , 230 mmol) and TEA (24 mL, 173 mmol) in MeOH (600 mL) was allowed to
stir at reflux for 2 h. The reaction mixture was allowed to cool overnight and the precipitate was filtered
off, washed with cold MeOH (3x50 mL) to give ethyl 3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-
carboxylate (52.4 g, 99 %). LCMS: (FA) ES+ 275.

[00124] Step 2: Ethyl 4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxylate

[00125]  Ethyl 3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-carboxylate (10 g, 41.3 mmol) was
dissolved in acetonitrile (50 mL) under atmosphere of argon. Diiodomethane (11.6 mL, 0.144 mol) was

added and the mixture was heated at 40°C. Isoamy! nitrite (12.1g, 0.103 mol) was added and the reaction



[0067] Schene 6: General route for the synthesis of
3-substituted 4-cyano-5-norpholin-4-
wQ kaobitdgiene- 2- i m dazol es XXI'V XXV[ 0068] SchenkCBUSIH0%E03607
shows an alternative route4bor preparing conpounds of
formula (xcv). As shown in Schene 6, acid v is
transfornmed to a ketone using a suitable synthetic
sequence, for exanple through a coupling with
, 0-di met hyl hydr oxyl am ne and subsequent treatnent of
s ST ook R i) bt oo 1, died

with hekdhe@S@ L) 88 ki preEiRTatd Ty PINRSEEOSE, W aRda it 10: Meialﬁ@dcé:bmmle mixture
to. formdi brompketone xxiii, which is reduced t

(10 mLy 3 hpamngrihes dOymbk pdghexans (104l The PrSIIate s "Gigd to afford ethyl 4-
cyano- ﬂio&é B}(hle@lk’@ﬁllﬂﬂ@l)ﬁlo@ﬂ&eal &%’cﬁyla&qs oo 3345WLCV$ s B8+ 354. '"H NMR

ment of th fo de un m cr owave

(400 MHF rdaﬂhlﬁqu%rﬁ‘)éf‘? %Sr @52&1}43 79 |(§1| éH) ilfi0da28)-e xxv (Method
[00126W %‘kgubsa“h 05 -37md(95§ftﬁ{eﬂlr¥osﬁnffﬁﬁ3ﬁ)tﬁﬂghén*éez -S¥D5 e S

4-cyano-5
[001279'I t Rihgb Heyeno?3- pylpéz(meshylspU@Wo}hlmmcai‘bcadymee (Bh @204 mmol) was

dissolve‘(%i ef)?b{ g@H a%r ﬁ&@gﬁ@'&@ﬂ%&ﬁ’{gﬁgﬁ% XTI 0y lrﬁlm?lg Jvas added. The

reactionyinixturOwaDixed m rab‘femighta&oolim evlfredbdt e, é@]&mmré) Wad dddedb dtirred for 10
mmutes%}l& TR )J %ﬂlt:‘M’l ?sqru%& onQ%‘éé @g %1! 2nm1%ol§ ufhe%g%_ﬂ%nsmnx%vlas stirred at rt

e ace d’to give
for 1 hOGII\/btdlfdtdtre)d)thropﬂon‘le]e Bcihledrwns DCl\Gemisttha Isolvemu was ¢vaporataé to afford ethyl 3-

iodo4-§>é[x‘§1 ‘%Eﬁ&% Bl&o%g@{ﬂ?o}%%rfeg&%ﬁ fé}’ea(B%P gogggfﬁgew;g@ ES+ 386. 'HNMR

(400 MHb,o&/ehbhﬂm)é 4éne@r 2H), BGA (s 3HYprl 43r(e|6Hr)| ng conpounds of

100128} 7 S¥a 3 G- sing 3 it bRty 3o e bind 2 sagbonyte

[00129¥Si Rgnﬁbl(tﬁﬂél baleihgl Uewhiso-8eddd.s- (fns&hy@smawn@n@pﬂeh@%arboxylate (718 mg,
etrachl ori

n ropr S vent ,
000186 B A OHTPESEY ToRS B P RET S 1 okt U vy goy FEA (10 mL.
0.0072 el eEH® (7.68M€ 038 rer)llJ)tﬁasffﬁfshédhﬁtlﬁatgéﬂkﬁﬂltﬁen(ﬂeated at 90 °C overnight. The
3-substituted 4-cyano-5-di hydropyr
reaction, e 6 SRNCED T2 RuEiTsg b coloy ke ouenntiy e gpye eyl 4-cyano-5-(2-
(ﬂuoroﬁ\ahmﬁbrﬁudmzs) 3m&thidph&&tﬁ§zﬁbﬁgammg§>@6\h%pMS (FA) ES+ 425, 'H

NMR (M ar s Brotom it &7 (e d B (o in e & ALBCh D 09(m. 1D, 402:3.77

(m, 4H)Sybﬁg@@ (6, 115 3&9@6&% W3, h. 3dl(n§H510xybenzyl am ne usi ng
itable conditions, for exanple TEA in THF a

(00130 e5isp ethyindcayaner? 2.4 JichlneophenybtS- @gﬂgpromghxlmqrepolmo)mmphene-
2-carbdx§iEROUNd Wi th boronic acids

[00131] A mixture of ethyl 4-cyano-5-(2-(fluoromethyl)morpholino)-3-iodothiophene-2-carboxylate
(288 mg, 0.000679 mol), 24-dichlorophenylboronic acid (262 mg, 0.00137 mol),
tetrakis(triphenylphosphine)palladium(0) (51 mg, 0.000044 mol) and sodium carbonate (220 mg, 0.0021
mol) in water (3 mL, 0.1 mol) and 1,2-dimethoxyethane (10 mL, 0.1 mol) was flushed with argon and
then irradiated in microwave at 140 °C for 12 min. The reaction mixture was filtered and concentrated in
vacuum to afford ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morpholino)thiophene-2-
carboxylate (300mg, 99%). LCMS: (FA) ES+ 443.15.

[00132] Step 6: 4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morpholino)thiophene-2-

carboxylic acid



i s achi eved using an appropriate catal yst, such as
Pd(PPh3)4, in the presence of a suitable base, such as
W@ owoasa7ear bonate in DVE-water m xture under nPCT/USRVE003607
conditions to afford conpodhds of formula xxix (Method
K). Deprotection of dinethoxybenzyl group is achieved
Wth a suitable acid, such as TFA in DCM (Met hod AA).
Am nes xxx are then subjected to Sandneyer reaction
usi ng appropriate reagents, such as nethyl ene iodi de
nd anyl nitrite in ACN (Method H). Esters xxxi be
[00133]1yd/?‘ol yzedMpieg a suicfabl e bERRA, such4’&¥a‘Na?d44ﬁ‘cmompheﬂyl)5 -(2-

fl HoRRS i dpRBSe - 2184 Bk y S @0 6HY, 9.00854 thoBS sddiln ide (0.12
(fluoro @ af ?%rd p?ar boxyl i ¢ acfyds t hod {;:fol I ove ro))/“ cOLze

0.0030 @Wpl"l ﬁ@)l—h({(ho Aol gg),l)ngldawgtgq £33 . & |npql‘)g was stirréd at rt until

compneﬁ&a@entM§ Uﬁl@ ARk Was 2Bk Lid m@%gl&,egwseaamé@%y INHCL. The
xxxi'T (Method E). Treatnment of am des xxxii

precipitgtg Rpsolierdrer ang dricdwiavar prd- xaram; te rftgrd, é§yimﬁ>t%92rf’eéllldé\‘?@Phenyl) -5-(2-
(ﬂuoro;ﬁéimnﬁﬁﬁmhh&)tméyh@neti %ﬁ&@héfﬁ‘&'d 125tk 90| EEMSXUA)ES+ 415, ES- 413,

ng hydrazine in aceti ¢ acid undér m'crowave
[00134] r r%ten atl: ond-cyamolo@.4=ichlornpheuxi - (X Ehioromethpliperphelino)thiophene-2-

carbox@&upl ed with vinylstannanes under suitable conditions,
or exanple Pd(PPh3)4, Cul, Lid in dioxane under
[00135k| e&amia«ﬂurc ecpfpéfcmnspr%(lébdighlve»pbﬁnblg)dr(@ri;lmanmemxblmvrpholinO)thiOPhene-2-

ca_rboxyz Qg}g I et " g‘%"%ﬂg‘ﬁ axtr?gld?( %/mtﬁglg%x]ia:water, 0.1416
mL), EIBE:H@#@ i) 0.0 rrraﬂ) and UtHOBE(66hmg 3/00ARKIng]) in DCM (7 mL, 0.1 mol) was

, - | _5-.(4 L e - | : .
e U RSB s BB PO e i e e o
layer waXideKand pyrifod 6y cSuome whlod@nagdpoapby shaffesd 4-cyanesi-&.4-diohlprophenyl)-5-(2-

ing. 041 ) i -412: "
ook BRI EATREN D AL W2 B oS ATl 512
NMR (400 M4, cdrwnbldroifcnn»)ﬁxv/w (doyHY, r7e@t (dab )i $h(dmpr 16c60i (el H), 4.50 (dd, 2H),

412468'3"? ?ﬁg S el S5 ULEC A 10y SUZ UK

omave condi t’i"ons "us ng %tandard

[001361 e&gemt s f4qz 4&liditm}o@h8M)PPtBOtﬁlﬁi'(ﬁnetBy])ihoﬂph6md3GQ(aml,2,4-triazol-3-
than | -water m xture (Method K) to afford

yl)th‘op@B%[')%{E g“ﬁf % ormul a xxxviii. Hydrolysis of the
[00137Di tAisbRtigd OfIP- cy&lo@m Lﬁﬂﬁﬁilotb‘phéhgl)é [st(ﬂo@gnﬁmyUmo@uellih@nthlophene-

oS Pt o EAI0 b X et B AL, o015 oo
was irrafiaa @tlmiceovdw @{j MO fbF faxltulnemeémvem h\xag/l'_dMedl fxlethe residue was dissolved
. o ve irr 1 on (0] 0 ne.in a

in acol ' uin 0 il i Eime rronpAe 3 W OGP D Ths 36 id the mixture
was irraBRaie i mickowdsene 12 °C dt1emin0Thé RectBY Mikkfd Wasoncentrated and the residue

was trsugsfqéhét ed f ul;%nel?ctAngsEi? ' O|de3({rglg7gi aégﬁjp LL cyilé#ﬂorophenyl) 2-(2-

(ﬂuormﬁdﬂmwﬂoapl(oh).o) SAtm B2X- maﬁl-eryl)fﬁloth(eR)-cﬁmmth& p(aslsafgedm%) LCMS:
compounds x1iii. The %ynt hesis of co

ou
(FA) E%‘}%ﬁa? 256 i5i B NMR0p Mide, idg DMRON §: 8L 4. 757 @, 1H> 7.39 (dd, 1H),
732 d, (HSr nandezr), M47G, 19954.0819.01 Am; 1H), 4.00-3.81 (m, SH), 3.32-3.20 (m, 1H), 3.18-

3.09 (m, 1H).
[00138] Compounds in the following table were prepared from the appropriate starting materials in a

method analogous to that of Example 2:

3 LCMS: (FA) ES+ 434.

7 LCMS: (FA) ES+ 438.

9 LCMS: (FA) ES+434.




Dom nguez, E.; Escribano, A ; Jiang, D.; Jinmenez, A ;

Hong, E.; Honback, WJ.; N senbaum E. S.; Rankl, N
waewoilszak, E.; Vaught, G ; Zarrinmayeh, H.; ZPOTBs20091003607

D.M Bioorg. Med. Chem Le#8., 2006, 66, 5057-5061),

and is outlined in Schene 11. Deprotonation of

propionitriles xli followed by condensation with

carbon disul fide and subsequesnt quenching with methyl

i odi de gi ves conmpounds of formula xlii. These

caonmpounds can he further converted to furan ethyl

14 car boxyl at eEMA: (FA) B84+ 43#cl ocondensation with

15 promoet it /LFEJES‘??*)E%P‘L&' ariy, treatment of XiiTi WtTh

-al kyl gl ords alkylated pyrrole et hyl

17  car boxyl at e6Md: (FA) E38unds of fornmula xliii and xliv

3 can pe—fu irg _?Ii:‘%g%%aiéd as_descriped T Schemes1=9
above. [0Q M ormil ation and Administration

33 [0080] As| dCssissedESIsse, the present invention

provides npounds tival are useful—as Tt brtors—of
35 Pl 3K enzyhl égﬁééﬁ“%¢ﬁﬁﬁ%4he present conpounds are

“\

useful for treating proliferative, inflanmmtory, or
cardiovascular di sorders such as tunor and/ or

[00139? ﬁnﬁ)?ar rTQp 233 lélkhaer 'rgoo\gtség ?ﬁf" glcﬁlto?(ﬂ) Q%(*[l?k ?%éhﬁ'dro ‘i)lrlnorpholm-4-yl] 5-

(4H-1,2,4atrinzeldbyRthiophieme B-gaitbogitriky(Compbuhd I2T7)ed t o, I ung and
Qronchus prostate, bregst, pancreas, colon and recum
tRyrojd, liver and intraNepajic bile duct, W
he ocel | ul ar ,NagHstri c, ona/glloblastona

el , el anom, ki Ond FEAEPEIMN i s Nl W,

bl adder, utering corpgs, uterine cervix, S

Q
urlﬁar
ovary, nmultiple nyel oma, esophagus, acute nyel ogenous
| eukem a, chronic nyel ogenous | eukem a, |ynphocytic
| eukem a, nyeloid | eukem a, braB oral cavity, and

pharynx, small ingestine, non-Hadg in | ynphorma, and
villous col on adeMyna.; [ 0081]Ha™n embodi nefkS'
compounds of the i tion are su ke for the
treat-mgﬂof bre 2, bl adder ncer, cu,g
cancer, @ |ona,‘gkﬁobl toma, |ung cancer, gy
hepat ocel | ul ar cancer, gastric cancer, nelanona
thyroid cancer, endonetrial cancer, renal cancer,
cervical cancer, pancreatic cancer, esophageal cancer,
prostate cancer, brain _cghcer, or ovarian cancer.
[Oﬁ'2] I n ot her i ts, conpounds of the N cl

r[] are sui Nabl e=f0r the treat nent of
i nfo"a o

.:nlo%@§culaﬂnﬁpwbrders i nc ud
Ng? -rélesP cul Ny

chronic |ana et | eunat0|d arthrltls HN-—Y/
aut oi mmuni ty dksorders, thronbosis, hyperte i on,
cardi ac hypertr8phy, and heart failure. [ 008 F7H

[00140f\C C@t@e irngl y4-c31aHo-@ﬂ@&&lgf(m@ﬁﬂﬁﬁtfalﬂfl)tilnEheﬂﬁ%ﬁaoxyhc acid
I nvention, pharmaceutical cConpositions are provided,

[00141}h eF ek solptirnsef et oyiano-bivgoSomsthiybelfany)thidpheree2- carboxylate (3.40 g, 10
mmol) ﬁmqgiﬁa%y&‘r@ﬁ:rﬂﬁcsé‘?ﬁﬁrc)rdnﬁ%%é?%f {nﬂ) wal! Qdd%ﬁ’ta'sglgﬁ&l ¥t Péﬁm sbdiffm hydroxide
maceuti cal 'y acceptable carrier J uvant or
in waterv@ﬂ imdDeThe splutontveas allewdsodismeevemight. hEhferewnp o325 gueppled with a solution
f IN h e | '
o ?ﬂggéglrp@hjltn % H;%ﬁet%te(émflgggﬁl]cﬁﬁteg% lﬂ%at{ma(ﬁ)be gp%{reg%?lganet 8rec1p1tate was
filtered t Waghed amithavaterof2 x HEO gulwpandndriedoin P vassiemt ovenve reieon 4exyano-3-iodo-5-
(methyl?\ﬁfa§§l)thi% 1%@9 Ja%rOQ%ILO’gCIJ Efé‘ m%‘%? a0h WRETSE Blig. LOMS: (FA) ES+ 326. 'H
appropri as a pharnaceutically accept e

NMR (@@Mﬂatdk-@éﬁ(h)e& défl-13Acborld) 7% @, 3He present

i nvention, a pharmaceutically acceptable derivative

i ncludes, but is not limted to, pharmaceutically

acceptabl e prodrugs, salts, esters, salts of such

esters, or any other adduct or derivative




whi ch upon adm nistration to a patient in need is
capabl e of providing, directly or indirectly, a
w@vposTdl as ot herwi se descri bed herein, or a PCT/US2009/003607

nmetabolite or residue therddf. [0085] As used herein,

the term "pharmaceutically acceptable salt” refers to

those salts which are, within the scope of sound

nmedi cal judgenent, suitable for use in contact with

the ti ssues of humans and | ower animals wthout undue
icity, irritatiaon, alligglc response and the |ike,

[00142hn08t51?% #-sranersiodese(methylsulfapy)biophenec2-earhexamide | sk
[00143] at 1@ a spehhid BRE %y&aocﬂow 586k ?fsﬁ'llpal gx)&?dghenerﬂe@a@ﬁoxgw acid (2.85 g,

non-toxic salt or salt of an esfer o onpoun
793 mmely jimyawthiylsne t h’dprldQJp(ﬁQ adhl, nivere atddedh ™No(3adimethylaminopropyl)-N’-

ethylcarﬁ&ginﬂh@H%drodhﬁ:rﬁ@@?% % : Pr[rﬁc}ﬁ Q{d”ﬂhyd%%ﬁé{zo&’ia&ﬁgd ¥7 2716.8 mmol).
indirectly, a conpound o t I nvent |

The rea¢tiphingiktursy Wasystigred atveomsenapssitire gordwo hewrs dedbarnmeriemfhydragide (15.4 mL)
was addé§ &fa Q%rlﬁglﬂlislﬁtrﬁﬁtuggcvgg sﬁrfb'a' :}?'r&gﬁ 'tén*)e ?Lfré Y& t%tlﬁgﬁl '\k’gter (100 mL),

residu ereof neans that a neta Ite or residu
methanql r{é@ adf). msthylese chlpride A00i mb) was addeék, TheO8&inic layer was removed. The
aqueousFiESaeF VRS @*ﬂa’c&@lflvé( tlﬁ]‘é&@RB ng&l@tl&%ftﬁ%%&h%iﬁﬁ l AS&R ¢ dloride (100 mL).
t art. For exa Berge et CTESCF e
The conpmlmdmqugmtq \yeraéggb@@b p@yé@p; glagqqmg@tsaifate ifitered and concentrated to
the title E’&lﬁﬁ&ﬁ‘ﬁ& %yﬁdrﬁfé i onqh 7S byl 9 EH4s: %A% lfls A5 1 ncorporat ed
rein erence. “PharmaceuticalTy acceptable salts

[00144bf $tb[e3 cbnxmmrﬁal@d@ﬂﬁ (niethylsuifeeylithivphéneed-catboxantide

[00145ﬁer'1'<¥ u%g mo w—cta/?lpor-) _é()rdrrgr%gnetﬂfygsgﬁ 3!])%1&%) grlt'lec%?grlboxanucpe (1.46 g, 4.50
mmol) inondtbyere c&tlnrdleé(dﬁ L) owtrstgidtcfuran €20sal ), SV, Nfdlmﬂhﬂfnrmarmde (20 mL), m-

for I.nor.gani c i.ds.such as h hlon
chloroptg'Ben&Qlc am&?(?%? %5 Jn 019 wa?] 8%(% 61}1(? (t:hear{:uixt ’re wa gur d 2 5%oln(1j temperature
overnigltn thp mediylene cldoddzi \eiaSGEmwddhn moga,n e amadmgs‘dndiueasas dlluted with ethyl
al i
acetate @6@ § shegélcl:rce:e ﬁrlngs \é\{gh amaIPF fgl?] (?dé’[ g% ! l(l]moP'deI%e in Wagter (50 mL).
The orgamh Qhasmah cohsoved et lha atllll’e@uapltass wehexascted ﬁvenmhawgha sethyl acetate (100
mL). T% comlflg c;rrlgrztiancl:ceelsj)%trlagt‘gl e Ceor %etp Ev%ck:)e \%1&?? ?l‘fitlon o% t &ﬁ\/[ sodium hydroxide in
water (Slﬂenlz)ené“bu bfgamatem,ractse\mre abre:pnttnte;luh fvatue, Themesidue was suspended in water
ut yr.at hor at ca rsul f-on

(100 m].b rgcilg_llﬁageg%é%l?(g ng{lee ?rea mﬁe was ffﬁeereé d&éﬁﬁedt g% waate{ é40 mL), hexanes
(100 mlét :hdnbsdl if ovegtiem of or et e, thef unlfacroatpeundgdsuodhepsbmelt(@ g, 62%). LCMS:

B e T e

[00146] acstqm OnaMecyahél-BI(a,tl&thI@dbﬂél@l) 3. @nbtyisulfonlBéhfophene-2-carboxamide
ate, mul eate, met hanesul f onat e
[00147 B

n‘b@fﬂ‘ﬂér‘%‘ﬁb%&P?‘Bﬂétt‘@“y\%ﬁhl?ah‘?“ﬁs’rfcé‘r oxarpidgt o(0-30Peate, 140 mmol),

bls(dlbeﬁmha{eeeet&@}pmumrﬁ (mﬁm@t eo omctmnﬂa; ebisedipheh{Bh@phinophenyl)ether
yl pr opi onat e, . phosph crate, pival ate,

0.057 gy 5759%@?1@) 8 gPtafsiim gah\emhhtst@”éug {28 mpah yegt suspended in 12

dimethok PitiRmY a0 AL) Bad 0, N@H@&F}iaﬁ&ﬂﬂiﬂ@ (5 MDYl eTRNQFeRsion s abﬁﬂ@h&i with argon
salts, and the |ike ts derived fron1%%?ropr

and the B:&glggl I'PlﬁE]'quHéS 1§]aqj<15t|e11 uh@tcacpwavgpkhjo ﬁ?é:&%\w? F%tt%ﬂ:e hours The reaction

mixture SWAE BbricBRtARd M+{fuo 4alKydllrin Sca}ohmog}ra!ishﬁ WaRVEIMOAEH & SRId the title
envi si ons the quaternization of

compoupd {G-QfYch 1¢ En eubagerfgamgr OHWBMQQMP%WW@& $éldH8dm. 1H), 7.52-

7500nh§ﬁ?%@6 Maigr or oil-soluble or dispersable products
be obtalned by such quaternization. Representative

[00148h| k%mr 5:0f-cyniea)-(2sfedichlordphepylyf- (2 hydsoxymethydamnaorphiolim$- yllthiophene-
. UM potassium calcium magnesium and the I|ike.
zcaﬂmkﬁ%?Ler phar maceuti cal | yacceptabl e salts include, when

appropriate, nontoxic amoni um quaternary anmoni um

and am ne cations fornmed using counterions such as

hal i de, hydroxi de, carboxyl ate, sulfate, phosphate,

nitrate, |oweral kyl sulfonate and aryl sulfonate.

[0087] As described above, the pharnaceutically

accept abl e conpositions of the present invention



additionally conprise a pharmaceutically acceptable
carrier, adjuvant, or vehicle, which, as used herein,

wo pbasesl any and all sol vents, diluents, or OPCEDS2009/003607
l'iquid vehicle, dispersions®r suspension aids, surface
active agents, isotonic agents, thickening or
emul si fying agents, preservatives, solid binders,
| ubricants and the like, as suited to the particul ar
dosage form desired. Renington S Pharnaceutica

ences, Sixteenth Edition,

(M
l00149i>u b4 annpﬁgilédhchklza@teew) 5tﬁa'ethylwgmy1>@r@etre§e%ar%ﬁm@a5(0 026 g, 0.069
“mmol) #&didsEIV& 28 dtdkyfethJRbionBe @BRDXBE S tinfod dnY the solution was heated at
.. acceptabl e conpoSitions and known techni ques for the
60 °C omr@glgr dhe quldpe]yp%gmcqu;@@ém V4CHQ afdgolumn qﬁg,matography was performed and
yleldedCanéﬁﬁH 3 @@hlcﬁﬁwﬂh@r{ylmfh Hﬁhﬂoﬁym&ﬁﬁ%lloﬁhg WthiBpHel&2-carboxamide

rrpounds of the invention, such ro uci ng any

(0.020 mrﬁé@é iap abyrhite [splid. o CVEY: (BAY BSt 4b%. HtWRvM@QeMH?t dy- a@than@) 8: 7.76 (s,
a =INES I 0
1. 749% I}ﬁ)a?gg edﬁic%p%ag@gérg\gmﬁggl%g onggrg& ion, gﬁsﬁg 3.153.08 (m,
2H). |s conterrpl ated to be W|th|n t he scope of thls
hnv ion I
too1so) VSR b0 SyRIMEsiF BE 2R E2uMosPRIGLD 313, B ERG8Ry5betSo in-s-vur-s
(4H-1,2:4-rianalt3- ylbthnophehd-bpanbomtabechanger s, alum na, al um num

ra S ' . .
A nBLFr S, LSRRy S BLOLEL Dy BB B g 2
carboxaglidec(l hemgs@P T murmd)i id, 1, lodimetioas di Nndingatinydaetbanapanet (3t mL, 0.025 mol)
was fluﬁ\l % Gith! 811 ?ﬁ(f(tthgrq ad%E dsf?%?&é\‘i«%% aY Y65 I@H)lr %?frrﬁttnt'[}ﬁqualcg&t mixture was
or e suc as protam ne
concentgaedf atoe, gide scﬂd¢ymanm—ﬁ;(alﬂegéltprpﬂtemphdt[elE)Mitraémlaumwmethylene] -5-[2-(hy
a 0
droxymgﬁé?l? gtl% HQ—?S{HH’I (gp%rer%es %géﬂﬁ&mﬂp e éll?a?i ?ncga?b‘%f E?MSS HFA) ES+ 467. To the
above ipwne@ilaiedmﬁeQHF(éByd@rO’O7§tr@(g) wamdégl hydrazine hydrate (100 mg, 0.003 mol). The
rmxtureRIQats)fﬁngX l\ﬁtﬂeﬂxsgo?ll ahd )ﬁyelg &ﬁt&f‘ﬁ xﬁl I%%Véa 8' Heé%c)r %ﬂgjn The mixture was
sugars ose ucose an sucr os
concentgitedrto hmeovs ulehsohent diha r@tdalr: otas anmiﬁqdotsatgd5§0mhodmatography on silica gel,
cel ] ul it riyat | h .as u .
clution czlr it)O)??/j?rg’ l a??tglgose Q{‘ﬁﬁf&%‘& I gl oifgoqéan dn;i “ZfichigrophenyD-2-[2-
(hydroxamettlalbreombdmd%vléd (tlHalg%1¢ amztal 3- vﬂﬁthmphgeﬁatarhmmttilal(ﬁq mg, 70%). LCMS:
[ ocoa butt er u y ;
e ESYFAPLERTR R SERRRRL H ol FBSTH AL YRR 0. 734 .
1H), 4.12+1.72 (36 SHWB.6811.61 @b, i2¥e, 330-3.2¢ on,nH)] 3.122R.602 Qn,yllﬂéan oi | ;

lygol s; ro | ycol t hyl ene
001515 Y Egneound el eSS e iRess o G St macrils i a
methodagzﬂégoubmftlﬁzﬁbf BganggeRht s such as magnesi um hydr OXI de and

al ||n1' nrm hudr avi Ao Al ~i n| e aect A n\ ronnn fr o wat-ey—

IIIIIIIII A3 Ui U, LI YA ] vat oi

20 jsotonic séCMSeiFPFllFtﬁqe‘B'ﬁs sol uti on et hyI al cohol , and

24 phosphat e P?. e{FAEqiyrt@gns as vveII as ot her non-toxic

commati bl thrt cant c;u.r\ ac cnditim | anrvyl ol f ot o
\IUI'PM‘-' T A E=AAY 2] “aATTt Ll AT yl C=AYN) T AL O

28 and nagnesLGMSs(Fe‘*a)rl%&*e‘B()as wel | as col oring agents,

31 releasing|pg 131@ %artﬁgg agents, sweeteni ng,

fl avoring ||m nm agent S preser vati-ves—and
eV -O age P+

36 antioxi danL@M(SafFAa)lEﬁa“ﬁ@ pr esent in the conposi tion,

according to the judgnent of the formulator. [0088] Tn
yet another aspect, a nethod for treating a
proliferative, inflammatory, or cardiovascul ar
[0015201i SELAfle 45 Synthesidest AQIRALi16YSpREHTY)S-BtHR ThiAS2032-yl)-2-morpholine-3-
ef fective amount of a conpound, or "a pharmaceuti cal
carbonitgiledGempowyd k22)a subj ect in need thereof. In certain
[00153¢mbodi nents of the present invention an "effective
anount" of the conmpound or pharmaceutical conposition
is that anount effective for treating aproliferative,
i nfl ammat ory, or cardiovascul ar disorder, or is that
anount effective for treating cancer. In other
enbodi ments, an "effective amount” of a conpound is an
anount whi ch inhibits binding of PI3K and thereby
bI ocks the resultl ng SI gnal | ng cascades that Iead to

. r . s e




ki nases and phosphat ases. [0089] The conpounds and

conpositions, according to the nethod of the present
w0 pwensd7en, may be adm ni stered using any anouPCT/E82909/003607

any route of admnistratioldleffective for treating the

di sease. The exact anount required wll vary from

subj ect to subject, depending on the species, age, and

general condition of the subject, the severity of the

i nfection, the particular agent, its node of

adn1n|strat|on and the like. The conpounds of the

i nvent i on_af'e pre{ ornulated in doSage unit

f or m fcb dse of agmélmo%traflon and mty of

dos.oe. e expression "dosage unlmeo as usedpoci,
Nef grs to aThPSLcal Iy disg jt of
@%ﬁbmﬂatefortrm patient to It wll be

erst oo®" however, that the tbrél daﬂﬂy«ﬁgage of the

conmpourds and conpositions of the pregggnt invention
will be decided by the attendi ng physician within the
scope of sound nedical judgnment. The specific
effective dose |evelgfor any particular patient org

organismw || dep upon a variety of factogs Q

i ncludi ng the FSeaye bei ngcbHehRE and theseverysty
of the disease; e act|V|tymof the specifi c)sgnpound
enpl oyed; ghe ' conposttioPr enpl o e AGE

body wei gik,_Jgerer ealth, sex and di & 4&f theiN
patient; the tine of adn1n|strat|on route of |
admi ni stration, *And rate of excretion of the specific
[00154F onprepind enptpmﬁﬂmeﬁnbn 4¢yané-8 Q24 icHidrephésHL3mbipholin-4-
dru s used i.n conbi nation or coincidental with the
yithiophener2rqarboxagide, und enpl oyed, and like factors wel |

[00155*?”011\61 a @olhh&] e 4. Gﬁdnofzf(tz&-d&h@oﬁrﬁhm Sﬂﬂérbmﬁa4-ylﬁ;$opﬂ§r{%dz-carboxyhc
rein, nmeans an ani nal, Freferabl

st
acid 3gPepeBAoMpol) AUhAN(Z-poHoThyIise- W?Fatb@mque%u(ﬂ;% 123 mmol) in

methyleas emaﬁ&%e mm%&am%mh&ﬁw&m&wsﬁu RNethABarB&liimide hydrochloride
nistered to hum her aninmals oral

(3.15 gry gb‘t glmoy anﬁ éﬂ]é(ﬂ@é)zb&p;cvrlazpm(? g% gétléftﬁxgp?lg/at room te¥nperature The solution

was alldwdlt8 ¥ROdvaatighY., Thmeraanﬁrmtsma@hlvmh ﬁq&ﬁﬂ@&l dhyor{dasmdawater The layers
vvders ol nt rrents or rops bucal y, as an or al

po or
were scppsalgf andjhe greapif IpyRiewrs Wied QIEARITAES TH U iaey Btared angeoncentrated

in vacub.Na@hé RsRIGt WaB pbEfidddby EQ@he dhrohﬁto@ﬁbﬁﬁt&glemcihﬁﬁﬁgd&ie boc-protected
t he conpounds of the invention be adm nj stered

product g ) YeJloyrsolidy ehlteParriy) ws %89%(@% i gipetne Gmipts glgipn 4N HCLin
dxoxaner(g/nlﬂ.g wa a@MUtTh'éQoﬂlﬂérk @aﬁﬂdmﬂraef&ihaﬁhhklfafum&bo winutes. The solvents

to about 25 g of subject body_wei ght per
were eva%fyatefb & oritos v s & Undgp yacupig ST THoPdass: g convrted to he
free bask B9 IsafRMidCinahdiRAéne ({hﬂﬁ)ﬂé]folld»\f&tl|b‘§i 2d @588 Of EdA® cdiBdnate solution. The
oral adm nistration jnclude, but are not ljmted to

layers wereSepaales pRd e |a9»eae~°c'émramsémé%fﬁﬂdstmfﬁgwﬂawﬂerrﬁﬂhlaﬂsﬁ The combined

organic $Rirattd WES drisdI sRE f&ﬁlh)‘i’l?&bs s6dilmRaIfaB Ofi &k ddXdnd ScondeRtrated in vacuo to afford
addition to the active cogfounds the 1 iquid dosage

the produgt 3fe figyPascoRRi 85 § 1T ECNIS: (e BS o iftand NMR, 649 MHZ tthzshloroform) 5:
7.59-7. ﬁr(tn mfb 433130 B, 28% 3L €32 (\Mihlﬂ? T¥4-D5NEh, 4%9'3@5& §5 (m, 4H).

sol ubi I'i zing agents and enul'sifiers such as et

al cohol , isopropyl alcohol, ethyl car bonat e, ethyl
001567CE4EH 8- 4. Mwhkﬁ‘h@% -5-@S0H @iﬁ@hﬁ 1LY lin-4-
[ gl yctgl?, 1?? butyl e %yc@? g} ?h rﬁ’am e, Fhom

ylthiopli¢ne-Jocarbonitriler | cottonseed, gr oundnut corn, ger m
[ aC ngse [0 NS o Al

001S7PL! 1, 030 B P EREER bl BUSEER  copatenyty-mrphoin-
ylthioptfeng- flyat&examléfst?ei()sg, 690 swndd) tnamluermn@O mLx twas @dded pbespbéryl chloride (4.70

Besides inert diluents, the oral conpositions can al so

i ncl ude adjuvants such as wetting agents, enulsifying

and suspendi ng agents, sweetening, flavoring, and

perfum ng agents. [0092] Injectable preparations, for

exanpl e, sterile injectable aqueous or ol eagi nous

suspensi ons



may be fornul ated according to the known art using

sui tabl e dispersing or wetting agents and suspendi ng
wW@®ausi74iThe sterile injectable preparati on nmaRCEHUS®ODEN3607

a sterile injectable sol uti®n, suspension or emul sion

in a nontoxic parenterally acceptable diluent or

sol vent, for exanple, as a solution in 1, 3-butanediol.

Anmong t he acceptabl e vehicles and sol vents that may be

enpl oyed are water, Ringer's solution, U S P. and

i sotoni ¢ sodlun1chlor|de solution. |In addition,
mL, 50. mpql) and the mixdurgWas stifFed YERRBISTMGNME A 1atipm pol2AJCfer 29 minutes. The

reaction SRk MBI W asva St SOEN thgrebBGH Nﬂ@ su dpéhdetdhh efhylen® eMoAdY/and then quenched
bl and fixed oil can be employed .including synthetic

with iceniey. e agprepuy L Hessbasiied & afditigmof KQH, fhedfeyegswagepparated and the
aqueousaﬁyé?l\@dscexﬁﬁétgd ﬁ%a@n W3BRCOmétRylbRecHisRIRar Bel &?arﬂé layers were combined and

ect abl es. The |n ectabl e for ations can be
washed g\tl rbil'lp? Zjé]a qu;ran |sgd1u18ysuqut1: tfl-ltgfeiddlﬁd pﬂ}csmtgqﬁedam vacuo to afford the
crude ploadt ‘i‘ﬁ Bk relal DERS: EFA)t §§+ 4(‘?8|r NNIR (A6 MERL unBMso ) &: 7.78-7.75 (m,
steril I ZI Ng agents I N formof sterile solid

1H), 7.52 99d s, 2Hd 379 X, éHh % I s@0 VB Y348 epditbed2Q-A11 (m, 2H).
sterile water or other sterile injectable mediumprior
to use. [0094] In order to prolong the effect of a
[00158L o nysepudrcid-(2,4- ﬂhblomldsenll) -St(bhkldmidagol-2-yD-2i moxphplipe-3-carbonitrile

[00159ﬂeslL [ a?clh‘?notn%fﬁ'n%‘{\ﬁ fode%S? B QN 395 tr&nh‘o‘?) 194 Wsﬂénlgycﬁ[ggﬁ% (100 mL) at

 &neous’ of I hjec
-78°C ugdec emptiosphec: dfyirgohewas sédedfoxalyl ¢lﬂfmdd (308 pénéﬁ 8mnrodl). The solution was
yatalljne.or a : i
stirred &)r 46bmfnutes t}nﬂ}]e r al{t [?gl[ SIC l%roH}%r\&B rg 15! imidazol-2-yl)-2

morphohlheﬂltlileplmnd§ aa;bomtmleél #&@e3 08 ndndsoi mtuhwhnet hldbnu_iel @0 mL) was added
dropwis% OIE(?n the %]% thl’) ;}%ler%iofgr 1 ﬁ{)l}{'sa{ 8° I 'Fr?etlf&rI qmﬁé ‘Yl%ta(ﬂ]nu 1% mmol) was added

er na )sor pt’'ion o

and stin]ingr\cmtcentaiulegl g eisr@ fQ;tlelmed Tharrpdr&d (33%cnnnn¢rsum hydroxide (10 mL), and the
i she i SS ving or endi n

mlxturelwag g{ri:p%efdls tov eaﬁrlg)é go.o t%mgerfl eAcgiLé% g cﬂ?r{a ;Bgrr:é;bg?agg ?r@angtgo%bgle layers were

separatefl andrithegorgania oelracta\paLdr@d roster anbakom?f sotliven sudfiafeotilteted and concentrated in

vacuo tg) ﬁ'gxi% ? %ﬁ.\%le Fe?ofcﬁ]c%/ mﬁ; regldgp é? gnlaﬁed by cohﬁm{] chromattograph¥ to give the

upo he ra
productcae myolllmd sdld (p@D;grré’rS%?-) nrdnctlh\easrrmea meemightt HSQint 4 vacuam oven LCMS:

(FA) ESF% Jg%%”‘?{lﬁﬁ%p 4@@8{3 e’s° ?ro g{fﬁog sgzl%?ggl“(;s‘ l(ﬂj?bjf 8?3%23 111?)67 45-7.41 (m,
1H), 7.3r7n7<:33ude 1Hozl7yx3emd~(meslﬁe,res85 @&U(npcllﬂy(aaam?ym (rolety), 3. Gbpﬁs (m, 4H).

| njectable fa atjons.are al so epared by . . .
00160} Geeiinds e BYRSBEPH HOP REBIEE RO APRPRAR fiefipp gererials n
method tuftddgo@s @ tkaoPBidnple4:wi t h body tissues. [0095]

Connosi 'l'l RS 'F or—r-eact gl or \lgru ngl grim nn St rgfn oh—atre
SoOHPOSHt

16 preferanyLGM@pﬂﬁﬂﬂﬁHV@% whi ch can be prepar ed by

30 m xi ng theLépﬁpaggq%+q§7thls Invention wth suitable

nnn I I’I’I f ‘_I nﬁ QV(‘I DI an f\l’ f‘ﬂl’l’l QI’C Cllf‘h ﬂC an‘nﬂ

butter, polyethylene glycol or a suppository wax which

[00161]3lf eﬁ)&ﬁlwed 3t Bphhe beMaaRatdiéifordphedyhBl{ddmethyRPHYimidazol-2-yl)-2-
erature and therefore nelt in the rectum or

m°rPh‘X}'&gPl\'fH’IheB‘H%CPSP%HHler(Q"E‘é’é‘E“Q kd3acti ve conpound. [0096]
[00162P0! i d dosage forms for oral admnistration include

capsules, tablets, pills, powders, and granules. In

such solid dosage fornms, the active conpound is m xed

with at | east one inert, pharmaceutically acceptable

exci pient or carrier such as sodiumcitrate or

di cal ci um phosphate and/or a)fillers or extenders such

as starches, |actose, sucrose, glucose, mannitol, and

silicic acid, b) binders such as, for exanple,

car boxymet hyl cel | ul ose, al gi nates, gel atin,

pol yvi nyl pyrrolidi none, sucrose, and acacia, c)

hunmect ants such as glycerol, d) disintegrating agents

such as agar-agar, cal cium carbonate, potato or

tapi oca starch, alginic acid, certain silicates, and

sodi um carbonate, e) solution retarding agents such as




paraffin, f) absorption accelerators such as
guat ernary ammoni um conpounds, g) wetting agents such
wa@gqoofinrr4exanpl e, cetyl al cohol and gl ycerol PCT/US2009/003607
nonost earate, h) absorbent $3such as kaolin and
bentonite clay, and i) lubricants such as talc,
cal ci um stearate, magnesium stearate, solid
pol yet hyl ene gl ycols, sodiumlauryl sulfate, and
m xtures thereof. In the case of capsules, tablets and
pills, the dosage formmay al so conprise buffering
agents. 4 Solid conpositions of _a/inilar type
pnpl oyed as fillers ifl @ and
INS 2 exci pi S N
| actQsej/a bl k sugaisags wel | yh gol ecul ar lcght
polye $’ene egc@ﬁ??ﬁﬁrtheol 3 so||d1mm§g§S§L-
forhs of taBlets, dragees, capsules, Pills, and
granul esvcan be prepared Wi th coatbmgs and shells such
as enteric coatings and other coatings well known in
t he pharnmaceutical fornmulating art. They nmay
optional |y contaip®opacifying agents and can a
of a conposi ¢ hat they rel ease the actie

Clbe

I ngredi ent (N, , or preferentially,ilepce in
part of,Lne jynf\esty nal tr &S, BPEq onal | [ dql ayed
manner . T\ﬂ__%lrrplses ofy enbeddihg cquposi tidong TsarEgh be
used i nchade pol¥eric substances and es. Sof

conpositions &k a simlar type may al so be empl oyed as

illers jn soft _and hard-fi Ied ti es _usjn
[00163£ #reréké w@hf's@géhflﬁﬁ'i"aéﬂ‘y ?»3' 3&@@}0@@%@?*33“"%
[00164?“ gk mte&uloar 4300433 (mh@ﬁlb%bmgl)gw&ghamam%plm 2-carboxylic acid

%ﬁ% The active conpounds can_al so
(508.0 e (0 Ak mp 8 i FlPrad i b O mAb e doleang (ivels 98 mob was

heated zﬂ@be’@ @b@N@heMﬁﬁ@Waﬁe%&ﬁ&ﬂ it Q4d¥BmGihd iRble@life was coeva orated with
gees, capsules, pill nd granul es_can be prep

toluene vﬂs?rt?*w%é? hfeyd agifi ghloRde pedack,Biwailo Fhig pY éva%‘é%"il‘f?ﬂé“ DCM (3 mL, 005

mol) anEl ah&a&@ T@mtl 130kl ] MB0930RbIl) RS NANinRiHYRiyd R AhnGE hywRkhloride (282 mg,
pharnaceutlcal formulating art. In such

0. 00289sra1>lp & la%’gla@éﬂf S hEoDRE0 2kt iThe mMEBHE A atlrﬁ%kjf%éh aldh xRy temperature.

The rea\éll&hnﬁ&urkﬁﬂﬁtw&li&i WRBI WatéH Ardedied Soveh setfur léﬁlfzﬁ@ €The organic layer was
| act ose or starch. Such dosage forns

evaporafedffy jaéfard 4ecypro-f2-fsichigropbenylsN- %@W.%ﬁl&fh%amme&mwphenea-

carboxaﬂﬁd‘ée ot the AbdvB 8htkrmibdiee 05,0 & 9000048% ﬁfol)rlﬁ THED (Zlcﬂxllt S 26 mol) was
and ot her, tableting aids suc gne3|un1stearate

added dipqbpiylafupripyp pygiededp Pwrlegféu"an{%% L ID04? meb 3¢ 1/i8e S hd the mixture

was stlrtrs'&kﬂt @HeSsaiB derﬁ}ielrz{tﬁrc fblhﬁ) AR5 J8e rdaBlidiBmIKBNe MaS Raie@P 0i°EEfor 5 min and
fering may . optionally contain

ents
cooled E?p Zx%u ¢ pgaiy (g’ﬁé‘ﬂleg bé{rMe(&%ﬁ"%\W%f pRd gt puriis by splumg Fhromatography to
afford HJ@@H—dtchE&Yoph&{y@aﬁ%rlnl?BZM%QnétﬂGﬁ&ﬂé-@f&%SﬁltrﬂB| ousfﬁ 65%). LCMS:

referentially, cert ai art of the intesti
(FA) Sy 507 155 MR G400 I 4zrphg>r@fem£a FrdrtED. T @b d 1. 11D, 730 @

1H), 38%030@%’:1 At 39APPA]) {nh, QRS L61A%, 48N be used include
ol ymeri ¢ subst ances and waxes. [0099] Dosage forns

[001655) orSteppi cal: or t fahddichiaropheny))rdr@tmethylehS-dthydro-1H-imidazol-2-yl)-2-
morphcﬁﬁb n({iﬁn%@ﬁ-c&tﬂoﬁnth vention include ointnents, pastes,
otions, gels, powders, solutions, sprays,
[00166ﬂ nh&b afi(Z4-dichjpadpbbed)-5 TMmyhéﬂnWObwﬁpMemheniw -admwinield (520 mg,
n t 0 [t AORS,_ Wi h t
0.000142 rqglg i tFtJE 'blxt lr %Bel?dla@?aa%;\b%g)eg’xg@ @?Jggéar%ga{fﬁlawnopropane (12.9 mg,
0. 00017éuﬁ61éra8d te rltatyurbevans etiued éat. 30Bpht Hadlm € If mgnPeAZ0omel) and potassium
carbona?ea{6l§]9r18? . 00’62{715 T %o%e@rih%qln?(ﬁxrg %&g{}md t% “’tsfol?ejﬁp OThe reaction
wi thin t’he scope Hhi's I nvention onal
mixturepwasetmnclledvlensatwmedosmﬂ@npbaarégnattm@oluw afd bnmws?l"drermalmc layer was
pat ches, which have the added advantage of providing
controll ed delivery of a conpound to the body. Such
dosage forns can be nmade by dissol ving or dispensing
the conpound in the proper medium Absorption
enhancers can al so be used to increase the flux of the



conmpound across the skin. The rate can be controlled
by either providing a rate controlling nenbrane or by
wale@passisng the conmpound in a polymer matrix oPChBE2009/003607
[00100] While one or nore 64 the inventive conpounds
may be used in an application of nonotherapy to treat
a di sorder, disease or synptom they also may be used
i n conbination therapy, in which the use of an
i nventive conpound or conposition (therapeutic agent)
is combined with the use of one or nore other
collectef il apraifier OYagRINPR Ermaessany ng 1TFed ol -dirftorgphegyrap(d-methyl-4,5-
dihydrot MHRE8idR0]-0lyPOL-RBFphelinoHIBEHeRS 3 olirkE a9aS; 35RIiaME] @A) ES+ 421.
t hera i nCludes adm nistration of the therapeutic
LH NMR {40 MHzodctareiarm): Gro0de Bt 34T #Y (maH)e? At 30 émy 1H), 4.20-4.05 (m,
1H), 3.§d3§7§G&rsm%d-ﬁwﬂgﬁ%ﬁa‘i?@s.%(:ﬁ,ol 'f‘.%jﬁ! fipp one
conposition which I's adm nistered to the patient.
[00167] 003 3: Hr(2drdichioriophbiénybri-(4-inbithyk biipmidadel-221)-2imaerpholinothiophene-3-
carbonitﬂyeenti on are used in conbination wth other
erapeuti c agents, such as other inhibitors of PBK .
[00168] n To@MSMriE nkeM.600451 eobpo M @8 mIh@.05nuahbt -G8 °Csvas added oxalyl
admini st in conjpupction with a er.apeut ent
chlondeS 622 %1]:; d&(?(?)g%i] o@ aé'ljfi;lﬁ% mcl:)(()nﬁrs?l was, Srtllére% orcg)?ng?.o&@cé?-glcﬁorophenyl)d-(4-
methyl-agetitiysiro-t Hidiniaixd+2ay)2 -naongshol inothinplieneB apsponitrile (89 mg, 0.000045 mol) in
ders t hat ot he nbj. nati,o b ertaken
pem (RS B8 Pt Rt et dme B TN BR G 88 aadea and ne
mixture] @410BEd Aoratnbiber 2Bypie.c33 % hmiriveiunnrginexiden(38 €7 atremoniarWater, 0.117 mL)
was adclier&hzlm It{-:e':rll tFi)c|> 31+1<ﬁxtarCtv{' \él&/ rmlecrl] tg r(p(;n(l) lteo lef: ?Lllre..sﬁ)%pl &uflt s purified by
patient, i'Ch rre‘fﬁoqacorrprlses adm mstering 5 the
columnpatchemtatogoaphg onttact afigrds ai 4(2¥-dicigropbdnyBen(necthyl{1bl-ignidazol-2-yl)-2-
nd_ qf _for.mul Qr 0 it isi '
morphcFAREANGe 3 pbBhITH: B hordl A BT FRT ESITROUT, RS 370 it o
(400 MHe/ &ichlorgfermeréal7ley (d,nd)udes (ddy 14),Vid4 (dniN), 6160 (s,dil), £88-3.84 (m, 4H),
i VO i al and al so includes, without limtation,
3'62'3'%%@’ 4%8?{%#%3&% extracts thereof; biopsied materi al

[001690 bt @bmpshnls MrhafomBwgtallé wet préfated fidhethe @ppropritte SthrBiag materials in a
[ [ semen, tears, or other body

saliva, urin feces,
me‘h"df*‘f‘ﬂ?@é‘s@r&@ffpéﬁfgeg’her eof . [00103] Still another

2 aspect of [{PM&. %egg#@,g IS to provide a kit
conprising sepakaLe—ggnLaLneLs—Ln_a_sLngLe_paGkage,

wherein the inventive pharnmaceutical conpounds,

conpositions and/or salts thereof are used in

conmbi nation with pharmaceutically acceptable carriers

to treat disorders, synptons and di seases where Pl 3K
001701 NBSEngK aYSe:2 ' FyhtheGXPERLVENT L LRfhieRbitenyl)-8Q1A4midazol-5-yl)-2-
[ I’f PREP&%ATI ON (J:cg EMPLARY COVP(lk_JNDS: [0010%'1[) . W
morphalinothipphepers <arhenitrils (Gompoppd k@R acetonitrile ATP

adenosi ne tri phosphate BCA bicinchoninic acid BSA

bovi ne serum al bum n BOC trf-butoxycarbonyl m CPBA

m chl or oper benzoi ¢ acid



DCE di chl or oet hane DCM di chl or onet hane DDQ

2, 3-di chl oro- 5, 6-di cyano- |, 4- benzoqui none DI PEA
walriosopt7epyl et hyl am ne DVEM Dul becco' s Modi f i BGI/US2009/003607

Eagl e's Medi um DMF N, -di mé§hyl f or mam de DVFDVA N,

-di et hyl f or mam de di nmet hyl acetal DMSO

di net hyl sul f oxi de DPPA di phenyl phosphoryl azide DTT

di thi othreitol dppf di phenyl phosphi noferrocene EDCI

N- ( 3-di et hyl am nopropyl )-N -ethyl carbodiim de

hydr ochl ori de EDTA et hyl enedi am netetraacetic acid

Et OAc etihyl acetate Et OH et hanol cFA formc acid FBS el

fe ovine serum h hours & , N, N\ ct

N -t anet hydsg- (7- azabegzot ol e-1-yl)uronium NG

héped(f | uor ophosytatve HBTU o- zotriazgl - Loyl - N, 7\ _o
anet ByMedi opi um fie hos.p.hzr\Z.LLOEIEEES U s” Yo
- (2-et hanesul fonic Br

o g
O_JN- (2- lopdr oxyet hyl ) pi p&kadi né- /
aci,d) HOBT 1-hydroxybenztrjazole hydrate HRMS high xxiii
resol uti on mass spectrum AR 1i t hi um al uni num hydri de
LCMS |iquid chromatography mass spectrumniz mass to
chargeMe nethyl MeOH net hanol mn minutes M5 nass cl
spectrum MIT net hyl t hi az etrazolium MN m crowaveg,
i rradiation c

NC NC
Diet'lpllil }{)hosphite //\ HCONH, //\N 1 \ y
_TEA N _— o s N
o_J -/ HN

XXv

XXiv

[00171] Step 1: 5-acetyl-4-(2,4-dichlorophenyl)-2-morpholinothiophene-3-carbonitrile

[00172] A mixture of 4-cyano-3-(2,4-dichlorophenyl)-5-morpholinothiophene-2-carboxylic acid
(508.0 mg, 0.001326 mol) in thionyl chloride (1.7 mL, 0.024 mol) and toluene (10mL, 0.098 mol) was
heated at 80 °C for 1h. The mixture was evaporated in vaccum and the residue was coevaporated with
toluene for 3 times to afford acid chloride as dark brown oil. This oil was dissolved in DCM (3 mL, 0.05
mol) and added to TEA (1.3 mL, 0.0093 mol) and N,O-dimethylhydroxylamine hydrochloride (282 mg,
0.00289 mol) in DCM (9 mL, 0.1 mol) at O °C . The mixture was stirred for 1h at the same temperature.
The reaction mixture was washed with water and dried over sodium sulfate. The organic layer was
evaporated to afford 4-cyano-3-(2,4-dichlorophenyl)-N-methoxy-N-methyl-5-morpholinothiophene-2-
carboxamide. To the above intermediate in THF (50 mL, 0.6 mol) was added methyllithium in diethyl
ether solution (1.4M) (1.7ml, 0.00244 mol) at -78 °C. After about 15min, the reaction mixture was
quenched by ammonium chloride solution and extracted with ethyl acetate. The organic layer was washed
with brine and purified by column chromatography to afford 5-acetyl-4-(2,4-dichlorophenyl)-2-
morpholinothiophene-3-carbonitrile (397mg, 78%). LCMS: (FA) ES+ 381.05. 'H NMR (400 MHz, d,-
chloroform) &: 7.60 (d, 1H), 7.40 (dd, 1H), 7.28 (dd, 1H), 3.90-3.83 (m, 4H), 3.71-3.64 (m, 4H), 1.90 (s,
3H).

[00173] Step 2: 5-(2,2-dibromoacetyl)-4-(2,4-dichlorophenyl)-2-morpholinothiophene-3-
carbonitrile

[00174] A solution of 5-acetyl-4-(2,4-dichlorophenyl)-2-morpholin-4-ylthiophene-3-carbonitrile (50.0
mg, 0.000131 mol) and bromine (42 mg, 0.00026 mol) in AcOH (1.0 mL, 0.018 mol) was flushed with
argon and then irradiated in microwave at 120 °C for Smin. The reaction mixture was concentrated and

the residue was suspended in water. The solid was collected to gave 5-(2,2-dibromoacetyl)-4-(2,4-



PBS phosphate buffered saline PKA cAMP-dependent
protein kinase it roomtenperature TEA triethyl am ne

WA BN1547f | uor oaceti ¢ anhydri de THF tetrahydr oPCr/ES200VBI3607
3,3 ,5,5 -Tetranet hyl benzi 8 ne WST
(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2
H 5-tetrazolio]-1,3- benzene disul fonate sodium salt)
[00106] Anal ytical LC MS Methods [00107] LCMS
conditi ons [00108] Spectra wer e run on a Phenom nex

a 5mm C18 50 x ol um a Hewl ett- Packar .
dwhloernyib%erhﬁbnqﬂH@P*\em P&eabﬂ'gtra? é‘&‘f %tns 500%). r&&hﬁ%d%)r ﬁ‘?’e 538.87; H

NMR (4’00 MHE FAChloASEEHDS: U132 (@ 16084 mung{)Oﬂs@ (&Q@I)Pﬂslesnlﬂ) 4.00-3.85 (m,
/formcaC|d|nwater(. m/mn for a m nut e
4H), 3%3‘\70 (m, 4Kt hod Ammoni um Acetate (AA): Acetoni t rile
on 1 6. L) . {1 cps
0017519780), 98 0y 80 35S TR frnaivi
[00176]: Byna heiwe off 5-(dibromoacetyl)-4-(2, 4—d1chlorophenyl) -2-morpholin-4-ylthiophene-3-

carbonif_fil?( %g‘bﬁ% ﬁﬂggg@gﬁ&z};ﬁ% gﬁ’f}ene Bost &1}1 %s( &lided diethyl phosphite (13.7

uL, 0. O(Q(IIOVrpwﬂJ)radd TEAS)4. @@Ll@pO(BOé pno],) at 0 °C. After addition, the mixture was warmed to

rt after %O I}Br p’Pho rle cué ¥rluxt% (0 Pﬁsoé(v%&gr?t@gqg l;[errlesll ue[»gaos g‘;%encTe?l f jce/water. The
Sol'Uiti on 6 ﬂ OXOopr opaneni LY d

solid wps fiBered rmrdl ))unﬁedahhthim cTnHﬁna(t@amxtz) tonafordd be@-bromoacetyl)-4-(2,4-

4 [ t 1
dlchlor(#ﬁ%}é‘ﬁ)f rﬁ%ﬁ%hgﬁ? '3 %g:é%lor}l&ﬁ 82@%&%)1%1‘1&15 AA6!ES] H9%60.88 ; 'H NMR
(400 MHhah- oblmtfemt)rﬁavféﬂ (d,0Homaid? (ddol .33 Ad,Sidl)j 3190-3.85 (m, 4H) 3.75-3.69 (m,
5H) 3%@‘41@ tated and was filtered. The solid was washed

e h"di ethyl ether to give
[001773- nBephol i4- 4- Y-Q3-dichloxdabe oyl 8€TH Giidakol(2ylP 2anorpholifethiophene-3-
| LGVB: (AA) ES+ 171.2. 1H NWR (400 Mz, d, -chl orof orm
carbongiriley 59 4" 27 (m 2H), 4.00 (s, 2H) and 3.83-3.81 (m

[00178@"') 5 (]B@%lc%}yl)sl 4 alcﬂmﬁbpﬁenyﬁtilhﬁbrpholmA -ylthiophene-3-carbonitrile (50 mg,

0.0001 H’@DZH fq-félglﬁl(ﬁé)g %?rg,c ) I‘gﬂl) \Ag/ssflﬂs}?ﬁdrvglhl %gcl)nl z?nddfh nI 1%2&1%&? In microwave
at 180 & f@Bthﬂ' TRe fadtion %ukﬁk@*%l!’oﬂ&%&@t@di tiid 1he rdstiud $Qs gunﬁhd&% preparative
anhydr. ouseﬁ\lCN S was cool ed t

HPLC (T 4501 ddodgta Séalaé'aldafolé DI AT N 'élﬁalzfyr ¢ S-carbonicie
(2.8mg Cd%)o LC@MBS QﬁA)lé& Hd»s 181 H36 4099}, ) HAMAR RU 6T 2 Lodihilel) 8: 7.66 (d, 1H),

xture was allowed to stir at rt
760 (s, de&r“%M r1§§e7n35f @r 111)5 627 s BEY- 8- *HdForctthine 4HD.
(0.110 nL, 0.93 mmol) and DI PEA (0.161 nL, 0.93 mol)
wer e added. The reaction m xture was subjected to MA
at 140 OC for 10 mn. The m xture was allowed to cool
and was concentrated. The residue was purified by
umm chr omat ogr aphy to give ethyl 4-cyano-

[001793 (Iéxazmnﬁ c M oi Symtlassis| ) of- rﬂn@MF‘Flﬁtwhyvxlh?-gmghfémg 5-@H-pyrazol-5-
yDthioptR#Y-3 b fhonfirife (@:onﬁ,%un/ﬁl JHOVB: (AA) ES+ 411.

[00180]
Cl Cl
NC NG,
/ \
AN ————— T AAA
N HN=N
xxii xxvi
[00181] Step 1: 4-(2,4-dichlorophenyl)-2-morpholino-5-(1H-pyrazol-5-yl)thiophene-3-

carbonitrile



1H NWMR (400 MHz, /-chloroform d: 7.49 (d, IH), 7.33
(dd, IH, 7.20 (d, IH, 4.16-4.08 (m 2H), 3.89- 3.85
W@ 2909454741 3. 66- 3. 63 (m 4H) and 1.12 (t, 3H).[POWLWU&3009/003607

Step 4: 57

4- cyano- 3- (2, 4-di chl or ophenyl ) - 5- nor phol i n- 4-yl t hi ophe

ne- 2-carboxylic acid [00115] To a solution of ethyl

4- cyano- 3- (2, 4-di chl or ophenyl )-5-nmo f

hoIin 4-yl t hi ophene- 2- carboxylate (0.060 g, 0.15

i n THE/ MeOH wat er m.) was added

[00182}50d/i\ aﬂpwbqféxqcatgl {:-@2 @-élfh@rop]}ergl o,‘phol-phé yjthigphengy3-carbonitrile (52.3
mg, 0.00013Y o iNa s -d@WRANINdFhekHy At thddamrl (1 8Gn) (ﬁcnﬁs\hiiﬁ) was flushed with

concentrated. The residue was aci difi ed with IN HC
argon anghigradiated dn micayayg at €’ GopARminT e tsagiion naixwis Vit qyARorated to dryness
to give Weﬁﬁe4%%]’11&&%@1?1ylﬁ@@ﬁ%%&lﬁnﬂb}a@@ioy@tﬂ RerpRYEotHYBbREHo-3-carbonitrile as

tered concentrated to lve
an 1ntermc@§,t5ﬂ"5l]e:;a.b()ge iptegmediate) p@jjph)éiﬁ%,qn)e hydrate (30 mg, 0.0006 mol) in AcOH (1.5 mL,

0.026 négrwcfs Rhdidd th-MictdWa00 hene- %‘ﬁ?ﬁg’rﬁ?ﬁwrh&reﬁ&loq rﬁ&tu%g&’agevaporated and
LCVE. (FA) ES+ 382.9. 1H NVR (4

the residpe WaWr(@d b|y|.q)olun';n g‘gor(laggraplp[) to affond) 4((a 4—q1qlqjorophenyl) -2- morpholmo -5-
(1H- pyr§z079 -yBthidpheB-3-4borAitk BroGhig3 §a%)( ToME)(Fa) 3311405 08t €8- 403.23; 'H

NMR (@Dd%mﬂ‘:sne(t@nqlb & ¢RP &-dphehy? ImB2ibe 7 3R 6d.i D45 ¢8 (hilbiphess (br, 1H),
2 m de [00117]

>85 (mnﬁaﬁ §@H?Q?H; 4-di chl or ophenyl ) - 5- nor phol i n- 4-yl t hi ophe

[00183he- Qormmut)@mylthlecfoa@wmg (108 grepared Srommibe RppréffBE (LOtiQBMaterials in a

method nal ogstzcli %{bﬁ{e‘ﬁm (50 ng, 0.261 nmol) were

sus ende 6.5 nL). After 30 nin the reagents

29 di ssol ved| L('ﬁqst (F)ESsullb. ng soI uti on was added

bUIIbCIIlIa CU aygucuous difurim a \U LU IIL 6.3 IIIIUI} (JlIIUI
the solution was allowed to stir vi gorousl y at rt
overni ght. The reacti on rri xture was concentrated and

residu |.ut e nd t ract
[00184fEt Camp % r&:ﬂ{ esngol ot | 24 J\Icrhéorggﬁﬁglyr? moWa Soﬁ (Eﬁ-tetrazol-s-
yl)thiopheiid%-satbohhhﬁmompduﬂﬂ I-28, dried over MgSO4 filtered

and concentrated to give a brown solid. The solid was
triturated with hexanes and cold Et OAc to give 4-

cyano- 3- (2, 4-di chl orgghenyl )-5-nmo f Cl

hol i n- 4-yl thi op(ge - car boxam de (0. 024 9 .

LCVS: (AA) ES.38 S- 380. 1H NMR (408 6- DVSO)
5. 7.78 (s, | .54 (d, mdN), 7.43 d 3 79-38.77
(m 4H) and™Sd5-8. 52 (m—.qu-l)—[-eo% N

Synt hesis RfJ S HN—N

4- (2, 4- dlchloroghenyl) 2- nor phol i n- 4- yI
-1,2,4-triazol yl )t hi ophene- 3- carbonltrlle [00119]
A mixture of
4- cyano- 3- (2, 4-di chl or ophenyl nmor phol iLn yl t hi
[00185],c. %eg:ar b05(<am dé- %ﬂl(‘@ q%@ph%yé@dggwgm-f-qﬂ tetrazol 5 yl)thlophene-3-
carbonitnilé- di met hoxy- N, N- di net hyl met hanam ne (1.0 ni, 0.0075

nmol) was flushed with argon and then irradiated in
[00186]m ohEdugtof sgtiuncaride G Iring . 0.009822mel) inoACH; @BuRle 0.005 mol) was
added s%&(m@‘&%% €65 hithofl /600105 mobin DCM (0.1 mL, 0.002 mol) and the mixture
4-cyano- 3- (2, 4- di chl or opheny ﬁ di met hyl'am no) net hy
was stirfeg ﬁ@)loamnnisﬁim@ﬁ @t didpneivey oD 2 A boramide (20.0 e

0. oooosQ?h%?%@ h,aded 16 %%ve%&m %d ()?éadlﬁﬁmée?(?) 01330 Fld'b00523 mol) and

silicon(I¥) ghlofige ((p H mrrpl,g@O Qj6 mqq) in @ _(@16'4(11( rﬁOO@ﬂ)molBa the mixture was
irradiated in dmicBwadthe 160 @& f(ns 301?1#‘) T hé rga%tléﬁ' wa?’ 'é)/apo;ra‘i’edt g}ﬁl &Qmée by column

intermediate in AcOH (1 ) 'was ad
chromatpgrgphyz i i@ hyfderat e4((%e drﬁ@lor@hem) %moyphoﬂrhfewlshtwaéolvéaﬁ)thlophene -3-
flushed with argon and then irradiated in m crowave at
120 OC for 20 min. The m xture was concentrated to
renmove nost of the solvent. Water was added to the
residue and the precipitate was coll ected, washed with
water, dried to afford 4-(2,4- dichlorophenyl)-2-npo f
hoI|no 5- (4H—I 2, 4 trlazol 3 yI)th| ophene 3- carbonltrl

AN O~ l—l—nA ~rs oA A A ~ A




IH), 7.49 (d, IH), 7.41 (d, IH), 3.82-3.76 (m 4H),
3.56-3.51 (m 4H). [00120] Conpounds in the follow ng
W@ a9vas4met e prepared fromthe appropriate starPECHgS2009/003607

materials in a nmethod anal 6ous to that of Exanple 1:

[00121] Exanple 2 :

4- (2, 4-di chl or ophenyl ) -2-(2-(fl uoronet hyl ) nor phol i no) -

5-(4H1,4-triazol- 3-yl)thi ophene-3-carbonitrile

(Conpound 1-11)[00122] Step 1: Ethyl
carbomtg{eélt @x@gﬁ]é&g} ﬂpgg{sﬁ Erlg/{)h S|.+S4Lbl7fO%n é)éltolg |28 p'IIFII(:)IGI\(:)/[RZ(386Jl lr\/Itf-i:)zX%,I chloroform)
8: 7.60 (hbn@(im dl s), Faoyd,)iEstand- ?@?lrﬂﬁﬂ}g@m 363 iR, 400 9, 230

1), ethylthioglycolate (29 g , 230 nmol) and TEA

[001871 24 qrhpounds3n irrofollowing MbHv¢re 0CParky fipmsthe hibpoosidtet aring materials in a

methodé’ﬁalc{g%&!tﬂ’fhaftg "ﬂ’ 7The reaction mxture was allowed to
C00 overnld dethe precipitate was filtered off.

6 washed wi ttcmgl @AY@@#3@§250 rTL) to g| ve et hyI

O a||| 1TU-= L|- Lydalrio= C) \IIEL II)II DUI I aIIYI ) l |r| U[JIR:IIE L'
carboxylate (52.4 g, 99 %9. LCMS: (FA) ES+ 275.
[00124] Step 2 : Ethyl

[00188f Cl%anofgf' %gﬁtqesng X2 3 AR Hen ) IPBE i e S MR 33 hn -yl -5- (4 H-
1,24- trﬁzcﬂmylllhlbphmlﬂﬁaeaﬁ'b()ﬁiBﬁIhyl G(Idnilﬁmyﬂ) thB@phamda 24-(2z4-Bieklprophenyl)-2-

ceraniBeg bl SRt oo sERbAR Comboung 19
m., 0.144 nol) was added and the m xture was heat§ "
400C. Isoanyl wrhtrite (12.1q, O. r103 nol ) was {id ag\é

e

(gage reactl onwa Nwowed t o coI r omterrpera oH
FeEd o hours qpl ed down at
iluted with hgxan®o m_)H e pr ecPHT et B22C0

vvd§ f_|ftered of f, washed vvlth 10: 1 hexdne-acetonitrile

m xt¥re (10 nmL), 3:1 hexane-et ki (10 nlL) and hexane

(10 mL). The precipitate was dried to afford ethyl 4-

cyano- 3-i odo- 5- (net hyl sul f anyl ) t hi ophene- 2- car boxyl at e

(6.90 g, 45%,° LCVMs: (FA) ESt+ 354, 1H NWR (400 MHz, cl
. ) 70 (s, 3H), 1.40 ,(t(;I

[O128F/Step 3: Ethyl N ﬁoamln o N
Vano (e} 5- t hyl sul f)o{yl ) t hi op -car boxyl
Wors il Rl s QT e s @
4- cyano- 3-i &do- 5- (et hyl sulfanylothl ophene- 2- car boxy! a o

te @i 2 g, 20.4 nmmol) was di ol ved in DCM (200 nL) >
and THF (100 nL) and m CPBA (9.14 g, 40.8 mmol ) was
added. The reaction m xture was stired at rt

overni ght. Sodiuym/Sulfite (5.14 g, 40.8 ppt) was O/\U:/>—SnBu3
added, sti K ed @ 10 minutes foll owed—KY Wddition
bo¥d e (8. ABeratib: kool e suspensi@fl’f,g:;)a
irred g nih,OF I—hour—apme fil g

celite, waSheswth DCM and the sol e
to afford ethyl 8- =
i odo”- cyano- (imet hyl sul f onyl ) t hi ophem‘.‘“iZ- car boxyl at e
(6.80 g, 78%. LCMS: (FA) ES+ 386. 1H NVR (400 Mz, r

chloroform d:4.45 (q, 2H), 3.38 (s, 3H), 1.43 (t,
3H). [00128] Step/% : Ethyl

1.
2. p:ﬂi]ansstl um c¥®

4- cyano- 5-§ X @v oret hyl) mor phol i no) - 3-i odgft ne
- 2- car boxyl's F90129] A mibetPdre of et hyl
4- cyang ¢ 5o et hyl sutfonyt¥thi ophepen2-£al\boxy! a
te (71 ) 188 nol ), 2-(fluoromethy

hydr ochl or| de ( ng, 0.00224 nol) and TEA (1.
0. 0072 nol )xxkim THF (7.1 nL, 0.088 nol) was f xwyhed
with argon and then heated at 90 OC overnight. The
reaction m xture was concentrated and purified by

col um chr omat ogr aphy to give ethyl 4-cyano-5-(2-
(fluoronethyl)no f

hol i no) - 3-i odot hi ophene- 2- car boxyl ate (288ny, 36.4% .
LCVs: (FA) ESt+ 425, 1H NWR (400 MHz, d,-chloroform d:
4.57 (d, IH), 4.46 (d, |H), 4.34 (g, 2H), 4.12-4.05

A NN N ey




(m 4H), 3.34-3.25 (m IH, 3.22-3.14 (m IH, 1.37
(t, 3H). [00130] Step 5: ethyl
wa2@9asi4B- ( 2, 4- di chl or ophenyl ) - 5- (2- (f | uor oneREHUS2009/@03607
hol i no) t hi ophene- 2-carboxy?ate [00131] A mi xture of
et hyl 4-cyano-5-(2-(fluoronmethyl)no f
hol i no) - 3-1 odot hi ophene- 2- car boxyl ate (288 ny,
0. 000679 nol ), 2,4-dichl orophenyl boronic acid (262 ng,
0. 00137 nol ), tetrakis(triphenyl phosphi ne)pal |l adi un{0)
& 0. 000044 nol% and sodi um car bonate (220 ng,
(00189 O@Qﬂl nBthyl $syaner=K gglimethogybengyl)aming]p- -iodothiophene-2-carboxylate

[001901‘ ZEH&IW?%%:HH??Z(&&%;B%O n)Q)tlillo;m%e) -2 %ﬁogyllalt@ I'Ig%OyOPBMSmol) and .

argon- an m cr owave at "140
2,4-dimgthoxyibanzyfmener Gatlt mbn 0234 unad) wese fdrtigadeid taimehydrofuran (100 mL) and

. e i
stirred aj@@fgﬁ% e(cgjy%?rdl?/e?&%gﬁ?}ég%se gctr{ ?r[ %te?%#%%cluc& (()irﬂgtr?% twfllt)}/] chlor%methane and
hexanesh-mdu tho yeshltzop hespipitate Wﬁarfbtss@yll tatyeelc( 860y, cog@ohnd (SAYSE1 %) as a yellow
] 4 5 ; )
soid. 1S R E8CI73" 0t RS TENAE R PR1S) & 005 5 AR ity = 8578

6.60-6.90c(, aH) #1306 BB &-2-4. th (b RE)] 3 80 @ciH) 3)05_(333H)A112691t21r(m 3H)

100191f; | BNV FiRor ot HichloF BRI LA Akl peaiggiiophene-

2-carbdxglatd). 00054 nol ), Sodi um hydroxi de (0.12 g, 0.0030

(001928 ol yi-vitad Sl el Srp Rt po g eyt 155

0.00673hiv®) M XL urdechisrspheaylBabhit at ecacand t he rezsndue vas  0.0143 mol),

tetrakis@r?;%hg@fl‘l)lfe?gg}b e)%w-r E{?}gc(ghﬂq%yg C¢®4é so%?ulnll ga(l:r c?ncziltea d42 g, 0.0228
mol) wére Gyispended- 1(121, ﬂdﬁﬁdﬂidxwtﬂ@iae(ay 5) mby ﬁé& water (13.5 mL). The suspension was

flushed &tlélga%%o%mt h %}\%hrgjje(lf_ug%) Egir(r) he %Eéngrg\}gyex% §§§]C (580 watts) for ten

minutesSUTN rdaction mixture was diluted with a saturated solution of sodium bicarbonate in water and

0 2, 4-di chl or ophenyl Qr onet hyl r .
extacis| AN, FreUh e TP PO DLt At et g Beous sodium
sulfate, 4‘1-1t6136&l’hﬁd Fofcdntatél B 42066.P TN cﬁoﬁl&oéﬁbwmﬁhéd‘rﬂ) §1e1d the title

ol i no)thi ophene-2- carbox

lic acid 6 g
compou 05 BARPRHG NS A G oaobe 1 HETi 00t cihd SEN B 5 05 (os, 11D 7.7
(d, 1H, 9 =Adef1z17)52 - E8Cm, (196, 240va, 119 JOQQéﬁiz)nplQ(dam A= ls'@@ﬁz) 6.62-6.53 (m,
é$6.4 ng, 0.000491 nol) in DCNI&? n., 0.1 nnl% was
ZH), 4.31(ps HY 4392 @véﬁﬁ.%ﬁ#(s 3HRe3 7@ e P h OO0 (e 3k s
[00193?‘i | $t59. pit ghSM@Mymﬁw Wichﬂ)rﬂﬁ{eﬁfl)thtogﬁe&tﬁ@ﬁybﬁxylate

er was dried and purified by col um
[00194];h| Bthghrat ogr apewpne-d-@#fdiehdorophenyl)-5-[(2,4-dimethoxybenzyl)amino]thiophene-2-

carboxﬂfaté:Y@‘?& QT({OgSéfn(m %k %QQR/@J‘XA )dlélo(‘gmethane (100 mL). ’{ré%uoroacetlc acid

[ uor ofret h ol 1 no) t hi ophene- 2- car boxam
(25mL)nagas agg% andLé\,@lut(oppgasqured:L ayroomIempergture fpy Wu(lu;g@ The reaction was

concentM_gl in va@nliu AHIES Wi éhy] cégte (aqd filt’éped ﬁ‘hé%l&;gg ’waL 'T:Dashed with saturated

sodlum(bmarby_ap{)te aupl}_%;@.egdr,r@ ((\ﬁ,f aqh.yfiroug sggmg sQl;f,ate lteqem)and concentrated in vacuo.
Columngclggmgiogéph(yn&'asl Fgrfog'xqul-%ﬁlueﬁt &P tfre compound 82 92g, 90%) as a yellow solid.

, 4- dlchloro henyl ) (f1 uor omet hyl ) norphol 1 no) -
LCMS: 5151(1)4E$ | 3414°'H NN&&@DOMHZy«Ilo)IPMS@() Rehé? G, BArbon(dt HillJe= 2.00Hz), 7.52-7.48

U R E op
(m, IH)[ 99&?1 lH gzgﬁ%ﬁ ngrggéﬁlé oF O% 0[95 (ﬂ’ Puor onet hyl )no f
[00195hol Smp 4- yle]yl h-lcmm:a}@-A ﬂlchmrm)eam)daoq&&omyanea OB Pate

[0019630 O']l.% aan‘l s§>e n qf e,tggy% gﬁ%g% égg\;igc% agnqlggylééb%ge-%carboxylate

(2.92g, 400836mohia zﬁ‘éth&ﬂé (ML) M@‘ﬁ&[ﬁd&ﬁﬂddrﬁk&hz’me$2 duen@D300mol) under an

atmosp%ehgﬁl \éﬁ?'gi‘”é‘n‘(ﬁq? (ﬁé at 88 %6 Iﬁ%ﬁ%%lg%gge Qa%lg%g gﬁl(zﬁln{oﬁ) was added dropwise

m xture



was irradiated in mcrowave at 120 OC for 1Om n. The
reaction m xture was concentrated and the resi due was
woe@atnst4imi th water, the solid was col |l ected, BET/E82009003607
afford 4-(2, 4-dichl orophenyd)-2-(2- (fluoronmethyl)nmo f
hol i no)-5-(4H-1,2,4-triazol -3-yl)thiophene-3-carbonitr
ile (23.5ny, 60%. LCMS: (FA) ES+ 438 , ES- 436 ; 1H
NVR (400 MHz, -DMBO) d: 8.01 (s, IH), 7.57 (d, IH),
7.39 (dd, IH, 7.32d, IH, 4.59 (t, IH, 4.47 (t,
IH, 4.08-4.01 (m IH, 4.00-3.81 (m 5H), 3.32-3.20 )
and the(rﬁa}ctlpwﬁxtgrel@.s cgolgd t@ FROM LHMperanEye 33] t@mqlpfgu A hoys. tIhe reaction was

concentfZ8ddl AWaRE irﬂmoﬁlnwgfﬁoxﬂﬁtgﬁ‘Q%lEﬂw&J ﬁ@f‘l’o“rﬁ@d RPREIAREd é‘i‘trleecompound (1.44g,
Sartlng materials in a e anaOOUStO t hat

37%) aseorpigs splid. [ HONMB] (4600 Hp| - cBlorcgyrm)[ﬁegﬁg (&f1H, J 2 OOHz) 7.38-7.34 (m,
11), 7.4 );Fl%H"’J digShlioy 2R8ENK! i Zaf, 320 YR @ ¥iEpt hy! ) mor phol i n- 4

[00197] 4HBtep 2, drcyamiosiz(4-Bickloydritienylhi8iedothioplidnes2idarbdxglic acid

(oo198f, “fER Biched b S B Rt Pnee Farbpiate (144 g,

0.0031&cmayiifl t§udBldtdfhrahq2e nﬂgl ailtil \Oz[lerO(fIOGﬁIh)yWas added a solution of 100M sodium

hydrox1€eem v@tedéf’(bmg}_ 81'!"_55_{% 101i) lo?vgﬂypo%%gto ]ﬁﬁt( %612 C?tgcgn S quenched with

a solutlmtoe NN( Aya@rdapen c%&dadxd @\dtea ($SThiut alﬁlnexmfacde.mﬁhsaﬁiylmtate The organic

extractst ergyﬁﬁhgzgvétp m’l% ﬁne%‘éer %8[9-[% go sn&’ﬁx d \%il({ ?,?ngentrated in vacuo

to affor8 eHeldridenitie fcoinpbunddt 59 &N 1Q0%h)oused] dirdctly \l\mtherne((ﬁ&dn)m ahdMS: (FA) ES*,

s78. ' jupa it o R Tl i it S5 A0 M e e

[001991 N Sey SCH IR micmov(ﬁu&nyqymoaubﬂ%e&-carboxynanude
[00200 met hyl sul | ) hi ophene-2-carboxylic acid (2.6

904-c¥pgo]- (@Hr @l%lpheayl) D ansthipphaye-Ecarbgodic agid (Nﬁﬁs (Q9§06mol) was
dlssolvégtbk dlcgor(ﬁnempboan) 1%. (id;llgetl%llz(r&ﬁoprb;@l)-NZetK?lcz(rﬁodlmude hydrochloride

(1.27g, .08 ﬁ@l)aanﬂddwdaﬂxo’h@tzﬁ%aéq}? fQ¥RPe) AP meRevere added dx A solution and

the reacqgn [VQQQ[% fJIQh SHAREHS ARMoRfum h droxide (5. 97mL 0. 153mol) was added to the
- cyano- 3-i odo- g met hyl sul fanyl’) t hi ophene car boxyl i
501““0“02‘"&@@ biphagis mixturg % shinase Yfor] Won’MUFﬁyl @&éfeéﬁ!‘)@rmﬁé"‘{ 3@s concentrated,

diluted mrt)n’ witE ﬁldaggﬁgeé\l'“(lg’n thcgt\é eanTﬁlé)Bf ﬁ}fl&(trmt was dried over anhydrous
hyl car bodi i m de hydrochlorid 7.1 mmol )

magnesalmj s@fapwd}lt@;@g a9d rephmn glzrgqngtogxzp@wgs pg_ rglemW)eld thsetitle compound
(1.21g, %@%?tL@ﬁs“’(Pﬂgtﬁse YRS ‘%#NMRGQOWHE%%M%%%Y @WE@ 1?101 2.0Hz), 7.68

hours and anmmoni um hydr oxi de
(bs, IHRAG7{7HS (i PHRIBE (be ¥ur e was sti rred at room

[002012 er@tg}{?‘t 4 :('%4 ﬁ%lo&%eﬁ?ﬂ{ﬁg%&%—%%—lgﬁ}? g-\}\.‘/{aggi-% aﬁﬁ%&ﬁﬁéﬂ& -3-carbonitrile

[00202br gAnrrm(tmaye!‘r 4Vta8ncr-é{ﬂ)4'€uthloirdpbera®u53mdethiap§lme daasboxylamide (1.33 g,
ext.rac Ve t S,. a.sol uti
0.00314 molﬁrer%d:]lep 8h“é X (1)\}rTI§ %&gl em_slamlﬁ gl%c()g %1 rQ digg roggvﬁ'as irradiated in the

nucrowwetat aeq §C @0 evatts) fod 3®vremutanmﬂrrenmomwgnmmtnaszdluﬁ atcmp. The residue

d1ssolveéi tcegtlgga F 0 (ni. ﬁ?gtrﬁoqgaf%dhygi%ﬁghg’ r&tﬁ) 0. ‘é%?ﬂigg@% mol) and subjected to

mlcrowﬁ\(bﬁﬂrdﬁ}tloﬁtae p2@B°C (300 watts) for 15 minutes. The solvent was removed in vacuo and the
residue dwasyanit&%ﬂed Og%\a§%lé né h)éo%ul'rlli[n}c %Rl%n’)a og}a% )b s pzer%%gcp )t(oargllleld the title
compoudd ¢l 208-83%) 0 LOMS: (m; B/, s4ii. f ey MRt (F0aIHE B -12:tieabl) 6X 885 (s, LH) 7.60

_ e 4 , 50 ) in methylene chloride (60 ni),
d, 1“’? 6?&%‘@&‘%1‘703?%@’ E%D m), N, N-di nethyl f or mani de (20
[00203)1) SteleC hg.or apekdemerophasile2-(K6-aihydro-22-gyraivikly))-Sagigi-1,2,4-triazol-3-
added and the mxture was stirred at roomtenperature
y”“““ﬁﬁ%?ﬁf@ﬂ?““?ﬁe met hyl ene chloride was removed in
vacuo. The remaining residue was diluted with ethyl



acetate (200 nL) and washed three tines with a

sol ution of LOOM sodi um hydroxide in water (50 niL).
wab@oasgani c phase was renoved and t he agqueousPEIES209/003607

was extracted five tinmes wélh ethyl acetate (100 ni).

The conbi ned organic extracts were washed twice with a

sol ution of 1.00M sodi um hydroxide in water (50 ni).

The organi c extracts were concentrated in vacuo. The

resi due was suspended in water (100 nL) and a

fvaeCI pitate forned. The precipitate was filtered,
(00204} o ixtyfer of ﬁn@ﬁeircl(lmophmyl) 2Hedoabréd - 2detripgo)-3- yé)ﬂuom\en@&carbommle

(180 mg ) 4%3%??“ ﬁhg){@g édtnol%.dgi iéﬁg/gmﬁd );ds aﬁna@;{%g’é’@&i‘% d%'cl)ﬁlﬁum chloride
(51.2 mngzZ mrlBs)pper(D) 8od1® (& mg |-(bO4 13mgh, t@gaklsgﬂpher{ymbg jne)palladium 464

mg, 0. O§h1g'r$)é)f]%zzs dls(sgz)lved 1(1j'|I %)138? gZF())hné]ﬁ) rbd heat d nté) rﬁf}]/ X for ]} (k)lgl)]/r un%I er an atmosphere

of argorth dhe solverd e xemovse ap@)@[ﬁ:@ﬂxdue was purlﬁed using ISCO chromatography on silica
gel, elut40n %/(f%] gglg[ h&gag il l(&%e@“h %Hllyf Qééyalté Iohéffh[?@ %ent% &%&9&@@4 mg, 14%).

LCMS: lﬁFI!s)(ES*béﬁ&y HM&ME)@@&MOID@ .05 @10 Hy, 7.89 G ABI), 7.43-7.36 (m,

h (o 057 g,
210, o g A A S SRR SRR B R i o 2 o
[OOZOS]Tthép fer e 4siﬂslpi§ﬂﬂaﬁbphmy1) 2 (tettalngirb-aHypyirhndeyl)- 5_-041!)-1[2L49-triazol-3-
Dthi Dﬁ %I \é thyI acetanmi de (5 nL). The suspensi on was
yDthiophenes3-earbop ﬂ argon and the reaction nixture was

[00206] r readh, @ﬂleﬂotophdﬂypmcﬁhy’ﬂro-lﬂ%yﬂﬁ 4-306- (Mtltﬁé)—trfaﬁdil 3-ylthiophene-3-

carbonile G i 0B gpi, vk A ST RP AL Thlt 0 0B & peated (10 me)
The mikti@ Wast dtiered Qﬂiﬂ&l.mdat(rﬂslﬂﬁ& o hylddSgen afsr Daioge. ThaRuspdidion was filtered

through ;Icla\{g% (sgl?{gnt%?z;\pég?gh%g %%fﬁ%:}ue[% f&gﬁied%{ &é IghB') chroma?ography on silica
gel, eluéloncma @th3t hcttade Dhi l@dxbmarso@ la&nyyhaefa'ﬁe fo2affdiy deotitien@intpplind1OI6 mg, 80%).

'] ne- ar box
LCMS: &F%X/%%o“@g/ z‘sﬁl\éﬁéﬁ %H’;ﬁ‘gﬂﬂ)a“ ng‘%gﬁ slgik’r%%ﬂ tifPopo1-7-46 (m,
2H), 4. nam% ancm)bgbamg@qn{ QH26593.30. (A6 9HYM10-3. W $m 1§ 2100eX95 (m, 1H),
in dr oxynet hyl nor phol i ne (0.300 g, 2.56 mmol ) and
1.83-12¢m. %%f/utl on was heated at 60 OC overni ght. The
(00207 e%ﬂk}?h\/\lﬁﬁ SyaieSio lof &t[ﬂ!iz MiMASHeph&y§- 5:@]31{@3 4-triazol-3-yl)-1,3-thiazol-
chr omat ogr ap was perfor med and yi el de
-yllmoztpWahéﬁgm(ozn%I -8 chl or ophenyl ) - 5-[ 2- (hydr oxynet hyl ) nor
phol i n-4-yl]thi ophene-2-carboxam dec(0. 020 g, 66% as
a white solid. LCMs: (FA) ES+ 41 1HON|\/R (400 MHz,

- et hanol) d: 7.76 (s, IH, %H) 7.40 (d cl

IH), 4.08-3.92 (m 3H), 384372(m . 3.69:

(p 2H. 3. 15-3.08 (m 2H)c, [ommzcsmﬁoa syt

f 4- (2 Atofphtibd oropheny*l ?:lerret hyl ) : ho 150
CI’( //\N’( N —

S‘(4¢}|\£I 2,4-triazol OS:—il)thl ophene 3- carbonpul eS
m xture of

xogyi cyano- 3- (2, 4-di chl orophenyl) 5-[ 2- (hydroxyrrethyl)rm
f holin-4-yl]thi ophene-2- carboxam de (115 ng, 0.279

mol ) i@, |, |-di met hoxy-N, N-di net hyl geet hanam ne (3. 44
25 mol) was flushed w th on and then
irr t eda)iDMFDMarNOWAVeE at 16 or 60 mn. The

readtion nb s ARQY concentr d to give

Ml BHa- ( - di chl gr oplremy4. ) N

O N-T (19- (di met hyl ani no) me®ayl end] +4¥2- (hy dr oxymet hyl )
<& holin-4-yl]thiophene-2-car p,gxarri de (130 ng, 99%.
LCMS: (FA) ES+ 467. To the above internediate in AcOH
(4.3 n., 0.076 nol) was added hydrazi ne hydrate (100
ng, 0.003 nol). The m xture was flushed with argon and
then irradiated in mcrowave at 120 OC for 20 m n. The
m xture was




concentrated to renove the solvent. The residue was
purified using | SCO chronmat ography on silica gel,
we@kwwitd141l: 1 hexane-et hyl acetate to ethyl acet BEBUS2909/003607
afford 4-(2, 4-dichl oropheny?)-2-[2- (hydroxynethyl) nof
holin-4-yl]-5-(4H1,2,4-triazol -3-yl)thi ophene-3-carbo
nitrile (90 ng, 70%. LCMS: (FA) ES+ 436, 1H NWMR (400
MHz, -nethanol) d: 8.28 (s, IH), 7.55 (d, IH), 7.41
(dd,IH),734(d I H), 412 72(m 5H), 3.68-3.61
m 2H), (m IH, 3.02 (m IH. [00151]
[00208](30 n%a:gid%vqthﬁsmé 41tbl°rmrwgrpbalm é yh/b#éhw@grércesbmtalﬁ
h .
[00209!?”12% %g%ﬁfg)ﬁ{ 50 @%eﬁotﬂa@?l& 996? 607@11[%6 025%] I}{}EEIQ-IQﬁgﬁpéopzl%ethyIamme (3.68
mL, 0.08{himhB giese difsolved in ethanol at 70 °C. Morpholine (0.614 mL, 0.0704 mol) was added to

o o RTINSO A B e st

and the ﬁqrmedmre{:n@@z{[@ﬂ]as @tllegsedito give the title compound (1.55g, 91%). LCMS: (FA) ES*, 230.

el oSN AR ST Y B e S ookl o 0 T

[00210F 0l Step ﬂrSyﬁfheSIS of 4-(2,4- dlchlorophenyl) 2 -morpholin-4-yl-1,3-thiazole-5-carbonitrile

toozthe YHigerpgpnsErl s S Lbarol yoafe Y0l “Pon, 24
dichlordphéng/itarenRoglidyd. 24(9@6[ B1 bluh@)gb)iga héwy pikbsphine paBdligh dichloride (0.061g,

o . IS T O AL s i

water (lhﬁﬂfaﬁﬁhﬁl%l’vd&d(aglﬂﬁ fcg'f3,0 nliflutds. MiRluje vadd@iluted with ethyl acetate (10 mL) and

: extracte% ﬂ%g}%}g P Qsze%?rél g %ﬂtﬁ‘l g(fzﬁiu\l%églgéfel, é‘?\‘fé’%i %D eé%l?o[ratec[ %)82) purification on

silica gsweihgl llg%temyTH&taﬁeem{ekm t0/39 %Chth Wl h&@atdVint e x bRt m&r@aahe tntle compound

de and wal Jhe | ayers were se ated and th
(45 mg, dP%r’n@% dfier E%vaé“%lr He‘&M&XéPOI\AHﬁWP%% )2%8;‘%}&9 St %1%%7 17 (m, 2H),
34332f8|(}ntm)eg 1@@@3qglnmptrat ed i n vacuo. The resi due was
col um chr omat ography to give the

[00212fnt%?m%cﬁya¥l@ﬂbe%4 -Brbtlishlosephspihrdurorpholin-gul-l Srthiggplp-§-carboxamide
[00213] D e4 gﬁg 81%16110 1)%' héﬁﬁ{h %rf‘l gl p?%z%ﬂ:es &3 JHaﬂllearéﬁb Bng, 0.088 mmol)

sol ut1 on 4N xane was a
was disspbied tin pifuripacid Q- 200emjLa3 7y ool aadtleer mixture wapstirgd at rt for 1 hour. Water

(1 mL) Wap H&dﬁﬁ an&r hl% ﬁQJuYee{;}Lé Whéifed %ﬁp&ré&&g oﬁ@gmtagg l\fa@fﬁdj upreapltate was

er vacuu overnlg pro uct R
filtered eﬁnwa;qh@cbwth vratenand drged thadferdyipe stle p@muedl (27nma:e&%)l BRMS: (FA) ES7,

358. "“{1"9‘3 o }%'doﬁggsc?)ysaﬁéf id 9B °f479§1d ﬁg‘fﬁ%tﬁ‘a”?ﬁ?wmw (m, 4H),

ers were sep rate agueo
3.44-32dpefHmas extracted twice with methylene chloride. The
ined Qrganic ex e dri .
[00214§ gbq lme Sus?'l%ﬁesw f?l %éﬁ g Vc\’gnioggﬁl}:eél ‘i%iﬁr dl,fl i) %/ngalzco?g ytl)61,3-thlazol-2-
yllmorphiolioe d t he product as a free base (2.55 gr, 7%

[002151;@@ rg'g'n:;?e? g?%(ghﬁ% cll;‘jo]r'glp})léla)g A ggphol -42yrl fy t%m@%r ?rcr)%z}ﬂlide 23 mg,

0.06 m#ébl), and. 64-ddn&Hoxyry, Mdﬁlwt}@lrﬁefﬂﬁaﬁalﬁﬁe((MS ﬂiﬂ) 6 [nQﬂ))lSﬁ]; irradiated in the

. St . . ) . .
microw{e5 100 5 (R0 SR ah IR Jinsicoa TG RGO HS EPRRTA 1 P, The residue
dlssolvedZn raeetip hoidi (0:04mL,\0. thinophad dydraiae bypdiate (30 mg[ @O bnddl) 4l subjected to

suspensi o

f, ) .
mlcrOWN-e ks f‘r‘l‘oﬁ’oaépﬁgl GO0 YaRY-Ter (S minuigse hT S SPITRhYRY B0y R vacuo, the
residue Bb@dhldﬁedélwnty\‘vitéﬂ (QphIoNde Precipitiexalicalizced, vod3h@l with @6ter (1 mL) and dried

o aford e agiComagn ot 9y YRS FE G s o W00l pviso) &

13.9 (s, WHE, 13aiaay, & Hi) 7634t AtH)ON 48187 4226, DD, 898-32/0 (M, SMS, 8214-31424m, 4H).



reacti on m xture was evaporated and the resi due was
suspended i n nethyl ene chloride and then quenched with
w0 c@mst7er . The aqueous | ayer was basified by BAOU$1009003607

of KOH, the |ayers were sepadrated and the aqueous
| ayer was extracted again with nethylene chloride. The
organic | ayers were conbi ned and washed with brine,
dri ed over anhydrous sodiumsulfate, filtered and
concentrated in vacuo to afford the crude product (2.3
gr, 77%. LCMS: (FA) ES+ 408. 1H NMR (400 MHz, 6- DVBO
) d: 7.78-7.75 (m |IH), 7.52-7.49 (m 2H), 3.79-3.73
m 4 3 (m 2H), 3.54-3.48 (m 4H),

too164 T o SGRRODATA h1se) siep. 3

[00217]1r (Rxadnpds CHRIKdzemy Assay- (| H- i mi dazol - 2-yl ) - 2- nor phol i

- car.boni o a solution of dinethyl
[00218£ul gR7e" f‘%’t%ﬁfﬁﬁ&(’%&%ﬁ mgmﬁ )mel n net hyl ene chl ori de
[00219( 10Activke) pRdsphati@Plindditclen’ akinak MOEPKE! @izPhe awgOputiiesd at Millennium

adde xal chl ori , 35.3 mm|).. The .. .
Pha”“a%etb‘PfF?‘? g‘ "\/\él? dp5°fty %lsfé‘f"‘tﬂ-‘lﬁem—ﬁ?}t%%‘,‘edt W&h Baewlgyiis; gpgtaining amino-
termmaplfhs tagfed pl110c and p850 expression constructs.

di chl or ophenyl) 5-(4,5 d| hydro I H-| rni dazol 2-y

[00220]) 3K/ 07 WRE) NOTROSENQASHImEIpIonved £ A T @' ASSAVAG g’

08 PBK)
[00221? on vam?éa’ aen éymggh:i%ﬁa@%?l&g% I?rlnvz\llgéé {S;Lt%l clifﬁag: é‘\(n%)glyv\‘?a?)ﬁfa{j g@rq?lex comprised of
biotin-FIGGIP, ﬁumphhm lalmlné ST minocl08 amibédy. weGSEided GREI pleckst

ek S d
homoloé%k}gl-g) n%a}’% rﬁn gﬁ% 1?15(6 (%@%cog)gnﬂn%e m X 13%52)@ s ESrgplum in the
complexa|resmltednt @ swalemlm&rq:sob'ndttbrmceaw rraonatmtde@ewdtrmﬁer (FRET) signal.
Phosphzi%ﬁéla nosgog?# £ 5§Oéhl'(l)t Ik{oape\’l\g’tlsggtrgl)g% :‘)\S; r\rlcxﬂc?lécﬁ I’(l))%) S’?%ES(LS o%;g the energy transfer
compleS llbb/foai’r@etufg Witk raetinalPId3,4,6)P; o biatid tb thy BRI PH dﬁnﬁa@rf Ckesulting in a

t crude produ The r due, was purified by colu
decreas?fﬂﬁwwrs%lﬁk’ fﬂglbéllo eOft}ﬁzde élbeuteectE) pée\sp& Fé‘é‘frgaéf Iugqle fluorescent
signal. (O 90 gr, 75% whi ch was dried overni ght at 39C in a

acuum oven LCMS: (FA). ES+ 406. 1H NMR
[00222]\ Cmgre@pm%ﬂa pl\@ wqy_incupated (vVéth di Q)S PIed, %gy_ spbggl&( S uM, CeliSignals,
Inc.) in hé'slliy blYffe4§5(7 nMIrIﬁf‘ES %ﬁ)’/’(? % rﬁlZlé ﬁ’ggsl smelNd)a lz)brglel' {7 gl@&rophosphate 5
mM Mgllﬁzl@ 5@/1 (anhumlH)holate[ @0)96%1 Cﬁéﬁﬁbgm:smna 2t5he1\4f1?9TP owd B uL of test
compoung ?1é1$1|0§?;1§l|\4§62p9 Elg grcg>ﬂm%tllg'§tlooglg E)r{r 8 il!ﬂavto ] (%;EOI 9! |?L in, 384 well plates
for 30 nhiQ QL1 3°EX aTfal reaction wSymhhﬁaed; bpﬁd%g(iuﬂoﬂdadfdn@ﬁ eﬁﬂ&&mso mM HEPES

pr7.0, 3T e A R 3 it SED BRSO TR o pisyin-PIG34.5)Ps (150

nM, Eclﬁmagdﬂﬁwwgad@vdﬂzm ¥xdetecOéhlutter &r@finidg GST-fused GRP1 PH domain
(2, 4-di chl or ophenyl ) - 2- nor phol i not hi ophene
protein @1@%6\4“]@%1111@ P[hmgqitlcﬂs)ml%t G "g Eyropium tagged cryptate antlbody (2.25 nM,

C15B10)4Sﬁm§-§(ﬁ_2(96 rﬁUI ChisBioP ﬂﬁﬁﬁ&ths)sruﬁr forfde (240 mM) were then added to each
hol i not hi ophene- 2- car boxyl i c_acid (508. , 0. 001326

well angyeybated fopl JRyr HPTEIcPRicigna! for fach V@"ow e jneaggpd on an LIL_Analyst

(Molecitl &t DESRLs)( Mentrgn&u%spﬂﬁie)cuy‘@§ WB&%&QM@J dﬁ@al&ﬁitfn@ lthel ﬂhorescent signal

The m xture was evaporate I n vaccum a t he resi

in test RmpoRREAs BMBles iFiRHYe 91 MR -rgted 30% ighibitoR) ard BP’&A -treated (100%

inhibiticHg IcBntedl, Qi'hﬂ denRarARhK pRIdo¥Re 80%. inHiBitidn QIds, WASes) were determined from
di ssolved in DCM (3 mlj % nol ) and added to TEA

those cyryes3 i 0. 0093 m)l ) and N O- di met hyl hydr oxyl ani ne

[oozzshydt%tw@ilﬁsx(é&%g& s 0.00289 mol) in DCM (9 m, 0.1
The mxture was stirred for Ih at the

[00224&a rk@qg,gp@ggp@lon Assay




The reaction m xture was washed with water and dried
over sodium sul fate. The organic | ayer was evaporat ed
W@ 2008f1$454 0 PCT/US2009/003607
4- cyano- 3- (2, 4-di chl or opheyl ) - N- net hoxy- N- net hyl -
f hol i not hi ophene-2- carboxam de. To the above
internmediate (207.0 ng, 0.0004856 nol) in THF (21 ni,
0.26 nol) was added dii sobutyl al um num hydride in
hexane solution (IM 0.1m, 0.0019 nol) at -78 0OC and
he m xture was stirred at the sanme tenperature for 30
[002251n ninhibiionr efa13Konn reelts ware bpaassesgidsweing dhep Fokh¢adr Refigiipution Assay

(BloIm%Qfj Fol8 &@Ls&? 0 (%Flﬁy oC Qal EGF&%@%&Q npi/JZ%gs_!e@sgg ¥ Els 1ocalizes to

hen pur| ol um mat ogr ap to af
the cytoplagm, v\thed ﬂ@rﬂlé](@p!hwnyis)acgveﬂb slggqlmg Inactivation of pathway 51gnalmg leads to a

transloc?@&)) BQ 'p%ggﬁ rfﬁf mgdysb%g%ﬂllr\}hlztse ;:d%ﬁ!gr 0@%}%@ nf’ d&i%?/znghlbmon can be

measurgddy qpp-‘)tlfymg 33 f(uggesqepg intefsigof Fdeh1A- Eﬁ;vFP witBo tiicnuclepy.
[00226?68?%@? %é{s(ecg}nitﬁt&/ely éx presgihg 90:(&1% é(l.';p"l’ (6%08 Qel s?Welﬁ Id)ere plated onto the

inner 6@ wells df 26 ohll dishph@1y Filedn ORTHEDN plack tleali boraim)-ih HOO pi_ds cell culture

media @HE%’G)( n%aéro&erggc L{‘Q‘gﬁ!"%| E())?l Bﬁgﬁ&%v%}gc rboml&)zél%e)fand 1% Penicillin-

Streptavidih i(knv droydri) hh@gﬂ@@lﬂ&w&mm[ monhntidified (:Ea&llﬁr R 7° Q. 001@1:4!2 culture media

was ey and s s, e e S8 op 3o 06 soRismealt (b segaining 0933%
Fetal B&VIRe SardthWn@ 198 PersdillinSRpth Oddind ARE McubR€l Me75(71 oMbw serum media for 1
0. 00020 nol) and ;Jot assi um car bonate (65.7

hour in @ hOOAFS e or AT 46 IRl SCORIdRHES KL 1S A4T1S Fangensftios suspended in

DMEM6nthifin tg?lt% Penldifin rS%%ﬁtta{/édﬁh Wi b8 td\Etls AMeREARdRY a humidified chamber
saturat'ed sodi um bi carbonate solution and brine. The

at 37° Cofpg hhow. Thy medinases mmce'ed enfl e cellsiwerd fixed i 0Ll gh¢% paraformaldehyde

I aff : :
in phosgCP [a%”ﬁf‘eheg %F’m(g% er%r/ |1§’ imin g then washed, with 100 uL of PBS. DRAQS mix (100
uL, Aletishyidet@enliddd) rilded al:5000 yih PBR- ssataplivy RNk @plogdoe; Sigaa)y vas added to

cells fo%mlrlwllteﬁ fﬁis %%320[2 gl.en -ym%dg( EGA 2'1?1 S;er;lwz uéfll;'glglnwg%ra(}mager (Evotec)

and FokdiA- EGFF’rQ}u?SreB&n( Mtershtd) ,w1t4=111201e4n&&ué F(DRIAI@S-po'BLtQQ)- ¥as Quantified using

Acapell% oft\g;‘l;z (E['(ﬁ G%O%ré%}l%n Ir_f!)sponse curves were (gnglerattle_g by calcuqatmg the nuclear

fluorescént(iRtedsiti of IHoR6-0 AHEGEE t'ést(cérriif&ﬁrh)tfeaied‘l-shxﬂj)ldﬁirﬁﬂ coﬁce}tﬂtr)m&s producing

s B G G SR o Lk O 0 G
[002279C mpa@ﬂeﬁhtnmluéraﬁbhg@sa@e (38 2 ulL, 0.000451 nol)
and the m xture was stirred for 30m n.
[00228},_ ATRutgASHYor ophenyl ) - 5- ( 4-
[00229E'Et T -A%pp i Y B rRin  Hknk Ay ﬂ?s%? mgasMIeQ c%l‘ltﬂﬁ’r fadeno%me triphosphate (ATP)
no

I i not hi ophene-3-carbonitri rrgr 00004
throughithe goowpriian & alpmingsqyptsigns| &r%ﬁ% &@eﬁ Exdapepdentenzymfirefly luciferase.
The lun(lgasdé?’xgs@dal 1&6&9{1% BElsdd Yesmadaedr adrdidk Bﬁ)h?@dﬁdﬂr shdWRétefore the anti-
stirred for another 30mn. 33% anmoni um hydr oxi de
prolifergtiyg effects ofRiphiiitArer | 0. 117 nL) was added and the
[002305 ea’%sk Qi u%héJ (£ lg@‘y WSb? \»)’eﬁeodnutte%mefsa%ﬂ) oF Ha;l-ltl‘.eBuffered Saline
ture was purified col unm chronmat ogr ap
Solutloraf(lﬁmntrdgen) The diluted test compounds (8 uL) were then added to 384-well TC-treated
-(2, 4- r I 4- et

Black/Cf}eagTBI’ratﬁﬁ gljl-'a con? hﬁggﬁgﬁeglg (CAé'lnr icah 'f?pel ll_%rfrq?ilecznoan%ﬂ a)me% in McCoy’s
5a modif@d/ﬁied(a IFI&\)/ltﬁgd-n)lbﬂ)&aﬂnﬁl,g 1B%- Fetdl Boline SeidmNIVR 104 PDéhidiltip;Streptavadin were

added a Eéo% ISGIler we‘ijl %6% cgﬁ%%Ar%e}_%ﬁn %me 1%?3 S‘I’l%ﬂ_‘%‘; g%ﬁlrttéhgéd in RPMI 1640
containigl)l 0 %2Fe2dl Kosunefﬂd)um D 1%RenCdlipSuemsvaiin wdre added |apWb(igcells per well.
table were prepared fromthe appropriate starting
materials in a nmethod anal ogous to that of Exanple 5:



LCVS: (FA) ESt+ 473. [00170] Exanple 6 : Synthesis of
4- (2, 4-di chl or ophenyl ) -5- (I Hi m dazol -5-yl) - 2-
woreeoph®i7ienot hi ophene- 3-carbonitril e (Conmpound REOYBORY03607
ACOH xxii xxiii HCONH7 xxvo6XXlV [00171] Step 1:
5-acetyl -4-(2, 4-di chl orophenyl ) - 2- nor phol i not hi ophene-
3-carbonitrile [00172] A m xture of
4- cyano- 3- (2, 4-di chl or ophenyl ) - 5- nor phol i not hi ophene- 2
-carboxylic acid (508.0 ng, 0.001326 nol) in thionyl
chloride (1.7 nm, 0.024 npl) and tol uene (1Qm, 098
The celh}[yfefe Wﬁ%‘nﬁ‘éﬁ‘f"éd’”ﬁ’t cogpoprd ingchumidified ¢hambsaat 32 (\',‘Vgg 72 hours. The plates

were thE&Y RRBVAL §6h itHe ¥BCERIR: dRnteReantl %ﬁbﬁé&o‘é@qﬁh&@@%@ RnfteRiderature for 30
with toluene for 3 tinmes to afford aci chl ori de as

min.  Adighut 2B Hdwef esill| cultomg meddd wasnepsnayed §91nvf@@h wall.pom 253umf ATPlite reagent
(Perkm'%'r xggr& %k )aﬁ@e]'a ggleq' ﬁ Y Lﬂﬁ%é%r ocﬁ}wo 98?3»/ [Hi)rl 5 n%ﬂgtes of adding the

i met roxyl am ne
ATPliteQre S H a;{di/}D$q¢k@¢¥W‘r( igespgnce @oqmcmﬁ(}ﬁ }@plﬂ@a@@,lfe Spha@ces) Concentration
respons%':I SV Qvefld ge&}dtédr 5 cglg[llavj.n\%aﬂt %‘Hﬁnéﬁﬂ& haRs! ? ggs? compound-treated
he reacti 6n m xtu shed wth water an ol ed
samplepiebitive s PYHIOs tigaftest eontrPlyeansk grawthcinhigition (e valugp ovent defermined from
af ford 4-cyano-3-(2, 4-di chl orophenyl) -
thOsec*(l%sthoxy N- et hyl - 5- nor phol i not hi ophene- 2-
[00231& ar Boxlamleie abobe, tdmpambdsy ef ithet mvergidn dntebit PIIHHF 5@ rtain, embodiments,

compo LA RS0 54 D PR AL St e

have an&CﬁWE 1D9NLNIn still@theeanbddifent, XbrpRINMESE thiandiiies hiby an IC50 < 0.1 uM.
ium chloride solution and extracted with ethyl

l00232&c eYvét'% wehgye dpgibid @ npmper ofiinbodients af s iRvasfPhHdt laﬁaparem that our

basic e)ésakiﬁ)leg hﬁ? b@}ﬂte@&i MSSPOV‘HU &ﬁ@feﬁﬂ&ﬁﬂﬁﬂts twhi@f tik&the compounds and methods
acet

hl or ophenyl ) - 2-
of this iRy Hefb| Tlmﬁf?fmbwéh@ @P{f’a\a@é ﬁf{ae theiseppe 86 thisgnvepdon is tp pgefined by the
appendédFéﬁlnESith&Sﬂlalg@y thd spdvitic( éfQ&)dM‘T&ts GyhichCRHve bR kdptesbnied by way of
0 (d, IH, 7.40 (dd, IH), 7.28 (dd, IH), 3.90-3.83
examplf(m 4H). 3.71-3.64 (m 4H), 1.90 (s, 3H). [00173] Step

5 (2"~-di bronoacetyl)-4-(2, 4-di chl orophenyl ) - 2- nor phol i
not hi ophene-3- carbonitrile [00174] A solution of
5-acetyl -4-(2, 4-di chl orophenyl)-2-no f

hol i n- 4-yl t hi ophene-3-carbonitrile (50.0 ng, 0.000131
nol) and brom ne (42 ng, 0.00026 nol) in AcCH (1.0 ni,
0.018 nol) was flushed with argon and then irradi ated
in mcrowave at 120 OC for 5min. The reaction mxture
was concentrated and the resi due was suspended in

wat er. The solid was collected to gave

5- (2, 2-di bronpacetyl)-4-(2, 4-di chl or ophenyl ) - 2- nof

hol i not hi ophene-3-carbonitrile (46.9ng, 66% . LCMS:
(FA) ES+ 538.87; 1H NMR (400 MHz, ~-chloroforn d:
7.82 (d, IH), 7.45 (dd, IH), 7.33 (d, IH), 5.78 (s,
IH), 4.00-3.85 (m 4H), 3.80-3.70 (m 4H). [00175]
Step 3:
5-(2-bronoacetyl)-4-(2, 4-di chl or ophenyl ) - 2- nor phol i not
hi ophene-3-carbonitrile [00176] To a m xture of

5- (di bronmoacetyl)-4-(2, 4-di chl orophenyl ) - 2- nor phol i n- 4
-yl t hi ophene- 3-



carbonitrile (46.9 ng, 0.0000870 nol) in THF (0.78 mL,
0. 0096 nol) was added di et hyl phosphite (13.7 uL
w@2@®903071 nol ) and TEA (14.9 ulL, 0.000107 nol )PEr/US2009003607

After addition, the m xturéwas warnmed to rt after 20
mn. The reaction m xture was evaporated and the

resi due was suspended in ice/water. The solid was
filtered and purified by columm chromat ography to

afford 5-(2-bronoacetyl)-4-(2, 4-

di chl or ophenyl ) - 2- nor phol i not hi ophene-3-carbonitrile
[00233] 1 24y detaiipsh aboyengempommgs gfthe gigpenggn (inhibit RIFK. ( JoEefpip embodiments,

compou'flc}l_i)cgfl t@J 8@&%%5% af- Ié%g Qg 10 ;%ﬂsﬁb én é‘i‘?en(bgglﬁsel\w cogg)fo?lgis(oq the invention

have an [lEJO < [IOOM 7]jn s&d eghezlembodlments compounds of the invention have an IC50 <0.1 puM.

[00234]n ogﬁ?\@% Fggg&g‘g%h?‘%‘?‘%f"k 'él-[nbg(]i%gx}ztg Lf_ tgi_s){rll\)e;lt%o_nr:rtl)trig) Qp%laient that our
basic exSmblBﬁ AP BE ﬁteyéd)to frolyticbtittr ebalimpie I‘\thch utiti PEth h@hfbd’ﬂmég ahd methods

of this i l?V&P h@gree(%e gt W@%@é&)gg%\aﬁé ﬁ"at G\:g §co|pf: agﬁgdnwzlw i§ Fcblzﬁ,]deﬁned by the
appendedndlaiinB @ither tharl b ttied spedifiti anitddawtsd ivhbBhaObea repfdsanted by way of
The reaction m xture was concentrated and the residue
examplgyns purified by preparative HPLC to afford
4- (2, 4-di chl or ophenyl ) -5- (I Hi m dazol - 5-yl ) - 2- nor phol
not hi ophene-3-carbonitrile (2.8ngy, 6% . LCVS: (FA) ESt+
405. 18, ES- 403.27; 1H NWR (400 MHz, ~-nethanol) d:
7.66 (d, IH, 7.60 (s, IH, 7.46 (dd, IH), 7.35 (d,
IH, 6.27 (s, IH, 3.89-3.40 (m 4H), 3.55-3.49 (m
4H) . [00179] Exanmple 7: Synthesis of
4- (2, 4-di chl orophenyl ) - 2- nor phol i no-5- (I H pyrazol - 5-
yl )t hi ophene-3-carbonitrile (Conpound 1-21) [00180]
[00181] Step 1 :
4- (2, 4-di chl orophenyl ) - 2- nor phol i no-5- (I H pyrazol - 5-yl
)t hi ophene-3- carbonitril e[00182] A solution of
5-acetyl -4-(2, 4-di chl orophenyl ) - 2- nor phol i n- 4-yl t hi oph
ene-3-carbonitrile (52.3 ng, 0.000137 nol) in
1, 1- di met hoxy- N, N- di net hyl met hanam ne (1.0 i, 0.0075
nol) was flushed with argon and irradiated in
m crowave at 160 OC for 30m n. The reaction m xture
was evaporated to dryness to give 4-(2,
4-di chl orophenyl ) - 5- (3- (di net hyl am no) acryl oyl ) - 2- nor p
hol i not hi ophene-3-carbonitrile as an internediate. The
above internedi ate and hydrazine hydrate (30 ny,
0.0006 nol) in AcOH (1.5 nL, 0.026 nol) was irradiated
in mcrowave at 120 OC for 15min. The reaction m xture
was evaporated and the residue was purified by colum
chr omat ography to afford
4- (2, 4-di chl or ophenyl ) - 2- nor phol i no- 5-
(I H pyrazol -5-yl)thi ophene-3-carbonitrile (19. 5ng,
84% . LCMB: (FA) ES+ 405.06, ES- 403.23; 1H NWR (400
MHz, ~-nethanol) d: 7.65 (d, IH), 7.45 (m 2H), 7.33
(d, IH, 5.48 (s, IH, 5.45 (br, IH, 3.85 (m 4H),
3.54 (m 4H). [00183] Compounds in the follow ng table
were prepared fromthe appropriate starting materials
in a nethod anal ogous to that of Exanple 7: 29 LCME:
(FA) ES+ 419. [00184] Exanple 8 : Synthesis of
4- (2, 4-di chl orophenyl ) - 2- nor phol i no-5- (I H-tetrazol -



yl)thi ophene-3-carbonitrile (Conpound 1-23) M xxvii
[00185] Step 1:
wa2¢o21847dli chl or ophenyl ) - 2- nor phol i no- 5- (| Ht et PERZU52089/§03607

| )t hi ophene-3- carbonitril €7[00186] To a m xture of
sodi um azi de (34.01 ng, 0.0005232 nol) in ACN (0.3 ni,
0. 005 nol) was added silicon(lV) chloride (0.105 nmol,
0. 000105 nol) in DCM (0.1 L, 0.002 nol) and the
m xture was stirred for 30 mn.
4- cyano- 3- (2, 4-di chl or ophenyl )-5-no f
hol i not hi ophene- 2- car boxam de (20.0 ng, 0.0000523 nol)
was added to the above m xture, followed by sodi um
azide (0.0340 g, 0.000523 nDI and silicon(lV)
chl oride (0.16 nmml, 0.00 ) in DCM (0.16 mL,
0. 0025 nol) and the m xture was irradiated in
m crowave at 160 OC for 30m n. The reaction was

L Avcepweurdsd fermmladuri f i ed by col utm chromat ogr aphy to
afford
4- (2, 4-di chl or ophenyl) - 2 nnrphollno 5-(I Htetrazol -5-y
| )t hi ophene-3-carbonitril e¥y Hé ng, 54.4% . LCVB: (FA)
ES+ 407.09, ES- 405. 2ty (300 WHz, [/
-chloroform d: 7.60 (d, ; %, (dd, IH), 7.30 (d,
IH), 3.90-3.85 (m 4H), 3.72-3.]63 &g} 4H). [00187]
Compounds in the foll ow ng tabﬁb\%bre prepared from
the appropriate starting naterial’s in a nethod
anal ogous to that of Exanple 7 : LCMS: (FA) ESt+

er th f
ora phal?li??a%egtg:ald)[ %J}E?J(l)% %ﬁgﬁlﬁ@%& wh §§{ ndl ﬁ; Idf 002

metyVaﬁ QJ,Ryps)H 5—C€\I4h@.l|pgen R C,.¢aliphatic, or 3-10-membered cycloaliphatic,
2, 4- trlazol yI)thlophene 3-carbonitrile (Conpound
1-34) and 4-(2, 4-di chl orophe ) - 2-
(tetrahydr &ip pqﬂem,qdaffp.mary@gtxogaltgzpubstltuted C,.3alkylene chain, —O-, -N(R'*)-, -S-
1 2, Sbsl 26}, %oi0)) LObOPRIDAS CNRON D), L&R ")CO,, -S(O)NR™, -
(Cbnpound ) XXV T XXX]T - XXX T XXXTV |
xxxv[ O6RBS(OBt. e<aC(p>N<1§t)hyN<R C(O)NR'*-, -N(R)S(0),N(R")-, or -OC(0)-;
4203égp80§y|[1{(‘321sﬂ &b %PQ%M;%}%%IYJ SuBfieited ¢ 4a1199191(:hdn9phene
4- cyano- 3- |Poeroansm(lwﬂlwv@mureémmsak@%@ﬁ@ G eliphpién 1 1§-membered
te ( 5(:9&&!11 Qatgmm‘a)nb@l%g héefde ng:‘l)mﬁﬁnlqg(Y@%@é)@a@ﬂﬂsQerendemly
(3.5 8 were combin i'n tetrahydrofuran
(100 ﬁﬂsvct%siwfaor@mtrpg% oxteeBEr oafur g 14-memberedyyl, omprd0-membered
r eact ihoRrodR P hAAMECEN hetdb 8T mis fhdgﬁé?lﬂ&tlygéllzéﬁdeﬁoﬂ’i"nh%gen oxygen, or
di chl or onet'hane "and hexanes and the resul tant
preci ptfiite was filtered to yield the title conpound
R5is99, haﬁ, X —AsRAoyRT Qverspl i d. LCVE: (FA) ES+, 473 1H
NVR (400 DVSO) d: 9.05 (s, IH 7.10 (d, IH, ”
8. 57Hz), 6"%0&56185@ fra{n apigptiongllg gubstituted Gy allgylone. Crlpam-o- -NR™)-, -
g HID 2K S(g)f 5, -@H)))- -3:025 -CONRM), -NERBE3)- 2N’ PCO,-, -S(0),NR*-,
e

4- cyan18 PENaA. ﬂfcéﬁp%%@he‘ﬁ(% PYCEONRE: aNER NS RNR) en 9510C(O)-
)am noj t hi qg""i@ﬂﬁirogen%répg nﬁlﬁﬁsuﬁ)gggigdzb 1Bh(zit1c and

4- cyano- 5- [ (,2, 4- di met hoxybenzyl ) am no] -é i odot hi ophene
- 2- car boxyl tlsean(qptlgrgély s sggu@ﬁ%p)selected from C, ¢ aliphatic, 3-10-membered
2, 4- d'c?&&@ib@ﬁf&eﬂﬂ) %m&leg h@t@l‘og diyd hzangl SQIng(ﬂi%nmmependently
tetrakls(trl heny phosphi ne) pa ¥ |unhé Qg
0. 0004¢)egies) fyom aweg%emw@oalswaﬁeﬁ §0-pup ge@aryta opP28-membered

heteroaryl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or

wherein?

sulfur;



nol ) were suspended in 1, 2-di nethoxyethane (23.5 nlL)
and water (13.5 nlL). The suspension was flushed wth
wa@e@gonsamd t he reaction m xture was irradi at edPCTIUS2009/003607
m crowave at 140 OC (300 wasts) for ten m nutes. The
reaction mxture was diluted wth a saturated sol ution
of sodi um bi carbonate in water and extracted with
ethyl acetate. The organic extracts were washed with
brine, dried over anhydrous sodiumsulfate, fi I ter ed
and concentrated in vacug. Col utm chromat ogrgph
X1, Xa, sk Xocrneagh indegendandly ther GR's whereig sprbpsenrfercadt Ry is ee%endemly
hydrogé(n%I@ hﬂlE@n E@'R él%lll'_FlJch %1@49&%&'@ @logﬂ}ﬁgc q'her%)n05
7. 40 (d | HVIJ s&le@edz@wyn orrtlorglb(ﬂlbstltwed G:. z:allfyl%lsr-lzam -0-, -NR®)-, -S-
6. 62- 6 AT H)_ _%30 6a_ 4\‘&4! 2 62 NR6a_ _
S o éiéé @(0§ (-, 3fg (61%@ m( 13@(09 %mifwl% 0),
Step (R‘E} }2- -OC(O) (R )- (R )C(O)NR (R MS(0)N(R™)-, or -OC(O)-.

gxslmétng ?60 o ]ﬂycﬁoé]e%’& afl bﬁmngmmhﬁnmka £ MphfRemd- carb
4- cyano- 3- ma:mp@pppa@ly Gpbreadigrapselectad Hpmst i @Bt 3 y0-membered
)amn Q}&&Hl&}ﬂﬁﬁnﬁ 18 me%EQQ )ﬁ¥t'ex%E§‘cl)(l41a\7 F@ LS?;aQFb%&)mMependemly

was di Ssol ved 1 n dichloronethane

Tri f | §¥ecselcieam pitrgagng OXYRSPLOF SWAS, & @Gmhﬁéd b 05 il Prinjegpered

Was Sthkkfofid RlvidgPRIhEEIREHR e fenliQiily E1BctbH fbth Bfrog Jrh%x gen, or
reacti on was concentrated in vacuo, "diluted with et y

acet at¥flind filtered. The filtrate was washed with

saturated sqdisusn Bi GEEDWIRIM RACs ylRGen GF 1280oRRLIlY substituted C,.
anhydrous sodiumsulfate, filtered and concentr at eg

vacuo «libttigim chr omat ogr aphy was perfornmed to yield

the title npeupd (2.92g, 90% as a yellow solid.

LCVS: (FA) ES+, 341. 1H NWR (400MHz, -DWVSO) d: 8.17

750 10 SANS La. Ay %E“) 95 (m P, 1020

1.02-0.96
(m 3H).Q[00 @5~}d§ Stele =)
4- cyano-3@(—234 i chl or hg t hi ophene- 2- car bo
X3 mt e [ 00196] To, a suspBnsi onoof( t hyl ;
5- am no- 4-cyano- 3-( 2, 4- d| chl orophenyl )t hi ophene- 2-carb

oxyl ate (2.92g, 0.00856nol) in acetonitrile (10 nlL)
wasreackdetdoadnirode nER hia meiep@ddrﬁlyﬁk““ o0 TGO mbkinunder an

ﬁlt ??Is?gez g %tfl Se %9%15% ol )W vglg&é/%gd gttalalig% %9111t 1§ %ﬁ%hdemly fluorine,
react i=6n =8i xCNr eN@asRE0aNRI"):, 0ORGb ﬁSR‘éﬂﬁé@hRﬁTr eC@R™, -C(O)OR™, -

\S/;L:Lg%g g&co um ¢ ?omi zgg;(géﬁsyi\@gs per ?(ng)()ltime IRd)SO R, -

the t N(R%)czx@mhnww)amwlévwr aN(Ré“hSQNRd’b @awowccmdnces of R®,

A T A RO p—

4. 25- 4ulisBtufed) 4-24Hf)embired ]!wmrcx@clymmgsh-@vmg[ 00 ]@@d’}lox&l d;pte@atoms selected
4- cyangs nyl ) - 5-i odot hi ophene- 2- car bo

xylic ac.%&f%ﬁfgéé%mrg; g’?@gl ution of ethyl

4- cyano- 3- eashoatumtricoraf Rt ivyinjlepBndeoty hiydrogimesrearPomimnilly substituted

xyl at 0 t& 0 0

) Rt o 07 Mk, ACKERRAE KoMy 4-10-membered
sodi urmetesodyadyi leingnl -hdiceroafotr® independEhidy sadéatrdi fwem watsogen, oxygen, or
allo S L ant e

i th 300k IO RUSL D o, 5o BB Bl RERARIRICES heeroatoms
(18nL)mthpdldemb'rsakctte@lfmmtrmrcraem)dxymecbraukfur The organic

extracts 4

sodi um Su}l\%&fq]eél@?lp‘%?% ¥)\fe 15%[5& ggnﬁiggtw a%do ?éﬁaﬁlﬁémﬁ%qe%%oup selected
af f or drorrh@,. Ceralipletiti l-ltbrr@mhp@dmxthalpt&@cgl 10:@@shered beferocyclyl having
directly in the next reaction. LCMS: (FA) ES+, 378. 1H

NVR (400MHz, 6-DVBO) d: 7.68 (d, IH J =2.0Hz),

7.46-7.34 (m 2H). [00199] Step 6:

4- cyano- 3- (2, 4-di chl or ophenyl ) - 5-i odot hi ophene- 2- car bo

xyl am de




[ 00200]

4- cyano- 3- (2, 4-di chl orophenyl ) - 5-i odot hi ophene- 2- car bo
wogiovas4ei d (1. 30g, 0.00306npl) was di ssol ved PEII/US2009/003607

di chl oronmet hane (30 niL). 69

N- ( 3-di net hyl am nopropyl )-N -et hyl carbodi i m de

hydrochl oride (1.27g, 0.00661nol) and

1- hydr oxybenzotri azol e (0.88Cg, 0.00651nol) were added

to the solution and the reaction was stirred for

thirty mnutes. Ammoni um hydroxide (5.97n, O 153nol)

was addbbptreatomeindependendn selertpdtiFrm pilrperas PRy 2eR, RT ST, falh-membered

stirrgelfQis. lt()V\Qem%dsheteIJEylrh@ﬂﬁé i Shef&toaldnisGndéBehdently selected from

concentrated, diluted wth water and extracted w th

ethyln&&ﬁ?@ﬂéﬁﬁ?ﬁﬁsﬁﬁganlc extract was dried over

anhydrous nBINRShHRSH li“NSQndeE)brldteﬁti dfdEEn SIOJnLHﬁﬂonally substituted
chronatogra hy was perforned the tit

conpoeen 3-10-pegbergd) gycloajiphage, 4- I‘iA)neE‘Qﬁfed EQQOC)CEHI Rivrng 1-5

( 400M#évg%oa%@degend&t@%e{eged frbin n}trogelz OQF%}I’ %r ﬁjl@lﬁ' 6 l?@-’membered
4’ ( 2ry4,qy|501|ﬁ)|-rg¢r@t§rf@ﬁwe)'oagl |h@ﬂgg 55(114teroatoms mdependenth selected from

mﬁm&&5%§ﬁknqn¥Mhhhlophene 3-carbonitrile [00202]

A n1xture of

4- cyano- 3- (ezchiacairesmropfdd hisiydepersienthdd igem premeaptionally sepstituted C,.

xyl am, deoHade 33 Iﬁg,amp 00314 nol) and

I I-dlnethoxy N- di net hyl r net hanam ne (10.0

0. 0753 ol )Ted aptipnsdly sebstituted Gilka albkylen wf&felq@e afkglene chain

(300 \@tidmlly fsQfitedthedd BYUDRRY)- TR, -&eam)ﬂts(mzs -C(0)-, -C(0)O-,

concentrated, i n vacuo, The reS|q sol ved in, acetic

aci d (@“@Nﬁ’f: )-0SEBNBIY- a@@(qaw e N R D36,
At 120 gﬁa )0- aRRSURDRALL -NER MBS, LOE@M, 8 IQDNR)-0- or

00 watts) nut he sol vent
r enov é@eIeﬁ‘ T @ @osion tlterf@f pReigngiefopmspasef gn pewallwqbﬁltuted 3-7
tO'Ue@&mﬁEﬁhQﬂaoﬂﬁﬁﬁﬁQﬁQQ&QBﬁX IWag; perforned to yield
the title conpound . @' LCVS: (FA) ES+, 447.
i ROR (400MHz, - nret hanol ) d: 8 35 (s, IH 7.60 (d,
tts 1br32. OHz), 7.45-7.35 (m 2H). [00203] Step 8:
4- (2, 4-di chl or ophenyl ) - 2- (3, 6-di hydro- 2
PasN-dnoriy| ) -5-(4 H- I~ 4-triazol - 3-
W'r@ﬁ&%ﬂ@ agmgl@rop@(SUbierBdnﬁ;[ngzo"r] A mxture of
4- dlchlorqg enyl)-2-io0 5-(4
Prowdeﬁlhat tbe gorppquag of fogoylp § tsiothsp H@ﬁ Mospholipg, drlp 4. p1diphenydd Hygnidazol-2-yl)-
2-thiem@-4 mmol ), tributyl (3, 6-di hydro-2
pyran-4-yl)stannane (0.452 g, 1.2 mmol), lithium
chloride (51.2 ng, 1.2 mmol), copper(l) iodide (7.6
2. MHe cch;Qﬂm&THDélalm It %Ex@iﬁ' ont bf inBhauydinlkesRR KR Eafbadi um
236 4 ng, 0.04 mmol) was dissolved in dioxane (20 nL)
dYnéffed to reflux for 3 hours under an at nosphere
of) wrigen. The solvent was renmoved and the residue was
purlfled usi ng | SCO chromat ography on silica ge
SRiiskNd et hyl acetate in hexanes to ethyl acetate
(® RTEah dpidasiy dubitﬁutgd)mglﬂﬁk%lfe?eﬁ affd, or $41%merh&% he(eE&}yl having 1-5
ES+, 403. 1H NMR (400MHz, ~-nethano s, IH)
heteroatymsydep'pndpth) selegted from ngteog(:moxgg%n or@ulj?gr (dd | H)
4)381s9-86: (M 2H), 3.97-3.94 (m 2H), 2.71-2.68 (m
2H)4 [ 0Q205] Step 9:
400§‘ﬂ4ﬁlchlorophenyl) 2- (tetrahydro-2H pyran-4-yl)-5-
(4H1,2,4-triazol -3- yl)thiophene-3-carbonitrile
h_0206] 4- (2, 4-di chl orophenyl)-2-(3, 6-di hydro-2
he,gemappuad of glaim 2. whesein the sprancung isirepzesentsq By ophene- 3-
carbonitrile (20 ng, O. 05 nmol ) was di ssolved in
met hanol (2 L) and 10% Pd/ C was added (10 ng). The
m xture was stirred under an atnosphere of hydrogen
for 2 hours. The suspension was filtered through
celite, solvent was evaporated and the residue was
purified using I SCO chromat ography on silica



gel, elution 20% ethyl acetate in hexanes to ethyl
acetate to afford the title conpound (16 ng, 80%.

WO aBNB1547FA) ES+, 405. 1H NVR (400MHz, ~-net hankC)/U82009/003607
8.53 (s, IH), 7.78 (d, IH),7707.51-7.46 (m 2H),
4.12-4.08 (m IH), 3.99-3.95 (m IH), 3.53-3.30 (m
2H), 3.20-3.15 (m IH), 2.00-2.95 (m IH), 1.83-1.72
(m IH). [00207] Exanple 10: Synthesis of
4-[4-(2, 4-di chl orophenyl )-5-(4
H1l,2, 4-triazol -3-yl H, 3- th| azol - 2-yl]norpholine
(Corrpound 1-1) Mor ph0|l H2SO4 XXXV XXXVi i

-m)rpholl 3-thiazo -e-5-

4-di chl or t hi oIe (1. 26 0Qi04 N
C and NN-dllsoproperQ’(hyI %‘ 68 nL, 0(55211 =\
0C. Morpholineyy /N

Nssol ved in ethangﬁ
(0.614 nil ON704 nol) was a to the hot solution
and the "I'NxNure was stirred for g m nutes, cool ed R
down to rt, diluted with water (50 nL) and the forned ’
pr eci pitate was collected to give the title conmpound
(1 55%A91% LCVS: (FA) , 230. 1H NMR (300MHz;

d: 3.71-3.67 (m 4H), 3.52-3.48 (m 4H).
[00210] St epR2: Synt hesi s of
4- (2, 4-di chl of ophegayl ) - 2- nor phol i n-4ryl -1, 3-t hi azol e-5
-carbonitril 211]Re4 chl oro- 2- no \f
hol i n- 4-§Y=T 3- K hi azgl e- 5- car boni tri

mol ), 2,4- d¥ch ,

nmol ), bis(triph I sphi ne) pal | ack | oride
(0.061g, 0.0871 sodi um car bonat e (O/i 1.74
mol ) were taken uplﬁa DME (3 nl), ethammL\(ll nm.) and
water ( 1 nmL) and microWived at 125 for 30 ninutes.

M xture was diluted with ethyl acetate (10 ni) and
extract ed. The Olganlc phase was dried th sodi um
sulfate, filtered and evaporated. |SCO purification on
silica gel using 10% ethyl acetate in hexane to 50%

L

heterocy§lyDMBMg 145 haterddtotnd indepénderitiy Geldghéd {rom nRtdpen, xyien Jor2a@lfur 6-10-

membergcmrﬁfl }_gS i& a‘l]eg%) rg? g%t \?ﬁvﬁl@v? gErggr) p%&%)atgng Hld?pﬁn@nrt]lg' Igggétgd from

nitrogeng ®eyigbn ar gllfer, sptiembp xédsiided [»\O(D?_lléBindependent occurrences of R®, wherein R? is—
% _ ad phenyl) 2-nor phol i n-4-yl -1, 3-thiazol e-5
R Tzf{ grborfdffrl I’ %B(? ng, 0.088 mmol) was di ssol ved in
suI furic acad Q@u@@@e mE,Rg“‘slsﬁﬁdennmﬂeytl)ahdozdne -GV x N2 -R*, -NR™),, -

was Sfphd ed?@t r \Agjs)q{%e_ V\Q% okl r&b)ﬁ@@)add%)zN(R% _

and t ure nc n ekcess ,
sat ur @Cé@)maﬁmmnﬂ?)@@wbt aw@t%@m -NROE(QIAR ™, W OE (O)N(R™),,

S AL SR G o

d 7. @/'mc('ndheyl g, boﬁndﬂfo(nd an bpf}qnaﬂy 4®s(midad 4- F—l)membered heterocyclyl ring

3. 72- B2 B 6?‘a§é¥{rllfa etei&é‘%ﬁm?felécl& f%m?grg%gzéf@]gerﬁto?&lér

Synt hesi s or ophe
H 1, 2, 4- t r eashodec@rgricy -of R3: Bhndzepgrideﬁtly bydrogempdraini gpgionally substituted

group selected from C,.Cq aliphatic, 3-10-membered cycloaliphatic, 4-10-membered

heterocyclyl having 1-5 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl having 1-5 heteroatoms

independently selected from nitrogen, oxygen, or sulfur;



II:

[00215] A m xture of 4-(2,4-dichlorophenyl)-2-no f
hol i n-4-yl -1, 3-thiazol e-5-carboxam de (23 ng, 0.06

wWore@b)samd |, | - di met hoxy- N, N-di net hyl net hananPCBEUSD08003607

m., 6 nol) was irradiated i7h the m crowave at 160 0OC

(300 watts) for 30 mnutes. The reaction was

concentrated in vacuo. The residue dissolved in acetic

acid (1.0 nL, 0.18 nol) and hydrazi ne hydrate (30 ng,

0.7 mvol) and subjected to microwave irradiation at

120 0C (300 watts) for 1p minutes. The sol vent was

renoved i n cgeRQseuTanRRof R s isdufependently an pptionally subsiipted erqup selected

1) ,frohf@ (Q;raﬁﬁﬂaﬂb IAlEmeRBee@ycthligfltc, Wﬂﬁﬁﬁgmlﬁér&chheterocyclyl having

water (.1 and dried to afford the title conp

(10 mj—S W@atom@w@pev@&ly @éeptedsfgbzn nlgpgqqmy@g}egwmr 6 10-membered
DNBO)lr)qj -or QQO%Merédmeter&rﬂ%a(lﬁg 15k terofecf? ifdd edd@tly selected from

7.44-7.,42 (m 2H), 3.73-3.70 (m 4H), 3.44-3. ﬁ

4H) . [ OBPEY) oKy rGilfyy CAL DATA: [00217] Exanpl e 1

Pl 3K Enzyn@adhsszrdn@Oei8Y isExRpamishi hyafided bl dnfdpﬁéﬂdl@@ubsntuted
of PBK EnzgCk [ 00219] Active A?hos phat'i dyl i nosi t ol
)ne

ki nas éopH- E\‘?%ry%yq}@élplgﬁyﬁ iQsmemperggd tgﬁWCWav1ngl 5

Phar nﬁ@t@ﬂéﬁﬂoﬁ@'mﬁieﬁérﬁ@ﬂt@': et S B nfRgkS ok g &r's@BEN$-10-membered
co-i nf ect ed wi t h” bacul ovi rus cont ai ni ng am_not er m nal

Hi s-t dB4eaSg0imeneheredgtenmnyd havipg b3 drisioatogtidndependgntly selected from
[ 0022@]roRbm3 BxeZ YorRulighogenous tine resol ved

fluorescence (HTRF(r)) A,g.say [00221] The PI 3K en

HTRF(r) as&3p peEREacE IR of infependentlyyhyfrogen pran %’Bﬂ‘rﬂ“é gubstituted C;.

conpr i ﬁ?ﬂlaﬁ}.fgrblh@tl n-Pl(3,4,5)P 3, Europhium | abel ed
anti - nonocl onal anti body, a GST- t%?g)gd GRPI

pl eckst ri n ePORSFYTRPCT PHY 2 18 BidaReRdentif aNER 1 b CavSdiHOAPC

(al I opdyogpcyen)- nb(Othld(eﬁN&ﬁ%DfS(onNa&»t QPICUOINR*F-NN(R*)C(O)-,
onplex Lesults in ence

lu
r esonade efer &&?Rt }CC{F?%(PerN BFEEE@@N(E. bn&i(RQ)SOzN(R9§- -0C(0)-, or
Phosphgig)stHrosukd! 3,4,5 triphosphate (PI(3,4,5)P3,
t he product_ of PI 3K, di srupts the energ transfer
conpl ex by & ebﬁ?ﬁé’lpflﬂ‘@"\)(/lst‘tf?“g‘?eetq s plkyleneschginpvhergig the alkylene chain
bi ndi Bgtidnall} RentciRIPed By -@LQKH) no-J- SS LS(U)ﬂQS(OBL aC(O)—_-C(O)O-
decreased fl.yorescent Pl 3K

the reS@NG bré@ﬁ(l‘a)dg%q(é)a@@‘ in Nﬂ% )F{%rhlé%e)épr

si gnal.NH'90292)L, -RRIC@)RRTD- (13@5 )SM)ZNVR@)-I ro‘@tbal eﬂl C(O)N(R"’) O- or
with di-C8 Pl (4,5)P2 substrate Cel

Inc.)™ ﬁreé‘sjéié?alBBF‘Pér‘he(QS’éon’M“PlEFfESHWPfG“ OB“(}PRAIW“PS‘““M 3-7
150 midehdEled cldodibhdicdr neeroo@nasiphat e, 5 mv Myd 2,

0. 25 nmM sodi um chol ate, 0.001% CHAPS) cont ai ni ng 25 nvi
ATP and 0.5 nL of test compound (in 100% DMSO) at

Mué Edrijolnd SMTAML, ¥hE@mSY |i9Say f ik Cahd welcomBohd i2fpRsdhted by formula
in 384 well plates for 30 mn at 22-23 C. The reaction

was term nated by adding 5 nL of detection buffer (50

mv HEPES pH7. 0, 5 mM DTT, 1gvM NaCl, 10% Tween- 20)
cont ai ni ng EDTA (90 and |ot|ﬁzPI(345)P3 (150

nM Echel on Bi osci enge) Yo 5 nmL of

detection buffer cok}ainj fused GRPl PH domai n
protein (210 nM M| h—r‘dum araceutical s),

ant i - GST- Eur opi um t agg®4l, cr ypt at § ant i body (2.25 nM
CisBio), Streptavidin-XL (90 nMINCis¥ 0) and potassi um
fluoride (240 mM) were then added £» each well and

i ncubated for 1 hour. Fluoregcent signal for each well

was then neasured on an LJL_Anal yst (Mol ecul ar
pagiewndl )is CEoREent rati on response curves were generat ed

by cal cul ating the fluorescent signal

The compound of claim 5, wherein:



in test conmpound-treated sanples relative to
DVMBO-treated (0% i nhibition) and EDTA-treated (100%

w0 niwbhs474oNn) control s, and concentrations prodeCi/ngobYee3607

inhibition (1C50 val ues) wd2e determ ned fromthose

curves. [00223] Exanple 2: PI3K Cell Assays [00224]

For khead Redi stribution Assay[ 00225] I nhibition of
PI3K in cells can be assessed using the Forkhead

Redi stribution Assay (Biol mage). Foxol A fused to EGFP
FoonA-EGFP) expressed in U20S osteosarcoma cells

> éseanioptienatly sybsituteg BolO-rembsaprbtyclopkiphpisi 4 p&t mstelipradcheterocyclyl

having ﬁ-@ %Et&%h%m% |1rgigﬁénki&g}y skig&ed frgﬁtnﬁt%etpfox%%B %le\ﬁ' Qﬁ]@lrﬂe%ered aryl, or

| eads to a translocation of the protein fromt

5-10-menghernd|hgtsrAand havieg a dptetpstomprrdepgndertly sphfth@\ﬁym mtrogen oxygen, or

sulfur;

1-5 heteRodtdhil nﬂﬁgmhtlﬁée%éh filofH 1R

\_,_Zeru L Nor 1 RSy

i nhibition can be neasured by quantifying the

fluorescent intensity of Foxol AA-EGFP within the

muef-diand [ 00226] U2CS cel l's constitutively expressing
ROXORA- EGFP (6500 cells/well) were plated onto the
inner 60 wells of 96 well dishes (BD Fal con OPTI LUX
bl ack clear bottom) in 100 nL of cell culture nedia
ﬁ@é@wlgauwmmmheemtﬁé BinbudPRorERe Bl B i NE Ser um
done) and 1% Penicillin- Streptavidin (InV|trogen)
and grown overnight in aRlunidified chanber at 37 B
The gell culture La renpved and the s wele
with, 100 of \ | ow/sgrum nmedi a (DVEM cony ai
Rl Bovike S N
t11|j n- St rept avadi n) and | atg% in %%dn{ of Pow =N
' i dj chanb@nat 37 N
' oumds (25 nmL) at nulT{ple concentrations
uspendediN+ayDVEM cont ai ning 1% Rs RS
Penicillin- Streptavadln were added to cells and ’
incubated in a humdified chanber at 37 C for 1 hour.
Theaedi a was renoved and thegcel ls were fixed in 10Gy.c
mL of 4% par af or mal dehyde in phosphate buffered saline
(PBS) for 10Rhin and then washed with 100 nL of PBS.
DRAQG, mi x (100D nl,R2Al exis Bi ochemicals) giluted 1: 5000
in PBS c Qta)nl 0 RNAgse (1:10,000, Signg added
to cglls,Tor\30Um nutfes. The play@§“were
(16 fi s peP” we sing an Qgéra INveg
and FoROnA- EGFP filopdbcent intensjtf w :
nucl eus ( DRAQG- posi tiive) was quan pﬁled usi ng 9- Héa
Software (Evotec). CQ$Eentrat|9n response cubNeg/were
generated by cal cul ating the nucl ear fl uorescent
intensity of Foxo-1A EGFP in test conpound-treated
sanpl es and cogggntrations produci ng 50%;ighi bition
(1C50 values) relative to the positive control were
determ ned fromthose curves. [00227] Exanple 3 :

ﬁdﬂ&to@o%asﬁnﬁmmhé%ﬁ,ay [00228] ATPlite Assay [00229]
ATPLite(t (Perkin Elwenz Assay neasures cellul ar

Sémwh@m!lv F%@@f@ﬁ&tl@ hemmred 4y lo oS -1 renegbered beteroarybiing having
r&&‘g&h Gr ATfEr %QI%WE optionally

ggrefn
enzynme firefly luciferase. un1nesgent gnal

substitufed mithdi4 ipdengndapeoqsymencasof R muberein®’ df-ReefT-® apr —V2-To-R”, and:

prol i foehacb@Rnc AR RESRQdEnd 10%]91‘;' ch NdeGtNd@" _OR™, -SR™,
effects of PI3K I nhibitors. Qgs

n&q)#gcldﬁ%)@%gommé - R4 ﬁ(@ﬂ‘lﬁﬁﬁb)mfomlﬁ@ )2, -N(R9°)C(0)R9b -
RiREROSR SN(R%((@%M" RER%)'O?@ NR e@—N(ﬁ“?(ﬂN R”t’)?d

t est conpou d then added to
TC- t r 8agheercurrence of R™ is 1ndependently hydrogen or an optionally substituted group

selected from C, Cgaliphatic, 3-10-membered cycloaliphatic, 4-10-membered heterocyclyl having



Bl ack/ Cl ear plates (Falcon). HCT-1 16 cells (American
Type Culture Collection) maintained in McCoy's b5a
wore@pfisedl medi a (1 nvitrogen) containing 10% FePEil/US2009/003607
Bovi ne Serum and 1% Peni ci I7Bi n- St rept avadi n were added
at 1000 cells per well. H460 cells (American Type
Culture Collection) maintained in RPM 1640 cont ai ni ng
10% Fet al Bovi ne Serum and 1% Penicillin-Streptavadin
wer e added at 1500 cells per well.The cells were then
i ncubated with compound in a hum dified chanber at 37
& ltﬁterqazomﬂ@endpnnﬁy prlectedSTamR piErOgdhe AXYEERRSY 8¢l fur & HR-PrRbered aryl, or

Sellolm&hibelrddl HR ierAATREYiS @Bdleékda@e&dnae?e@qw geteeea ?rofnchltrogen oxygen,
roomtenperature for 30 mn el |

SUFHYF @ freipcsuTiRnSes o Fov &tken ragptheraih wrrpgenaﬁmn @svfmh ey are bound,
ARl dnt pribSMY ShtstifuRRR4KY - Hlegllb%& het% c@ql ‘ljiﬁg h&\ﬁnf@@ RddiBdal heteroatoms
Lum nescencé was neasured m nu di ng

selectostipm pigrogens GegEN. G Sl&fUEEADSeeker Lum nescence

Count @hch(deburkdaed 4108 SndebdrRent 'a@n%‘ﬁﬁ&)aily g‘ﬁﬁﬁﬁﬂ:ﬁ ?Ju'p@&ected from C,_

response curves were generate y cal culatin

CaphARa&D arGumTaher s SoRPhE s f 00T e etasy gl haging l scheteroatoms
'irﬁileﬁénldylﬁly s@lthMsﬁ%rB 'hﬁﬁqg@rd oﬁ%ﬁ r&|s§lfura@‘ﬂ0%fe9i%llad aryl, or 5-10-membered
inhibition (1C50) val Ues were determ ned from those

betpipay! havgmplad hetargatgrs didpreadenyly velectediigra nittegers Pxyase, or sulfur,

I nventeh@bcbdhintd & P RndephdeRiyt t@ﬂfbg@rﬂ@n%' dga&taﬂy substlxtuted from 3-10-

conmpounds of the invention have "an

Frerbered grrdenlinhatic - 1¢-mepbersd Seterocxchd h?ﬁ%hﬁh@ﬁr%ﬁw inglgpendently
k@eﬁr&n Qlt l)fygéﬁ ior kulffr I'@[O ﬁl@ffﬁg&b £, or 530/ MRAHBAS heteroary

of the inve |on have an |1 C5 [00232] Wil e

Wevirgl-e ha@gewnﬁ@aﬂeaeq#amfbéﬁleeﬁﬁd é’ﬁ*ﬂi‘d’dﬂ%ﬁt‘%‘ygﬁ‘ erifpifur;

I nventeh@becirdentSofdPPRiIRperddBRly HHfogbRSH 4 RBUATIRY Sfbsiild C, 4

be altered to provide other enbodlnents which utilize
elighatiegie8Rinds and met hods of this invention.

Ther ele@dhfoccirfentd &ﬂvzhgemas&h@&ﬁ@t W‘RT"ﬁab ke §(@<?PBS(9§2- -C(0)-,
this invention is def | nedg%y 9e%\c\ssnde &£l ains
reher: -CHAN By)- tﬁ@>§}5(& D FRCERG DR DRI N R P02
DREMCRAORSANTRGOY(IY QR GBOIMRE) [ ] o DON@M-06, and

above, COﬁpOUﬂ he invention 1 nh

certailn lsama?rr?ﬂhf'sbm@&ﬁﬁo&q alkylgpe ‘thﬁlé‘ "V*I?\ff‘é‘hthie allfy}?awam optionally
mnkgﬁ&e&bﬁ mmw -g-n.sot. 5@18 esmgl @@3 Sc(om@m@i@m%

elnvgntlo In still

e?ﬁ@dﬁ{ Reht QC(@M‘BO%%(RO%CQQQE MR/ éﬁ@# oﬁ(ﬁaiféoéﬁ’i rl‘é%gf')c@)N(R%
ﬂMO){l‘Qﬁz’ﬁAr-]Odﬁb')J Br \RON(RE)-de BEWh&reid T8 o a!PdtBEn BEreof optionally

odi ments of this invention parent that our
6%{518 P REARAPEEN A pusEt A é’&mP%fe‘bﬂt?\‘Hag%ha&F Reheterocyclyl ring; and
andbadi ments, which utilize the conpounds and net hods
of this inventi on. Therefore, it will be appreciated
that the scope of this invention is to be defined by

9. trRe caRRng ecifind, Wheteat her than by the specific
epgbodi ments, which have been represented by wa

B dsppheny gapupesubstityted: Wi dnBdependeny grgpEenFes ofélﬁl\égen -CN, -NOz, R, -
NR™), PJWWHSRMJSG@iM @Qomﬂ’ abk@)(ﬁﬁ" LCIOYIRYS,, -SOBKNERPY,, -OC(OINR™),, -

NI S GrR S NGRS NG o N S ORNR

RS isIBURELEC, {8 RIT, HRickaiNgt;laid substituted CL. 3

alké/alene chaln -0, -N(Rla)- -S-, -S(O-, -5(0O2-,
0O - CO2-, C(O)NRl-, -N(R a) C(0) - -N(RIa)COZ
-S(O 2NR1"-, - N(R a)S(0O 2-, OC(O)N(Rl)-

_N(R3)C(O NRL3-, -N(R 3)S(O2N(R a)-, or -0(O)-

10. The compound of claim 9, wherein:



Rla is hydrogen or an optionally substituted G 4

aliphatic, and R3 is an optionally substituted group
w@edoeassdt from . 6 al i phatic, 3-10-nenbered PCT/US2009/003607

cycl oal i phatic, 4-10-nmenber¢d heterocyclyl having 1-5

het er oat ons i ndependently sel ected from nitrogen,

oxygen, or sulfur, 6-10-nmenbered aryl, or

5- 10- nenber ed heteroaryl having 1-5 heteroatons

independently sel ected from nitrogen, oxygen, or

ylfur; R2 is H halogen, -WR 5, or - R5, wherein:
lelséeHhé'@tl &tpup sehsiited gyt lod HideRendsb egcuprencagiothaly, Qwél% CN, Ci.

3haloa1k9h8<b@,,3ané& ,-och% kyl, -NH@(O)%%Q)I NH@(()%?IC», 3alg(l®JHS(O)2C, salkyl,

or -COH.g( 0) 2NR23-, - N R2a) S( o) 2- OC( o) N( R23)
-N(R2a) C( O NR23- - N(R2a) S( O 2N( R2a) - -O0C(O-. R2a
|s hydrogen or an optionally substltuted G 4

11 Zhe ¢apoped ofgldmpls whereigthegompgned is yelectgdramiut ed gr oup
selected fromC 6 aliphatic, 3-10-nenbered
cycl oal i phati cci4-10-menbered heterocyclyl hgving 1-5

het er oat ependently sel ected frong ogen,
oxygen, or ur, 6-10-nenbered aryl ncor

5-10- nenb d heteroaryl having 1-5 hetp Rat Qs

i nde e /gmlected from nitrogén, NOXyge 0l ¢Fa

sul f i, XBN-4nd X3 are each ind dent Hy or CR6,

wher ei n each occurrence of R6 is independently

hydr ogen, Len, hal ogen, -V-R 7, d .6 allpﬁatlc or
3-10- nenbered cycl oal i phatic, mherein: V is selected

froman optionally substituted C _3al kyl ene chai n,
-0, -N(RGa)-, -S , -S(O-, -5(0O02-, -C(O-, -Cx-,
-C(O NR63-, -N9R6a)C(0)-, -N(Rea)CXR2-, -S(O2NR6 -, -
N( R6a) S( Qb OC(O)N(RG-')-, - N(R6a) C( O) NR6

- N( R6a) 8¢0O 2=¢R6a) - -0C(O -. R6a is hydr

optional | FRjubg tltuted G-4 allphatlc af
optiéggf U)\ututed group selected f

8 or an
i S an

al i phat’i c, 3PWO- nenbered cycl oal i ph }hc [ hornenbered
hetersayclyl having 1-5 heteroatonsobrﬁbp§n _EWy
sel ecteéd from nitrogen, oxygen, or surfur

6- 10- menbey ed aryl, or 5-10-nenbered hetegoaryl having
1-5 heteroatons independently sel ected fromnitrogen,
oxygen, or sulfur; Yi is S, O NR8, wherein R8 is
hydrogen or an optionally substituted G. 4aliphatic;
Y2 is C N wherein each occurrence of R4 is
|ndependentb, R 4a or -Ti-R4d, wherein: each

occurren R4da, as valency and stability pern1t i's
i ndepen®at)V'fl uorine, =0, =S, -CN, - 'R4
- N( R4S b, - SRA0, -S(O) 2R4 R N
e a0 N(R4b) 2, - S(O) 2N(R c S NN
-OC(ON(R4b) 2, -N(RMYC(OR 4, -N(R")SO 2R4 , -
5 6
cl N
o]
NC OI/\N /S /T;JN
I/\N l \ /N.N \/I AN
ot % Y 8



N(RY) C(O OR 411, -N(R4e) C(O N(R4b)2, or -N(R
4e) SO2N( R4b) 2, or two occurrences of R4b, taken
wo ogettksl with a nitrogen atomto which they aPEr/bs29ne(03607
forman optionally substitdfed 4-7-nenbered
heterocyclyl ring having 0-1 additional heteroatons
sel ected fromnitrogen, oxygen, or sulfur; each
occurrence of R4b is independently hydrogen or an
optionally substituted group selected fromG .C6
al i phatic, 3-10-nenbered cycloaliphatic, 4-10-nenbered
het erocycl yl having 1-5 heteroatons i ndependently
sel ected fromnitrogen, oxygen, or sulfur,
6- 10- menbered aryl, or 5-10-nenbered heteroaryl having
1-5 heteroatons i ndependently selected from nitrogen,
oxygen, or sulfur; each occurrence of R40 is
i ndependent | optionally substituted group sel ected
hatic, 3-10-nmenbered cycl oal i B#ati c,
4-10- memGer eterocyclyl havingl-5 hetero H
i ndeperdefit\y gel ected from nitrogen, ox ‘
sul fgr, N ered aryl, or 5-10-nen¥ared
het er ryI h&dhg 1-5 het er oat ons |nFl-e~pe t
sel ec q fromnitrogen, oxygen, or | flirs e.
occurrente of Ris i ndependent|ly hydrogen or an
optional | ygsubstituted from 3-10- menber edyg
cycl oal i phatic, 4-10-nmenbered heterocyclyl having 1-5
het er oat ons i ndependently sel ected from nitrogen,
oxygen, or sulfur, 6-10-nmenbered aryl, or
5- 10- nenber ed heteroaryl having 1-5 heteroatorrgI
i ndependent |y selected fromnitrogen, oxyge r
sul fur; each qg®urrence of R4 is |ndepeng%
hydrogen & optional |y substituted s ali phatic
Q an optionally substi

group; dng
aIkyEfne A nherein the alkylene hat n opyy oﬂally
isieﬁ _m-mmm - S(O-, -S(02-,
(0> C(O), - (O N( R4a) - -S(oi*%‘iu(m"
-OC(ONR#4 )-. -N(Rda) C(O) - -N(R4a)SO2-
-N(RY)C(O O, -NR4 C(O)N(R4)-, -N(R")S(O) 2N(R4") -
-0C(O -, or -C(ON(R4a)-O or wherein Ti or a portion
thereof optionally forns part of an optionally
substituted 3-7 nmenbered cycloal i phatic or
heterocyclyl ring; nis 0-6; mis 1 or 2;
or 2; represefts a single or double bond
. pund of formula I is other 4
Mor phoNfne -[5 (4, 5-di phenyl - | H-i ni grag ol \ N
Ipe conpound of C|alﬂ¥%1 wher.aj g
e
3

or \’ﬁé HNﬁﬁDe ts are selected fy

13 14
HaG
cl o
cl cl
NG NC,
Vo \ N 7\ N
d NN [NNg )
U/ HN—Y o/ HN



(a) Y, isS (b)) Y2Zis C(c) RLisCNor H (d R is

an optionally substituted 6-10-nenbered aryl, or
wWG2W9Asswber ed het eroaryl having 1-5 het er oat oPGI/US2009/003607

i ndependntly sel ected from7itrogen, oxygen, or

sul fur; (e) nis 0-2; or (f) R4 is-R 4a. 3. The

conpound of claim2, wherein the conpound is

represented by:1-A1-BIl CI-DI-E 4. The conpound of

claim1, wherein R2 is a 3-10-nenbered cycl oal i phati c,

4-10- menber ed heterocyclyl having 1-5 heteroatons

i ndependently selected from nitrogen, oxygen, or

sul fur 6-10- nenbered aryl, or 5-10-nenbered

het eroaryl having 1-5 heteroatons independently

sel ected fromnitrogen, oxygen, or sulfur, optémnally

substituted W tI¥Hi- 4 i ndependent occurreg f RO,

wher eiic RO -CPQa, -T2-R9d, or - V2-T2cR9 nd: each

occurre \of  R9a is independently hal oggmy - CN, -NO2,

- R>pcty i) 2, - OR9b, -SR9c, - F(On ~A & O) R9b,

- b, H@(-ch) N(ROb) 2, -S(O) 2N(RoBy.27 -~ wnY

OC(O)N(R9%}2, -N(RY) C(OR 9", -N(R9e) SO2R9c,

-N(R9e) C( & OR9b, - N(R9e) C(O)N(R9b) 2, or -W(R

9e) SO2N(R9b) 2, or two occurrences of R9b, taken

together with a nitrogen atomto which they are bound,

forman optionally substituted 4-7-nenbered

heterocyclyl ring having 0-1 additional heterqg8tons

sel ected fromnjtrogen, oxygen, or sulfulg;

occurrence of~fRIb i s i ndependently hydragen

optional | § @ ituted group sel ected.frgm\C . [6

al i phat iN& 0-menber ed cycl oal i phgf i ¢/ %< T& frenber ed
het er a$ing 1-5 heteroatons i} dependtht’| y

sel egt e fﬁonwhmtrogen, oxygen, or SW fur,

6- 10- menbered aryl, or 5-10-nmenbered heteroaryl having
1-5 heterqatons i ndependently sel ected frgmm nitrogen,
oxygen, or sul fur;each occurrence of R9c is

i ndependently an optionally substituted group sel ected
fromGC _C6 aliphatic, 3-10-nenbered cycl oaliphatic,
4-10- menbered hgterocyclyl having 1-5 heteroat s

i ndependent | el ected fromnitrogen, oxyge or

sul fur, 6° nmbered aryl, or 5-10-nmenh
het er oa avi ng 1-5 heteroatons indep
sel e \trogen, oxygen, or s
occup enceof \B{d is independently hxguogéh ax-tan
optionally substituted from 3-10-nenbered

cycl oal i pkatic, 4-10-nmenbered heterocycl y?2 having 1-5
het er oat ons i ndependently sel ected from nitrogen,
oxygen, or sulfur, 6-10-nmenbered aryl, or

5-10- nenbered heteroaryl having 1-5 heteroatons

i ndependently sel ected from c
cl
Cl NC,
cl 7\ N
N N
NC, ( o s© X g
’/\N /S /N'!\l
oL/ HN-N Qv,o
23 HsC
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ni trogen, oxygen, or sulfur; each occurrence of R9e is
i ndependent|ly hydrogen or an optionally substituted

w@R0e09B54ki phati c group; each occurrence of V2 PGI/US2009/003607
i ndependently -N(R9 )-, -0O77 -S-, -S(O-, -SO) 2-,
-qO-, -0, -YO0)NR 9e)-, -S(O2N(R9 )-,
-OC(ON(R 96)-, -N(RO6XXO) -, -N(R") SO 2-,
-N(ROe)C(O) O, -N RIeC(ON(R 9e)-, -N(R9e) SO2N( R9e) -,
-0C(O -, or —-C(ONR9)-0O; and T2 is an optionally
substituted G -C6 al kyl ene chain wherein the al kyl ene
chain optionally is interrupted by -N(R7a)-, -0-, -S,
'S(C))'! 'S(C)) 2'! 'C(C))'! 'C(C))O'! 'C(C))N(R7")'1
-S(OQ 2N(R7")-, -O(OQNR 7 )-, -N(Rra)(0)-,

-N(R7a) S2-, -N(R7a) (O O, -NR7a C(O) N(R 7a) -G
-N(R7a) S(O) 2 a)-, -0C(O-, or -C(O)N(I3|7 O or
wherein T3 portion thereof optionad’y ns part

of an opf o\ N
cycl | piagi cnor heterocyclyl ring. ! 5N oMpound
of cgﬁ\ $ epein YL is S, Y2 is 8\a1$gHt heiNdnpound
is represent &4 by formula Il: Il wherein RL is CN or
H. 6. The,gonpound of claim5, wherein:R2ds an
optionally substituted 3-10-nmenbered cycl oaliphatic,
4- 10- menber ed heterocyclyl having 1-5 heteroatons

i ndependently sel ected from nitrogen, oxygen, or

sul fur, 6-10- ne&bered aryl, or 5-10-nenbered
heteroaryl hgwyng 1-5 heteroatons i ndepende

y substituted 3-7 nenbgré

sel ect ed f i trogen, oxygen, or sulfuf 0-2
and R4 . 7. The conpound of clai erein

t he 8. represented by: HA N.-D HE
8. Tae Q_/,Nof claim7, whereino __//N
optiopal |y substituted 6-10-nenbered{aryl, or a

5- 10- newber ed heteroaryl ring having 5 het er oat ons
i ndependently sel ected from nitrogen, oxygen, or

sul fur; wiérein R2 is optionally substitut®ed with 1-4
i ndependent occurrences of R9, wherein RO is-R 9\
-T2-R9d, or - V2-T2-R9d, and: each occurrence of R7a
i s independently hal ogen, -CN, -NQ2, -R7c , -N(R7 )2,
-OR7b, -SR7c , 61S(O2R9c , -C(OR9b, -C(OOR9 , ¢

- C(O) N( Rog S( O 2N(R9b) 2, - OC( O N(R9Db) Z;

- N(R9e) 86O '53 N( R9e) SO2R9c, - N(R9e) Cy© g
- N(R9e) C( ( 2, or -N(R 9e) sS&2 b) 2;
l/lN s ) I}J@N t'_,?
oS HN-N o_J HN
29 30
cl Cl
o]
i \ N. l/\ 4 \ ,N~
O?N ’ Hr\:_’JN ° S HN—’/N
O F
ey »
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each occurrence of R9b is independently hydrogen or an

optionally substituted group selected fromC .C
wa@bkiophst7erc, 3-10- menbered cycl oal i phatic, 4-10P@EIR0E3607

het er ocycl yl havi ngl-5 het &8oatons i ndependently

sel ected fromnitrogen, oxygen, or sulfur,

6- 10- nenbered aryl, or 5-10-nenbered heteroaryl having

1-5 heteroatons i ndependently selected from nitrogen,

oxygen, or sulfur, or two occurrences of R9b, taken

together with a nitrogen atomto which they are bound,

forman optionally substituted 4-7-nenbered

het erocyclyl ring having 0-1 additional heteroatons

sel ected fromnitrogen, oxygen, or sulfur; each

occurrence of R® is independently an optional |&

substi t utgg up selected from G - C6 alj n@ c,

3- 10- negber ad=Lycl oal i phatic, 4-10-nmenmgy eo

hete;?gyc y & !

sel e g ORgIINt r 0ogen, oxygen, or ‘ 7N

6-1ognehbe$ede%yl, or 5-10- menber e& '*tesoaﬁyﬁ havi ng

1-5 heteroatons i ndependently selected from nitrogen,

oxygen, oP3sul fur; each occurrence of ROP4 s

i ndependent|y hydrogen or an optionally substituted

from 3-10- nenbered cycl oal i phatic, 4-10-nenbered

het erocycl yl having 1-5 heteroatons i ndependently

sel ected fromnitrogen, oxygen, or sulfur, o

6- 10- menber eg yl, or 5-10-nenbered het gf. | havi ng

1-5 heteras b i ndependent |y sel ect ed NqQ O trogen,
oxygen, Neg gGFfur; each occurrence of \ROGT\s N
indegendert\ kydrogen or an optiongd | WS 7 puted G
6 al ophat I'¥ p; each occurrence ofy %2 is HN-Y

i ndepgndent | YN"N(R7e)-, -0, -S, -SAQ -, -S(O 2-,
-0 2euy A0 O, -AONRI )-, -S(OZNRI )-,
-OC(ON(R9 )-, -N(R9e) (O -, -N(R9e)SD-,
-N(RY) C(OB&®, -N RO6C(O) N(R96) -, -N(R") SG62N( R96) -,
-O0C(O-, or -C(O)N(R 9e)-0-; and T2 is an optionally
substituted C C6 al kyl ene chain wherein the al kyl ene
chain optionally is interrupted by -N(R90)-, -O, -S
'S(O)" 'S(O)Z" 'C(O)" 'C(O)O" -C(O)N(R9")-,
-S(O 2N(R9")-, -OC(ONR9 )-, -N(RRQ)C(O -, -NR
12.  ASOhppsitiol Faa)iGHp h @empeuNBRO clain®) M{dROphrrmaceutically acceptable carrier.
-N(R9a) S(O 2N(R9a) -, -OC(O -, or -C(ONR9a)-O or
wherein T2 or a portion thereof optionally forns part
13. af methodogftticativay d proléfatagve disdrdet iBa pativpndoerpeising administering to said patient
a therap%.%ﬁ:lal?aelf{te%{i]\%t Ing: g a%toer 81? Cclf)é{ain[l I_l.ng’ .and nis 0-2. 9.
€ conpound of claim 8§, erein:"R2 is a phenyl group
substituted with 1-3 i ndependent occurrences of

| = - - =. N(LRORB) 2. -0OR 9 -
14. H'%(E g%ﬁg) 8f, (S:le_\lla lé)h%%?ln[ﬁ%%&)%(lye &&rarﬁ(otﬁéﬁf %nce%ﬂﬂgddbr cance.r, colon
cancer, gl$(n@) 2INBRBNR, uaSHONGdRAtDFdlular ciN(cRO eds@{c@pR@h ,melanoma, thyroid

cancer, §ﬁ%§ggi)éif%&§%?rﬁéﬂ fN ?grl&%?%géﬁ%ég aér}'?c?egﬁg Zae}%&% %\SIQE’?%E%% tancer, prostate

cancer, biinl casreg @k kydrian saandem i s O 10. The conpound of cl ai m
9, wherein:R2 is a phenyl group substituted with 1-3
i ndependent occurrences of halo, G .3 alkyl, CN, Q -
15. Zhattbad dfytteating@Q. infBanahdtytly, or eddfiovisctial ddsvirdey in a paNEIE(cOnQXising

adminis?ériglg KYdaid ﬂa[}'é—rll(;g Qe’r\a!l'f)gjt?’caﬁ)l/ K oiv SR 8R dom%lotifr}/dl dof claim 1.



or -COH. 11. The conpound of claim1, wherein the
conpound is selected from10 11 12 13 14 15 1617 18 19
WQ@009426426 27 28 29 30 3133 34 35 36 12. A cop@DER1009003607
conprising a conmpound of cl’aim 1 and a
pharmaceutical ly acceptable carrier. 13. A nethod of
treating a proliferative disorder in a patient
conprising admnistering to said patient a
t herapeutically effective anmobunt of a conpound of
claiml1. 14. The nmethod of claim 13, wherein the
16.  Bhomethed ofiqlaje 16; wharejn thejinflamraaieny of ggidigyascifuralingider is selected from
allergie TR axisCRUR NG BSRE infidniBn, rAdunRR)i@SHRIE, autditiflunity disorders,
cancér, hepatocel lular cancer, gastric cancer,
thrombogis) hyResteasion.1egidEic dypeamendy, and hgyhidlpieal cancer, renal
cancer, cervical cancer, pancreatic cancer, esophagea
cancer, prostate cancer, brain cancer, or ovarian N
7. Acethad fonmbibiingri Hb ectifty i eRAticRrompriFing AdminkEdRg 2 epmposition
comprisfflgr HLAYER %f‘!i @Jmﬂﬂuﬁ@&ﬂ%ﬁm‘ l_nefﬁcﬁ’\%ttb %‘ibimm_ra'ctﬂi@gn the patient.
admnistering to said patient a therapeutically
ef fective anmount of a compound of claim1l.16. The
met hod of claim 15, wherein the inflanmatory or
cardi ovascul ar disorder is selected from
al | er gi es/ anaphyl axi s, acute and chronic inflanmati on,
rheumatoid arthritis; autoimmnity disorders,
t hronbosi s, hypertension, cardiac hypertrophy, and
heart failure. 17. A nethod for inhibiting P13K
activity in a patient conprising admnistering a
conmposition conprising an anount of a conpound of
claim1 effective to inhibit Pl 3K activity in the
patient.



